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A priming coat of whiting conforming to IS 63 shall be applied over the prepared surface. The
priming coat shall be prepared by mixing 2.5 kg. of whiting and one litre of glue solution
(prepared by mixing 250 gm. glue conforming to IS: 852 with boiling water) together and
placing it in a covered vessel with enough water to cover the mixture which shall be left to
cool until it becomes a jelly,

Priming coat shall be applied with "MOONJ" brush or roller to the specified number of coats.
Minimum number of coats shall be minimum one. The operation for each coat shall consist of
stroke of the brush from the top to down wards, another from the down to upwards over the
first stroke, similarly one stroke horizontally from right and another stroke from the left. Each
coat shall be allowed to dry before the next coat is applied.

8.3 Preparation of Distemper

Ist quality Acrylic distemper having VOC content less than 50 gms/litre of approved brand
and manufacture shall be used for preparation of distemper. The Acrylic distemper shall be
diluted with water or any other prescribed thinner in a manner recommended by the
manufacturer. Only sufficient quantity of distemper required for day’s work shall be prepared.

8.4 Application of Distemper

For new work. after the primer coat has dried for at least 48 hours, the surface shall be lightly
sand papered to make it smooth for receiving the distemper, taking care not to rub out the
priming coat. All loose particles shall be dusted off after rubbing. One coat of distemper
properly diluted with thinner (water or other liquid as stipulated by the manufacturer) shall be
applied with brushes or roller in horizontal strokes followed immediately by vertical ones
which together constitutes one coat,

The subsequent coats shall be applied in the same way. Two or more coals of distemper as are
found necessary shall be applied over the primer coat to obtain an even shade.

A time interval of at least 24 hours shall be allowed between successive coats 10 permit proper
drying of the preceding coat.

For old work, the distemper shall be applied over the prepared surface in the same manner as
in new work. One or more coats of distemper as are found necessary shall be applied to obtain
an even and uniform shade.

The finished surface shall be even and uniform without patches, marks, distemper drops etc.

9.0 WATERPROOF CEMENT PAINT

9.1 Preparation of Surface

Preparation of Surface shall be similar to clause no 6.1. The surface so prepared shall be
thoroughly wetted with clean water before the paint is applied.

9.2 Preparation of Paint

Waterproof cement paint conforming to IS 5410 shall be mixed with water and stirred to
obtain a thick paste which shall then be diluted to brushable consistency. The proportion of
mixture shall be as per manufacturer's recommendation. The paint shall be mixed in such
quantity which can be used up within an hour of mixing to avoid setting and thickening of the
paint.
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9.3 Application of Paint

The surface shall be treated with waterproof cement paint in minimum three coats maintaining
the coverage rate (kg/ square metre) as mentioned in approved Manufacturer’s standard
literature. No less than 24 hours shall be allowed between two coats and subsequent coats
shall be applied only after the preceding coat has become hard to resist marking by subsequent
brushing.

9.4 Curing
Curing shall be started after the paint has hardened. Curing shall be done as recommended by

the approved Manufacturer and by sprinkling with water two or three times a day. This shall
be done between coats and for at least two days following the final coat.

10.0 ACRYLIC/ PLASTIC EMULSION PAINTING ( For interior surfaces)

10.1  Acrylic/ plastic emulsion paint (for interior surfaces) shall be of interior grade, premium
quality conforming to 1S: 15489 and having VOC less than 50 gm/ litre.

10.2  Preparation of Surface
The surface shall be thoroughly cleaned and dusted off. All rust, dirt, scales, smoke splashes,
mortar droppings and grease shall be thoroughly removed before painting is started. It shall

then be sand papered and cleaned to give a smooth and even surface.

First coat of primer shall be applied over the surface and the surface shall be allowed to be dry
for 6-8 hours.

All cracks, holes, undulations, unevenness shall be filled up and made even with putty. The
surface then shall be allowed to be dry.

Once the surface is dried. second coat of primer shall be applied after sand papering and
cleaning the surface.

After 6-8 hours, when the surface is dry, it shall again be sand papered and cleaned for a clean
and smooth service.

In case of already painted surface, old paint and loose particles shall be removed before stating
the above mentioned preparation process.

The prepared surface shall have received the approval of the Engineer-in-Charge after
inspection, before painting is commenced.

10.3  Preparation of Paint
Preparation of paint shall be as per manufacturer's instructions.

10.4  Application of Paint
The paint mix shall be continuously stirred while applying for maintaining uniform
consistency. Number of coats shall be minimum two. The painting shall be laid evenly and
smoothly by means of crossing and laying off. The crossing and laying off consists of

covering the area with paint, brushing the surface hard at first, then brushing alternately in
opposite direction 2 to 3 times and then finally brushing lightly in a direction at right angles to
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the same. In this process, no brush marks, no hair marks no clogging of paint puddles shall be
permitted. The full process of crossing and laying off will constitute one coat. The paint shall
be applied by means of brush or roller.

The surface on finishing shall present a flat, velvety smooth finish, even and uniform shade
without patches, marks, paint drops etc.

11.0 ACRYLIC BASED EXTERIOR EMULSION PAINT (For exterior surfaces)

1.1 Acrylic/ plastic emulsion paint (for exterior surfaces) shall be of exterior grade, premium
quality conforming to IS: 15489 and having VOC less than 50 gm/ litre.

It shall be an acrylic based wall coating for exterior surfaces to form a crack free, flexible,
tough, alkali & fungal resistant and UV resistant waterproof coating with silicone additives.

11.2  Preparation of Surface

The surface shall be thoroughly cleaned and dusted off. All rust, dirt, scales, smoke splashes,
mortar droppings and grease shall be thoroughly removed before painting is started. It shall
then be sand papered and cleaned to give a smooth and even surface.

Any old paint shall be removed with removing agent as per manufacturer’s instructions. The
surface affected by moss, fungus, algae. efflorescence shall be treated in accordance with IS:
2395,

All cracks, holes, undulations, unevenness shall be filled up and made even with putty. The
surface then shall be allowed to be dry.

1-2 coats of primer shall be applied over the surface and the surface shall be allowed to be dry
for 6-8 hours.

After 6-8 hours, when the surface is dry, it shall again be sand papered and cleaned for a clean
and smooth service.

The prepared surface shall have received the approval of the Engineer-in-Charge after
inspection, before painting is commenced.

11.3  Preparation of Paint
Preparation of paint shall be as per manufacturer’s instructions.
11.4  Application of Paint

The paint mix shall be continuously stirred while applying for maintaining uniform
consistency. Number of coats shall be minimum two. The painting shall be laid evenly and
smoothly by means of crossing and laying off. The crossing and laying off consists of
covering the area with paint, brushing the surface hard at first, then brushing alternately in
opposite direction 2 to 3 times and then finally brushing lightly in a direction at right angles to
the same. In this process, no brush marks, no hair marks no clogging of paint puddles shall be
permitted. The full process of crossing and laying off will constitute one coat. The paint shall
be applied by means of brush or roller.

The surface on finishing shall present a flat, velvety smooth finish, even and uniform shade
without patches, marks, paint drops etc.
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12 ACRYLIC COPOLYMER AGGREGATE FINISH

12.1 It shall be an acrylic based textured wall coating system consisting of quartz and silica
aggregate, inorganic pigments and other additives to form a crack free, flexible, tough,
waterproof coating,

12.2  Preparation of Surface
The surface shall be thoroughly cleaned and dusted off. All rust, dirt, scales, smoke splashes,
mortar droppings and grease shall be thoroughly removed before painting is started. It shall
then be sand papered and cleaned to give a smooth and even surface.
Any old paint shall be removed with removing agent as per manufacturer's instructions. The
surface affected by moss, fungus, algae, efflorescence shall be treated in accordance with 1S:
2395,

All cracks, holes, undulations, unevenness shall be filled up and made even with putty. The
surface then shall be allowed to be dry.

The prepared surface shall have received the approval of the Engineer-in-Charge after
inspection, before painting is commenced.
12.3  Preparation of coating

Preparation of coating using various components shall be in accordance with procedures
recommended by the approved Manufacturer to achieve the desired finish.

124  Application
Application of the system shall be in accordance with procedures recommended by the
approved Manufacturer to achieve the desired finish. Sealing coat, primer etc. as
recommended by the approved Manufacturer shall also be provided.

13.0 SYNTHETIC ENAMEL PAINTING

13.1  Synthetic Enamel paint shall conform to IS 2933

13.2  Preparation of surface
A. Preparation of wood surface

The woodwork to be painted shall be dry and free from moisture and any foreign matter. All
unevenness shall be rubbed down smooth with sand paper and shall be well dusted. Knots, if
any shall be covered with preparation of red lead made by griding red lead in water and
mixing with strong glue sized and used hot. Appropriate filler material conforming to 1S 345
with same shade as Paint shall be used. The surface treated for knotting shall be dry before

paint is applied.
Plywood, Block board, Particle board etc. shall be treated in the same manner as for wood
work.
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B. Preparation of Iron and steel surface

All rust and scales shall be removed by scrapping or by brushing with steel wire brushes, Hard
skin of oxide formed on the surface if any, shall be removed.

13.3 Priming
The primer shall be ready mixed primer and compatible 1o the paint.

Primer for wood work shall conform to IS 3536. Primer for Iron and steel shall be Red Oxide
Zinc Chromate primer conforming to 1S 2074, for cement, concrete and plastered surfaces
primer shall conform 1o IS 109,

Dirt or any other extraneous material on the surface shall be removed and the priming shall be
applied in minimum two coats.

13.4  Preparation of Paint
Preparation of paint shall be as per manufacturer's instructions.
13.5  Application of Paint

The paint mix shall be continuously stirred while applying for maintaining uniform
consistency. Number of coats shall be minimum two. The painting shall be laid evenly and
smoothly by means of crossing and laying off. The crossing and laying off consists of
covering the area with paint, brushing the surface hard at first, then brushing alternately in
opposite direction 2 to 3 times and then finally brushing lightly in a direction at right angles to
the same. In this process, no brush marks, no hair marks no clogging of paint puddles shall be
permitted. The full process of crossing and laying off will constitute one coat. The paint shall
be applied by means of brush or roller.

The surface on finishing shall present a flat, smooth finish, even and uniform shade without
patches, marks, paint drops etc.

14.0 APPLICATION OF CLEAR FINISHES ( Polishing, Varnishing)

14.1  For the application of clear finishes, the following procedures shall generally be adopted in
accordance with I1S: 2338 (Part-1)

A, Filling

B. Staining

C. Sealing

D. Finishing
142  Filling

Fillers shall be applied to prevent the excessive penetration of the finish to the surface for
obtaining a smooth finish. Fillers shall be conforming to 1S: 345,

Fillers shall be heavily applied to the wood surface by hand, using hessian or jute rag across
the grain. It shall be rubbed when still wet to get better penetration. After 5-10 minutes it shall
be wiped off by hand across the grain followed by a light wipe with the grain. The filled
surface shall be dried preferably over night and smoothened with abrasive paper.
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14.3  Staining
A. Spirit Stains
Spirit stains are solutions of spirit soluble dyes in Industrial methylated spirit.
B. 0il Stains

Oil stains are solutions of oil soluble dyes in linseed oil, but, usually consist of insoluble,
semi-transparent pigments ground in linseed oil and thinned with turpentine or other solvent.

144  Surface Preparation

Surface intended for staining shall be kept scrupulously clean and free from greasy finger
marks. It shall be prepared by careful smoothing with fine abrasive paper used in the direction
of the grain. Small cracks/nail holes shall be stopped with plastic wood/fine plaster of Paris.
The stopping shall be rubbed down with fine abrasive paper when hard and touched with a
thinned knotting before staining. In case of oil staining stopping shall be done after staining
using tinted putty or wood filler.

14.5  Application of Stains

Stains shall be applied by brushing and wiping or by spraying. The stain shall be so thinned
that it can be applied fairly, liberally without over staining and over lapping.

14.6  Sealing

A suitable sealer shall be applied on the filled and sanded surface to prevent absorption by the
wood of the succeeding coats of finish and to seal stain and filler and thus preclude their
bleeding into the finish coat.

Sealer may be sprayed on taking care not to flood the surface and it shall be allowed to dry
hard. When fully dry the surface shall be sanded taking care not to cut through at corners and
edges. Dust shall be blown off and surface wiped with a clean rag.

14.7  Finishing

The stained surface shall be varnished, wax-polished or French polished as required afier it is
dried.

A. Vamishing
Vamnishing of wood and wood based material shall be in accordance with 15: 2338 (Part-1).

Surfaces to be varnished shall be prepared to produce a smooth, dry and matt surface and all
dust and dirt shall be removed from the surface.

The Varnish shall be applied liberally with a brush and spread evenly over a portion of the
surface with short light strokes to avoid frothing, It shall be allowed to flow out while the next
section is being laid in. Excess Varnish shall be scraped out of the brush and then the first
section be crossed, re- crossed and laid off lightly. The Varnish, once it has begun to set, shall
not be retouched. In case of any mistake, the Varnish shall be removed and the work shall be
started afresh.
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Where two coats of vamish are applied, the first coat shall be a hard drying under coating or
flatting varnish which shall be allowed to dry hard and then be flatted down before applying
the finishing coat. Sufficient time shall be allowed in between two coats.

When flat varnishing is used for finishing. a preparatory coat of hard drying undercoating of
flatting varnish shall first be applied and shall be allowed to harden thoroughly. It shall then
be lightly rubbed down before the flat vamish is applied. On larger areas, the flat varnish shall
be applied rapidly, and the edges of each patch applied shall not be allowed to set, but shall be
followed up whilst in free working conditions,

B. French Polish

French polish shall conform to IS :348. Suitable pigments shall be added to get the required
colour.

The surface to be French polished shall be rubbed down to smoothness with sand paper and
shall be well dusted. Pores in the surface shall be filled up with fillers.

A pad of woollen cloth covered by a fine cloth shall be used to apply the finish. The pad shall
be moistened with polish and rubbed hard on the surface in a series of overlapping circles
applying the polish sparingly but uniformly over the entire area to give an even surface. A
trace of linseed oil may be used on the face of the pad for the purpose. The surface shall be
allowed to dry and the remaining coats applied in the same way. To finish off, the pad shall be
covered with a fresh piece of clean fine cloth, slightly damped with methylated spirit and
rubbed lightly and quickly with circular motions. The finished surface shall have a uniform
texture and high gloss.

150 MEASUREMENT

Painting/ polishing shall be measured by the area of actual painted/ polished surface,
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Lo GENERAL

1.1 This Specification covers requirements of sheet roofing/ cladding and associated aceessories
for buildings and sheds. The specifications of melal sheets (with regards to material} are also
applicable [or barricades required during constroction,

1.2 The roofing and cladding system shall ensure leak-prool’ enclosure by means lapping of shects,
closure of joints, jonctions and gaps cte.. efficient ool waler drainage system etc. using
necessary {lashings, accessones and fittings.

13 The roofing and cladding svstem shall also have provisions for natural lightung and ventilation.

.0 REFERENCES

1.1 The ¢odes and standards listed below contain provisions which throngh reference in this
specification constituie provisions of this standard specification il not specifically mentioned
otherwise.

312 In case of sinilar codes of different organizations such as 15, 184, BS, EN, BS-EN, ASTM,
NBC etc. contormity with any of the similar codes 1s acceptable.

23 Reference codes and standards;

Standards Document titke

I5: 277 Galvanized steel strips and sheets (Plain and carrugated)

I5:513 Cold reduced carbon steel sheet and sirip

15: 737 ) _'W.r'ﬂﬁg_ﬁ.-a]umin.ium and aluminium alloy sheet and strip for general |
CHZIMCCTing purpeoses

IS: 1254 Corrugated aluminium sheet h

I5: 2670 Dimensions fnr-wmugﬂt alominium and aluuninun afloys, sheet and
sIrip

IS: 13592 Unplasticized FPolyvinyl Chloride l'\l“'l;'.’C—U} Pipéﬂ. for Soil and Waste

Dischargs  System  Inside and Owutzide Buiildings Including
Ventitation and Faimwater Syslem

I5: 14871 Products in [ibre reinforced cement - Long corrupated  or
asymmetrical section sheets and fittings for oofing and cladding -
Specification
g_iS: i5961 Hot dip aluminium - Zinc alloy metallic coated steel strip and shoct
: {Plain)
i

30  CORRUGATED GALVANISED STEEL SHEET (C.G.S) ROOFING

31 Material
311 CG5 Sheets

C {18 sheet shall conform 1 [5: 277,
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3.1.2

313

3.2

321

3.1.2

313

Unless atherwise specified in drawings, tem descriptions, joby specifications ete. the sheets
shall be .00 mm thick and with zinc coating ( 1otal on both sides) not less than 275 gmd sqm.

The sheels shall be free ltom cracks, split edges, twists, surlace Daws cle. They shall be clean,
bright and smooth. The galvanising shatl be non-injured and in perfect condition. The sheets
shall not show signs of rust or while powdery deposits on the swrface. The corrigations shall
be unilorm in depth and pilch and parcalle] with the side.

Ridges, hips, valley, flashing and gutter of plain gahbvanised steel shevts
Leakproof roofing system with ofiicient rain water drainage of the roofing system shall e
ensured by providing ridges, hips. vailey. flashing and gutter etc. {all bent and {abricated 1o

required shape} made of plain gatvanized steel sheets.

Lnless otherwise specified in drawings, item descriptions, job specifications ete. thickness and
width et of these shall b as below:

ltem Thickness (mm) | Minimum overall width {mm}
Ridge | 0.8 600
Tip 0.8 600
Valley 1 .60 00
Flashing | 1.00 400
; Gutter 1 00 {minimum} | Profile, dimensions shall be as required {or cool drainage

Rain water pipes

Unless otherwise mentioned specifically, rain water pipes shall be unplasticised rigid PV C
tain water pipes conlorming (3 IS 5 13592 Type A with {Tilings! accessarics,

Laying and Fixing

The sheets shall be lad and {ixed in aceordance with Manufacturer’s recommendations/’
guidelines and in the manner described below, unless otherwise shown in the working
drawings or directed by the Enginecr-in-Charge,

'The sheets shall be laid on the purlins to a toue plane, with the lines of comugalions parallel or
normat to the sides of the area to be covered nnless otherwise required as in special shaped
roals,

The sheets shall be laid with a minimum lap of [50 mm at the ends and 2 ridges of
corugations al cach side. The above minimum end lap ol 150 mm shall apply to slopes of ]
vertical to 2 horizontal and stecper slapes. For (latter slopes the minimuom permissible end lap
zhall be 200 mm. The minimum lap of sheets with ridge, hip and valley shall be 200 mm
mcasured at right angles to the line of the rideg, hip and valley respoctively. These sheets shall
be cul to suil the dimensions or shapes of the rool, cither alang their length or their width or in
a slant across their lines of comugations at hips and vaflews. They shall be cut carefully with a
straight edec chisel to give a smooth and straight finish.
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325

3.2.6

3.1.7

328

329

3210

3.2.11

Lapping in C.G.5. sheots shall be painted with 2 coat of approved stecl primer and two coals
of painling with approved paint sutable Lor GUS. shet, befure the sheets are fxed in plage.

Sheets shall be fixed to the purlins or other rool members such as hip or valley rallers cle,
with anticorrnsive polymer coated J or L hook bolts and nuts, 8 mm diameter, with polymer
cap, scal and thrust washer, J hooks shall be used for fixing shects on angle ror purlins, and 1.
hooks shall be used for fixing the sheel 1o B.S. joists, amber or peecast conercte purling, The
length of the haok bolt shall be varied to suil the particular requirements,

The bolts shall be sufficiently long so that after fixing they project above the top of the nuts by
nat less than 10 mm. The grip of 1 or . hook bolt on the side of the purlin shall not be less
than 25 mm. There shall be a minimum of three hock bolis placed at the nidges of carrugations
in each sheet on every purlin and their spacing shall not exceed 300 mm. Coach Screws shall
nat be used for fixing sheets to purling.

Number, spacing, length, location of hooks/ screws shall be in accordance with
Manulacturer's recommaendations’ guidelines.

Where slopes of roals are less than 21.5 degrees () vertical to 2.5 harizontal) sheets shall be
joined ogether at the side Laps by bolts ard nuts 2% = & mm size. As the overlap at the sides
extends to two cortugations, these bolts shall be placed zig-zag over the two overlapping
cormigations, so that the ends of the overlapping sheets shall be drawn tightly to each other.
The spacing of these scam bolts shall not execed 600 mm alosg each of the staggered rows,
Holes for all bolts shall be drilled and not punched in the ndges of the corrugations from the
underside, while ihe sheels are on (the ground.

Ridges and hips of C.G.S. sheet roafing shall be covered with ridge and hip sections of plain
(1.5, sheet (properly bent in shape lor OHing over rooling sheet) with & mimmum lap of 200
tnm on either side over the C.(G.5. sheets. The end laps of the ridges and hips and belween
vidges and hips shall also be not less thar 200 mm. They shall be fixed to the perlins with
§mm dia hooks, bolts, nuts and washers (similar to those used in laying the roafing sheets)

Valley shall lap with the €.G.5. sheets not less than 250 mm width on ather side. The end laps
ol valley shall also be not less than 230 mm.

Flashings shall lap not less than 130 mm over the roofing sheets. The end laps between
flashing pieces shall rot be 1ess than 250 mm.

Valley and flashings shall be fxed w roof structural members with 8mm dis hooks, bolts, nuts
and washers (similar 1o those used in laying the rooling sheeis)

Gutters shall be made leakprool and shall be supported on and Bxed to auld sieel flat ron
{minimum size 40 mm x 3 mm) brackets bent to shape and Nxed to e requiste slope. The
maximum spacing of brackets shall be 1000 mm.

Hooks! bolts/! nuts {minimum 6 mm dia) and washers for fixing shall be similar 1o those used
in laying the roofing sheets. Connecting botts shall he ahove water line of the guiter.
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3.2.12

3.2.13

3.2.14

4.0

4.1

4.1.1

Cutters shall be provided with conncetion {drop ends’ nozzles! funnels} to down take pipes.
stop ends (made of (7.5, sheets similar 1o the gutter) riveted to the putier.

Guiters shall he laid with a minimum slope of | in 120,

Uniess otherwise mentioned specifically, rool water drainage shatl be through gutter and rain
water pipes.

Wind tics shall be of 40 x 6 mm flat iron section or of other size as specified shall be fixed at
the eaves of the shects, The fixing shall be done with the same hook bolls which sceure the
sheets to the purlins.

The roof when compleled shall be true to lines and slopes and shall be leak proof.

ALUMINIUM ALLOY SHEET ROOFING/ CLADDING

Muterial
Corrugated Aluminium alloy sheet

Unless otherwise specified in drawings, item descriptions, job specifications ete, the material
of corrugated Aluminiwm alloy sheet for roofing and cladding shall conform to
tallowing specification.

Alloy Grade | 31500 B, 114 as specified in IS: 737: 2008

Prefile o Profiled/corrugated sheet shall be Industial woughed sheet
Conforming to 15: 1254 -2007

Thickness 20 SWG ({]9 lmim) for roofing

22 SWG (0.7 lmm)} for wall cladding
{Thickness, tolerances shall be as per I5; 2670-1981)
Pitch 125 mm o
Crest | leight 38 mm

Finishing of the sheets shall be plain mill or stuceo ecmbossed finishe Unless otherwise
specified in drawings, ilem descriplions, job specifications etc, the finishing shall be stucco
embaossed finish in approved colour.

Acccssories

The matcrial for accessories like ridge, putter, flashings etc. shall be of plain
Aluminium alloy sheet of grade 31500 B /112 conforming to IS: 737,

Unless otherwise specificd n drawings, item descriptions, job specifications cic the
dimengions and other specifications shall be as mentioned in the following table.

Accessory Dumension
Ridgc piec»é 0.91 mm thick, minimum 600 mm widc
Apron piece 0,71 mm thick, minimum 150 mm x 150 mm
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Eaves piece 0.71 mm thick, minimum150 mm x 150 mm -
Corner picce 71071 mm thick, minimum 130 mm x 150 mm
{utter 2 mm thick, width as required,

4.13

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

Finishing of accessories shall be similar to that of the roofing/ cladding sheet.
Rain water pipes

Unless otherwise mentioned specifically. rain water pipes shall be unplasticised rigid PVC
rain water pipes conforming to 15 © 135%2 Type A with [itings/ acccssorics.

Layiog and lixing

The sheets shall e lad and fixed 0 accordance with  Manufacturer's
recommendations/ gwdehines and in the manner deseribed below, unless otherwise
shown in the working drawings or direcled by the Engineer-in-Charge.

The shests shall be Laid on the purling to a true plane, with the lines of cormugations paralle! or
normal to the sides of the area 1o be covered unless otherwise required as in special
shaped roofs.

The sheets shall be laid and with side and end laps as rccommended by the sheet
manulacturer. End lap shall be rmimmum 150 mm on roofs and one corrugated for sides
lap. If the roof slope is less than 15 degrees, end lap shal! be increased to 230 mm.
Overlap of sheets shall be minimum 150 mm. Carc shall be taken to match profiles
and maintain alignment of profiles while overlapping the sheots.

Sheets shall be fixed (0 the purlins or other roof members such as hip or valley rafters etc.,
with stainless steel (S5 3064 grade) or carbon steel or aluminium alloy hex head sell-drilling
screws and EPDM washer, For Inserting the fasteners. screw driving maching (o be used at
permissible rpm. punching is not permissible.  All drills shall be dore on the crown/ crest of
profile sheets.

If rot mentioned specifically, carbon steel scrows shall be used,

Mumber, spacing, leogth, location of hooks’ serews shall be ir accordance wilh
Manutacturer’s recommendations! guidelines.

Carbon steel screws shall be hex head, self drilling type with multi-layered high density anti-
corrosive coating of Aluminium & Zine {(AZ), fitted with AZ150 GSM 0.8mm thick Alu-Zine
coated EPDM bonded washer.

Accessories like Ridges, apron pieces, comer pieces., flashings and saves picees cic. shall be
provided at ridge, comers, caves cle. {properly bent in shape for fitting over roofing sheet) for
ensuring leakproof construction. They shall be fixed with screws and washers {similar to those
used in laying the roofing sheets)
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417

4.2.8

4.2.9

4.2.10

5.0

5.1

5.1.1

Gutters shall be made leakproof and shall be supported on and fixed to muld steel flat iron
{mininum siz¢ 40 mm x 3 mm) brackets bent to shape and fixed to the requisite slope. The
maximun spacing ol brackets shall be 1000 mm.

Pieces of gutiers shall be argon welded ensoring lesk praof continucus gutter length,

Screws and washers for fixing shall be similar (o those wsed in laying the roofing sheets.

Gutiers shall be provided with connection (drop ends/ nozzles’ funnels) to down 1ake pipes,
stop ends {madc of sheets similar to the gutter) riveted to the gutter.

Guitiers shall be laid with a minimum slope of 1in 120.

Unless otherwise mentioned specifically, roof water drainape shall be through putter and rain
waler pipes.

Wind ties shall be of 40 x 6 mm [at iron scetion or of other size as specificd shall be fixed at
the saves of the sheets. The [xing shall be done with the same hook bolts which secute the
sheets 1o the purlins. Wind tics shall be painted with synthetic enamel paint matching the
colour of the rooling/ cladding sheets.

The ool when completed shall be troe to lines and slopes and shall be leak proof.
PRECOATED GALVANIZED STEEIL SHEET ROOFING / CLADDING
Material

Pre-coated galvanized steel sheet

Lnless otherwise specificd in drawings, item descriptions, job specifications ete, the matenial
of pre-coated galvanized stesl sheet for roofing and cladding shall centorm o lollowing
specilication and performance properties.

Base metal Cold rolled stecl sheet contorming to IS ¢ 513, galvanized (275
w/SoM wal on both side) by hot dip proeess 35 per 15 : 277

Profile Profiled/corrugated sheel T
Pitch 195 to 255 mm { with infermediate ribs) B
Crest Height Mt less than 28 mn ]
13ase metal thickness 0.60 mm {+- 0.03)

| Overall coated .65 mm ]
thickness
Weight Miminuom 5.80 Kg/ SqM

Finishing - wep surface | Begular maodificd pmlycstcr__u_l; minitun 20 {4/- 2) microns over
primer coat of 5 microns,

“Finish.ing—huttmn Polyester coal of minithum 5 microns over primer coat of 5
surface microns

Yield strength | Minimum 550 MPa

Pencil hardness | 121l

Bending (est 24T )
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5.1.2

52.3

Halt spray test 750 hours {exposed top side)
QLY — Wealteromeler | 1000 hours

test )

Humidity test Minimum 750 howrs

The sheets shall be of approved colour.
Accessories

The material for accessories like ridge, gutter, flashings ete. shall be of plain pre-
coated palvanized steel sheet similar (except corrugation) to the sheet specified for
rooling/ cladding,

Rain water pipes

Linless otherwise mentioned specifically, ram water pipes shall be unplasticised rigid PYC
rain water pipes conforming to IS : 13592 Type A with fittings/ accessories.

Laying and fixing

The sheels shall be laid and fixed in accordance with Manufacturer’s
recommendations’ guidelines and in the manner described helow, unless otherwisce
shown in the working drawings or dirccted by the Engineer-in-Charge.

The sheets shall be laid on the purling Lo a lrue plane, with the lines of corrugations
parallel or normal to the sides of the area to be covered unless otherwise required as in
special shaped roofs.

The sheets shall be laid and wilth side and end laps as recommended by the sheet
manulacturer. Lnd lap shall be minimum 150 mm to 250 mm for a slope more than 15
degree {1 in 4) and 200 mm to 300 mm for slope less than 15 dearee. Overlap of sheets
shall be mimimum 150 mm. Carc shall be taken o maich prefiles and maintain
alignment of proiiles while overlapping the sheets.

Sheels shall be tixed to the purlins or other ool members such as hip or valley rafiers
etc. with sel{-drilling scrcws and EPDM washer. For inserling the fasteners, screw
Jriving machine to he used at permissible rpm, punching 15 not permissible. All drills
shall be done on the crown/ crest of profile sheets.

If not mentioned specifically, Zine couted or Zine- Tin afloy coated, hex head screws
as per AS 3566 class -3 fasteners with EPDM washers shall be used.

Number, spacing, lenath, location of hooks! secrews shall be in accordance with
Manufacturer’s recomnmendations/ guidelines.
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52,5  Accessories like Ridyes, apron pieces, corner pieces, flashings and caves pieces ete. shatl be

52.0

5,27

52.8

529

6.0

6.1

6.1.1

provided at ridge, corners, eaves ete. (properly bent in shape for fitting over roating sheet) for
ensuring leakproof construction. They shall be fixed with screws and washers {similar fo those
used in laying the roofing sheets)

Gutters shall be made leak proof and shall be supporied on and fixed to mild steel fat iron

{minimum siz¢ 40 mm x 3 mm} brackets bent to shapc and fixed to the requisite slope. The
maximum spacing of brackets shall be 1600 mm.

Pieces ol guiters shall be argon welded ensuring leak proof continuous gutter length.
Screws and washers for fixing shall be similar 10 those used in laying the roofing shects.

Ciutters shall be provided with connection {drop ends/ noecles! funnels) to down take pipes,
stop ends {made of sheets similar to the gutter) riveted 10 (he gutter.

Ciutters shall be laid with a minimum slope of |in 120

Uinless atherwise mentioned specitically, roof water drainage shall be through gutter and rain
water pipes

Wind ties shall be of 40 x 6 mm flat iren section or of oiher size as specified shall be
fixed at the caves of the sheets. The fixing shull be done with the same hook bolts
which secure the sheets to the purlins, Wind tics shall be painted with synthetic
enamel painl matching the colour of the reofing/ eladding sheets.

The roof when completed shalf be true to lines and slopes and shal! be leak proof.
PRECOATED ZINC ALUMINIUM STEEL SHEET ROOFING f CLADDING
Malerial

Pre-coated Zine- Alumininum steel sheel

[nless otherwise specified in drawings, item descriptions, job specifications ete, the malenial
of pre-coated galvanized steel sheet for rooling and eladding shall conform to following
specilication and performance properties.

Base metal The base metal of the roofing shall be cold rolled steel sheet
conforming 1o AS: 1397 or 15 1 513, 1t shall be coated with Al-Zn
alloy (55.00% Aluminium, 43.40% Zinc, 1.60% 5i) / Zincalume
by llot-dip process as per [5 :15961 or AR:1397 or ASTM
ATOIM, {class AZ 158, having minimum 150 g/SgM A7 coating
mass 1odal on both sides).

Profile Profiled/cormugated sheet
Pitch _ 195 to 255 mm { with wtermediate ribs)
Crest Height Not less than 28 mm

Base metal thickness | (.45 mm (+~ 0.037
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Overall coated 0.52 mm
thickness .
Weiglt Minimum 4.50 Kgf SgM
Finishing top surface Super durable polvester of minimum 20 (+/- 2}. Microns over
palvester primer coat of 5 microns.
Finishing — bottom Palyester coat of minimum 5 microns over primer coat ol 5
surface microns.
Yield strength Minimum 550 MPa
Pencil hardness H-2H )
T-Bending test Maximum 51
Salt spray test ) 1000 hours (exposed op side)
OUV — Wealterometer | 1000 hours
st L
Humidity test Minimum 103 hours
Accessories

6.1.3

6.2

6.2.1

6.2.2

6.2.3

t.2.4

The material for accessories like ridge, gutter, Nashings ete. shall be of plain Pre-coated

Zinc- Aluminium steel sheet sheet similar (except corrugation) to the sheet specified for
roofing/ cladding,

Rain water pipes

Unless otherwise mentjoned specifically, rain water pipes shall be unplasticised rigid PVC
rain waler pipcs confarming to 15 1 13592 Type A wilh fittings/ accessorics.

Luyving and fixing

The sheets shall be laid and fixed in accordance with Manufacturer’s
recommendations’ guidelines and in the manner described below, unless otherwise
shown in the working drawings or dirccted by the Engineer-in-Charge.

The sheets shall be laid on the purlins to a true plane, wath the lines of corrugations
parallel or normal Lo the sides of the area to be covered unless otherwise required as in
special shaped roofs.

The sheets shall be laid and with side and end laps as recommended by the sheet
manufacturer. End lap shall be minimum 150 mm to 250 mm lor a slope more than 13
degree (1 in 4) and 200 mm to 300 mm for slope less than 15 degree. Overlap of sheets
shall be minimum 150 mm. Care shall be taken to match profiles and maintain
alignment of profiles while overlapping the shects.

Sheets shall be fixed to the purlins or other rool members such as hip or valley rafters
cte. with seli-drlling screws and EPDM washer. For inserting the (astencrs, screw
driving machine 1o be used at permissible rpm, punching is not permissible. Al deils
shall bz done on the erown/ crest ol profile sheets.
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0.2.0

6.2.7

Hh.2.8

60.2.%

74

7.1
7.11

If not mentioned specifically, Zinc coaled or Zing- Tin alloy coated, hex head screws
as per AS 3366 class -3 fasteners with FPTOM washers shall be used.

Number, spacing, length, Iocation of hooks! screws shall be i accordance with
Manufacturer’s recommendations! guidelines.

Accessories like Ridges, apron pieces, corner picees, flashings and eaves pieces etc. shall be
provided al ridge, comners, eaves cte. (properly bent in shape for fitting over roofing sheet) for
ensuring 1cak proof construction. They shall be fixed with serews and washers {similar o
those used in laying the roofing sheets)

Gutters shall be made leakproot and shall be supported on and fixed 10 mild steel flat iron
{rminimum size 40 mm x 3 mm) brackets bent to shape and fixed to the requisite slope. The
maximum spactng of brackets shall be 1000 mun.

Pieces of gulters shall be argon welded ensuring leak proof conlinuous guticr length.
Screws and washers for lixing shal! be similar to those used in laving the rooling sheais.

Gutters shall be provided with connection (drop ends/ nozzles! funnels) o down take pipes,
stop ends {made of shects similar to the guiter) riveted to the gutter.

Gutters shall be laid with a minimum slope of 1 in 120,

Unless otherwise mentioned specifically, roof water drainage shall be through gutter and rain
waler pipes

Wind ties shall be of 40 x & mm [Tat iron scetion or of other size as specified shall be
lixcd at the caves of the sheels. The hxing shall be done with the same hook bolts
which secure the sheets to the purling, Wind tics shall be painted with synthetic
enamel paint matching the colour of the roofing/ cladding shects.

The roof when completed shall be truc 1o lincs and slopes and shall be leak proof.

FIBRE CEMENT CORRUGATED SHEET ROOFING/ CLADDING

Material
Fibre cemeni corrugated sheet

Tibre cement comugated sheets shall conform 10 15 14871 and following specification.

[ Composition The sheets shall be asbesios free and reinforced by organic and for
innrganic synthetic Gbres,

The product shall be composed essentially ol an inorganic
hvdraulic binder (in case of Portland pozzolana cement Portland
slag cement, addition of pozzolanic materials and slag shatl not be
permitted) or a calginm silicate binder formed by the chemical

reaction ol a silicate binder formed by (he chemical reaction of a
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7.1.2

7.1.3

7.1.4

7.2

siliceous (inchdes pround  silica, pulverized [uel ash and
amorphous silica} and calcarcous material reinforced by organic
and for inorganic synthetic fibres.

Pozzolanic materials process aids, Gilers and pigmeots which are
compatible with the fibre reinforced cement may be added.

The inorganic hydrawlic hinder shall be caher

33 grade ordinary Portland cement confomming to IS © 269 or
43 grade ocdinary Portland cement cooforming to 15 (8112 or
53 grade ordinary Portland cement conforming to 15 12269 or
Portiand pozzolona {fly ash based) cement conformimg to

[5 1489 - part 1 ur

Portland pozzolona {calcined clay based) coment conforming to
IS : 1489 - pan, 2 or

Rapid hardening cement contorming o 15 (8041 or

Portland slag cement conforming to IS 435

Fly ash used shall conform 1o 15 3812

Thickness Unless otherwise Rpﬂéiﬁ{:ﬂliy mentioned, the thickness shall be &
mm {tolcrance ; +~ 0%}
Fiich o 146 mm {telerancs ; + 6 mm, - 2 mrﬁ] """
Depth 48 mm (lolcrance ; + 4 mm, - 5 mm)
Finishing The shects shal} be free from cracks, chipped edges or corners and

other damages,

Top exposed surface shafl have pre-painted [inish with minimum
30 micron thick exterior grade premium quality acrylic emulsion
paint,

Bottom surface shall have Factory finish.

Accessories

Accessorics such as adjustable ridges, hips, finishing picees, caves [iller pieces, north light
and ventifator curves, barge boards, expansion joint sheets, 5" type louvers, gutters ete. shall
be of the same Manufacturer (unless approved otherwise by Engineer- In- Charge} as the sheet
used for rooting/ cladding and as per Manufaclurer’s standard specification.

In case, sizes of readymade non-metallic gutters by the same Manufacturer of the sheet are
not adequate/ suitable {or roof drainage, putters of required sive labrcaied out of
minimum 1 mm thick G.S. sheel { painted in same colour as that of Toofing sheet or as
approved) shall be provided.

Rain water pipes

Unless otherwise mentioned speetficaily, rain water pipes shall be unplasticised rigid PVC
rain waler pipes conforming to 18 - 13592 Type & with [ittings! accessories.
Laying and fixing
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741

7.2.2

7.2.3

.24

T.2.5

7.2.6

7.2.7

728

7.2.9

The sheets shall be lwmd and fixed in  accordance with Manufuclurer™s
recommendations/ guidelines and in the manner desenbed below, unless otherwise
shown in the working drawings or directed by the Engincer-in-Charge.

The shects shall be laid on the purlins o a true plance, with the lines of corrugations
parallel or normal 1o the sides of the area to be covered unless otherwise required as in
special shaped roofs.

The sheels shall be laid with side and end laps as recommended by the sheet
manufacturer, End lap shall be minimumn 150 mm in cases of roof with a pitch flatter
than 1 vertical to 2.5 horizontal. In the cases of very exposed sitvations, mummum chd
lap shall be 200 mm. Side lap shall be rminimum halt a corrugation.

Shects shall be fixed to the puchins or other roof members by means of 8 mm diameter polymer
coated GI J or L hook halts, nues and FPDM washers or with self drilling (asteners and FPOM
washers. For inserting the bolts/[astencrs, screw driving machine to be used at permissible
rpm, punching is not permissible. All drills shall be done on the erown of the sheets. Number,
spacing, lenglh, location of hooks/ screws shall be in accordance with Manufacturer’s
recommendations’ guidelines.

The [rec averhang of the sheets at the eaves shall not cxeecd 300mm.

Accessories like Ridges, apran pieces, corner pieces, flashings and eaves picces ete, shall he
provided at ridge, corners, eaves etc. (properly bent in shape [or Gitting over ronfing sheet) for
ensuring leak prool construction. They shall be fixed with screws and washers (similar to
those used in laying the roofing/cladding sheets)

Unless otherwisc mentioned specifically, root water drainage shall be through gutter and rain
witer pipes,

Melal sheet guiters shall be made leak proof and shall be supported on and fixed to mild stecl

flat iron {minimum sizc 40 mm % 3 mm) brackets bent to shape and fixed w the reguisite
slope. The maximum spacing of brackets shall be 1000 mm.

Pieces of guticrs shall be argon welded ensuring leak proof continuous guiter length.
Screws and washers for fixing shall be similar to those used in laying the roofing sheets.

Gutters shall he provided with connection {(drop encs! nozzles! funnels) to down take pipes.
stop ends (made of sheets similar to the gutter) riveted to the guiter,

Guiters shall be laid with a minimum slope of 1 in 120,

Wind tics shall be of 40 x 6 mm {lat iron section or of other size as specilied shall be
fixed ar the caves of the sheets. The Nxing shall be done with the same hook bolts
which sceure the sheets to the purlins. Wind tes shasll be painted with synthetic
enamel paint matching the colswr of the roofing/ cladding shecis.
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7.2.10 The roof when completed shall be true to lincs and slopes and shall be leak proof.

84

K1

3.2

8.3

2.4

MEASUREMENT

Measuremen of shects n roofing and cladding shall be the measurement of superficial area of
the shests on the flat without allowance for laps and corrugalions., No deductions shall be
made far apenings npto 0.4 SgM. For opening arcas exceeding 0.4 SqM, such arcas shall be
deducted.

If not mentioncd atherwise, measurement of metal [lashings, ridge/hip pieces, corner pieces,
gutters (including all fiings and fixtures) etc. shall be the measurement of surface areas of
these.

If nol mentioned otherwise, measurcment of readvmade accessones and fittings (having
standard sizefprofile) of fibre cement sheet shall be the measursment of their lengths.

Il not mentioned otherwise, measurement of ran water pipes (including all fittings and
Axlures) shall be the measorement of their actual lengths
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Abbreviations:
ASTM : American Society for Testing & Materials
BS 7 British Standards
IS : Indian Standards
NBC National Building Code of India
BIS - Bureau of Indian Standards
EN : European Standards
SO International Organization for Standardization
ABS Acrylonitrile Butadiene Styrene
HDPE : High density polyethylene

Architecture Standards Committee
Convenor: Mr. Samir Das

Members: Mr. Rajesh Gujral
Mr. Anish Kundu
Mr. Sandeep Sharma
Mr. Maitrayee Majumder (Strl)
Mr. Charanjeet Singh (Projects)
Mr. Ravindra Kumar (Construction)

Formal No, 8-00-0001-F1 Rev. 0 Copyright EIL - All rights resened

Paage 4943 of 66231 * BO57-TENDFR DOC-R9O57-420-80-44-PG-T-7410 * Rev A



sﬁéﬁ%ﬁ%ﬁgﬁbbixaumnﬂj

IHTTR FUNRAT IR PR e o L

SANITARY FITTINGS AND
FIXTURES

STANDARD SPECIFICATION FOR STANDARD SPECIFICATION No.

6-75-0009 Rev. 7
Fage 3 of 11

1.0
2.0
3.0
4.0
5.0
6.0
7.0

CONTENTS

N S o i 04

WATER CLOSET SYSTEM. ..o ss s snams s asssnss s sss sesamantonsrss e s

04
05
08

WASH BASHNISINEK ... 0o cinnniisnnmmimmsimsnsss s s S5 s s S S 08
FITTINGS & FIRTURES. ... cociviminsmildons i sis o e s s ooy 10

10

Format No. 8-00-0001-F1 Rev. 0

Paage 4944 of 66231 - BO57-TENDFR DOC-RO57-420-80-44-PG-T-7410 * Rev A

Copyright EIL = All rights reserved



STANDARD SPECIFICATION FOR STANDARD SPECIFICATION No.

g8 E‘ﬁli‘:y@m& LIMITED SANITARY FITTINGS AND 6-75-0009 Rev. 7
bty o VO sy o FIXTURES Page 4 of 11

1.0 GENERAL

1.1 This Specification covers requirements of sanitary fixtures and fittings such as Water Closets,

Wash Basins, Urinals, Water Taps etc,

1.2 In case of Green rated buildings water efficient fixtures shall be used as required 1o reduce
water consumption and for obtaining the green rating. All fixtures installed within the project
shall have flow rates at 45 psi or 3.10 bar pressure

1.3 Other than faucets, which are installed in spaces with water head heights less than Sm/1 7ft, in
a gravity-fed system, flow rates for the fixtures shall not exceed as mentioned in the following
table.

Plumbing Fixture Flow rate

Water Closet (Solid Flush) 6 liter per flush
Water Closet (Liguid Flush) 3 liter per flush
Urinal 3.8 liter per flush
Shower head 10 liter per minute
Lavatory Faucet 8 liter per minuie
Kitchen Faucet 8 liter per minute

1.4 The water closets/ cisterns/wash basing/ Urinals shall be of approved colour.

1.5 Stop cock/ valves shall be provided in all water supply lines for maintenance and operation
purpose.

- 1.6 Associated plumbing works shall be concealed type.

1.7 Sanitary fittings and fixtures shall be procured from Manufacturer approved by the Engineer-
In-Charge

2.0 REFERENCES
The codes and standards listed below contain provisions, which through reference in this
specification constitute provisions of this standard specification, il not explicitly mentioned
otherwise,

2.1 In case of similar codes of different organizations such as 15, IS0, BS, EN, B5-EN, ASTM,
NFPA, NBC etc. conformity with any of the similar codes is acceptable.

2.2 Reference codes and standards:

Standards Document Title

IS : 2556 Part 1-17 Specification for Vitreous Sanitary appliances (Vitreous China,
Part 1-17)

IS : 2267 Specification  for  Polystyrene Moulding and Extrusion
Materials

IS : 407 Specification for Brass Tubes for General Purposes.

15 :774 Specification for Flushing cisterns for water closets and urinals
{other than plastic cisterns)
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I5: 775 Specification for cast iron brackets and supports for wash
basins and sinks
IS :781 Specification for Cast copper alloy screw down bib taps and
stop valves for water services
IS : 1300 Specification for Phenolic moulding materials.
IS 2064 Code of Practice for Selection, Installation and Maintenance of
Sanitary appliances
IS :2548 Part-| Specification for Plastic Seats and Covers for water closels
Part-1; Thermosel seats and covers
15 :2548 Part-2 Specification for Plastic Seats and Covers for water closets
Part-2: Thermoplastic seats and covers
15:2326 Specification for automatic flushing cistern for urinals (other
than plastic cisterns)
IS :3389 Specification for Urea-formaldehyde Moulding Materials.
IS ;7231 Specification for plastic flushing cisterns for water closets and
urinals.
IS:7328 - | Specification for High Density Polyethylene Materials for
Moulding and Extrusion.
IS : 9758 Specification for flush valves and fittings for water closets and
urinals.
11513983 Specification for stainless steel sinks for domestic purposes.
|
3.0 WATER CLOSET SYSTEMS
3.1 General
3.1.1  Water closet Systems shall be a water tight and leakage free sysiem consisting of squatting

pans/commodes complete with water supply, flushing and drainage/ disposal system including
all fittings/ fixtures required to be connected to the water supply and waste disposal system.

L]
ha

Flushing and disposal of the waste shall be by means of water either from direct water supply
line or from flushing cisterns/ tanks through flush valves as mentioned.

Ll
Tl

Stop cock/ valves shall be provided in all water supply lines for maintenance and operation
purpose.

3.2 Flushing Cisterns/ Tanks

3.2.1  Flushing cisterns shall either be integral with the squatting pan/ commode and shall be open or
concealed tank type as mentioned. Connection between cistern and closet shall be made by
means of flush pipe/ bend. Flush pipe’ bend shall be firmly fixed with clamps etc. and shall be
concealed both in wall and floor,
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The cisterns shall be complete with all necessary fittings' fixtures etc. as required and
mentioned in the table below.

Component Material

Cisterns/ Tanks Minimum 3 mm thick High density polyethylene (HDPE)
conforming to IS 7328 or polystyrene, high impact or
polypropylene conforming to IS 2267.

(In case of cisterns integral with wash down type closets, the
material shall be vitreous china)

Flush pipe/ bend 40mm dia High density polyethylene pipe conforming to IS 407 or
unplasticised PVC plumbing pipe conforming to 15 2501
Siphon/ valve High density polyethylene (HDPE)

Conforming to IS 7328 or polystyrene. high impact or
polypropylene conforming to IS 2267.

Operating mechanism/ | Non- ferrous, corrosion resistant material

lever

Float valve Polyethylene conforming to IS 7328

Coupling nut and MNon- ferrous material

lock-nut

Capacity Minimum 5 litre

Connection pipes/ Reinforced PVC/ Plastic with chrome plated non-ferrous metallic
tubes jacket matching with the finish of valves! stop cocks ete.

Flushing cisterns shall be dual valve type with dual pushing button plates. In case of open type
of cisterns, the valve shall be integral with the cistern. In case of concealed cistern/ tank, the
valve plate (made of non ferrous metal or ABS (Acrylonitrile Butadiene Styrene) and having
same finishing of the Faucets, taps etc.) shall be provided on the concealed surface at suitable
location. Stop cocks/ valves shall be provided in the system for installation/ maintenance.

33 INDIAN WATER CLOSET (IWC)

33,1 Squatting Pan shall be of vitreous china and Orissa Pan type conforming to 1S: 2556. The
closet shall be fixed in the floor with 150 mm thick sand cushion and shall be connected with
Cl'S' or "P trap with approximately 50 mm water seal.

332 Each pan shall have an integral flushing rim of suitable type. It shall also have an inlet or
supply horn for connecting the flush pipes. The flushing rim and inlets hall be of the self
draining type. It shall have weep hole at the flushing inlet to the pan. The inside of the bottom
of the pan shall have sufficient slope from the front towards the outlet and the surface shall be
uniform and smooth to enable easy and quick disposal while flushing.

3.3.3  Water tap or health faucet with stop cock, valve shall be provided near the closet at suitable
location. Connection pipes/ tubes of health faucets shall be flexible and of reinforced PVC/
Plastic with chrome plated non-ferrous metallic jacket matching with the finish of valves/ stop
cocks ete.

34 WASH DOWN TYPE EUROPEAN WATER CLOSETS (EWC)

34.1  The commaode shall be of vitreous china conforming to [5: 2556.
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343

344

34.5

id6

347

The closets shall be of one piece construction and shall have an integral flushing rim of
suitable type. It shall also have an inlet or supply hom for connecting the flushing pipe. The
flushing rim and inlet shall be of the self draining type. The water closet shall have a weep
hole at the flushing inlet. Each water closet shall have an integral trap with either *S8" or ‘P’
outlet with at least 50 mm water seal. The inside surface of water closets and traps shall be
uniform and smooth in order to enable an efficient flush.

The closets shall be floor or wall mounted with flushing cisterns either integral with the
commode or separately mounted on wall or concealed cisterns/tanks connected with flush pipe
as mentioned.

The commodes shall be provided with a hinged seat and cover/ lid. The seat and cover made
of thermosetting or thermoplastic conforming to 1S 2548, Thermosetting plastic used- shall
conform to grade 2 or 3 of 1S 1300 when it is phenolic plastic or IS 3389 when it is of urea
formaldehyde. The seat and cover shall be fited with plastic buffers. The cover shall be
hydraulically operated type.

Water tap or health faucet with stop cock, valve shall be provided near the closet at suitable
location. Connection pipes/ tubes of health faucets shall be flexible and of reinforced PVC/
Plastic with chrome plated non-ferrous metallic jacket matching with the finish of valves/ stop
cocks etc.

Superior quality EWCs shall be of approved design and shall have following features with
respect to clause nos 3.4.1 o 3.4.5

Installation type Wall hung

Commode/ Pan Rimless with quite close seat cover having anti-bacterial
coating,

Cistern Concealed type, made of high density polyethylene, joint

less construction,

Water consumption — maximum 2 and 4 litre for partial and
full Aush respectively,

Capacity — upto 10 litre.

Valve/ Actuation plate — Separate pressing button for dual
flushing, made of ABS ( chromium plated)

Health faucet Chromium plated ABS body with reinforced plastic/ PVC
pipe in 55-304 grade jacket.

Premium quality EWCs shall be of approved design and shall have following features with
respect to clause nos 3.4.1 to 3.4.5

Installation type Wall hung

Commode/ Pan Fully skirted (Traps not visible), Rimless with quite close
seal cover having anti-bacterial coating.

Cistern Concealed type, made of high density polyethylene, jointless
construction,
Water consumption — maximum 2 and 4 litre for partial and
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full flush respectively.

Capacity — upto 10 litre.

Valve/ Actuation plate — Separate pressing button for dual-
flushing, made of ABS ( chromium plated)

Health faucet Chromium plated ABS body with reinforced plastic/ PVC

pipe in 55-304 grade jacket.

4.0 URINAL SYSTEM

4.1 General

4.1.1  Urinals shall be a water tight and leakage free system consisting of urinals complete with
water supply, Mushing and drainage/ disposal syvstem including all fittings/ fixtures required to
be connected to the water supply and waste disposal system.

4.1.2  Flushing and disposal of the waste shall be by means of water from direct water supply line if
not mentioned otherwise.

4.1.3  Stop cock/ valves shall be provided in all water supply lines for maintenance and operation
purpose.

4.1 4  The urinals shall be made of vitreous China and half stall type conforming to IS 2556,

4.1.5  The urinals shall be of one piece construction, full stall type with integral flushing rim and of
approved colour.

4.1.6  All pipe, fittings, plumbing of water supply connection to the urinals. drainage/ disposal pipes
shall be concealed. Stop cock shall be provided just above the urinal for flushing,

4.1.7  Bottle trap and union fittings shall be provided for waste disposal from the urinals.

4.1.8 Urinal partitions shall be provided in between the wrinals, If not mentioned specifically
elsewhere, partitions made of polished granite stone shall be provided.

4.2 Sensor operated Urinals

4.2.1  With reference to clause no 4.1, in case of sensor operated urinals, the flushing system shall be
by means of concealed type electronic type sensors. The power supply to the sensor shall be
by means of direct electrical connection or by battery cell as decided by the Engineer- In-
Charge.

422 Sensor operated urinals shall have pre-flush facility also.

43 Waterless Urinals

4.3.1 Waterless urinals shall be made of vitreous china having antibacterial /germs free ceramic
surface, fixed with cartridge having debris catcher and hygiene seal.

5.0 WASH BASINS / SINKS

5.1 General

5.1.1 Wash basins and sinks shall be water tight and leakage free system complete with water
supply and drainage’ disposal system including all fittings/ fixtures required to be connected
to the water supply and waste disposal system.
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5.1.9

5110

Stop cock/ valves shall be provided in all water supply lines for maintenance and operation
purpose.

The wash basins shall be made of vitreous China conforming to 1S 2556.

The wash basins/sinks shall be of one piece construction and of approved colour with nickel
chromium plated brass waste fitting for connecting with waste pipe.

All pipe, fittings, plumbing of water supply connection to the basins/ sinks, drainage/ disposal
pipes shall be concealed.

Wash basins/ sinks shall be wall mounted or mounted over/ under counters as mentioned in
the tender document or construction drawings. In case of wall mounted fitting, the basin/ sink

shall be fixed to wall with metal (painted) brackets.

Shape, design and size of the wash basins/ sinks shall be as approved by the Engineer-In-
Charge.

Wash basins shall be provided with taps/ pillar cocks' faucets of approved design. Mixer type
tap/ pillar cock shall be provided in case of hot and cold water supply.

Bottle trap and union fittings shall be provided for waste disposal from the wash basins.

In case of Sinks, taps with long and swinging neck shall be provided so that water reaches in
all the areas of the Sink.

5.1.11 Connection pipes/ tubes shall be of flexible and of reinforced PVC/ Plastic with chrome plated
non-ferrous metallic jacket matching with the finish of valves/ stop cocks ete.

5.2 Superior quality Wash Basins and faucets

5.2.1  Superior quality Wash Basins shall be round or oval shaped under counter top type with either
electronic sensor operated or pressmatic type faucets as mentioned.

5.2.2 In case of sensor operated basins, power supply to the sensor shall be by means of direct
electrical connection or by battery cell as decided by the Engineer- In- Charge.

523 Faucets shall be of brass body, chromium plated of approved design and shall be mounted
over the counter or mounted on the basin itself as decided by Engineer-In-Charge.

5.3 Premium quality Wash Basins and faucets

5.3.1 Premium quality Wash Basins shall be over the counter top and thin rim type, of approved
shape with electronic sensor electronic sensor operated.

5.3.2  Power supply to the sensor shall be by means of direct electrical connection or by battery cell
as decided by the Engineer- In- Charge.

533  Faucets shall be of brass body, chromium plated of approved design and shall be wall
mounted or mounted over the counter as decided by Engineer-In-Charge.

54 Kitchen/ Pantry/ Laboratory sinks
Kitchen/ Pantry/ Laboratory sinks shall be of stainless steel (304 -18/8) conforming to 18
13983, Nominal thickness of S8 sheet shall not be less than | mm before forming. Thickness
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at any point of the sink. after forming shall not be less than 0.75mm. Depth of the bowl shall
not be less than 150 mm. Minimum internal dimensions, when mieasured on the bow! centre
lines across the top of the bowl shall be 380mm x 340 mm for rectangular bowls and 360 mm
for round bowls.

FITTINGS & FIXTURES
General

Fittings/ fixtures such as Taps/ Valves/ Faucets/Shower roses/ bib, stop, pillar cocks etc shall
be of approved design and finish and shall be procured from approved Manufacturer,

Fittings/ fixtures shall be provided as per table below :

WC cubicles Bib cock or health faucet, Coat/ Robe hook, Toilet paper holder
Shower cubicles Towel rail, Coat/Robe hook, Soap tray, Shower rose
Wash Basins Mirror and Faucets for each wash basin, Touch less type Soap

dispenser (Tissue paper dispenser in locations decided by the
Engineer-In-Charge) and Hand drier near wash basin.

Removable floor trap covers made of stainless steel shall be provided over all floor traps.

Fittings' fixtures shall be made of non-ferrous anti corrosive metallic materials with chromium
plated finish il not mentioned otherwise.

Specifications of sanitary fittings/ fixtures

Sanitary fittings/ fixtures shall meet the following specifications if not mentioned otherwise
specifically in the tender/ bid documents and construction drawings.

Fittings/ fixtures Specification

Bib Cocks, Stop Cocks,
Pillar cocks, Taps, valves,
Faucets, mixers etc.

15mm dia, chromium plated Brass body conforming to 1S : 781
Faucets for superior and premium quality wash basins shall be
as mentioned.

Health Faucets

Chromium plated Brass body with bracket

Shower rose

Chromium plated Brass body conforming to IS : 2064 with
adjustable rose and supporting arm.

Toilet paper holder

Chromium plated Brass body or stainless steel (grade — 304)

Liquid soap dispenser

Plastic body

Towel ring/ rail/ rack

Stainless steel (grade — 304)

Mirror

Made of minimum 5mm thick glass with beveled/ rounded
edge.

Coat'Robe hook

Stainless steel (grade — 304)

INSTALLATION

Sanitary fittings/ fixtures shall be installed by licensed plumber.

The fixtures/ fittings shall be installed in accordance with the Manufacturer's recommendation
and as approved by the Engineer-In-Charge.

All fitings/ fixtures shall be installed ensuring water tightness using sealers/ gaskets etc. as
required.
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74 All holes/ punctures in walls due to installation shall bc concealed by stamlcsa steel round
covers matching with the fixture/ fittings.

7.5 Pedestals of WCs/ wash basins etc. in contact with the floor finish shall be suitably sealed,

7.6 All screws for fixing/ fitting ete. shall be of stainless steel fixed with anchor fasteners,
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1.0 GENERAL
This standard specification lays down requirements of false ceiling, False flooring, under deck
insulation, and partitioning sysicm.

2.0 REFERENRCES

21 The codes and standards listed below contains provisions which through refevence in this
specification constitule provisions of this standard specitication if not specifically mentioned
otherwise.

22 In case of similar codes of different organizations such as IS, ISO, BS, EN, BS-EN, ASTM,
NIPA, NBC cte. conformity with any of the similar codes is acceptable.

23 Refercnee codes and standards:

Sr. No. | Standards Document Title

1 ASTM C423 Standard Test Mcthod for Sound Absorption and Sound
Absomption Coctficients by the Reverberation Room
Method.

2 ASTM Cols Standard  Speeification for the  Manutacture,
Performance, and Testing of Mctal Suspension Systems
tor Acoustical Tile und Lay-in Panel Ceilings.

3 ASTM Calb Standard Practice for Installation of Metal Ceiling
Suspension Systems for  Acoustical Tile and Lay-In
Pancls.

4 ASTM E1414 Standard ‘Lest Methed tor Airborne Sound Attenuation
Between Rooms Sharing a Common Ceiling Plenum

5 ASTM EL477 Standard Test Method for Luminous Reflectance Factor
al Acoustical Materials by Use of Integrating-Sphere
Reflectometers

6 BS 476 part &/7 Fire Test _

7 CISCA ‘Ihe Ceilings & Interior Systems Construction
Association
Acoustical ceilings: Use and Fractice

3 1S 277 Gulvanized Steel Sheets {Plain and Corrugated)

9 {5 2095 Gypsum plaster boards )

10 15 2676 Dimension for wronght aluminium and aluminiom alloy
sheet and strip

L1 1S 12436 Specitication for. Preformed rigid polyurethane { pur ).
And polyisocyanuraie ( pir ) foams

12 IS &ig3 Bonded mineral wool - specification.

RN FALSE CEILING 5YSTEMS
11 GENERAL
3.1.1  False or suspended ceiling systems shall be complete wilh supporiing frame work / suspension

system and ceiling boards/ pancls/ tiles. Following types of false ceiling systems {euther with
only one type of in combination of various types) shall be provided as specified in design
basis, job specifications, item descriplions, drawings etc.

. Mineral Fibre boad false.ceiling system.
2. Gypsum board seamless false ceiling sysiem,
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Copyright EIL — &l nghts resenved




STANDARD SPECIFICATION FOR  gTANDARD SPECIFICATION No.

Sloteres sl FNCINFERS FALSE CEILING, FALSE FLOORING,

giaur isics e NDIA UMITED UNDERDEGK INSULATION & 8-75-0010 Rev.7
PARTITIONING Page 5 of 16
3. Calelum Silicate board false ceiling system,
4. Caleium Silicate tile false ceiling system.
5. Aluminium fadse ceibing system. (squarc gnd type)d
6. Aluminium falsc celling syster. (linear plank type)

3.1.2

314

L5

J1.6

3.2

A |

322

If false ceiling type is not mentioned specifically, Mineral Fibre board False cciling system
shalt be providead.

False or suspended ceiling systems shall be mstatled at desired heights and levels in designs,
patterns and shapes in accordance with approved fabnication drawings. Fabrication drawings
shall be prepared and submitted by the Contractar and approved by Engineer-In-Charge,

Fabrication drawings shail be prepared based on drawings issued by Engincer-In-Charge and
in co-ordination with other system providers such as lighting, HVAC, Fire-fighting system
components, [ittings and fixtures of which are accommodated on the ceiling or above and
below,

The ceiling system shall be sturdy, finished, levelled and aligned as per approved drawings
without any undulations, sagging or other defects. Zig-zag alignment of visible supporting
system or ceiling panels/ tiles shall not be permitted.

All components of the ceiling system shall be from the approved Manufacmrers of the whole
and full system only. Materials / components procured from other Manufaciurers shall not be

permitted,

The ceiting systems shall be instalted by agencics approved by Engincer-In-Charge.

MINERAL FIBRE ROARD FALSE CEILING SYSTEM

The Mincral Fibre board ceiling system shall be in square grid {exposed) type with tiles
having bevelled tegular edges.

Ceiling boards/ panels/! tiles

Ceiling boards’ pancls tiles shall be standard product of the approved Manufacturer and as per
following specification.

Sr. Ne. | liemy Property Specification
1 Base Materiai " Mincrl Fiber
2 Fanet Dlimensions 600 mm x 600 mm
3 Panel Thickness 16 mm
4 |_Dimension iolerances +- 0.3 mm
3 MNaoise Reduction - 053
B cllicient
G FFire Properties Class 041 as per BS 476 pant &/7
7 Light Beflectance 33%
3 Humidity Resistance EH 9%%

Suspension sysicm

Suspension system? framework of the ceiling system with all required components (grid work
consisting of mterlocked main, cross members and penmeter members cle suspended sutably
from (he ceifing/rooi) shall be suitable! compatible for the ceiling pancls and shail be standard
product of the Manutaciurer and as per following specification.
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3233

3234

1235

3236

33

3.3.1

332

Members of the grid work shall be of galvaniscd steel (120 gsm on hoth sides as per [8: 277)
mild steel, power pressed to required profile.

The exposed visible surfaces of the suspension system shall be finished with minimum 25
micren pre-painted polyester baked paint.

Installation

Installation of the system shall be in accordance with approved drawings, standard practice ol
the system Manufacturer and following specifications.

Main members shall be placed at the spacing of maximum 1200 mm securely fixed to the
structural soflfit using suspension arrangement (by means of threaded hanger rod and level
adjuster) at 1260 mm maximum,

Cross members shall be interlocked between main tuoners at 600mm to form 1200 mm x
A00mm module,

Short cross members shall be fixed between main rutiners at 600mm to form in the 1200 mm x
G600 mm modules 1o Torm 600 mm ¥ 600 mm modules.

Perimeter sections shall be secured Lo penimeter walls! partitions,

Ceiling panels/ tiles shall be provided in the suspended prid work.

GYP'SUM BOARD SEAMLESS FALSE CEILING SYSTEM

‘The gypsum board false ceiling system shall be of scamless finish.
Gypsum boards

Gypsum boards shall conform to 15 @ 2095 and shall have following propertics.

Sr. No. | ltem/ Property Specification

1 Board Thickness 125 mm

2 Dimension tolerances +- 0.5 mm

3 Fire Propertics Non combustible ag per BS 476 part 4

4 Finishing Acrvlic ermulsion paint or laminates as specified.
If not specified otherwise, premium  quality
acrylic emulsion paint in approved colour shall
be provided.

Suspension system

Suspension system/ framework of the ceiling system with all required components {grid work
consisting of main, intermediate, cross members and perimeter members etc suspended
suitably rom the celling/ root) shall be switable/ compatible for the ceiling boards and shall be
standard product of the Manufacturer.

The components shall be made of galvanized stecl (120 gsm on both sides as per [5: 277)
power pressed 1o required profile.
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133  Installaton
3.3.3.1 Main members shall be placed at the spacing of maximuin 1200 mm securely fixed to the

3333

3334

structural sofiil using suspension arrangement {by means of cleats and suspension angle
member) al 1200 mm maximom,

(ross members shall be (ixcd main runners at the spacing of 450 mm .
Perimcter sectioms shall be secured to perimeter walls/ pariitions.
Ceiking boards shall be fixed 10 the gnid frame work by means of drywall screws. edges of the

ceiling boards shall be jointed and finished flush with jointing tapes and compounds as
recominended by the approved Manufacturer. The finished surface shall be scamless.

3.3.3.5 The ceiling board surfaces shall be finished with paint ete. as specitied.

34

341

34.2

3.4.3

3431

34312

CALCTUM SILICATE BROARID FALSE CEILING SYSTEM

The Calciun Silicatc board false ceiling system shall be of scamless finish by fixing the
ceiling boards on the suspension system.

Calcium Silicate cciling boards

The calcium Silicate ceiling boards shall be with durable tapper edge type board having
following specification,

Sr. Mo, | Ilem/ Proporty Specification

I Board Thickncss 3 tnm

2 Dimension tolerances | t+- .8 mm

3 Fire Properties Class 41, Class A as per BS 476 part /7

4 Humidity Resistance EH 99%

5 Finishing Acrylic emulsion paint or laminates as specified.
Il not specified otherwise, premium guality acrylic
emulsion paint in approved colour shall be provided.

Suspension system

Suspension system/ framework of the eciling system with ali required components {grid work
consisting of main, intermediate, cross members and perimeter members ¢te suspended
suitably from the ceiling/ roof) shall be suitable/ compatible for the ceiling boards and shall be
standard product of the Manufaciurer.

The components shall be made of galvanized (120 gsm on both sides as per 15: 277) mild
steel, power pressed to required profile.

Installation

Installation of the system shall be in accordance with approved drawings, standard practice of
the system Manufacturer and following specifications.

Main members of grid framework shall be suspended from the soffit (@ 1200 mm maximum
by means of angle hangers with muts and bolts, angle hangers beinge Tixed to angle cleats fixed
on the softis by means of dash fasteners.
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3.4.35 Intermediate members of grid tramework shall be fixed to main members (@ 450 mm
maximum in a direction perpendicular to the main members with connecting clips.

3434 Perimeter members shall be Nixed on perimoeter surfaces,

3.4.3.5 Ceiling boards shall be fixed to the grid frame work by means of drywall serews, Tapered and
square edges of the ceiling boards shall be joinied and fuiished 1lush with jointing tapes and
compounds as recommended by the approved Manutacturer, The finished surface shall be

seamiess,

3.4.3.6 The ceiling board surfaces shall be finished with paint ete. as specified.

L5 CALCIUM SILICATE TILE FALSE CEILING SYSTEM

The Calcium Silicate (le {alse ceiling system shall be of square grid type laid on the
SUSPCHSI System,

3.5.1 Calciom Silicate ceiling tiles

The calcium Silicate ceiling (iles shall be of approved iexture having following specification.

Sr.No. ltem! Froperty Specilication

1 Tile thickness & mm L

2 Tile size 595 mm x 595 mm or 610 mm x 610 mm

3 Humidily Resistance BH 99%

4 Fire Properties Mon combustible as per BS 478, part -4

B Class | as per Bs 476 part 7

3 Finishing Acrvlic emulsion painl or laminales as specified.
If not specified otherwise, premium quality
acrylic emuision paint in approved colour shaif
be provided.

352  Suspension system

Suspension systern/ framework of the ceiling system with all required components {grid work
consisting of main, cross members and perimeter members ele suspended sutably from the
ceiling/ roof) shall be suttable! compatible for the ceiling tiles and shall be standard product of
the Manufaciurcr.

'The components shall be made of galvanized (120 gsm on both sides as per 15: 277) mild
sieel.

Yisihle areas of the rame work shall be pre-painted with polyester paint.
3.5.3 Installation

3.5.3.1 Instgliation of the system shall be tn accordance with approved drawings, standard practice of
the svstem Manulacturer and following specilicatiots.

3.5.3.2 Main and cross members of grid framework shall be interlocked ( as reguired 1o form the
square grid suitable for the tile size) and suspended {rom the soffit by mecans of slotted
galvanized steel cleats. adjustable rods (ixed to soffit with anchor fasteners in accordance with
approved Manwufaciorer’s standard practice,
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3.53.3 Perimeter members shall he tixed on perimeter surfaces.

3534

31535

3.6

1o

3.6.2

6.3

Jell

3632

3635

"3634

Ceiling tiles shall be laid in the grid frame work.

The ceiling board surtaces shall be finished with paint etc. as specified.

ALUMINIUM FALSE CEILING SYSTEM ( SQUARE GRID TYFPE)

Aluwminium false ceiling system {square grid type) shall be standard product of the approved
Manutactrer, clip-in type in square grid consistng of Alumium alloy ceiling panels and
suspension syslent.

Ceiling Panels

Ceiling panels shall be made of aluminium alloy AA 3003- 1114 {tempered) grade as per IS
2676 having following specification.

Sr.No. | DIewy Propery Specification
! I*ane! type Bevel cdeed, Perforated type with non-woven
B acoustical fleece

2 IPanel dimension 600 mm x 600 mm

3 Panel thickness 0.7 mm

4 Dimension lolcrances +- 2 mim

5 Fire Properties Class 0/1 as pet BS 476 part /7 or class A2-s1.
d() according to EN 13501-1 ]

6 Light Reflectance 63% as per ASTM 1477

7 Perforations Hole diameter- 1.5 mun, open arca- 18%., linear
pitch 4.3 mm, diagonal pitch — 3 mm. border
area— 9.5 mm o '

b Finishing Polyester powder coating ( minimum 60 micron)

9 salt spray 1est 750 hours as per ASTM B 117

Suspension system

Suspension system/ [tamework of the ceiling system with all required components (grid work
consisting of main, intermediate, cross members and perimelct members cte suspended
suitably from the ceiling/ rool) shall be suitable’ compatible for the ceiling boards and shall be
standard product of the ManuEacturer.,

The components of the system shall be made of galvanieed (90 gsm as per 1S 277) steel and
finishing shall be baked polyester paint.

Installation

Installation of the system shall be in accordance with approved drawings, standard practice of
the system Manufacturer and following specifications.

Main members shall be placed at the spacing of maximum 1200 mm sceurcly frxed to the
structural soffit using suspension arrangement (by means of hanger wire/ threaded rod and
level adjuster).

Cross members shall be interlocked between main runners to form 600 mm x 600 mm grid.

Perimelter sections shall be sccured to perimeter walls/ partition's.
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3.6.3.5 Ceiling panels/ tiles shall be laid in the suspended grid work.

3.7

371

372

3.7.3

3.7.5.1

3732

3733

ALUMINIUM FALSE CEILING SYSTEM ( LINEAR PLANK TYPE )

Aluminium false ceiling system (Iimcar plank iypc) shall be standard preduct of the approved
Manutacturer, single grid type in concealed system consisting of Aluminium alloy ceiling
pancls and suspension system.

Ceiling Panels

Ceiling panels shall be made of aluminivm alloy AA 3105- 1114 {tempered} gradc as per IS
2676 having following specification.

Sr.No. | ltem/ Property Specilication
| Panel type Perforated ilype with non-woven acoustical
Meeee with bevel edge and uptum

2 Panel dimension 150 mm {width}

k] anel thickness 0.7 mm

4 Nrimension tolerances +- 2 mm

3 Fire Propertics Class 01 as per BS 476 part 67 or class Al-sl,
L d0 according (o EN 1350]-]

b Lighi Refleclance 63% as per ASTM 1477

7 Pertorations Hole diameter- 1.5 mm, open area- 18%. lmear

pitch 43 mm. diagonal pitch — 3 mm, border
arca — 9.5 mm

L Finishing Polvester powder coating { minimum 69 micron)
Il not specified otherwise, premium  gualily
acrylic emulsion paint in approved colour shall
[ be provided.

9 [ Sal spray lesl 750 hours as per ASIM B 117

Suspension system

Suspension system/ framework of the ceiling system with all required components (grid work
consisting of main members and penimeter members ete suspended suitably from the ceiling/
roof) shall be suitable! compatible for the ceiling boards and shall be standard product of the
Manufacturcr,

The components of the system shall be made of galvanized (120 psm as per 15 277} steel and
finishing shall be baked polyester painl.

Installation

Insta!lation of the system shall be in accordance with approved drawings, standard practice of
the system Manufacturer and (ollowing specifications.

Main members shall be placed at the spacing of maximum 1200 mm securely fixed 1o the
structural soffil using suspension arrangement {by means of hanger wire/ threaded rod).

Perimeter sections shall be secured to perimeter walls!/ partitions,

3.7.3.4 Ceiling panels shall be clipped on to the main members of the suspended gnid work.
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44 LUNDERDECK INSULATION SYSTEM

Insulating matcrial of underdeck insulation system shall be of glass wool boards or
Polyisocyanurate (PIR) foam boards/slabs as specificd in the design basis, item deseription,
job specification drawings ete.

If nothing is mentioned specilically, glass wool boards shall be vsed.

4.1 PFOLY- ISOCYANURATE (PIR) FOAM INSULATION SYSTEM

4.1.I Poly- Isocyannrate (PIR} foam

Poly-Isocyanurate (PIR) foam insulation shall be in the slab form with lining of glass fibre
tissve or alominium foil lining { having 50 mm overlap} on one side.

Poly-Isocyanurate (PIR) foam shall confonn to 15: 12436 and shall bave [ollowing

specification.
Sr.No. | ltem/ Property Specification
l Slab thickness Minimum 30 mm
2 Density Nat less than 32 kg! CoM
3 Thermal conductivity Nuot more than 9.023 w/mk at 10 degree C
{ K value)
4 Fire Properties Class O/1 as per BS 476 part 6/7

4.1.2 Installation

4.1.2.1 Installation of the system shall be in accordance with standard practice of the approved
Manufacturer’s and following specification.

4.1.2.2 Hot blown bitumen {grade 83/25) over a hituminous priming or approved cold adbesive shall
b applied over the soffit and FIR board surlace after cleaning the surfaces.

4.1.2.3 FIR slabs shall be pressed in position over the bitumen coat when it is stll tacky or over the
cold adhesive and shall be (ixed 10 the soffit by means of approved fastencrs { at four comers
and at lhe cenmre of the slabs) without damaging the slabs.

4.1.2.4 Overlaps shall be coverad with approved scaling compound.

4.1.2.5 The PIR shall be further secured by chicken wire mesh (24 gauge) (ixed Lo the [sleners and
tightencd with lacing wire.

4.2 GLASS WOOL INSULATION S5YSTEM

4.2.1  Glass wool insulation

Glass wool insulation shall be in rolls or bourds and shall be pre-laminated on onc side with
aluminum foil.

(ilass wool insulation shall conform 1o 15: 8183 and shail have following specification.

Sr. No. ltem/ Property Specification

| Thickness Minimum 735 mm

2 Density Mot less than 24 kg/ CuM N

3 Thermal conductivity Not more than 0.034 w/mk at 233 degree CC mean
(Kvalug)

4 *  I'irc Properties ' Class /1 as per BS 476 parl 6/7
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4,2.2  Installation
4.2.2.1 Installation of the system shall be in accordance with standard practice of the approved

42212

4.2.2.3

5.1

Manufacturer’s and following specilication,

The insulation boards/roil shall fixed underside sollit with the help of polvamide based long
insulation fasteners @ 450 mm c/c.

The joints shatl be sealed with self-adhesive aluminum foil tape

FALSE {RAISED ACCESS) FLOORING: SYSTEM

False tlooring system shail be modular and removable type and shall consist of floor panels
and supporting/ understructure system.

The system shall be tactory made and the full system meluding all components shall be
sourced from approved singie Manufacturer.

The system shall be strong and durable for movement and other operations,
This specification is applicable for false Meorings upto 1000 mm high.

The tlooring system shall be capable of supporting following loading conditions when lested
as per C1SCA test procedure.

i. Concentrated load of 675 Kg. with maximum altowable deflection of 2.5mm and a
factor ol salely of 2.5,
ii.  Uniform load of 2025 Kg/ Square meder.
For details reference shall be made to standard no 7-75-0049.

Floor panels

Sc.Ne. | Item! Property Specification

1 Matcrial CRCA steel with cementitious core with hemispherical
and mverse cones and | mm thick epoxy painted CRCA
steel sheet on top. The inner empty core shall be igyected
with light weight {ie retardant non combustible
cemenlitious compound.

2 Bize 600 mm x 600 mm x 35 mm thick. (Dimensional
tolerance © +- (.8 mm).

3 Finishing Top sheet shall be finished with 2 mm thick high
pressure laminate or 2 mm thick conductive PVC or
stong or other tvpe of tiles as speailied, [ nothing is
mentcned specifically, high pressure laminate shall be
provided.

4 Edging All cdges of the panels shall have conductive PYC trims

Fire resistance’ | Class 0 & class 1 conforming o BS 476-part-6 ([ire
property propagation) and BS 476-part-7 (Surface spread of
. flama), .
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5.2 Understructure/ supporting system

IFajse floor understructure shall be installed 1o support the pancls and shall be suitable to
achieve required cavity height trom the cxisting floor level. The system shall ensure speedy
assembly and removal for relocation and maintenance. The system shall also ensure casy
adjustment of levelling (£25mm} and accurale alignment of pancls 10 the vertical direction.
False floor understruclure shall consist of Base plate, pedestals, pedestal head assembly,
stringers and necessary fittings, fixtures and aceessories as specified below.

Sr.No. | Nem/ Property Specification

| ’edestal Base Assembly Powder coated. hot dip galvanized (60-80 micron)
mild stecl base plate with not less than 150mm x
150mm x 4 mm of bearing area, mechanically
riveted to a 32mm dia. of 2 mm thick CRCA steel
pedestal designed o engage the head assembly

2 Pedestal Head Asscmbly Zinc electroplated CRCA  steel pedestal hesd
assembly shall be 90mm x 90mm x 4 mm thick
profiled head, mechanically riveted to a 19 mm dia.
threaded bright rod, fixed to pedestal by specially
desizned zinc eleciroplated stegl forged adjusting
nul [or leveling, locking and changing the height
serting,

3 Stringers Stringers shall be of hot dip galvanized (60-80
microns stect, minimum 20mm x 32mm x 1.20mm

thick CRCA steel.

Installation
False flooning systems shall be installed by agencies approved by Engineer-In-Charge.

False flooring syslems shatl be installed at desired heights and levels in designs. patterns and
shapes in accordance with approved fabrication drawings. Fabrication drawings shall be
preparcd and submitted by the Contractor and spproved by Eogiocer-In-Charge.

Fabrication drawings shall be preparcd based on drawings issued by Engmeer-In-Charge and
in co-ordination with other system providers such as which arc accommodated in the cavity of
the false Mooring,

Installation shall be done in accordance with approved system Manufaturer's standard
practice, as directed by the Engineer-In-Charge and a5 mentioned below:

Instatlation of under structure

ah ‘The base Moor and cavily belween talse flooring and base floor shall be properly
cleancd and made dest free and dry. The base cementl concrele floor shall be treated
with onc component polyurethane based coating,

b} Pedestal base assembly shail be fixed to the base tloor by fixing base plales to the
base floor by minimum 50mm x Bmm anchor fasteners (4 nos. for each plate).

cl The pedestal stud locations shall cnsure the grid work as per flooring pattern which in
general shall be of 600 mm x 600 mm dimension. The length of the pedestal studs
shall he such that clear cavity between [alse flooring and base flooring is of desired
depth. Additional pedestals as needed lo support pancls where floor is disrupted by
columny, walls and cutouts shall be provided. Ferimeter pedestal studs shall be
provided along the periphery. Pedestal assemblies including pedestal heads shall be
weld-free construction, comrosive tesistant and shall provide an adjustment range of
125mm from the specified finished floor heights.
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d)

The threaded bright rod with the top head attachments shall be inserted into the studs
and shall be adjusted 1o oblam proper level of the finished floor panels by means ol
the adjusiment nul. The nut shall provide location lugs w0 engage the pedestal base
asscmbly, such that deliberate action is reguired Lo change the height setting
Threaded rod shall provide a specially designed anti-rotation device, such thal when
the head assembly 15 cnzaged n the base assembly, the head cannot frecly rotate.

The pedestal head shall have an anti vibration PVC cap tor panel and stringer location.
Stringers shall support each cdye of panel. The stringers shall have counter sunk holes
at both ends (0 accommeadate bolting of M6 machine screws (0 the pedestal head
assembly. Stringers shall be individually and rigidly (astened to the pedestal with one
machine screw for each end of stringer. Bolts shall provide positive electrical contact
berween Lhe stringets and pedestals, Stringer grid shall ensure maximum lateral
stability in all dircctions, All the field cut panels shall be installed with an appropriate
PYVC end cap specially designed to accommedate the shinger and arrest Panel beam
movement and will ensure the integnity and stability of the system.

53.6  Inswllation of floor panels

a}

b)

g)

Floor pancls shall be placed over the stringer channels and bolted (3 pedestal head. All
four edges of panels shall be {inished with black conductive Smm wide PVC edge
beadings. These edge beadings arc glued and sealed in place to avoid detachment.

Floor panels which are ficld cut {at ends, Consolef Rack location etc.} shall be marked
with positional numbering on the underneath and the adjoining wall. The finished
Moot panels shatl be perfectly levelled and aligned without any gaps in between the
panels.

All accessories such as outlet boxes and grommets as required. Panel hifters (at least
onc [or cach building, one number for every 500 Square meter ol access floor area)
etc. shall be provided in aceordance with approved Manufacturer’s recommendations.

Fach individual panel shall be remeovable lor the purpose of maintenance of the
cavity. Panel shall be casily removed by one person with a lifting device and shall he
fully transferable and totally inter changeable and replaccable in any of the 4
directions at 9 degrees increments, cxcept where cut for special conditions.

Necessary cut-outs shall be made in the pancls for cable routing, control panel fixation
etc. as per drawing.

Necessary ramps, slopes, steps cie. shatl be also provided for as per drawing with
raised access [loor components as per approved manufactirer recommendations..

Around a control panclitack, the residual space left out shall be filled vp with cut
panels of uniform size as required w lully closc the gap between the adjacent full
panel and the control pancl base channcl. [n this case the part floor panel shall exiend
upto the [l width of the base channel and the cul size shall be determined
accordingly. An additional structural stecl framework shall be provided along the cut
out on which the edge ol the Mloor pancl shall rest and over which the base channel ol
control pancl shall be placed.

Earth bonding of the system shall be in accordance with approved Manutacturer’s
standard practice as approved by the Engincer-In- Charge, After completion of the
floor and association scrvices, ests shall be arranged to demonstrate that the floor is
glectrically continuous and fully earth bonded. Points chosen for testing shall include
mandomly sclected pedestals, stringers tops and bottoms of pancls, ¢le.
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0.0 PARTITIONING

Partitioning shall rigid, stable, true to the plumb and in accordance with design and approved
drawings for all heights.

6.1 GYPSUM BOARD PARTITIONING

Partitioning shall be of gypsum partition boards fixed on galvanized steel frame work. The
partitions sha!l be rigid and siable.

6.1.1 Gypsum partition boards

Gypsum partition boards shall conform o IS 1 2095 and shall have following properties.
Overall thickness of the finished partition shall be minimuom 73 mm.

Sc. Mo, Item/ Property Specification )

l Board Thickness 12.3 mm

2 IMmension lolerances +-{.3 mm

3 Firc Propertics Non combustible as per BS 476 part 4

6.1.2 Parlilion [rame

Parliticn framework shall be in accordance with standard system of the approved
Manufacturer and shall consist of profiled floor & ceiling sections and verlical sections of
power pressed! toll formed galvanized steel ( minimum 120 gsm, both side inclusive as per
18:277). Minimum thicknaess of the sections shall be 0.3 mi.

6.1.3 Installation

6.1.3.1 Installation of the system shall be in accordance with standard practice of the approved
Manufacturer’s, approved fabrication drawings (prepared by the Contractor) and [ollowing
specification.

6.1.3.2 Thickness, size, spacing of the frame scclions shall be as required for desired heightl n
accordance with recommendations’ standard practice of the approved Manufacturer,

6.1.3.3 Floor and ceiling sections shall be fixed with fastencrs of 12,3 mun diameter, 50 mm length )
600 mm ofc. Vertical sections shall be fixed in the floor and ceiling sections 7 610 mm cfc.

6.1.3.4 Gypsum partition boards shall be fixed on both sides of the [ramework by drywall screws G
300 mm cfe.

6.1.3.5 All vertical and horizontal joints ol the boards shall be staggered to avoid cracks with
provisions ol galvanized steel scetions fixed to the vertical sections at the horizontal joints of
the boards.

6.1 3.6 'LThe jointing and {imshing of the boards shall be Mnished using approved jointing compound,
paper lape, metal corner tapes ete. and bwo coats of primer suitable tor the boards.

6.1.3.7 Amangemenls of wires! conduits running through the cavity of the syslem shall be made.
Cutfouts, openings for doors, windows, switches etc. shall be made with neeessary framing/
stiffening of the openings.
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6.1.3.8 Gypsum plaster boards on both sides of the partition frame shall be finished with painting or

74

7.1

7.2

7.3

7.4

15

laminates tc. as specified. it finishing type is not specifically mentioned anywhere, acrylic
emulsion paint finish conforming to specification of masonry paimt finish in adjoining
masonry shall be provided in approved colour

MEASUREMENT

Measurement of false/ suspended ceiling system shall be measurctnent of actual surface arca
coverad by the ceiling boards/ panels/ tiles.

Measurement of underdeck insolation system shall be measurement of actual surface arca
covered by insulation slaby’ rollf board.

Mcasurement of talse/ raised floor system shall be measurement of actual surface area covered
by floor panels.

Mueasutcment of partitioning system shall be measurement of actual surface area covered by
partition boards of one side.

Arca of cul our/ opemings for doot’ window, vanous fittings ete. shal! be deducted.

Format No. B-DD-GR01-F1 Rev () Copyright £IL — All rights resenved
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GENERAL

This standard specification lays down requirements af fire rated’ checks resistand door, window
and partition assemblies infended o provide safery and sule exit from buildings in case of fire.

REFERENCES

The codes and standards listed below contain provisions which through reference in this
specification conskitute prowvisions of this standard specitication if not specifically mentioned

atherwise,

In case of similar codes of different organizations such as 15, 150, BS, LN, BS-LN, ASTM,
NEPA, NBC etc. conforminy with any of the simitar codes is scceplable.

Referance codes and standards:

Standards Crcument Litle i

L5 2005, Part-1 | Gypsum plaster boards — plain gypsum plaster boards

15 3614 Fire Doors and Doorsets - Specification

5 16945 Fire resisignee test for glasswalls ]

iS5 16047 Firc resistance tests Tor doors with glass pancs, openable plass, glass
windows znd sliding elass doors N

15 277 {alvanized steef sheets (plain and coruputed-Specification

Is 287 Permissible moisture content for timber used for different purposes-

o Becommendations L

i5 513 Cold reduced low carbon Stect sheet and siip .

15 8183 Bonded Mineral Waool - Specification

{5 14862 | Fibre Cement Flat Sheets — Specitication

BS 476, Part- 4 | Firc tests on building materials and structures. Non-combustibility Lest for

Lo — e == M&LLFI&IE\. e 1

BS 476, Part- 7 | Fire t2sts on buitding materials and structures. Method of test to
delerming the classification of the surface spread of Hame of products.

BS 476, Part- 200 | Fire tests on building matedals and structores. Methed for determination
of the fire resistance of elements of construction.
{generzal principles}. .

BS 476, Part- 22 | Fire tess on building materials and stroctores. Method for determination
of the [ire resistance of non-load bearing elements of construction,

BS 6206 Specification for impact performance requirements for Mal safety plass

and salety plastics for wse in buildings.

SP-7 (Parl-40}

National Building Code of India — par~4 — Fire & life safely

EN-1363-1 [ire resistance tests. General requirements

FN-1364-1 Fire resislance Lests for non-load bearing elements, Walls

LN F634-1 Fire resistance and smwrke conired tests Por door and shalier assemblics,
openable windows and elements of building hardware. Fire resistance test

S | ot door and sholler assemblics and openable windows

LN 10346 Lt}ntmunuslv Hot Dip Coated Stec! Strip And Sheet Products.

EMN F2000 Specification for impact performance requirements for flat safety glass
and safety plastics for use in buildines.

150 §34-1 Firc resistance  tests: Flements of Building  consiruction-  General

o requirement. e

IS0 3008 Fire resistzoce (ests: Door and sholer sssemblics, Parl 1 General
Tequiremionts. o

IS0 Se-| Uirg-resistance tests: Llements of building construe®i-wi: Glased clements.

Farmat Hg 3-00-0001-F1 Rev
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3.0

3

3.2

3.3

4.4

4.0

4.1

4.2

FIRE CHECK! RESISTANT/ RATED DOORS, WINIKOWS & PARTITIONS

Fire check’ resistant’ rated door. window & parlition assemblics (leemed as “Fire doors,
windows, partitions” hereafter) shall be of fire resistance’ rating and type (wooden? metallic!
rlared cle) mentioned in the drawings, job specification, ftem descriptions ete. and shall be
complele assembly with frame, shutter! teaves, glazing, partition panet, hardware cte.

If type and fire resistance’ firc rating is not specilically mentioned in the drawings, job
specification, item descriptions cle., fllmving types of e doors’ windows' partitions shall be
provided.

[Ipors:
Steel Fre doors having Dire resistance’ fire rating of two hows {120 minutes) for Ineegrity and 30
minules lor inzulation.

Windows:

Fully glazed fire windows maving fire resistance’ firc rating of twi hours (120 minutes) for
[ntegrity and 20 minutes for Insulation.

Partilions:

Solid type fire partitions made of catcium silicate board having fire resistance’ fire rating of twa
hours {120 minutes) for Integrity and insulation.

The fiee doors, windows and partitions shall be in accordance with test certificate or et validity
or cvalualion reporl oF assessment report (termed as “test report’” hereatter) with regards to fire
resistance’ raling, material, desizn, constructton, dimensien, sizes eic. and shall be complele
assembly with frame, shutier! ieaf, glazing, partition panzls and hardware,

Fach Fire door, window & partition shall be provided with appropriate label mentiening name
of the Manutacturer, fire rabing, and year of Manufacturing/ installation.

TESTING AND CERTIFICATTON

Prototype’ type test repol shall be submitted Toc cach type (such as wooden, steel, glazed ete.},
slze range and fire resistance / rating of fire doors, windows and partitions.

Testing for fire resistance / rating of steel and wooden doors shall be done by subjecting a fukt
size construction to est io accordance with the procedures laid down n 150} 30X or BS 476:
part 22,

Testing for fire cesistancestating of glazed deors, windows and partitions shall be done by
subjecting a full size construction to test in accordance with the procedures laid down in
tirllowing codes as applicable:

EM [§34-1

EM-13864-1

ISO 3009

[35 476 ; part 21), part 22
IS 16945

15 o447

SRR e
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4.4

4.7
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49
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[ o5 ]

5.3

n
i

55

Testing for fire resistance / rating of sulid type partition shall be done by subjecting a full size
construchon {o test in accordance with the procedures laid down in BS 476 : part 20 and part 22.

Hardware if not tested with the door’ window! partition, shall be tvpe tested or shall be certilied
For use on specified fire rated door! window! partitions.

These protofype’ type lest repors shall be issued by CBRI or NABL accredited laborateries or
renowned Nalional/ Intemational Laboratories’ Test howses. Certifications of hardware shall be
by renowned national! intemational cerlificalion agencies.

The prototype’ type test certificate’ centificattons ele. shall be valid al the time of sybmission
and shall not be alder than five vears and shall ke submitted by the supplier or manufacturer.

[n case of change in design, material, construction. increase in dimensions {width, breadih,
height, overall perimeter) or area of the complete assembly (including frame, shurrerleaves,
glaving parliion panels and other individual components) as mentioned in the submitted
prototype’ type test report, Lesl repuorls appropriate to the changes shall be submitted.

However, refer to specific clawes of this specilicalion perlaining to various type of doors,
windows and partiticns for allowable changes with respect to clanse no 4.8

MATERIAL

Timber

Timber and timber boards! composite material used in the construction of the fire doars shall ke
uf thorouphly seasoned hardwood. The moisture content of any material used in the construction
including, frame and shutter shall not be more than 15 percent, in accordance with IS 287.

Calcium Silicate board

Caleium Silicale board shall conforim to 1S 14862 and shall have following propertics:

Lensity Not more than 904} ke cuM

Material class Mon-combustible, in accordance with RS 476: Part 4
Surface spread of Mlame ' Class | in accordance with BS 476: Part 7

Thermal conductiviey K factor - 0. 15Wimk

Nominal Mixture content {air- < | 5%

dried)

Fire Resistant Gypsum plaster board

Iire Resistant Cypsum Plasrer boards shall conform to [5 2095 Pan | and BS- 1230 (Part- 1}
Uensity shal be minimum 364 Kefoubl (- - 30),

Galvanized steel sheet

Galvanized steel sheet shall be zine coated. alloved type and shall conform o 1S 277, The
coaling weight shall meet or exceed the minimum requirements for coarings of 120 pram
square meter, lolal of both sid-s.

Cald rolled low carbon steel sheet

Cold rolled low carbon seel sheets shall conform ta 15 313 or BN 13546, Drawing quality -i.all
be DX 320 apd shall have following properiies:

Format Mo &-B0-0001-E1 Rev O . . Copyright EIL — All rights resened
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Fropuerty . WValue o ]
Yield strenpgth _ i Minimum 235 MPa i
Tensile strenpth _ Minimum 330 Mpa i

57

6.0

61

| Flongation

Minimum 33.5 %

Class

The glass panels shall be cleat, non-wired, interlayered and toughened tvpe suitable for reguired
fire rating/ resistance of the doord window ¢ partition assembly.

Each Glass panel shall cary a nom-removable marking with the name of the product & the
manufaciurer inseribed on it

Thickness of glass lesser than the thickness mentioncd im the test repart shall not be permilicd

Ingrease in width, heighe and overall area of the glass. when compared to dinichsions menlioned
in the test report shall also be nol permnilled

Make, size and thickness of the glass panels shall be as mentioncd in the Lest report for required
assembly (dowr! window! partition) of required fire rating and shall have lfollowing properties.

| Property Valug .
Impact resistance Minimum 2B2 category ]
o {When Lested in accordance with EN 1260{)
Lizht traasmission ratio Minkmum §5%
. {When tested in accordance with EWN 41

Insulation
[nsulatton or nfill marerial shall be resin bonded like resin bonded hancycomb paper core,
nuneral wool or cetamic wonl as mentioned in the test report. Proprictary material may be used,
provided they satisfy the requircment of fire resistance’ raling and is mentionad in the test
certificate.

Palyurcthane fam (PTUF} shall not be permitted as inlill or insulation material.

Mincral woal and Rock Wool used for insulation shall conform te IS §183 and density shall e
minimum 4¥K g/ Cubd, Hipher density of insulation is permitted,

Fire & smoke scal

Fire & smoke seals shall ba of the same dimensions and configuration as moentioned in the test
report.

WOODEN FIRE DOORS

Woodes fire doors shall confortn to 15: 3614 and this specification. In case of contradiction, this
spectlication or decision by Eagincer- In-Charge shall zovern.

Dr assembly

The door assembly including door frame, shurter? leal, insotation, fire & sotoke seal etc. shall be
m accordance with test report which is appropriate tw the required type, size and fire resistance’
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6.3

.4

Fa)

T.1

1.2

1.2.1

rating {with regards to materiagl. design, construction. dimensions, size range ¢tc.) and following
specification,

T HHw frame

Door frames shall be of first grade teakwouod and shall be Mxed noposition by means of anchor
fasteners on jambs and bead member. Sives and profiles of the members of the framas shall be
as mentioned in the lest reporl. Imlumescent fire and smoke seal shall be fined in the frame in
accordance wilh lest cerlilicale.

Dowor shutter? leaves

Noor shutters! leaves shall be non-metallic and asbestos free tvpe. They shall be composed of
Calcium Silicate boards on both sides and insulation core. Owerall thickness of the shutter,
thiclness of Insulation und thickness of caleium silicale boards shall be as mentioned in the 1050
teport.

The shutter compasition shall have painted’ polished teak wood lipping around the periphery
fited with inlumescent tire & smoke seal in accordance with test certilicale. The inlumescent
fire seal may not ke required ar the bottom of the door leaf.

If not mentioned otherwise, vision pancls shall be provided in the door shutters.

Finishing

The door frames and teak wood lipping around the periphory of the shutters shall be finisked
with approved quatity lire resistant paint conforming o IS 12777 including primer in desired
colour,

Both sides of the door shuelers’ leaves shall be faced with 3mm thick commercial ply finished
with either 1owm thick laminste ol approved color, lexture and design, or teak ply (linished with
tire retardant transparent puint conforming o 1S 12777} as mentioned in the drawings, job

specification, ilem descriplions elc.

IT Mnishing o door shutter! [eal is not specifically mentioned in the drawings, jub specilication,
itern descriptions ele., laminate finishing shall be provided. '

Hardware
Reference shall be made to clause no 13.0
Fire resistance/ rating

[f not mentioned otherwise, wooden lire doors shall have fire resistance’ fire rating of two hours
{120 minutes) for integriey and 30 minutes for inswlation.

STEEL FIRE DOR5S

seel fire doors shall conform o 18: 3614 andd this specificaticd. dn case of contradiction, this
specification or decision by Engincer- In-Charge shall goven,

Daar assembly

The door assembly including 2or frame, shutter! leal] insularfon, [ire/smoke seal erc, shall be in
accordance with test report which is appropriate to the required type, size and fire resistance’

JFormat Mo 8-00-000t-F1 Rev. . Copyright EIl — All rightts reserved
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722

123

7.3

7.4

7.5

rating {with regards to material, design, construction, dinensions, size range ete.) and following
specification.

Door frame

Duvor frames shall be of galvanized stee! sheel press formed to required profile. The minimum
sheet thivkness for frames shatl be 1.2 mm {18 gauge) for frame depth upte t50mne, for depth of
frame: higher than 150 mm, minimurn sheet thickness shall be 1.6 mm {16 zgauge).

Dimensions and profile of the door frames shall be as mentioned in the test report. Howewver,
increase in sheet thickness and frame profile size (compared to the test certificate) is permitted

Loor franie shall be provided with stiffeners for hardware’ tock mounting and for fixing of
fasteners. Mecessary provisions for fixing fire’ snioke seal shall also be kept in the frame.

Fillow door frames shall be Filled up with insulation as and if mentioned in the test certificate.
Cven if the insulation filling is not mentioned in the test certificate, such filling is perntitted.

Dxoor frames shail be fixed in position by means of anchor fasteners on jambs and head menmber.
LDaar Shutter! |eaf

Leor shaters shall be ininimuin 45 inm thick with ouler skins made of minimum 1.2 mm {18
paupe) thick palvanized steel sheet with infill? insulation. Intemal construction of the shutter
shall be provided with nigid reinforcenent in addition to the core’ infill. Rigid reinforcement
pads shall be provided for receiving hardware like hinges, locks, door clogers ete.

Higher thickness of the ouler sereens {compared 1o the test certliTeate} iv permitted,

Double leal shullers shall be provided with astragals.

Intumescent seals shall be provided on all three sides of the leaves and on the meeting stiles of
the doubie leaf door or as per test certificate. Altematively, the same can provided on the frame
and meeting stile of the double leat door,

[f oot mentioned otherwise, vision panels shall be provided in the shutters! leaves.

Louvers shali be provided in the shutters’ leaves if mentioned specifically and test reporl of the
doors with louver is available,

Finishing

.The frame and the shutters shall be finished with minimum 30 microns powder coating in

dezired colour.
Fire resistance! rating

I not mentioned otherwise, steel fire doors shall have fire resistance’ Fre rating of two hours
o 20 minutes) for integrity and 30 minutes for insutation,

Hardwarc

Beference shatl be made to clause no 3.0,
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€20

10.0

1.1

10.1.1

1n1.2

10.1.3

10.1.4

Glass for vision panels shall be in accordance with test certificate Maximum area of vision panel
shall be (.06 sguare meter. Maximum width shall be 200 mm, maximum height shall be 400mm.

In case of change in glass with respect to test report, the changed glass shall be appropriate Lo Lhe
specitied fire resistance’ rating and supporting test ceport of the changed glass shall be submitted.

LOUVERS

Louvers shall be in accordance with test certificate when tesled a5 a complete assembly on the fire
door. Maximum ares of the louvers shall not exceed 0,135 square metre. Maximum width and
beight shall be 300 mm and 430 mm respectively.

GCLAZED FIRE DOORS

Daor assem bly

The door assembly incleding door frame. shulter! leall stiles, rails, glaziog, insulation,
fire‘smoke seal ele. shall be in accordance with test report which is sppropriate to the required
type. size and fire resistance? rating (with regards to material, design, construction, dimensions,
size range ete.} and following specification.

Ihe glazed fire doors shall be [ully glazed type with required frame, shutter! teal, sliles, top and
botem cails. insulation, lire & smoke seal, bardware etc, Intermediate middles lock rails shall
not be provided.

Door [rame

Uoor frame shall be either of galvanized steel sheet or cold rolled low carbon stee] sheel press
lortned to requisite profile,

Minimum thickoess of galvanized steel shect [oc frames shall be 1.2 mm {13 gavge} for frame
deplh upte 150mmn1. [or depth of frame higher than 130 mm, minimum sheet thickness shall be
1.6 mm {16 gauge).

Minimum thickness of cold relled low carbon steel sheet for Frumes shall be 1.5 mnn.

[ lowever, increase ip sieel sheet thickness (compared to the test cedificale) is permitted,
Dimensions and profile of the door frames and frame members shall be as mentioned in the test
report, [ncrease or teduclion m dimensions and change in prefils when compared w the test

report shall not be permitted.

Hollow door frames shall be filled up with islation as and if mentioned in the lest certificate.
Even (Fthe insulation 11ling is nol menticned in the test certificate, such filling is permitted.

Door frame shall be provided with stiffeners for hardware’ lock mewnting and for fixing of
Fasteners. Necessary provisions for lixing five & smoke scal sball alse be kept in the frame.

Door frames shall be fived in position by means ol anchor fusteners on jambs and head member,

Moor Shuyllers leal
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16.2

10.3

10.4

1.0

111

111

.12

1113

The shutter/ leal’ frame (stiles and rails} shall be shall be eithur of galvanized stecl sheet or cold
relled low carbon steel sheet press fovnled to requisite profile. Thickness of steel sheet shatl be
mininwm 1.2 mm,

Dimensions and profile of the stiles and rails shal! be as mentioned i the test report, Increase in
dimensions and change in profile when compared Lo the Lest report shall not be permitted.

Hoewever, increase in steel sheet thickness {(compared Lo the eest certillcate} is permitted.

Width of the stile and rsil shall not exceed t00mm. Tn case of boltom rail width! height may he
upte {25mm.

Intermediate middle’ lock rails shall net be provided,

Helow sections of stiles and rails shall be fitled up with insulation as and if mentioned in the
test certiticate. Even if the insulation filting is oot mentionced in the test eertilicate, such filling
is permoitted.

Glass shall be single picee and increase in glass panel size compared to the size mentioned In
Lhe test report shall not be pormitted. Glass shall be fixed with beading, clips/ serew vl in
accordance with test reports.

Finishing

The frame and the shutters’ leaves shall be finished with minimum 59 mictens powder coating
in desited colour,

Hardware
Rulerence shall be made to clause no 15300
Fire resistance’ rating

[f not mentivned vtherwise, glazed fire doors shall have fire resistance’ lire rating of two hours
{120 minutes) for integrity and 20 minutes for insu lation.

GLAZED FIRE WINDOW
Window assembly

The window assembly including frame, glazing, insulation, fice’smoke scal cte. shall be-in
accordance with test report which (s approptiate to the required tpe, size and fire resistanew!
raling (with regards to material, design, construction, diniensions, size range ete.) and following
spoci [Teation.

Specilication of window frame shall be similar to the speci fication of door frame as mentioned
clause 10.0

The glazed firc windows shall be fully glazed type (Fixed glasing) with required frame,
hardware cle. (flass shall be single piece and increase in glass panel size compared to the size
mentinnad in the test report shall not be permitted, Glass shall be fixed with beading, elips ete.
in accerdance with test reports.
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I1.2  Finishing
The frame shall be fnished with minimuo 5 microns powder coaling in desired colour,

11.3  Fire resistance’ rating
If not mentioncd otherwise, glazed fire doors shall bave fire resistance’ fire rating of two hours
{ 120 minutes) for integrity and 20 minwtes lor insulation.

120 GLAZED FIRE PARTITION

121  Partition assembly

12.1.1 The partitioh assenbly shall consist of metal framework and glass panels in accordance with
approved design and pattem.

[2.1.2 The partition assembly including frame. glazing, insulation ete. shall be in accordance with test
reporl which is appropriate to the required type, size and fire resistance’ rating (with regards to
malcrial, design, construction, dimensions, size range ete.) and following specification,

[2.1.3 Glazed fire paditions shall be fully pglazed wnless otherwise mentioned  specifically.
Specilicalivn ol parition frame shall be similar to the specifications ol door frame mentioned in
clause nuo 14,0 Specification of glass shall be as mentioned in clause 5.5,

12.1.4 Glass shall be single picee ina pangl and increase m glass size compared o the size mentioned
in the test report shall not be permitted, Glass shall be fxed with beading, clips’ screws ete. in
accordance with Lest reports.

12.1.5 Size of individual glass pancls and overall size of the partition shall not cxceed the sires
mentioned in the Lesl report.

12.1.6 The partition shall cover the full height and length mentioned in the drawing cle and shall be
fixed on top and bollom also. In case, the height and length meotioned in the drawing cle arc
more when compared wo the test report, solid Lype partition or other construction having fire rating
{120 minutes tor both inlcgrity and insulation) shall be provided asf approved design so that
dimensions of bath glazed and solid partition/ other construction do not exceed the dimensions
mentioned in the test report.

[2.1.7 Duoors provided in this partition system shall also be fire rated and sball meet the requirements
mentioned in relevant causes i this specification.

12.1.8 The partition assembly shall be sturdy, rigid, stable and shall be inslalled plumb i true
alipnmenl.

122  Finisaing
The partition ramc shall be finished with minimoum 53 microns powder coating W desived
colour,

12.3  Fire resistance/ rating

I not mentioned otherwise, glaxed lire parlilions shall have fire resistance’ fire rating of bwo
hours (120 minutes) for integrity and 20 minutes Jor insulation.
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130 HARDWARE
(3.1 Fire Doons, windows and partitions shall be provided with all required hardware for stability,

133 .

134

13.6

proper operability and safety ensuring the fire resistance / rating,

ANl hardware ysied on Fire doors, windows and partitions shall be lire rated and certified excopt
tor hinges, if it is of minimum 100 mm x 75 mm x 3 mm size and in stainless steel of prade 304
and above, Similarly, pull handles may not require specific fire rating iUl is in stainless sieel of
prade 55 304 and above,

All ather hardware like locks, panic devices, lever handles, door closers ete. (f not tested with
the Mre door, window or pactition shall be tvpe tested and certifled for use on those specific fire
raled doors, windows and partitions.

Tower! tlush bolts, Aldrops, side bl and chain with padlocks shall not be provided in Fire
doors. [Iowever, in case of double shutter! [eal doors withoul panic bar, tower? flush bolis shall
be provided on inactive leaf.

Fire doors in exits {component of means of egress which s between the exit access and the exit
discharge), doors opening inlo exits, stalrcase enclosure, exit access and exit discharze shall be
provided with following hardware.

Sr. Mo Hardware | Specific requirement
l - Hines Hinges shall be as per Lest repore, I nol mentioned in the lest teport,
: hinges shall be as per Manyfacturer's slandard practice.
N, of hinges -
1. For doors upto 2400 mm hetgh! 04 Nos per leaf
For doors above 2400 mm height  as per Manufacturer's praclice.
2 Panic Bar | 1. For single leal door :
- Single point panic bar "push Lo open” push bar, single leal
type  O1 No.
2 For active leal of double leal door -
- Single poinL panic bar “push to open” push bar type 01 No.
1, For ingetive leaf of doutle leal door

[

Openable locks, trims with handle for panic bars to operate the bar
from cutside shall also be provided,

3 Dhoor Heavy duty type - 01 Me. per leal’

closer ) _

4 Door Floor mounwed, 45 min dia half’ done in 35 304 grade - 01 No. per
Stopper | leal . e e
b3 Flush! Mot required for Doors with Panic Bat, in case of double shutter’ leaf

Tower doors without panic bar, 535 304 grade, minnmum 300mm long
halL concealed tower! flush bolts shatl be provided on inactive leaf al twp

anrl bottony.

Internal fire doors which are not in the exits and do not open into the exits shall be providad
wilh following hardware.

- 5. No | [lardware | Specific requirement

il I [linges [[inges shall be as per wst report, I not mentioned in Lhe Lest tepor,
i hinges shall be gs por Manufacturer's siandard practice. |
No. of hinges : :
I For doors upto 2400 mm height - (4 Nos per leal

[ 2 FFor doors above 2400 mm height - a5 per Manufacueer’s
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L4.0

14.1

I4.1.1

14.1.2

14.1.3

[4.1.4

.13

1416

k417

14 L8

1419

N practice.
2

!

1

- Mortice Heavy duty mortice dead lock and D type (55 304 grade, mininum
lock leagh 300mm and 22mm dia) handle on both faces (Offset 1ype
handle  For all Glazed lire doors)
Moli:
Tnstead of door handle with mortice dead lock, 85 304 grade lever
handie with mortice sash lock on both fages (Offset type handle  For
all Glazed fire doors) may b used.
3 Do Heavy duty type = 01 Mo per leat
C-].D‘S’er . . —— — —— e —— s = . .-
4 - Dhoar Flowr mounied, 43 mm dia, hall’ dome in 55 304 grade - 01 No. per
. Stopper | leaf |
5 . Flush/ S5 30 prade minimum 300mem long concealed Aush bolt (in inactive
i Tower shuller ol double shuller Doors) at top and bollom.
i bolt

SOLIM TYPE FIRE PARTITION {Calcium Silicate)
Pariition asscmbly

The partition assembly shall be made of frame work ot galvanized steel or cold rolled low carbon
sieel sheet profiled horizontal and vertical members, layers of calcium silicate partition boards on
boh sides and insolation in-fill all as mentioned in the test report in accordance with approved
design and pattern. ITowever, increase {when compared to test certificate) in sheet thickness or
prulile size of steel sections, thickness of insulation, thickness and number of layers of partition)

is permited.

The partition assemtbly inchuding frame, partition boards, insulation, fire & smoke seal etc. shall
be in accordance with test report which iz appropriate to the required fype, size and fire
resistance’ rating (with regacds to material, design, construction, dimensions, size range etc.) and
follenwing specilication.

Crverall size of the partition shall not exceed the sizes mentioned in the test report.

Doors and windows provided in this pariition systern shal! also be fire rated and shall meel the
requirermnents mentioned in relevant causes i this specificanon.

The partition framework shall comprise of vertical studs, intermediate horizontal members, oor
and ceiling channels as mentioned in lest cerlilicates with regards Lo maletial, stees, thickoess,
spacing etc.

Mimntum thickness of the calcium silicate boards shall be 12mm.

The board s juints shall be stageered, horizontally as well as vertically, to avoid through passage.

Minimum thickness of insulation shall be 50 mm. [nsulatdon marerial, densily ete. shall be as
muentioned in test ceetiNeates.

COrver all thickness of the paclition shall not be less than 24 mn: and shali be as mentiened in the as
menrioned in Lest ecertificates. [norease inthe thickness is pernitted.

14.1.10 [f mentionad specifically. this partition system may be used in combination of line rated glaecd

partition system with suilable detailing for combining thuse two pactilion syslums.

14.1 L1 The partition assembly shall be sturdy, rigid, stable and shall be installed plumtb in true alignent.
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14.2  Finishing

1421 Calcium Silicate partition hoards on hath sides of the partition frame shall be finished with
painting or laminates ekc. as specilied.

14.2.2 I fmishing type is not specifically mentioned anywhere, acrylic emulsion paint finish conforiing
to specilication of masonry paint finish in adjoining masonry shall be provided in approved
colour.

14,23 The calcium silicate boards shall be jointed and fintshed with jointing compound, hbre lape elc.
50 as to have a flush and even look afier finishing.

424 Any cut-out (such as for switchbox, AC duct elc.}, gap in the peripbery on the pattition and
joints between structural member and partition shall be properly scaled with fire sealant as
mentioned in the test certificates or in accordance with Partition manufacturer’s standard practice.

143 Yire resistance! rating
it not mentioned alherwise, solid type partitions shall bave fire resistance’ fire rating of lwo
hoirs (124 minutes? for integrity and insalation.

150 SOLID TYPE FIRE FARTITION (Gypsum Plaster Board)

151  Tartition assembly

15.1.1 The partition assembly shall be made of frame work ol galvanized steel or cold rolled low carbon
steel sheet profiled horizontal and vertical members, layers of fire resistant Gwpsum plastet
boards on both sides and insulation in-fill all as menticned dn the test report in accordance with
approved destgn and pattern. Tlowever, increase (when compared to lest certificale) in sheet
thickness or profile size of steel sections, thickoess of insulation, thickness and number of layers
ol partition) is permitted.

15.1.2 The partition assembly including frame, partition boards, insulation, fire & smoke seal ew. shall
be in accordance with lest report which is appropriate to the required type. size and fire
resistance’ rating (with regards to material, design. construction. dimensions, size range ¢le.) and
tollowing specification.

E5.1.3 Owerall size o the partition shall not exceed the sizes mentioned in the test repart.

15.1.4 Doors and windows provided in this partiticn system shall alse be fire rated and shall meet the
tequirements mentioned in relevant causes in this specification,

15.1.53 The partition framework shall cormprise of vertical sluds, inlermiediale horicontal members, foor
and ceiling channels as mentioned in test certificates with regards to material, sizes, thickness,
spacing gL

15.1.6 Minipum thickness of the fire resistant Gypsum plasler hoards shall be 12,3 mm.

15.1.7 Tie board's joints shali be staggered, horlzontally as well as verticallv, Lo avaid througl passage.

15 .8 Minimum thickness of insulation shall be 30 mm. Insulation material, density etc. shall he ax
mentioned in est certilicales.

1519 Even i insulation in-fill is not mentioned in the les: -ertificate, minimum 30 mm dhick insulation

ol density 48ke/cuM shall be provided in the cavity of Lhe framework.
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15.1.40 Owver all thickness of the partition shall not be less thun 102 mm and shatl be as mentioned in the

as mentioned in lest certificates. Increase in the thickness is permitted,

I If mentioned snecilically, this partition sysem may be used in combinalion of fire rated glazed
partition s¥stem with suilable detailing for combining thess two partilion systems.

? The parlition assembly shall be sturdy, rigid, stable and shall be nstalled plumb in Leue aliznment.
Finishing

Gypsuin plaster boards on both sides shall be sealed with paper lape, cerner edges with metal
corner tape and with Lhree-lavers of all purpose jeinting compound to reinforce the board joints so
as o have a flush and even took.

Civpsum plaster boards on both sides of the partiion frame sball be finished wilh painting or
laminates clc. as specified,

It finishing tvpe is not specifically mentioncd anywhere, aceylic emulsion paint finish conlomming
to specification of masonty paint finish in adjoining masonry shall be provided in approved
colour,

Any cut-out {such as for switchbox, AC duet ete.). zap in the periphety on the partition and
joints between struclural member and partition shall be properly scaled with fire sealant as
menrioned in the test certilicates or in accordance with Partilion manufacturer’s standard practice.

Fire resistanciy rating

Il nor mentioned otherwise, solid type partitions shall have fire resislance? fire rating of two hours
{ 120 minutes) for integrity and insulation.

INSTALLATION

Shop drawings of the Fire deors, windews and partitions in accordance to the prololype’ Lype test
report and design drawings shall be prepared and submitted for approval by the Engineer-In-
Charge. The shop drawings shall include all details of construction. anchoring, contections,
fastenings etc. The fire doors. windows, partitions shall be fabricated in accordance with the
appriwved shop drawings,

Fire doors, windows, partitions shall be installed by the Manulacturer or agency recommended by
the Manylacturer and approved by the Engineer- In-Charge.

Frames shall be installed plumb, level, rigid and in truc aliznmenl and shall be fixed to the
adjacent construction su as to retain their position and stability. Fixing of the frames with
masonry! concrete may be done with suitable fasteners. The complete assemblies shall also be
installed plumb. level, rigid and in rrus alignment,

The maximun allowable pap between the frame and masonny coperate work shall not be more
than 5-% mm and shall be sealed with scalam as meptioned in the lest cenilicatesivodes &
standards or in accordance with the manufacurer’s standard practice i nol mentioned o the
certificales and codes’ standards.

The dior shutters! leaves, window and partilion panels shall be installed and tastened o maintain
alignment with frames Lo achieve maxiown operational effgetiv =ess and appearance.
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166  Installation of hardware shall be in accordance with hardware Manufacturer's recommendations.

167  When the smoke/ fited intumcscent seals are filed on sile. they shall be fined strictly in
accordance with the Manufacturer's recommendations.

17.0 DELIVERABLES BY THE CONTRACTOR
Following documentation/ drawings shalt be furnished by the Manulacrer:

{. Prototype’ type lest Ceriificate of the door, window and pariition assembly [rom tesi
laboratory,’ house.

2. Shop drawings,

3. Specification Manufacturer’s  lilerature, Test certificates and  other documentation  for
matcrials and items used in the system.

4. Certificate indicaring that design and installation of Droors and hardware as per the test
reports submined.

3. Manufacturer’s inspection report

6. Manulacturer’ s GGuaranlee,

150 GUARANTEE
The door! window/ partition assembly including all hardware shall b guarantced for a period of
12 months from the datc of installation against any manafacturing defeet.

I case of any such dofect within the guarantce period, the defocted part shall be replaced or
repaired as required by the Contractor at his own cost,

19.0 MEASUREMENT
Unless atherwise mentioned, measarcment of bire doors, windows and partition shall be as below:

1.1 Turc rated doors shalt be measured by area of the doors (inclusive of the frame, [xing
arrangement, ghazing and afl finings),

142 TFire rated windows shall be measured by area of the windows (inclusive of the frame, fixing
arrangement, zlazing and all fittings).

193 Fire rated partition shall be measured by area of the pariitions {only one side, inclusive of the
framnes, parlition panels, fixing arransement, slacing and all fillines. Area of doors, windows and
other openings shall be deduected).

194 Hardwarc such as door closer, door stopper, locks and trims, panic bar ctc., shalt be measered in

numbers,

Fovmat Mo, 800-0001-f1 Rev O

Copynilit EIL — All righls resgroed



NG STANDARD SPECIFICATION FOR  STANDARD SPECIFICATION No.

Sl @8 ENGINEERS  EXTERNAL FAGADE SYSTEM WITH

ﬁﬂ@wﬁﬁﬁ@'wﬂw? STRUCTURAL GLAZING AND ALUM, 8790012 Rev.1
COMPOSITE PANELS Page 1 of 16

WET YN WY ’g GOSN
AT HAFHER HFATHE AT
% fau o fafewm

STANDARD SPECIFICATION FOR
EXTERNAL FACADE SYSTEM WITH
STRUCTURAL GLAZING AND
ALUMINIUM COMPOSITE PANELS

REYISED AND ISSUED AS Y

1 150217 STANDARD SPECIFICATIONS . 'R Srivastava R. Manda
h ISSUED AS STANDARD C.
o 280 SPECIFICATION GJK SM k8 MALHOTRA
’ Standards Standards
Prepararl Committee Bureau
ﬁ:"' Date Purpose E; Chackad by Convener Chairman

Appraved By

Format No. 8-00-0001-F1 Rew, { Copyright EIL — All rigghts resenned



=% (G0 ENCINEERS STANDARD SPECIFICATION FOR
M%@WDFEUMTED EXTERNAL FACADE SYSTEM

STANDARD SFECIFICATION No.
6-75-0012 Rev, 1

e sy e B ot s Lndeni ) WITH STRUCTURAL GLAZING
AND ALUMINIUM COMPOSITE Page 2 of 16
PAMNELS

Abbreviations:
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1.0

2.0

GENERAL

The external fagade works for a building shall be as per the detailed design of the external
fagade using glass and metal in combination to provide required aesthetic view of the
building, perform desired functional parameters with respect to passive climate control and
provide structural stability to the system with respeci 1o various structural loading condnion
for which the building is designed including thermal and wind load. The external facade
system shall comprise of structoral glazing sysiem orf and Aluminium composite Panel or
combination thereof as required by (he design of fagade. [n certain cases, the exiernal facade
system may solely comprise of large glass panel with siainless stee] patchworks only without
use of any metal frame. Such facades shall be as per the proprietary design detail ot the
suppliers. The structural glazing shall torm uninterrupted, water, air and weather tight glazed
surface in accordance with the architectural elevation and layout drawings and specifications
and the entire system shall be erected as per the same. The glazed surface shall be formed by
framing systemn which shall be of structurally and mechanically designed technology For
fabrcation and erection with grid sizes as approved. The horizontal members shall span in
length between vertical members. The perimeter of the frames shall be structurally integrated
to form air and water proof movement joint on all four sides of sach panel with pressure
equalization chambers formed internally. Design and sealing of such joints shall ensure that
there is no penetration of rainwater through these joints under heavy wind pressures,

The fabrication and ‘erection of the system shall comply with all relevant Indian Standards,
Code of Practice and technical literature relating to best practice pertaining to structural
glazing. The equivalent or higher Intemational Standards siay be uzed.

A specialized agency/ sub-coniractor with proven track record to execute this job shall be
engaged for fabdcation and erection of the system. Such an agency should have execied
similar jobs for multistoried buildings.

This specification is not applicable for suspended point fixed glazing with patch bolts and
shall be limited to the Semi unitized strmctural glazing system only.

STRUCTURAL GLAZING SYSTEM

The Structural Glazing System shall be Semi unitized structural glazing system punched/ strip
type window units and the same shall be fabricaied as per design and approved drawings.

The system shall consist of frame supporting system, the framing system to supporl vision
panels (insulated glass) and spandrel panels either with monolithic glass ( single or double
elazed unit) or laminated sandwiched composite panel (ACP) openable top hung window
panels/ punched strp windows/ decorative capping to any shape & profile, smoke seal,
fAashing including gaskets, sealants, necessary accessories, as part of the system on a
continugns framing supported between floors as detailed below and as per the specification for
external facade system:.

The panels shall be supplied and fabricated with the specified glass on the secondary frame at
factory, the system shall be erscted on extruded main frame & transom fixed on supporting
system at site as per approved shop drawings at all floor levels and for all heights,

The split framing semi uwnitized glazing system in case of punched windows with proposed
vision panel with either insulated/ monolithic glass shall have groove width of maximum 16
mm both in horizontal and vertical direction.

Tests for the materials involved in the system, including the field test on the erected system at
site as per the test criteria shall be as per this specification.
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A document on methodology for the materials and assembly (mock-up & ficld test) supported
by the copy of relevant codes & Standards shall be as approved by the Engineer-In-Charge
prios (o 1esting,

Protection of the system and materials till handing over to the owner, removal of the unwanied
materials, broken glass, screws, bolts, nuts, packing materials, debris cte regularly and keeping
the premises neat and clean at all times shall be the responsibility of the agency executing the
work.

The facade cleaning details shall be incorporated in the shop drawing submitted for approval.
The system shall be maintained by mcans of periodical inspection at site {(bi-monthly) and
chicking the svstem and materials imvolved in the system during the defects liability period of
one year to ensure that the system and all materials arc free from any defects during this
period. Nocessary goarantee for the entire external fagade system to the specified period in an
approved format supported with back to back guarantee from the specialized material supplier
like glass, aluminium composite pancl. gasket, sealant, hardware etc. complete as directed by
Engincer- In- Charge shall be provided.

System Design

The external facade system with structural glazing is proprietary in nature, hence the onus of
design, materials, all fixing details, methodology of execution ¢te. arc the responsibility of the
contractor. The contractor shall necessarily pet the work dome through authorized agency
specializing in such works to comply to design intent, performance requirements, approved
shop drawings ¢te. The exceution of external facade svstem shall also include the site survey
prior to and atier preparation of shop drawings and accommeodating the siie conditions in the
system and shop drawings. The design system shall include Designing, Fabricating, Testing,
Protection, Installing of Semi (grid) unitized system of structural glazing {with open joinis) for
linear as well as curvilinear portions of the building for all heighis & all levels,

Svstem design in total, including aluminum extruded frames, type & thickness of glass pane,
alominium sleeves at connections, inscris, EFDM gaskets, adhesive tapes, sealant, supporting
system’ bracket including fastening and anchoring system & materials specified in the system
ditails as specified shall be deemed as tentative and is meant to s¢t oul a general outline of the
proprietary system and minimum requiremens/ properties of the system and component parts.
The method of fixing is subject to the approval of Engineer- In- Charge

The pre-assembled aluminum semi wnitized structurally glazed pancl shall be designed with
continuous framed panels/ strip window/ punched window system with split mullion to any
shape and profile to withstand a minimum design wind pressure of 125 Kgf 5q.M (Test
pressure shall be 1.5 times of the desiyn wind pressurc) conforming to IS: 875-Part 3 and
lateral forees as per IS: 1893 and fixed at horizontally! verticallyf sloped/ curved position cte.
as shown in the approved drawings by using aluminium cxtrusions, glass, spacer tape, gasket,
sealant etc. as specified.

The system shall be designed with maximum design wind pressure and lateral forces,
moments, stresses ote, Nepative! suction pressures if determined as per IS: 875-Parl 3 and
Latcral forces as per code 15 1893 (Latest Revision) shall make allowances as deseribed in
the code for comer effects on the system. System design shall alse include providing and
making provision for drainage of moisture/ water that enters the glazing system to make it
watertight by incorporating the principles of pressure equalization chamber and concealed
continpous gotter vertically and horizontally at all levels as self-drainage bammicr to achicve
water tightness besides providing EPDM gaskets on the frame and EPDM gasket/ sealant on
thi: external groove as air and water barrier,
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The system shall be designed to withstand a design wind pressure specificd above with sell-
bearing modular clements supported between floors in the case of structural glazing and split
tullion supported between sill & lintel/ heam in the case of punched windows, EPDM gaskets
on the frame and gasket/ scalant on the groove to prevent the system from air & water
penetration, double adhesive spacer tape, backer rod, scalant, suppoerting brackets (resistance
to design wind pressure), separator gaskets for bi-metallic corrosion, Pressure equalization
chamber in the system, built-in continuous internal drainage gutter for collection and facility
at lowest floor level to drain out penetrated water, in built adjustability to accommodate
thermal expangion, thermal movement and movement due to any other forces etc,

External groove shall be provided with gasket/ sealant with coloured ancdized aluminium
holder all-round the panel to the required width and thickness as per design as dead load
support te the glass panel. Non staining sealant between glass & aluminium holder all-round
the panel shall be provided. Glazing the pancl with child frame shall be done only at factory at
the contrelled atmosphers to erect the panel on erected extruded aluminium main member and
transom with supporting system at site fixed on the RC surface. Vertical in-situ glazing shall
tot be carried out during construction/ erection stage. System shall be designed in such a way
that the outer surface of msulated glass unit, monelithic glass unit and aluminiom composite
panel shall be in the same plane or as per approved drawing.

The system shall be designed to accommodate movement due to any force Including the
movement resulting from the exterior skin temperature ranging from 15°C to 85°C, interior
skin temperature ranging from 13°C to 30°C and te accommodate the horizontal building
movement of 10 mm per panel & wertical movement of 20 mm between floors on the
aluminium framing system with support brackets, glass, gaskets and tastening devices. The
systern shall be designed to accommodate the size and shape of the glass panels as per the
approved drawings including approved modifications as may be required during execution as
well as all other incidental forces and sircsses likely to be expedenced under service
conditions Le. lateral force, dead weight and thermal expanszion due to building movement
both vertical and horizontal cte.

The supporting system shall consist of brackets/ clamps, fastening straps, mts, bolts, rivets,
washers and other tastening materials stc. Extrudsd sections shall be designed to
accommodate Insulated Glass Unit (IGL) monolithic (single) glass and aluminium composite
panel as per the approved shop drawings. Extruded aluminium sections shall be 63400 {HS)
grade conforming to [S: 8147, finished with AC235 grade architectural quality clectrolytic
anodic coating of approved colour conforming to 15: 1368,

The desigm systemn shall also include {where-ever shown in drawings or specified) providing
extruded ahwninum frames, shadow boxes, extruded aluminum section capping for fixing in
the groeves of curtain glazing and vermin proot stainless steel wire mesh as required.

Materials
zlass

The infill panels shall be factory made glazed unit of size as per the approved design. The -
thickness of the glass shall be as specified in Job Specitications/ Schedule of Rates and as per
the RCBC envelope design criteria and the same shall be as under:

a. Minimum émm thick soft coated reflective toughened glass. in approved colour. The glass
shall have a reflective coated surface. For the toughening of the glass the rolling direction
shall be parallel to the width of the glass. The glass shall be cut by machine only 1o
required size and the edges shall be ground smooth by dressing with corberandum file or
equivalent,
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Typical Technical Characteristics of single glazing clear are given below:

Light Transmission ; 20w 35%
Keflection ({OUT) %LR : 10t 17%
Belection {OUT) %ER : 10 to 25%

Solar factor : 0.35 10 042
Shading Co-fficient : 0.34 to 0.46

U Valug : 5.3 to 5.6 WisqmK

b. The vision glass pancls shall b provided {with K3 s-ussembled in the factory/workshop
of glass procvesser) of overall thickness 24mm thick glass hermetically sealed (6mm +
12t air gap + 6mm glass} insulated glass (double glazed) of size & shape as required &
specified. The glass assembly shall comprise of an outer heat strengthened/ toughened
glass dmm thick of approved colour & shade with reflective coating on surface #2 of the
approved colour and shade, an inner Heat strengthened! wughened clear Meal glass 6mm
thick. Spacer tube shalf be 12mm wide, desiccants, including primary seal and secondary
scal (steuciural silicone sealani) eic. for required perlormance shall be as per approved
Architectural/ shop drawings, and as directed by the Engineer- in- charge.

Typical Technical Characteristics ot double glazing clear are given below:

Light Trangmission : 20 1o 40%
Reflection (OUT) %LR : 10 to 15%
Reflection (OUT) %ER : 1O 1 2004

Solar factor : 00150 0.25
Shading Co-efficient : 0.17 to (.23

U Value : 1.5 to .8 WisqmK

¢, Spandecl Glass Panels shall comprise of solar cefleclive émm thick heal strenglhened/
toughened monalithic glass of approved colour & shade with reflective soft coating on
surface #2 of approved colour and shade so as (o match the colour & shade of IGUs m the
vision panels etc. The glass shall meet the required performance as specified, as per
approved Acchilectural/ shop drawings, as specified & as direcled by ihe Engineer- in-
charge.

The above data is provided as a reference to specific range of glass, However, the glass shall
be selected based on its SIKGC, U-Value and solar factor as specified in ECBC and shall fully
conform 1o thal code.

Processing of Glass

Details of the provessor and their facilities shall be approved by Engineer-In-Charge before
their procvrement and execution. Laminated glazing unit shall be processed only by the
approved Processor. All glass panes used in the glazing shall be heat treated and heat soak
tested contorming to the relevanl codes and standards. No wng marks shall be allowed in the
processed glass. Mecessary test certificate shall be produced by the processor to confirm the
adherence of the paramelers sel oul in the codes and standards for heat treated and heat soaked
glass. It shall be the responsibility of the agency executing the work to make sore that the
glass shall be processed as per specification and it shall be conforming to the criteria of the
respective codes and standards. The certificate from the glass processor shall be submitted that
the glass processing has been done as per specification and codal provisions have been
observed and such copy of codes shall be made available for verification of Engineer-In-
Charge.
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Pracessor shall provide removable safety clips on each corner of glass and PYC button corks
otr the surface of the glass as a safely measure prior o packing w avaid breakage of glass in
the corners during transit and this safety clip shall be retained till the glass is taken for glazing
in 1o the fame at factory. Glazed panel with broken or chipped off glass at the edges and with
any scratch on the surface of the glass shall not be allowed to use in the facade and if any such
damages are found in the glased panel even afler glazing' erecled in place shall be rgjected
and shall be replaced with new one after the approval of installation methodology by
Engineer-In-Charge.

Gaskets

Ethylene Propylene Dinine Monomer {(EPDM) gaskets as weather strip and barrier at
minimum 3 stages shall be provided with adequate fixing details to ensure water and air
tightness. Weather strip shall be EFDM gaskets with hardness (5 second) shore A with a
lypical value not less than 70, ultimate tensile strength of 70 {4/~ 10%) kg/ sg.cm and ultimate
clongation of 250% (+/- 10%). The gaskets shail be of approved make.

Sealants

Silicon adhesive struciural sealant having excellent properties of adhesion, clasticity, long life
{more than 10 years) and of approved make. Two part silicon shall be used having excellent
properties of adhesion, elasticily, long life {more than 10 years). The thickness and bite of
structural sealant shall be detennined to withstand 3 times of the stress caused by the design
wind pressure and to ensure the same; the design caleulation of scalant manufacturcr shall be
submitted along with shop drawing. It shall be cnsured by the agency executing the work that
the bite and thickness of sealant as designed & determined by calculation, venfied and lesied
by manufacture is followed in the shop drawing and (he same shall be adopted for the glazing
at factory after the approval of shop drawing. The sealant and double adhesive spacer tapes for
glazing the panel shall be supplied and fixed as per specification at factory. Spacer tape shall
be gpen cell polycthylene of approved make. Joinling/ scaling of the giazed panel at factory
shall be done with non-structoral {(weather) sealant/ non staining sealant of approved make
with polyurethane baker rods of approved make. Aceloxy sealant shall not be used for
stroctural glazing application.

System Supports

The supporting system shall be provided and fixed with brackets/ clamps incloding fastening
straps, nuts, bolts, rivets, washers etc as per design requirement and as per approved shop
drawings. Brackets/ clamps shall be of hat dip galvanized steel and fastening materials shall
be non- magnetic stainiess steel 300 series- 316 prade of approved make. Galvanizing
thickness shall be in accordance with IS 2629 and 4759, Scrraled plales or serrated washer
wherever requircd shall be provided as per the system requirement and as shown in the
approved shop drawing.

Smoke Seal

Smoke seal! fire stop using extruded aluminium channel with cap shall be provided for
continuous structurally glazed framing system and in general the thickness of channel and cap
shall be 2 mm and 10 a width as roquired between transom and sill finish material and it shali
be 63400 (HY) prade conforming to 15: 8147, finished with AC235 grade architectural quality
clectrolylic anodic coating conforming to IS 1868 of approved colour. Aluminivm colour
anodized extruded channel shall be supported with the help of aluminium bracket as designed
and this bracket to be fixed on the wall/ RCC surface with nocessary stainless steel anchor bolt
and fastener of approved make. This channel with cap shall be provided between sill finish
material and structural glazing member a1 sill level and between RCC member face and
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structural glazing member at soffit level/ false ceiling. All the joints between the capping
channel and any other finish material at both sill and soffit level shall be sealed with
intumescent sealant of approved make. The gap on the vertical surface botween the face of
column/ wall/ partition and strictural glazed frame/ glass shall be closed by using extruded
aluminium channel with cap with chromotised finish aluminium bracket suppored on the
column/ wall/ pattition and in general the thickness of channel and cap as specified above of
approved matching colour to the mullion & transom.

Flashing

In addition to the smoke seal as specified above for horizontal gap between frume and sill
finish material, flashing shall be provided at all foor levels as part of the system (applicable
only for continuous structural glazing portion) made to profile as shown in the approved
drawings and the profile shall be made out of hot dip galvanized sheet 1.2 mm thick and
galvanizing coating thickness shall be in accordance with 1S 2629 & 4759, In general, the
flashing shall be provided to the entire length of structural glazing portion horizontally at all
floor levels and at terrace level wilh necessary anchoring system with stainless steel fastening
devices of approved make.

Insulation on Spandrel Panel

Spandrel panci conforming to the minimum spectral parameters shall be provided as specified.
Spacer for insulated glazing unit shall be aluminium extruded profile and finished wilth AC 25
grade clectrolytic anodic coating of black colour conforming to 1S: 1868 and filled with dry
desiccant. Primary sealant shall be poly-isobutylene (P1B) and secondary seal shail be
structural silicon sealant of approved make.

Rock wool Insulation- 50 mm thick - 64 kg/ cum and having ‘K* value of 0.023 w/ M deg k of
approved make shall be provided conforming to [S - B183/ BS 3958/ ASTM C 612 on the
spandrel panel area ie. behind the ACPY glass and for smoke seal at sill level. These wool
should be covered with black tissue factory pressed - 0.50 mm thick (Nominal Mass - 60 Kg/
cum) to conform non combustibility class - fire rating to BS 476 - Part 7 & [S 3808 and fixed
by using GI anglef channel of required size as base and the wool shall be ticd with 22 gavge
GI wire in criss-cross manner into galvanized angle/ channel to the structure and shall be
covered Gl sheet tray of lmm thick and all exposed surface shall be painted with 2 coats of
synthetic enamel paint over a ¢oat of epoxy primer. Insulation shall be fixed to the main
aluminivm frame work between mullion & transom on each side with the gap of 25 10 30 mm
from the inner surface of the glass {i.e. behind the spandrcl panel glass arga), All the edges
between powder coated GT tray and frame to be sealed with non-staining weather silicon
sealant of approved make.

Shadow Box: Shadow boxes of required size & shape shall be provided for fixing in the
spandrel portion of structural glazing system, in linear as well as curvilinear portions of
building. The shadow boxes shall be provided with semi-rigid, inorganic, non-combustible
fiber glass wool insulation 30mm thick, confirming to IS - 8183/ BS 3958/ ASTM C 612,
Insulation as per the description described above shall be fixed using |.5mm thick solid
aluminum sheet backing using é#mm thick cement board including 55 rivets, nuts, bolts,
washers ete, all complede.

Top Hung Openahle Window Hardware

Top/ side himg shutters shall be provided with operating hardware and  as  per  details  and
requirements of location to facilitate ventilation, cleaning/ maintenance of the glass. The
hardware shall be provided for the shutier with heavy duty self-balancing siainless steel
friction hinges, corner transmission, detachable restrictor stay assembly and multi point
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locking with heavy duty mechanism (minimum 9 points including comer locking paint),
hatdle with key at centre of the transom having a ceremony. Handle/ ceremany shall be made
out of aluminium die cast with powder coat finish- 65 microns, matching to the transom
protile colour. The shutter frame shall be designed to accommodate the hinge, slay arm and
multi point lock, EPDM gaskets, fastening materials including all other necessary malerials
etc. Hinge shall have thermoplastic asymmetric end cap to ensure weather light sealing at the
ends,

Heavy duly sell-balancing stainless steel friction hinges, comer locking poinl and restrictor
stay arm assembly wilh release key of approved make and multi point lock {minimum ¢ poind)
and handle with key of approved make shall be considered. Shutter shall have a provision for
hold apen aption and i restrict the opening not more than 200 mm and to keep the vent
weather tight while closing the shutter. Gaskets shall be provided to ensure the air and water
tight including noise control while the shutter is closed in position and the gasket shall be
silicon synthetic rubber of required sirength. Master key- 3 sets {floor wise) & Grand master
key - 3 sets (building wise) shall be provided for openable parts with necessary code engraved
on the keys.

Swing/ Openable Door

System design in total, shall have the provision to fix the sliding/ openable door (patch fittings
door) integrating with sysiem with necessary structural supporls cladded with specified
materials and necessary hardware ete. all complete w nevessitate fixing the doors as a pari of
the vverll system.

The openable double/ single leal door with patch fittings, hold open heavy duty floor spring,
stainless steel handle, corner lnck at both lop and boitom of approved make shall be provided
wherever necessary as per design Stainless strip on the edges shall be provided to protect the
laminated exposed face.

Aluminium Decorative Capping

Extruded / powder coated finish aluminium decorative capping of approved colour shall be
provided on the unitized structorally glazed system wsing aluminism exiruded clip on section
made to profile and shape as shown in the deawing itcluding providing support profile to fix
the decorative capping for a projeciion not less than 150 mm ot as per drawing from facade
line and shall be fixed as part of the main system incloding alominium chromotised finish
support and aluminivm cleal at required spacing to form a shape & profile as per drawing and
acl as structural snpport to the decorative capping. The support shall be designed and provided
as per the approved structural calculation and drawing ensuring the serews and fastener shall
not be visible on the external surtace of capping. Groove width and line of spacing shall be
maintained as in structural glazing system.

¥isual Mock-up

A full scale visual mock-up with minimum 3 bays and for 2 floor height with combination of
vision, spandrel, spandrel on vision area, openable window, ACP cladding (if specified),
smoke seal and other special architectoral features eic. shall be set up to establish the actval
system design prior lo proceeding with full scale production of the materials involved in the
system in case of fagade design of a multisioried building in excess of four floors. A water test
shall be conducied on the installed visual mock up system {only water using hose real Lo the
specitied pressure in the technical specification) and the test result of the system shall be
submitted for review. Any improvements requited on the system based on the lesi result shall
be incorporated.
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a) Off-Site prodo type Tesl:

2.5

b)

MNecessary shop drawings and design calculation shall be provided (e catry oul the tull
scale off site proto type at an approved accredited laboratory based on the design criteria
sel out i Lhe specificalion and confirming ta ASTM E 330 at any approved laboratory in
India and the test specimen shall be provided for minimum 3 bays and for 2 floor heights
with the cambination of vision, spandrel and openable window wilh Glass! ACP and any
other special features on the sysiem ag proposced (o be installed and the specimen to he
tested to the design wind pressure of 125 kg/ sq.m {Testing pressure shall be 1.5 times of
the desigmn wind pressure) conforming to IS 875 and the lateral displacement as specified
above. Fabrication at site shall commence only after the satisfactory completion of the
Lest and subrissian of tesl report e Engineer- In- Charge.

Field Tesl.

Field test at site on the installed glazing system shall be conducted as per the criteria set
out in the specification and as per the Methodology described in ASTM 501-2. Test shall
be carried out in the presence of Engineer- In- Charge. Methodology for carrying out the
test shall be submitted ta Engincer- In- Charge far approval prior to testing, The resulis
shall be reccorded and the reports shall be submitted to the Engineer-in-charge for
approval. If field test fails, the rectification methodology shall be submitted 1o correct the
defects as per the performance data set out in the specification and as per the
methodology described in the relevant code for the approval of Engineer-In-Charpe.
Defecis, if any netieed shall be reclificd w the satistaction of Engincer-In-Charge.

The performance test:

The performance test shall be conducted on structural glaging syslem if the area of
structural glazing exceeds 2500 5q. m trom the certified laboratories by NABL (National
Accreditation Board for Testing & Calibration Laboratories), Department of science &
Technology India. The cost proposed shall include the cost of testing also and shall be
done in consideration to the importance of work. Performance Testing of the structural
glazing syslem tests 1o be conducied in NBL certified laboratory,

{i) Performance Laboratory Test for Air leakage Test {-50pa to -300pa) & {(+30pa to
+300pa} as per ASTM E-283-04 testing method for a range of testing limit | to 200
m¥ ht

(i) Static Water Penetration Test. (50pa ta 15300pa) as per ASTME-331-0% testing melhod
range up to 200ml”.

{ii) Dynamic Water Penetration {50pa to 1500pa} as per AAMA 501.01-05 testing method
for a range upto 200ml”.

{iv) Structural Performance Deflection & deformation by static air pressure test (1.5 limes
design wind pressure without any failure) as per ASTME-330-10 testing method for a
range up to S0mm”.

{¥) Seismic Movement Test {upto 30mm) as per AAMA 501.4-09 testing method for
{Jualative test” Test to be conducted on site.

{(v1)Onsile Test for water Leakage for pressure mnge 50kpa to 240 kpa {35psi) upilo
2000m1”,

Facade Cleaning Platform/ Fagade Access System/ Gondola:

Al the structural’ curlain glasing surfaces of the buildings shall be provided with fagade
access system designed for man-riding application and to international safety systems. The
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equipment shall be assthetically designed in keeping with the building Architecture, The
fagade access system shall include of floor/ slab & parapet mounted runners having
collapsible/ telescopicarm including cpoxy finished tracks in structural steel frame work,
stainless steel (non-magnetic type of grade 316} monerail system suspended from pergola’
space frame & fxed davits installed at svitable intervals in epoxy finished structural steel
frame.

Workmanship

The framing system and fixing arrangements to the RCC framed structure shall be with
aluminium brackets. All the joints m aluminium framing system and factory glazed panels
{also between metal sections and betwoen glass and metal sections and between glass and
metal sections} as well as joints between aluminium frame with concrete and? or masonry
meeting surrounds shall be fully sealed and made air, water and weather tight preventing
seepage of rain water under heavy wind pressures with provision of adhegive silicon sealant
and superior quality approved make EDIPM gaskets. The EDPM gasket shall be free from any
contract or migration strain and shall be compatible with all substratcs. Sealant and finishes,
which are likely to come in contact shall comply with provision of IS code. The EPDM gasket
shall be purpnse made by approved manufacturer.

Space at gach floor level between the external face of the building frame and the internal face
of the structural glazed spandrel panel shall be sealed air tight by horizontal barrier to prevent
passage of smoke/ fire, conditioned air from one floor level to another. There shall be
continuous seal for stopping fire and smoke between the structural glazing and the building
face in cavities formed in spandrel panels between the 2ill wall level at external edge of one
floor and RCC/ false cetling of the lower floor. Fire rating of the stoppers between floors shall
b mimmum 2 hours.,

Design Criteria

The fixing arrangement of factory formed infill glazed grid unitized framing system shall be
destgmed by the structural glazing agency to withsland all external forces due to worst
condition of wind loads as per IS code applicable for the region of the proposed buildings,
carthquake forces occurting in the zone as per the 15 code, building frame movement forces
due to wind and earth-quake, outside temperature experienced during last 10 vears.

The structural bite or contact dimensions of silicon adhesive structural sealant to the glass
required, that is the amount of silicon adhesive structural sealant (contact width and thickness)
required to support the glass externally and internally in the panel against action of the worst
condition of the external forces such as wind earthquake forces, building movement forccs,
temperature forces including their combinations etc as well as to prevent penetration of rain
water under keavy wind conditions experienced during the last 10 years in the region. It shall
be designed in accordance with the requirement of the silicon adhesive structural sealant
manufacturer and supplier, mentioning the factor of salety obtainable as per the design. In any
case the factor of safcty shall not be less than 1.5,

Framing system shall tulfill the design criteria’ specifications as under:

Vertical Mullions : Indicate spacing, size and shape to comply with the
requirements of the design parameters.

Maximum Tensile Strength 19 Kg/mm2
Maximum allowable deviation in length from a straight line of
0.5mm.

Maximum allowable deviation from the straight of 1
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Maximum lwist of Maximum variation in flatness of ot more
than 0,123 x width/ 25

Horizontal Transom Indicate spacing, size and shape.

Alloy : Extrusion shall be 6063 T Alloy and temper (ASTM B22]1
alloy G.5.10A-T6)

Fixing Ralts : All exposed bolts, nots, screws shall be of stainless steel 304 or
306 grade,

Gaskets : LEIDPM with shore hardness of 70+~ 5

Approved make Glazing tape shall be used.
Design Data
Temperature range : 60° C Ambient, 100° C for Materials.
Wind Load : 150 kg/sq. m
(Entire system and each component including glass in edge

zones on each side of building commers shall be designed for
heavier wind suction as required by design code)

Seismic Load : As per 1S codes

Deflections :

MMullions : Max_ [/240 or 15mm whichever is less
Transoims : Max. L300

Permanent dellection in Mullions
Max. L3000 at 300 Kg/ sq.m wind pressure

Permanent defleclion in transoms
Nil at 1.5 times dead load

Permanent deflection in cladding frame members
: Nil at 300 Kg/ s.m/ wind pressure

Glass panels : Max, |3mm or as recommended by glass by glass manofacturer
whichever is less (for each typical pangl)

R.C.C. {irade : M 25 or higher as per specifications.

Performance Criteria of the Structural Glazing

The agency executing the work shall be responsible for the quality and efficiency of the design
and application of the situctural glazing technology offered. The system offered shall be
structurally sound, aesthetically pleasing and pretested in accredited laboratories certifying
performance of the whole system in accordance with the international structural glazing
standards. All necessary test centificates elc. proving compliance to all design and performance
criteria specified shall be submitted.

The following criteria shall be fultilled for performance:

(2) Movement: The system shall be capable of accommodating all stress and movemenis that
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are likely to ccour during normal life of 20 years of structural glazing members and not
less than 10 years for the structural siticon scalant,

(b} Composition of structural glazing members shall be fully adequate to totally resist any
distortion such thal no distortion takes place.

(¢} Detlection: Deflection shall not be more than 1/175 of the span of the members

{d) Plumb and alignment: All the members at cach joint shall be in perfect plumb line and
alignment. Tolerances for plumb of structural glazing instailed shall be within +- 3mm.

Performance Guarantee

A warranty for the entire installation carmied out and for structyral silicon sealant proposed to
be used vis-a-vis similar guarantee from the manufacturer of the silicon sealant to fulfill the
quality standards stipulated above shail be offered. The performance guarantee shall cover for
replacement of any or all members and components by the agency executing the work at its
own cost in case of any deficiency or failure in performance of the structural glazing
component as per the design requirement during the warranty period.

Drawings and Dctails

Detail drawings of the structural glazing svstem showing framing system, connections to
building RCC frame, main framing grid unitized system comprising of male mullion, female
mullion, transoms, all connection details like bracket connection to the building RCC trame,
connecticn between transoms and mullions etc. (also indicating the sizes of the sections
proposed) details of the weatherproofing with EDPM gaskets, infixing details of glass/ glass
panels. joint details o withstand severe conditions of winds and rains, insulation of comosion
proof smoke seals of flexibie design and construction shall be furnished for the approval of the
Engineer-In-Charge. All necessary test certificates, documentation etc. proving all the
stipulated parameters of the performance shall be produced. Wherever required and asked tor,
necessary caleulations shall be provided by the agency cxecuting the work to establish the
design and performance eriteria. Company profile of the proposed sub-contractor’ agency
proposed to be engaged for executing this job shall be submitted for owner’s! Ell.*s approval.

Measurement & Payment

For the purpose of payment, the measurement shall be done on Sq. Meter basis of the executed
and finished (in ali respects) work. Length and breadth of the superficial area of the finished
work shall be measured centre to centre of the grooves on the external surfave viewed
externally correct to a centimeter under the respective items. Areas shall be calculated in a
sguare meter correet (o two places of decimal.

Rate shall include the cost of all materials and labour involved in all the operations as
specified, to execute the work as per approved drawings/ shop drawings including scaffolding,
infrastructure facility. tools and plants etc. necessary for execution of the respective item for
all height and for al! floor levels. Itlems shall be measurable in 5g. m. Rate ghal! include all
components and precedure inchiding all fixing as described in this specification including
supply of glass, supply of hardware for top hung window, aluminium decorative capping, cost
of offsite proto type test and insulation tray on spandrel.

Rate shall be for ali heights and locations. Contractor shall refer the relevant drawings for
agzessment of the same.
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ACP CLADDING SYSTEM
General:

The external facade systemn with aluminiom compaosite panels (ACF} is proprietary in nature,
hence the onus of design, materials, all fixing details, methodology of execution ete. are the
responsibility of the contractor. ‘The contractor shall necessarily get the work done through
authorized agency specializing in such works to comply to design intent, performance
requirements, approved shop drawings etc. The execution of ACF system shall also include
the site survey prior to and after preparation of shop drawings and accommodating the site
conditions in the system and shop drawings.

System Design:

The design system shall include Designing, Fabricating, 'esting, Protection, Installing of ACTH
system (with open joints) for linear as well as curvilinear portions of the building for all
heights & all levels. The work shall include Structural analysis & design and preparation of
shop drawings for pressure equalization or rain screen principle as required, proper drainage of
water to make it watertight including checking of all the structural and functional design.

The ACP works shall consist of Designing, fabricating, testing, installing and fixing in
position Curtain Wall with ACP Cladding, of ‘Alstone” *AluDecor’ 'Alucobond” 'Eurobond'/
‘Reynobond’ *Alstrong’ or approved equivalent with open grooves for linear as well as
curvilinear portions ot the building, for all heights and all levels etc. including:

Materials:

a) ACP cladding panels shali be pan shaped in metallic ot other approved shades 4mm thick
consisting of 3mm thick FR grade mineral core sandwiched between two Aluminium
sheets (each 0.5mm thick). The aluminium composite panel cladding shest zhall be coil
coated, with “Kynar 500” based PVDF/ “Lumiflon” based tluoropolymer resin coating of
approved colour and shade on face # | and polyvmer (Service) coating on face # 2 as
specified using stainless steel screws, nuts, bolts, washers, cleats, weather silicone sealant,
backer rods ete.

b) The fastening brackets of Aluminium alloy 6005 T5 / M$ with Hot Dip Galvanised with
serrations and serrated washers to arrest the wind load tnovement, fasteners, SS 316 Pins
and anchor holts of approved make in 38 316, Nylon separators to prevent hi-metallic
contacts all complete required to perform as per specification and drawing The item
includes cost of all material & labour component, the cost of all mock ups at site, cost af all
samples of the individual components for testing in an approved labaratory, field tests on
the assembled working curtain wall with alominium composite panel cladding, cleaning
and protection of the curtain wall with alutninium composite panel cladding till the handing
over of the building for occupation. Base tratne work for ACP cladding is payable under
the relevant aluminium items The Contractor shall provide curtain wall with aluminium
composite panel cladding, having all the performance characteristics all complete as per the
Architectural drawings, as per item description, as specified, as per the approved shop
drawings and as directed by the Engineer-in-Charge.

Workmanship

The [raming system and fixing arrangements to the RCC framed steucture shall be with
aluminium brackets. All the joints in aluminium fratming system and ACP panels as well as
Jjoints between aluminium frame with concrete and/ or masonty meeting surrounds shall be
fully sealed and made air, water and weather tight preventing seepage of rain water under
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heavy wind pressures with provigion of adhesive silicon sealant and superior quality approved
make EDPM gaskets. The EDIPM gasket shall be free from any contract or migration strain
and shall be compatible with atl substeates. Sealant and finishes, which are likely to come in
contact shall comply with provision of LS code. The EPDM gasket shail be purpose made by
approved manutacturer.

Space at each floor level between the external face of the building frame and the internal face
of the ACP panels shail be sealed air tight by horizontal barrier to prevent passage of smoke/
fire, conditioned air from one [loor level to another. There shall be continucus seal for
stopping fire and smoke between the ACP panels and the building face in cavities formed in
spandrel pangls belween the sill wall level at external edge of one floor and RCC/ false ceiling
of the lower floor.

Performance Guaranteg;

A warranty for the entire installation carried out and for ACP System nsed vis-a-vis similar
guarantee from the manufacturer of the panels to fulfill the quality standards stipulated above
shatl be offered. The performance guarantee shall cover for replacement of any or all members
and components by the agency executing the work at its own ¢ost in case of any deficiency or
failure in performance of the ACP components as per the design requirement during the
warranly pericd.

Drawings and Details

Detaii drawingz of the ACP system showing framing system, connections to building RCC
frame, all connection details like bracket connection to the building RCC frame, connection
hetween transoms and mullions ete. (also indicating the sizes of the sections proposed) details
of the weatherproofing with LDPM gaskets, infixing details of panels, joint details to
withstand severe conditions of winds and rains shali be furnished for the approval of the
Lnginger-In-Charge. All necessary test certificates, documentation ete. proving ail the
stipulated parameters of the performance shafl be produced. Wherever required and asked for,
necassary calenlations shall be provided by the agency executing the work to establish the
design and performance criteriz. Company profile of the proposed sub-contractor/ agency
proposed to be engaged for execnting this job shall be snbmitted for owner’s/ CIL’s approval.

Measurement & Payment

For the purpose of payment. the measurement shatl be done on Sq. Meter basis of the executed
and finished (in all respects) work. Length and breadth of the superficial area of the finished
work shall be measured centre to centre of the grooves on the external surface viewed
externatly correct to a centimeter under the respective items. Areas shall be calculated in a
square meter correct 1o two places of decimal.

Rate ghall include the cost of all materials and labour involved in all the operations as
specified, to execute the work as per approved drawings/ shop drawings including scaffolding,
infrastructure facility, tools and plants etc. necessary for execution of the respective item for
all height and for all floor levels. Items shall be measurabie in sq. m. Rate shall include all
compoenents and procedure including all fixing as described in this specification including
supply of paneis, sopply of hardware/ accessories etc.
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1.0 GENERAL

2.0

2.1

2.2

23

This standard specification lays down requirements of uPVC door, window and ventilator

assemblies for buildings.

REFERENCES

The codes and standards listed below contain provisions which through reference in this
specification constitute provisions of this standard specification if not specifically mentioned

otherwise,

In case of similar codes of different organizations such as IS, ISO, BS, EN, BS-EN, ASTM,
NFPA, NBC etc. conformity with any of the similar codes is acceptable.

Reference codes and standards:

Standards Document title

ASTM D638 Standard Test Method for Tensile Properties of Plastics

ASTM D732 Standard Test Method for Shear Strength of Plastics by Punch Tool
BS 456 - PART 7 Fire tests on building materials and structures. Method of test to

determine the classification of the surface spread of flame of
products

BS 456 - PART 5

Fire Tests on Building Materials and Structures Pan 5: Method of
Test for Ienitability

EN 514 Plastics - Poly(vinyl chloride) (PVC) based profiles - Determination
of the strength of welded corers and T-joints.

EN 12608 Unplasticized poly(vinyl chloride) (PVC-U) profiles for the
fabrication of windows and doors - Classification, requirements and
test methods - Part 1: Non-coated PVC-U profiles with light
coloured surfaces.

ENISO 178 Plastics — Determination of flexural properties

EN ISO 179-2 Plastics — Determination of Charpy impact properties — Part 2:
Instrumented impact test

EN IS0 306 Plastics — Thermoplastic materials Determination of Vicat
softening temperature (VST)

EN ISO 527 Plastics — Determination of tensile properties — Part 1: General
principles

EN IS0 8256 Plastics — Determination of tensile-impact strength

IS 204 Tower Bolts- Specification

IS 205 Non-Ferrous Metal Butt Specification

IS 208 Door Handles-Specification

IS 513 Cold reduced low carbon steel sheets and strips

IS 875 (part-3)

Design Loads (Other than Earthquake) for Buildings and Structures -
Code of Practice Part 3 Wind Loads

IS 1079 Hot Rolled Carbon Steel Sheet and Strip

IS 1341 Steel Butt Hinges — Specification

IS 2209 Specifications for Mortice Locks ( Vertical Type)

IS 3564 Hydraulically Regulated Door Closers - Specification

IS 6313 Floor Springs ( Hydraulically Regulated ) For Heavy Doors -
Specification

| IS 4985 Specification for UPVC pipes for potable water supplies

IS: 10428 Glossary of terms relating to doors

[SO 105-X12 Textiles — Tests for color fastness — Part X12: Color [astness to
rubbing
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3.0 MATERIALS
3.1 uPVC profiles

uPVC (un-plasticised polyvinyl chloride) is PVC resin blended with acrylic madifier, titanium
dioxide and other chemicals.

uPVC doors/ windows/ ventilators shall have extruded hollow uPVC profiles with
reinforcement.

Extruded hollow uPVC profiles shall conform to EN 12608 and following specifications.

Property Specification Testing method

Vicat softening temperature Not less than 75 degree C EN SO 306

Charpy impact strength Not less than 20 KJ / square EN ISO 179-2
meter

Flexural modulus elasticity Not less than 2200 N/ square EN IS0 178
mm

Tensile impact strength Not less than 600 KJ / square EN ISO 8256
meter

Mean breaking stress for
welded comer

- For tensile bending test Not less than 25 N/ square mm EN 514

- For compression bending test | Not less than 30 N/ square mm EN 514

Heat reversion test Not more than 02.00 % IS 4985

Surface spread of flame Class- | BS 476 - part 7
| Ignitability evaluation “P" not easily ignitable BS 476 - part 5

Tensile modulus Not less than 35 MPa ASTM D 638

Shear modulus Not less than 220 MPa ASTM D 732

Tensile strength Mot less than 30 MPa EN 150 527

Percentage of titanium dioxide | Not less than 07.00 % -

Percentage of calcium Not more than 10 % -

carbonate

Sizing of uPVC profiles shall be as specified or required depending upon the size of the
assemblies and wind load calculation{ if applicable). However minimum profile wall thickness
shall be 1.9 +/- 0.2 mm.

3.2 Finishing of ulPVC profiles

uPVC profiles shall be legibly and visibly marked in unobtrusive position not visible when the
door/ window/ ventilators are in closed position. At least once every one meter along the
length of the profile and shall contain brand name, Manufacturer’s name, profile code and
date/ month/ year of manufacturing.

White colored uPVC profiles are extruded with white compound and no external finishing or
coating is required.

For other desired colors on the profiles, they shall be laminated with external film of minimum
170 um { +/- 20) thickness with 3 layers of coating ( Top layer- PVDF, Inner layer- Acrylic &
Base layer - Pigmented - acrylic base film) having abrasion resistance of Grade-5 when tested
in accordance with ISO 105-X12

If not mentioned specifically, profiles shall be in desired color (other than white) and texture.

33 Reinforcement
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The profiles shall be reinforced with non- hygroscopic material conforming to any grade of 15:
1079 or I5: 513.

Mild steel section reinforcement shall be made from roll forming process and shall be hot dip
galvanized in accordance with IS 277 with minimum coating mass of 120 gram/ square meter.

Thickness of the reinforcement shall be such that the door/ window/ ventilators meet the
design wind pressure in accordance with 1S; 875 (part-3). Minimum thickness should be as
below subjected to the validation of design by vendor :

a. From ground floor upto 5" floor level = 1.60 +/- 0.2 mm
b. From 5" floor level onwards = 2.20 +/- 0.2 mm

The reinforcement shall be inserted in the uPVC profiles in required length within 6-15 mm
distance from the face of the welds and then shall be screwed at 150 mm from the end at every
400 mm (maximum) pitch to the profiles so that it does not move or rattle.

34 Glazing
Glass shall be as specified in the design basis or job specification or drawings. If nothing is
mentioned specifically, 6 mm thick toughened clear glass shall be used.

Specification of such glass shall be in accordance with specification no : 6-75-0003.

4.0 DOOR/ WINDOW/ VENTILATOR ASSEMBLY

4.1 uPVC profiles shall be procured from approved Manufacturers. Assembling and installation of
Door/ window/ ventilator assemblies shall be done by the agencies approved by the Engineer-
In- charge

4.2 Door/ window/ ventilator assemblies shall be fully glazed type and complete with requisite
frame, shutter and hardware.

4.3 The compesition, design, size etc. of the door/ window / ventilators shall be as per approved
drawings,

44 Size and thickness of uPVC profiles shall be as required for the door/ window/ ventilator sizes
and wind load (if applicable).

4.5 Contractor shall do the structural analysis and design considering the design wind pressure/
load and provide required sizes as per the analysis and design approved by the Engineer-In-
Charge.

4.6 The profiles shall be mitred cut 1o required sizes and reinforced.

4.7 The profiles shall be fusion welded at all comners to form the door/ window/ ventilator
assembly design to prevent any ingress of water or air in the reinforcement chamber.

4.8 Each comer and joints shall be neatly cleaned by removing all excess material. The weld shall
be finished by grooving, knifing etc. at exposed welded portion only.

4.9 Minimum overlap of 6 mm shall be provided at joints to ensure effective sealing.
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4.10  Drainage/ ventilation slots shall be provided in the profiles to permit the escape of entrapped

4.11

4.14

4.15

4.16

5.0

5.1

5.2

53

water/ moisture, A minimum of 2 nos. slots shall be provided at least at every 500 mm.

Door/ window/ ventilator assemblies shall be fixed to the openings ensuring the stability and
proper operation in accordance with standard practice of the approved Manufacturer and as
approved by the Engineer-In- Charge.

Glass panes shall be placed after fitting EPDM gasket and uPVC beading of approved quality.
Plastic spacers shall be used to support the glass,

The assembly shall be made in such a manner that glazing and re-glazing is possible at site
without the need to remove the outer frame.

There shall be a maximum gap of 3 to 5 mm in between door/ window/ ventilator frames and
finished opening and plastic packers shall be provided to maintain the level.

The gap between door/ window/ ventilator frames and adjoining work shall be filled with

weatherproof silicon sealant of approved make to maximum 5 mm depth & width to allow
expansion/ contraction of uPVC profiles.

The door/ window/ ventilator assembly shall be true to the plane and shall ensure smooth
aperation.

HARDWARE

Doors, windows and ventilators shall be provided with all required hardware for stability,
proper operability. Hardware shall be fixed truly vertical or horizontal as the case may be.

Hardware used shall be well made, reasonably smooth, and free from ail sharp edges and
corners, flaws and other defects.

Hardware shall be of brass body (chromium plated) or powder coated Aluminum alloy or of
Stainless Steel ($5-304) as mentioned in the drawings and as mentioned in the following
table,

If not mentioned specifically, Stainless Steel (S5-304) hardware shall be provided.

5. No. | Hardware Specification
1 Hinges Hinges shall be butt type conforming to I8: 205/ 1S:
1341. Size of hinges shall be minimum 125mm long.
2 Overhead Hydraulic | Overhead hydraulic door closers shall be of heavy
Door Closer: duty type and shall conform to IS: 3564,
3 Floor Mounted Door | Mounted door closers shall be of heavy duty type and
Closer hydraulically operated and shall conform to 1S: 6315

4 Mortice Lock Mortice locks shall conform to 15; 2209,

5 Door Handles Door handles shall conform to [S: 208.

6 Aldrop Aldrop shall be 300 mm long and minimum |8mm

dia.

7 Tower Bolt Tower bolts shall conform to 1S: 204,

B Door Stopper Stoppers shall consist of heavy duty rubber shoes

spring loaded type with zinc alloy pressure die cast

chromium plated holders,
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54 Hardware of each shutter shall be as mentioned in drawing.

If not mentioned specifically:

Each door shutter shall be provided with hinges, tower bolts, overhead hydraulic door closer,
door stopper, lock and door handles (on both side).

Open type window/ ventilator shall be provided with handles, friction stays and tower bolts.
Touch hooks { made of zine alloy, finished with minimum 90 micron powder coating with §5-
304 grade spring for internal lever & striker/ keeper/ hook) shall be provided in sliding

windows for single point locking.

Single wheel needle pin roller with minimum 11 pins to be used in sliding windows with
weight capacity of 40kgs. The wheel shall be made of PA6 NYLON.

Adjustable double wheel door roller with ball bearing wheels made of PA6 NYLON & 85304
grade body shall be provided in sliding doors.

6.0 DELIVERABLES BY THE CONTRACTOR

6.1 Contractor shall do the structural analysis and design for sizing, thickness of profiles
considering the design wind pressure/ load ( if applicable) and submit the same for approved
by the Engineer-In-Charge.

6.2  Supporting backup evidence for sizing of profile and details of reinforcement.

6.3 Contractor shall also prepare fabrication drawings and submit the same for approval by the
Engineer-In-Charge.

6.4  Test reports from third party laboratories in suppont of various specified parameters and
properties.

7.0 WARRANTY
The Contractor shall provide warranty of 10 years for the uPVC doors/ windows/ ventilators.
Any manufacturing and operational defect detected during this warranty period shall be rectified
by the Contractor to the satisfaction of the Engineer-In-Charge at his own cost.

Format No. 8-00-0001-F1 Rev. 0 Copynght EIL — All rights reserved

Paade 5000 of 66231 * BO57-TENDFR DOC-RO57-420-80-44-PG-T-7410 - Rev A



STANDARD SPECIFICATION FOR STANDARD SFECFICATION NO.

ST B ENCINEERS PRE-ENGINEERED BUILDING 6-75-0014 Rev.0
ﬁ?@ﬁ"’—'ﬁ@mﬂ.ﬂj (ARCHITECTURAL) Paga 1o 9

W-SSifad gaa
& AE fafeyE
(ATEgReT)

STANDARD SPECIFICATION
FOR
PRE-ENGINEERED BUILDING
(ARCHITECTURAL)

P \

- ATUL SERAR REJAN SUMIL KLIMAH
i 01.06.20 ISSUED AS STANDARD SPECIFICATION CURTA DA% SHIVASTAV SANERA
o o T Standards Standards
Rev. Frepared Checke COmmitles Bureau
No. Data Purpase E}r d by __Gonvenar Chairman
Approved by

Frrrnat, Mo, 3-00-0001-F1 Rew O Copyrght EIL — All Hights ragerved



STANDARD SPECIFICATION FOR

STANDARD SPECFHCATION KO-

e ENCHELRS PRE-ENGINEERED BUILDING 6-75-0014 Rev.0
A L]
5&3{%@ DI LMITED (ARCHITECTURAL) Page 2 of 8
Abbreviations:
HVAC : Heating, Ventilation, Airconditioning
PEB Pre Engineered Building

Structnral Standards Committee
Convenor:  Mr. Rajanji Srivastava

Members : Mr. Anurag Sinha
Mr. VK Panwar
Mr. Samir Das
M. Amitabh Kishore
Mr. (iyasuddin
Mr. Charanjit Singh (Projects)
Mr. Ravindra Kumar {Construction

Formal Mo, B-00-00H -F {1 Rew

Copyrighl EIL — All righls reservad




STANDARD SPECIFICATION FOR STANDARD SPECFICATION NO.

EMCIMEERS
EEPRPROAMID  PREENGHEET BN v
CONTENTS

1.0 GENERAL ..o nsses rrennes vaee eSS e 4
20 DESIGN, DETAILL ENGINEERING, CONSTRUCTEIN BEC. .o eecesmee s e smeranes e 4
3.0 DESIGN {ARCHITECTURAL) oot e eem e s e e e s 4
3.0 FABRICATION/ INSTALLATION! CONSTRUCTTON ..o 7
6.0 L B T N ) U U U OO 7
7.0 DELIVERABLES/ SUBMITTALS BY PEB AGENCY/CONTRACTCOR. ..o ¥
&0 T I OSSR 8

Format Ne, 8-00-0001-F1 Rev @ Copyright EIL — All rights resarved



STANDARD SPECIFICATION FOR STANDARD SPECFICATION NO.

2T e FNCHELRS P
= T RE-ENGINEERED BUILDING 6-75-0014 Rev.0
e bl @' DA LMTED {ARCHITECTURAL) Page 4 of 9

1.0 TENERAIL

()% | Thiz speeilication perlans (o Architectural design, detail engineering and construction/
execution: installation/ assembly of Pre Engincercd Buildings (PER).

1.2 For eavil-structural, electrical, mechanical and other works, reference shail be made to relevant
specifications,

20 DESHGN, DETAIL ENGINEERING, CONSTRUCTION ete.

2.1 Architectural design, detail enginecring and conzlruclion’ cxccution’ installaien’ asscmbly of
rre-engineered works of buildings {i.e. pre-engineered super and rool structure, pre-
cogingered bulthng envelope including ool drainage system, ventilanon and natural lighting
system of roaf and side sheeung/ cladding panelling, refaled accessones elc. shall be done by
approved agency. :

2.2 Dresign, detail engineening and construction/ execulion’ installation/ assembly of remaining
building works (such as foundations, non-pre-engineered warks, other building works ¢re)
shali aiso be done by the approved agency if inchided in his scope,

23 [t such remaining building works is not in the scope of 1he approved agency, the agency shall
co-ordinate with other agencies and incorporate necessary input by other agencics in activities
in his scope as well as provide required wnput to these agencies for carrying out their works,

2.4 Femaining building works other than pre-engineered works and not mentioned n this
specification shatl be in aceordance with approved design basis and other reguirernents,
drawings etc. of the project.

30 DESIGN (ARCHITECTURAL)

il Design Basis
Archilectural design shall be in accordance with approved design basis and other
requirements, drawings ¢, of the project.

32 Lay-out
Lay-out of PEBs shall be finalized based on requirements, drawings, design basis,
requirernents, related specificatons etc. of the project.

33 Building Envelope
Building cnvelope Lo, roofing and extermal peripheral masonty’ block work or shectingy
cladding/ panelling shall be a leak-prool and weather tight gyster.

34 Roofing System

341 Roofing systern shall be of meial sheel supporled on pre-engineered steel siructure and shail
comprise of roof sheeting, roof drainage system, facias and aceessones such as flashings,
lrims ete.

342 Roof lighting sheets, HVAC/ ventilation system and provisions for installation of solar panelg
shall also be incorporated in roofing system as required.

343 Profile, shape and Architectural design of the roof shall be as per approved design.
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344 Slope of the roaf shall be 12180 1f oot specilied otherwise,

345  All joints, expansion joints, junctions, gaps in the roofing shall be closed by means of
accessones and Nashimgs for leak-prool and weather tight roofing systemn.

34.6  Provisions for supporting [TVAC or ather ducting’ piping, sugpended cciling system ete. shall
be kept in roufing systemn if required.

347 Staircases or ladders in guitable numbers and locations shafl be provided for roof access,

3is External Masonry Wall! Bluck Work/ Shecting/ Cladding

351 Extemal masonry wall/ block work, sheeting/ cladding/ paneling system shall be as per
building type based on project requirements, drawings, design basis, related specifications etc,

352 For open type sheds, generally external sides shall be either open type or open up to some
height with metal sheeting’ cladding’ panelling for balance height. Low height masonry wall/
bock work up 10 1000mm heigti shall be provided at floor level if required.

353 For closed type buildings. generally masonry walls/ block work shall be provided up to
minimum 3000mm height ot as required. Mcelal shecling! cladding shall be provided for
halance hewght,

3.54 For wel areas such as Loilel, kilchen, pantry ete. where piping’ plumbing is required, masonty
wall / block work shall be provided as required for accommodating piping’ plumbing in both
open type or closed buildings.

355  External Masonry wall! block work shall be supported on separate (other than PEB structure)
BCC column’ bemmn systemn.

356 Metal sheeting' cladding’ panelling and external masonry wall/ block wotk shall have
Irangparcnl shecting, windows [or natural lighting, windows! venlilators, louvers lor natural
ventilation, projections for rain protection for openings ete. ag required.

3.5  Metal shectingd cladding’ panclling shall also bave acccgsanics such ag flashangs, rms, [acias
etc. for closing junctions., gaps ctc. for leak-proof and weather tight system.

358 Steel strucnwral sysiem {eolumns, beams, bracings cle) vistble inside olDees and associated
facilitics, Roomg, Toilets cte. shall be suitably hidden/ concealed with masonry! block works
pancling elc. for aesthetics putpose.

359 ‘lhe cxternal facades of the buildings shall be as per approved Architcctural design
ihcorpataling aboyve,

16 Building Aesthetics

3.6.1  DBuildings shall be aesthetically pleasani as approved. Roal profile, sky-line and external
{acades {including dvor-window! transparent sheet configuration, projections ete.) and colour
scheme (with allcmatives) shall be desymed accordingly.

3.62  For this purpose, necessary facias, trims, and other accessories shall be incorporated in desigr.

A7 Conceptual Design

371 Midmum two allermative conceptual designs shall be prepared with rendered 3D views (acnal

and cye-level views showing roof and all sides). The approved design shall be adopted far

Formal Mo, B-00-DH1-F1 Rev 0 Copyright EIL — All rights resarved
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KR

LN |

382

383

384

3.9

381

jozr.

ENL

JH

3102

in

ERIN

31z

3113

detail engineering incorporating observalions’ comments! modifications by Owner/ Project
Management Consultant {PMC)

Rool Drainage System

Boofl drainage systemn shall comprizse of vatley! eaves gutters and rain water down akes as per
roofling prolile.

Gutters shall be sized on the basis of rainfall data, roof catchment arca and ouilets.

[n case of valley gutters, min water shall be drained out of building by means of rain water
down takes from valley gutters and tloor drain inside the building. Floor dramns shall be sized
and routed on the basis of rain water to be drained, outlet points and shall be with suitable
removable covers. Drain covers shall be suitable for vehicular movement over them if
applicahle, '

Eaves/ valley gullers and down {akes and their supporting system shall be visually concealed
by suitable facia as per approved Archileclural dusign.

Rouf Light Sheets

Transparent roof light sheets shall be provided in roofing for natural lighting. These may be
avoided in places where (atse! suspended ceiling is provided just below the roofing and natural
lighting theough roof is not available.

H not mentioncd otherwise, arca of Iransparent sheeting shall be minimum 10% of roof area.
Part of this required area of transparcrl sheeting may also be provided i the metal side
shecling/ cladding as per approved Architectural design. Size, profile and configuration of
transparent shecting in metal side shecting' cladding’ panclling shall alse be 4s per approved
Architectural design.

Roof Veatilation System

For nalurally ventilated buildings or arcas of buildings, combination of wind driven turbo
ventilators/air extractors and ridge ventilators shall be provided in the roofing.

These mrbo ventilators/air extractots and ridge ventilators shall be sized and numbered as per
requirement of air changes corresponding to type of building indicated in Naiional Building
Code of India (NBC).

Flashings and Oher Accessories

Flashings and other accessores such as Wims, Lwias, (ashings lor gable, comer,
openings/gaps. parapet flashing, transition Irims, expansion joinl trims, odge caps, gutters,
tain waler down lakes, fixing windows! ventilators etc, shall be provided on roofing and side
sheeting/ cladding/ panclling for weather Lghtness, roof water drainage and building aesthetics
Lo L

These shall be profiled to match with the shecting and approved Architectural design.

It not menuoned otherwise, colowr, finishing of these shall be similar to the top sheel of
roofing/ side sheeting/ cladding/ panclling,

Format No. §-00-0004-F1 Rav 0 Copyright EIL — All righls resernved
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4.0 DETAIL ENGINEERING

4.1 Detail enginesring of pre-engineered works shall include detailing of approved conceptual
design, calculation of rain water gutters, down take and drain sizing lor ool drainage,
catculation of ndge/ wibo wentilator regquircd (or natural ventitation, preparation of
construction drawings and fabrication drawings.

4.2 Other than genetal standard dmwings of PEB works, details of laying' fixing of varicus
Mashimgs, gutters, down takes, (acias, aceessories ete. shall also be preparcd.

54 FABRICATION! INSTALLATLON/ CONSTRUCTLON

5.1 Fabrication’ Installation/ Construction. of TR works shall be done in accordance with
approved drawings, specifications and directions of Engineer-In-Charge complying with
necessary Heablh, Salety & Environmental nomns and meguirecmendts.

6.0 CO-ORDINATION

6.1 Design, detail eopineering and Fubrication” Insiallation’ Constraction shall he doge in co-
ordination with Owner/ PMC and other agencies involved in the buildings and associated
activilies.

6.2 Necessary imput required for completing the works shall be obtained from / given to other
igencies involved in the building works and associated activities by the approved agency for
pre-enginecred works,

7.4 DELIVERABLES/ SUBMITTALS BY PEB AGENCY/ CONTRACTOR

71 Lf nut mentioned otherwise, PEB agency’ Contrisctor shall deliver/submil fullowing:

S;T] Deliverable/ Submittal
| Two alternatives of Conceptuitl Architecturil drwings 1ncluding
- Floor plans, Roof Plan
- Site Man
- Sections
- Elevations
- 3D rendered views o _
2 Archuleciural construction dmwings neluding:
- Floorplans, Roof Plan
- Site Plan
- Sections
- Elevations
- Schedules off Finishes, Door-windows
- Door-Window details
- Any other druwings, detals mequited for complete understanding  and
fabnication/ installation/constiruction o
3 Fabrication drawings uf roofing and side sheeting/ cladding’ pancling drawings cte
including details of accessorics, flashings, trims, facias etc, B
4 Design calculistions for roof drainage syslem e, sizing’ aumber of gutiers, down
iakes, toor draims g, ]
5 Design calculations for naturel ventilation system lLe. siang’ aumber of ndge
ventlators, turbo ventilators ele. R
|6 As-built drawings )
¥ Drawings/ documents for Statutory approvals

Format Mo. 8-00-0001-F1 Rev 0 Copyright FIL — All nighls reserved
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Note:

3.0

11

8.2

821

822

3.2.3

8.3

3.3.1

3.3.2

3.3.3

B.3.4

B35

3.4

541

B.4.2

8.5

B.5.1

8.5.2

1. I'EB agency shall prepare the dowings completc 10 all respect. Tor (s parpose,
nocessary inpulfachivity not done by the agency shalt be obtained from other involved
agencies.

MATERIALS

baterials shalt conform to project specifications and procured from approved Manulchrers
included in the tender/bid document.

Roofing and Side Sheeting/ Cladding / Panelling

Rooling and side shecting/ cladding/ panclling shall be cither of following as mentioned in
project specitication,

Pre-proliled and pre-coated sicel sheel,

Profiled Aluminium shect,

Insulated double skin pre-profiled and pre-coated steel shect done a site,
Insulated factory made panels.

el b =

Tf not mentioped otherwise, pre-profilad and pre-coated steel sheet shall be provided.

For specifications of above, reference shalt be made to specification nos 6-75-0001 & 6-75-
0008.

Trims, Gutters, Flashings and Other Accessories

These shall be Gbricated, bent, and profiled to match with the sheeting, including all cutting,
profiling, crimping, curving, fabrication, riveting, fasteners, stitching ete. all complele.

Matcrial, finishing of these shall be as similar to the specification of top sheet of the rooling/
side sheeting/ cladding.

Other details of these shall be as per approved Manufacturers approved standard specification,
If not mentioned colour of these shatl be similar (o the roofing/ side sheeting/ cladding.

Down lakes/ rain water pipes shall be of uPVC or as per approved Manufacturers standard
specilication and conccaled ot cladded as per approved Architectural design.

Windows/ Louvers

If not mentioned otherwise, windows! louvers in the sheeting/ cladding/ panclling shall be of
pirwder coated Aliminium sections. Giazimg shall be of 6mm thick tonghened glass.

Junction/ joints/gaps of Windows/ Louvers and sheeting shail be closed cnsuring leak and
weather tightness by suitable flashing, sealanl ete.

Roof Nght sheet

Roof light sheet on roofing/ side sheeting/ cladding shall be of transparent poly-carbonate
shect compatible to profile of roofing/ side sheeting/ cladding: panelling,

Junction! joints/gaps of this shect and rooting’ side shecting/ cladding shall be closed ensuning
leak and weathcr tightness by suitable flashing, sealant ete.
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8.5.3 Reference shall be made to specification no. 6-73-0008 for specification of Roof light sheet.
8.6 Ridge Ventilator! Air Extractor/ Turbo Ventilator

8.6.1 IReference shall be made to specification no. 6-75-0008 for specification of Ridge ventilator!
Aar extractor’ Turbo venulator

862 Junction/ joints/gaps of these and roofing’ side sheeting/ cladding shatl be closed ensuring
leak and woather Gghtness by suitable Aashing, scalant clc,

R.7 Orther Materials

For other materials, reference shall be made to following specifications:

S;l:al bpem;lzatmn Title

1 6-75-000H Standard specification for architectural works general

2 6-75-0002 | Standard specification for floor finishing

3 6-75-0003 | Standard specification for wood works

4 6-75-0004 | Standard specification for steel / aluminium doors, windows and
ventilators S

6750005 | Standard specification for plastering and pointing
T6-75-0006 | Standard specification for roof (reatment o

7 6-75-0007 | Siandard specification for white / colour washing, distcmpering,
painting and polishing

5 6-75-0008 Standard specification for roofing

9 6-75-0009 Standard specification for sanitary fittings and fixtures

10 6-75-0010 Standard specificalion for false ceiling, False flooring underdeck
insulation & parliloniog

11 6-75-0011 Standard  specification for fire check / fire resistant doors,
windows & partilions

Format Mo. 8-0E-0001-F1 Rev 0 Copyright EIL — Adl ights reserved
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Abbreviations:

ASTM
AAMA
ACP
BS
BIS
EN

IS
NBC
PVDF
RCC
S5

American Society for Testing and Maternials
American Architectural Manufacturers Association
Aluminium Composite Panel

British Standard

Bureau of Indian Standards

European Standards

Indian Standards

Mational Building Code of India
Polyvinylidene Fluoride

Reinforced Cement Concrete

Stainless Sieel

Architecture Standards Committee

Convenor:

Members:

Mr. Samir Das

Mr. Rajesh Guyral

Mr. Anish Kundu

Mr. Sandeep Sharma

Mr. Maitrayee Majumdar (Strl)

Mr. Charanjeet Singh (Proj.}

Mr. Ravindra Kumar (Construction)
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1.0 GENERAL

This Specification covers requirements of ACP cladding on building facades, building or
Architectural or structural elements and as interior or exterior finishing or decorations etc.
This specification shall be read in conjunction with project specilic job specification.

20 REFERENCES

The codes and standards listed below contain provisions which through reference in this
specification constitute provisions of this standard specification if not specifically mentioned
otherwise.

2.1 In case of similar codes of different organizations such as 15, 1580, BS, EN, BS-EN, ASTM,
NFPA, NBC ete. conformity with any of the similar codes is acceptable.

2.2 Reference codes and standards:
Standards Document title
ASTM E 330 Standard Test Method for Structural Performance of Exterior

Windows, Doors, Skylights and Curtain Walls by Uniform Static
Air Pressure Difference

AAMA 501.1 Standard Test Method For Water Penetration Of Windows,
Curtain Walls And Doors Using Dynamic Pressure

AAMA 501 .4 Recommended static testing method for evaluating curtain wall &
storefront systems subjected to seismic & wind induced interstory
drifi

| AAMA 5012 df}:;ht},r assurance & Du},nu'-‘;m ‘Water ILakagL field check of
Installed storefronts, curtain walls . and sloped glazing systems

ASTM E547 Test Method for Water Penetration of Exterior Windows, Curtain

. _ | Walls and Doors by Cyclic Static Air Pressure Differential,
ASTM E283 | Standard Test Method for [h.u.rmmmL Rate of Air Lt.akagt.

Through Exterior Windows, Curtain Walls. and Doors Under
o Specified Pressure Differences Across the Specimen |
I‘x\STM E33] Standard Test Method for Water Penetration of Exterior

Windows, Skylights, Doors, and Curtain Walls by Uniform Static

Air Pressure Difference

| ASTM E547 Test Method for Water Penetration of Exterior Windows, Curtain
Walls and Doors by Cyclic Static Air Pressure Differential.
EN 485 Aluminium and aluminium alloys - Sheet. strip and plate - Part
I: Technical conditions for inspection and delivery
EN 13501-1 Fire classification of construction products and building
| elements - Part | -
I5 it_&{m i | Metalhc n'mi_'.._rldlg_ Ia:nmh. lesting al ambient temperature
IS 8402 Methods of Samphng and Test Tor Pressure Sensitive Adhesive
Tapes
15 17682 | Aluminium Composite Panel Specification
150 868 | Plastics and ebonite Determination of indentation hardness by |

means ol a durometer (Shore hardness)
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30 MATERIALS

3.1 Aluminium Composite Panel (ACP)

ACP shall be external grade mineral core fire retardant type. The panels shall consist of two
outer alumimium alloy skins and mineral filled core in between the skins and shall meet the
requirements below:

Property Specification
Grade of the panel Grade 3 (external grade mineral core fire retardant
ACP) conforming to IS 17682

Or

Grade B- sl, d0 conforming to EN- 13501-1
Thickness Overall thickness — 4 mm (+/- 0.2mm}
COuter skins 0.5 mm thick aluminium alloy sheets of any of the

following designations.

1. 31530B with conditions H x 6 or H x 8 conforming
to IS 737

2. 3105 with H14/16 conforming to EN485

Minimum 3 mm thick, Non combustible type,
comprising of 70% inorganic compound 30% virgin
polymer lammmated and bonded to outer skins.

Density of core -~ 1.5-1.7 gram/ cubic centimeter

Mineral core

Weight of the panel |

Tensile strength

Minimum 7.5 Kg per square melre

Minimum 45 N/ square mm when tested as/ IS 1608
(part 1)

Yield strength

Minimum 38 N/ square mm when tested as/ IS 1608

{part 1}

'_I'Enl'.:mgé'[inn o
Peel strength NAO mim
width
Coating on front side of
aluminium alloy skin

Minimum 5 when tested as/ IS 1608 (part 1)
Minimum 6 when tested as/ 1S 8402

PVDF - Minimum 25 microns

Pencil hardness - 2H

The coating shall consist of chromate conversion,
inhibitive primer and fluoropolymercolour coats in
approved colour, texture.

Bare aluminium finish

Finishing on backside of |
. aluminium alloy skin
Peel-off protection

The finished surfaces of ACP shall be I’acm@
protected with self adhesive peel-off foil having a
thickness of 80 microns,

Profiling of panels
adequately reinforced at their back side meeting
| structural design and deflection criteria.

1.2 Supporting frame work

Materials for supporting framework shall be as tabulated below:
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Aluminium sections | Aluminium profiles shall be of Aluminium (6063 T 5 grade as per

and profiles EN 485-2).Permissible deflection shall be L/175.
They shall be coated with PVDF (minimum 45microns).
Brackets Mild steel or Aluminium
Screws and fasteners | Stainless steel (S5), 304 grade
Anchor bolts Stainless steel (SS), 316 grade
Weather sealant Non bleeding and non staining type having minimum tearing

strength of 4.00 N/ mm and shore A hardness of 24 ( as/ SO 868)
as approved by the Engineer-In- Charge.

Structural sealant In accordance with design load as approved by the Engineer-In-
Charge.

Other components of the frame work not listed in the table shall be in accordance with the
detail design and specification of the system prepared by the Contractor and approved by
Engincer- In- Charge.

4.0  DESIGN AND DETAILING OF ACP CLADDING SYSTEM

4.1  Design, structural analysis and detailing including preparation of fabrication drawings of the
complete system shall be done by the Contractor or agencies engaged by the Contractor
subjected to approval by the Engineer- In- Charge.

4.2 The design, finished surface (pattern, shape, colour, texture ete)and detailing shall be in
accordance with the drawings, requirements of this specification and other requirements
1ssued by Engineer-In-Charge for the purpose.

4.3 ACP cladding system shall comprise of ACP fixed on background (such as masonry, block-
work, RCC, steel ete ) by means of supporting [ramework in accordance with approved design
and drawings.

4.4 Design shall also include structural analysis and design of the supporting frame work in
accordance with relevant Indian or International codes as mentioned or as agreed by the
Engineer-In-Charge considering  stability, durability, water tightness and other design

conditions.

4.5 Contractor or agency engaged by lum shall do and submut all necessary structural analysis,
calculations and prepare all detailed fabrication drawings for approval by the Engmeer-In-
(harge.

4.0 The fimshed surface shall be cither with open type grooves or with closed grooves (silicone

llled grooves) as mentioned in drawings, item descriptions ele,
I not mentioned specifically, open type grooves shall be provided.
In both the cases grooves shall be in the pattern / design in accordance with approved design

and drawing.

5.0 INSTALLATION

5.1 Installation of the complete system shall be done by agency approved by the Engineer-In-
Charge.
5.2 Installation shall be done in accordance with design and drawings approved by the Engineer-

In- charge.
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The finished surface shall be true to the plane, water-tight. The groove lines of panels shall be
uniform and truly aligned in the continuity.

The aluminium profiles of framework shall be fixed to background surface by means of fixing
to brackets (fixed to the background surface) with SS bolts and nuts. The brackets shall be
with serrations and serrated washers for arresting wind load movement,

Nylon separators shall be provided to prevent bi-metallic contacts in the system.

The panels shall be cut to size and shape, routed, comers notched and bent as required.
Aluminium cleats shall be fixed to the backside edges of the panels using aluminium pop
rivets. The panels shall be fixed to the framework using SS screws.

The gaps ( 12 - 16 mm) in between the panels shall be uniform in width.

In case of closed groove system, the gaps between panels shall be filled up with closure
profile, backer rod and weather sealant.

Gaps upto 10 mm between the peripheral panels and backing surface shall be sealed by
inserting adequate sized backer rod and sealant. Gaps more than 10 mm shall be sealed by
providing and fixing of 2 mm thick aluminium sheet (finished with 60-8- micron thick super
durable polyester coating) flashing profiled as per site requirement.

The termination of the panels shall be suitably detailed and executed using flashing, bending/
continuing the panels etc. for stopping water ingress.

Mecessary weep holes shall be provided in the system for draining out trapped water/
moisture,

After the installation is completed, peel-off foils shall be removed from the panels and the
panel surfaces shall be cleaned and washed with mild soap water with soft dry cotton cloth.

TESTING

The completed ACP system shall be tested for water tightness as per following method.

[esun;;, Method | Document utle

Exterior Windows., Curtain Walls, and Doors Under Specified
Pressure Differences Across the Specimen

ASTM E331 Standard Test Method for Water Penetration of Exterior Windows,

Skvlights, Doors, and Curtain Walls by Uniform Static Air Pressure
Dilterence

ASTM E283 Standard Test Method for Determining Rate of Air Leakage Through

ASTM E 330 Standard Test Method for Structural Performance of Exterior
Windows, Doors, Skylights and Curtain Walls by Uniform Static Air
Pressure Dilference

Walls And Doors Using Dynamic Pressure

AAMA 501.1 Standard Test Method For Water Penetration Of Windows, Curtain

AAMA 501 .4 Recommended static testing method for evaluating curtain wall &
storefront systems subjected 1o seismic & wind induced interstory
drift

Installed storefronts, curtain walls . and sloped glazing systems

ASTM E547 | Test Method for Water Penetration of Exterior Windows, Curtain
Walls and Doors by Cyclic Static Air Pressurc | DI“L‘I’LI‘I[IHI'
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In case water penetrations are noticed, necessary rectifications shall be done by the Contractor
to stop such water ingress as acceptable to the Engineer- In - Charge.

7.0 DELIVERABLES BY THE CONTRACTOR
With regards to documents and drawings, the Contractor shall fumish following deliverables:

I, Structural analysis and calculations
2. Fabrication or shop drawings
3. Test certificates in support of compliance with the specifications.

8.0 WARRANTY

The complete system including ACP, framework, sealants, fittings and fixtures and all
components shall be warranted by the Contractor for a period of 5 years. Any defective work or
material found within this period shall be repaired/ replaced’ re-done by the Contractor at his
owWn cost,
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American Society for Testing and Materials
American Architectural Manufacturers Association
British Standard
Bureau of Indian Standards

European Standards

Ethylene propylene diene monomer

Indian Standards
National Building Code of India

National Fire Protection Act
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1.0

GENERAL

This Specification covers requirements of the semi-unitized and unitized Curtain wall
Structural Glazing System of buildings. This specification shall be read in conjunction with
project specific job specification.

2.0 REFERENCES
The codes and standards listed below contain provisions which through reference in this
specification constitute provisions of this standard specification if not specifically mentioned
otherwise.
2.1 In case of similar codes of different organizations such as 5, SO, BS, EN, BS-EN, ASTM,
NFPA, NBC elc. conformity with any of the similar codes 1s acceptable.
22 Reference codes and standards:
Standards Document title -
Standard Test Method for Structural Performance ol Exterior
ASTM E 330 Windows, Doors, Skylights and Curtain Walls by Uniform Static Air
Pressure Difference.
Standard Test Method for Water Penetration of Exterior
ASTM E 331 Windows, Skylights, Doors, and Curtain Walls by Uniform
Static Air Pressure Difference
AAMA 501.1 Standard Test Met‘t'r_ud for WaFcr Penetration of Windows, Curtain
2 Walls and Doors Using Dynamic Pressure.
Recommended static testing method for evaluating cortain wall &
AAMA 501 4 storefront systems subjected 1o seismic & wind induced inter story
drift.
AAMA 501.2 Quality assurance & Diagnostic Water leakage field check of
i | Installed storefronts, curtain walls, and sloped glazing systems.
Standard Test Method for Determining Rate of Air Leakage Through
ASTM E283 Exterior Windows, Curtain Walls, and Doors Under Specified
L Pressure Differences Across the Specimen.
Specification for Wrought Aluminium and Aluminium Alloys for
BS 1474 General Engineering Purposes: Bars, Extruded Round Tubes and
Sections.
Rubber Used in Preformed Gaskets for Weather Exclusion from
BS 4255
Buildings - Pant |: Specification for non-cellular gaskets.
Aluminium and aluminium alloys - Chemical composition and form
EN 573 -3 of wrought products - Part 3: Chemical composition and form of
B products.
EN 135011 Fire classification of construction products and building elements -
. Part |
s Hf}l’_:l | Methods of Test for Vulcanized Ruber
IS 8183 Bonded Mineral Wool - Spm.lhullmn -
1S 15601 Automotive Vehicles — Flammability requirements
Plastics and ebonite Determination of indentation hardness by
IS0y 86N ;
- means of a durometer (Shore hardness).
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30 MATERIALS

KN | Aluminium Extrusions

311 Aluminium alloy extrusions, sections and profiles such as Transom, Transom Connector,
Mullion, Mullion Sleeve, Glazing insert, Toggle cleat, Pressure plate, Pressure cap, Alummium
bracket, etc. shall be made of Alummnium alloy and temper 6063 TS or T6 grade as per BS
1474 or EN AW 6060 T66 conforming to EN 573 part-3 as mentioned in drawings, item
descriptions or job specifications.

If not mentioned specifically, they shall be made of Aluminium alloy and temper 6063 TS or
Th grade as per BS 1474,

3.1.2 All extruded aluminium sections exposed to outside environment shall be anodized in
approved color to a minimum thickness of 20 microns or shall be PVDF coil / spray coated in
approved colour and shade with metallic colours to a minimum thickness of 35 microns as
mentioned in drawings, item descriptions or job specifications.

If not mentioned specifically they shall be PVDF coil / spray coated in approved colour and
shade with metallic colours to a minimum thickness of 35 microns.

3.1.3 The colour and the finish shall be uniform and free of streaks. The aluminium sections, before
coating, shall be suitably cleaned, rinsed, buffed properly and sealed and protected after
anodizing / PVDF coating, till the completion of the work.

3.1.4 The members of aluminum extruded sections for mullions, transoms, members ol sub frames &
sash frames shall be in single piece. Jointing of pieces in length and height shall not be
permitted excepting the cases where the required length is more than maximum length as
manufactured.

32 Glass

3.2.1  The infill glazing panel shall be factory made glazed unit of size, thickness and type and in
compliance with climatic zones, vertical fenestration requirements { as mentioned below) for
all three incremental energy efficiency levels, 1.e. ECBC, ECBC+, and Super ECBC as
mentioned in drawings, item descriptions or job specifications.

a) Maximum allowable Window Wall Ratio (WWR) is 40% (applicable to buildings showing
compliance using the Preseriptive Method. including Building Envelope Trade-off Method)

b) Minimum allowable Visual Light Transmittance (VLT) 15 0.27

¢} Assembly U-factor includes both frame and glass area weighted U-factors.

Venical Fenestraton Assembly U-factor and SHGC Requirements for ECBC Buildings n
various climates:

- Composite | Hot and | Warm and | Temperate | Cold
dry humid o )

Maxiuny_l_l_y_i_:_iunr {W m'K) | 3.00 3.00 3.00 1.00 3.00
Maximum SHGC Non-North 0.27 0.27 027 | 0327 | 062
Maximum SHGC North 0.50 0.50 050 | 050 0.62

tor latitude = 157N - o - |
Maximum SHGC North 0.27 0.27 0.27 0.27 .62

| for latitude < 15°N o . _ P | S—
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Vertical Fenestration U-factor and SHGC Requirements for ECBC+ buildings and Super
ECBC buildings in various climates:

Composite | Hot and | Warmand | Temperate | Cold
dry humid

Maximum U-factor (W/m*.K) 2.20 2.20 2.20 3.00 1.80
Maximum SHGC Non-North 0.25 0.25 0.25 0.25 0.62
Maximum SHGC North .50 (.50 (.50 (.50 0.62
for latitude = 15°N
Maximum SHGC North 0.25 0.25 0.25 0.25 0.62
for latitude < 15°N

3.2.2 However, as a minimum requirement, glass shall be toughened type and 6mm thick.

33 Gaskets

3.3.1 Gaskets and seals shall be of approved quality compatible with substrates, finishes and other
components they are in contact with. All gaskets exposed directly on the exterior face shall be
silicon gaskets, which are UV resistant. They shall not degenerate, discolour or leach on
exposure o solar radiations/ rains/ pollutants etc.

3.3.2 Gaskets shall have following properties:

_[’rnperty Value Reference code/ standard
Material Microwave cured EPDM BS 4255
Performance capability Temperature range of -40 Deg | -

Cto+120 Deg C
Fire resistance (Horizontal | Not exceeding 35 mm/Minute | IS 15601

burning)

Fire resistance ( Ventical Not exceeding 15 mm/Minute | IS 15601
burning) -
Heat stability, mechanical Compliance with reference IS 3400
propertics etc code/ standard

Ozone resistance Passing the test for 200 hours | -

34 Sealants

3.4.1 Sealants shall be in conformity with the performance requirements specified in job specification
¢le. as per the recommendations of the sealant manufacturer and as approved by the Engineer-
In-Charge.

3.4.2 Structural sealant
The silicone bite for the structural sealant shall be designed for the design loads as specified and

likely to come during the life of the curtain glazing system. It shall be two part pump-filled
Silicone sealant.
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3.4.3 Weather sealant

Weather sealant shall be Non bleeding and non staining type silicone sealant having minimum
tearing strength of 4.00 N/ mm and shore A hardness of 24 ( as/ SO 868) as approved by the
Engineer-In- Charge.

3.5 Fire smoke seal

Smoke seal/fire stop using extruded aluminum channel with cap shall be provided for
continuous structurally glazed framing system. The thickness of channel shall be 2 mm and
material and coating finish shall be similar to extruded profile section as per clause no. 3.1.

3.6 Insulation on spandrel panel

Insulation on spandrel system shall be 50 mm thick semi-nigid fibre glass wool insulation panel
of mmimum density of 48 kg per cubic metre conforming to IS 8183 and 1.5 mm thick anodized
{10 microns) solid aluminium sheet tray by using suitable stainless steel rivets/ nuts, bolts and
washers to hold the insulation panel in position,

3.7 Flashing

All flashings shall be made from minimum [.0 mm thick solid aluminium sheet anodized to a
minimum thickness of 10 microns. It shall be fixed using stainless steel screws dipped in
weather silicone sealant or by welding,

3.8 Aluminium decorative capping

Aluminium decorative capping etc. shall be made out of extruded profile section and material
and coating finish per clause no. 3.1 and as per approved design.

1.9  Brackets/supports

The brackets shall have suitable lengths and sections to align curtain glazing in one face, as
required as per the Architectural drawings. The brackets shall be fabricated from M.S rolled
sections | plates to have the design strength. The quality of the weld shall also be ensured as per
the standards. These shall be provided corrosion protection treatment by Hot Dipped
Galvanizing. The mass of the zine coating to be not less than 610 gm. per sqm of steel area to be
galvamzed.

Each bracket shall be fixed to the R.C.C using anchor fasteners of suitable capacities and in
numbers as required as per the design requirements, The brackets shall be lixed to the structural
steel members of the building using stainless steel bolts & nuts / fasteners of required capacity
and in numbers as per the design requirement.

310 Fasteners
Bolts. anchors and other fastening devices like screws, nuts, washers ete. shall be of stainless
steel and of approved types as required for the strength of the connections, shall be self-locking,
unless otherwise specified.

Anchor fasteners shall be of stainless steel grade 316. Screws, Nuts, Bolts, Washers shall be of
stainless steel grade 304, Rivets, toggles and the like shall be of stainless steel grade 304,
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3.11 Fittings

All hardware and Nittings such as patch ftings, handles, locks, stay-arms, oor springs, friction
stays etc. for doors , windows and open able panels shall be of heavy duty type and of approved
make as specified.

Hinges for open able panels shall be heavy duty top hung stainless steel friction hinges selected
for specilied wind load and dead loads.

312 Others

Other materals not mentioned above shall be in accordance with the detail design and
specification of the system prepared by the Contractor and approved by Engineer- In- Charge.

4.0 DESIGN AND DETAILING OF STRUCTURAL GLAZING SYSTEM

4.1 Design, structural analysis and detailing including preparation of fabrication drawings of the
complete system shall be done by the Contractor or agencies engaged by the Contractor
subjected to approval by the Engineer- In- Charge.

4.2  The design and detailing shall be in accordance with the drawings, requirements of this
specification and other requirements issued by Engineer-In-Charge for the purpose.

4.3 Design shall also include structural analysis and design of the supporting frame work in
accordance with relevant Indian or International codes as mentioned or as agreed by the
Engineer-In-Charge considering  stability, durability, water tightness and other design
conditions.

4.4 Contractor or agency engaged by him shall do and submit all necessary structural analysis,
calculations and prepare all detailed fabrication drawings for approval by the Engineer-In-
Charge.

4.5 The system shall consist of struciural framing and supporting system to support glazed/non
glazed panels including transoms, mullions, vision panels and spandrel panels, openable top
hung window, swing glazed doors, decorative capping, fire & smoke seal, Nashing including
paskets. sealants, fasteners, brackets, necessary  fittings & accessories as part ol the system in
accordance with approved design and drawings.

4.6 The System shall be designed for maximum design wind pressure and lateral forces, moments,
stresses, deflections, thermal expansion, weather resistant ete, (test pressure equivalent to 1.5
time the maximum design wind pressure) considering stability, durability, water tightness and
other design conditions

4.7  The System shall be designed with air pressure equalization chamber and concealed continuous
gutter vertically and horzontally at all levels as self drminage barmer to achieve water tghtness
besides providing EPDM gaskets on the frame and EPDM easket/ sealant on the external
groove as air and water barmer,

4.8 The system shall be designed 1o meet the requirements of thermal performance.

4.9  The system shall be acsthetically pleasant and in accordance with approved design.
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5.0 FABRICATION, PROCURMENT & TRANSPORTATION

5.1  Fabrication including procurement & transportation of all material shall be done in accordance
with the approved system design, detailing & drawings and requirements the specification (s).

5.2  Before fabrication, Comtactor or agency shall conduct the site survey prior to and alter
preparation of shop drawing and accommaodating the site conditions in the system at appropriale
levels etc shall lies solely with the agency executing the work.

5.3  Before the fabrication and site installation is taken up and afier the approval of shop drawings
by the Engineer-in-Charge. a mock-up of the system shall be prepared by the Contractor. The
mock-up shall be essentially put up at site for final approval of all matenials and installation
details by the Engineer-in-Charge. It shall be dismantled and taken away by the contractor as
directed by the Engineer-in-Charge.

54 The system shall be erected on extruded main frame & transom fixed on supporting svstem al
site. The panels shall be supplied and fabricated with the specified glass on the secondary frame
at factory.

5.5 Factory made glazing units /components shall be transported , handled, stored in a manner to
prelude damage of any nature.

5.6 All matenials delivered to site shall be stored in allocated spaces where it shall not be exposed to
rainwater, moisture or damage. All Matenal shall be stored neatly and properly handled .
Defective/damaged components shall be replaced by contractor.

6.0 INSTALLATION

6.1 Installation of the complete system shall be done by agency approved by the Enginecer-In-
Charge.

6.2 Installation shall be done in accordance with approved design and drawings.

6.3 The linished surface shall be true to the plane and water-tight. The lines of panels shall be truly
aligned in the continuily or as per drawings.

6.4 The aluminium profiles of framework shall be fixed to building structure and background
surface by means of fasteners as per approved design and drawing.

6.5 Nylon/ inert polymeric material separators shall be provided to prevent bi-metallic contacts in
the system.

6.6 Transom connectors shall be fixed to the mullions using screws!’ other suitable method as
recommended by the system supplier. Mullion Sleeve shall be used in mullion-mullion joints.

6.7  Glazing gaskets shall be installed and compressed into the cavity as applicable.

6.8 The glazing panels shall be cut to size and shape, routed. Glass shall be fixed using pressure
plate (with gaskets) any other approved vendor detail on horizontals and verticals. There shall
be provisions of Horizontal and Vertical Capping as per the design intent.,

6.9 The gaps (12 - 20 mm) in between the panels shall be uniform in width.

6.10 The gaps upto 10 mm between the peripheral panels and backing surface shall be sealed by
mserting adequately sized backer rod and weather sealant. Gaps more than 10 mm shall be

Farmal No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved
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sealed by providing and fixing of 2 mm thick aluminium sheet (finished with 60-8- micron thick
super durable polyester coating) flashing profiled as per site requirement.

6.11 The cover caps shall be clipped on to the pressure plates and secured by screws where
recommended by manufacturer.

6.12 The termination of the panels shall be suitably detailed and executed using flashing, bending/
continuing the panels etc. for stopping water ingress.

6.13  All the joints in aluminium framing system and factory glazed panels shall be fully sealed and
made air, water and weather tight preventing seepage of rain water under heavy wind pressures.

6.14 Gap between the building face and structural glazing system at soffit level between the
successive floors shall be closed with required fire rated fire stop cum smoke seal.

6.15 Aficr the installation is completed, panel surfaces shall be cleaned with soft dry cotton cloth.

7.0 DELIVERABLES BY THE CONTRACTOR
With regards to documents and drawings, the Contractor shall furmish following deliverables:

Structural analysis and calculations

Fabncation or shop drawings

Test certificates in support of compliance with the specifications.

Samples for matenials, components, accessories.

Product data sheets, installation & mamtenance manuals.

Mock-up of complete structural glazing system including glass depicting all important

components

U-Value Caleulation for the proposed Glazing.

8. U-Value (composite) calculation for the proposed structural glazing system including
glazing and framework.

9. Report on Stability analysis of Glazing panel of all sizes.

A e b bl —

]

.

8.0 TESTING

The following performance tests are to be conducted on structural glazing system if area of
structural glazing exceeds 2500 Sgm from the certified laboratonies accredited by NABL
(National Accreditation Board for Testing and Calibration Laboratories) or Department of
Science & Technologies, India.

1. | Performance Laboratory Test for Air Leakage Test (-50pa to -300pa) & (+50pa to + 300

pa) as per ASTM E-283-04 testing method for a leakage limit of | to 200 mVhr.

Static Water Penetration Test (50 pa to 1500 pa) as per ASTM E -331-09 testing method
tor a range up to 2000 ml.

[

3. | Dynamic Water Penetration (50 pa to 1500 pa) as per ASTM E -331-09 (esting method
for a range upto 2000 ml.

4. | Structural Performance Deflection and deformation by static air pressure test (1.5 times
design wind pressure without any failure) as per ASTME-330-10 testing method for a
range upto 30 mm. |

5. | Seismic Movement Test (upto 30 mm) as per AAMA 501.4-09 testing method for
Cualitative test. Tests 1o be conducted at site.

6. | Onsite Test for water leakage for a pressure range S0kpa 1o EJ{JE_['; (35psi) upta 2000ml.
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9.0 WARRANTY

The complete structural glazing system including Glazing, framework, sealants, fittings and
fixtures and all components shall be warranted by the Contractor for a period of 10 years. Any
defective work or material found within this period shall be repaired/ replaced/ re-done by the
Contractor at his own cost. In case of any damage, water leakage etc. due to deficiencies in
design, materials and workmanship, the contractor shall replace or rectify the damaged works at
his own cost to the acceptance of approving authority.
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1.3

SPECIFICATION FOR ERECTION OF EQUIPMENT AND MACHINERY
Scope

This specilication covers technical requirements for erection of all slatic and rotlating
equipment by ereclion contraclor at site. This specification is applicable for all the ereetion -
lenders opernialed by EIL.

{cneral

All necessary handling equipments, toos, 1ackles and precision instruments for carrving out
the works as specified shall be provided by the Erection Contractor {FC) at his cost. EC must
provide atl tools and gauges for erection and alignment. Special tools, if any, received as part
of machinery, will be given to EC for erection purposes, which shall be returned in wood
condition after use, Sultable deductions will be made by the Engineer-in-Charge (EIC) in case
of loss or damage of the special tools. The value of such loss or damage will be decided by
the EIC and C shall be bound by such a decision.

Equipment Manufacturer’s recommendalions regarding preservation during storage at site and
detalled  specifications  for  the  installation  alongwith  layoul  drawings, general
arrangement/equipment outline drawings and sub-assembly drawings of the various equipment
and machinery will be provided to RC during the performanve of work., ‘T'he requirements
stipulated in these shall be fulfilled by EC in addition to what is stated in this specitication.
Frection shall be carried owt as per the inswructions and supervision of Machinery
manufacturer’s representative, wherever such supervisory services are applicable,

All the items of work covered in the tender shall be carried out as per ihis Specification and
olher details to be fornished to EC.  However, EIC reserves the right to give
additicnal/alternative specificalions and instructions, at any fime, for execution of any
particular  work and E[EC  shall execule such works in accordance  with  such
additional/aliernative specifications and instructions of the EIC. Such a step taken by the EIC
shall not constitute a breach of the contract.

Preparation for Erection

I'C shall be responsible for organising the lifiing of the equipment in the proper sequence, so
that orderly progress of the work is ensured and access routes for erecting the other equipment
are kept open.

Rigging procedure for all the major lifts {above 10 M1} and &t maximum vrane capacity shall
be submitted by FC for the approval of EIC. However, approval to rigging procedure
proposed by EC shall not releeve FEC [rom his responsibslity in following the proper
lifting/erection methods an ensuring orderly.

Orientation of alt foundations, elevations, length and gispasition of anchor bolts and Jiameter
of holes in the supports saddles shall be checked by EC, well in advance. Minor rectifications
meluding chipping of foundations as the case may be, shall be carried out by EC after
obtaining prior approval of FIC. EC shall also be provided with the necessary structural
drawings and piping layouts etc. wherever required for reference. EC shall crosscheck such
pipmng and structural drawings with actual construction at silte and i case of any mismatch
inform the E1C before taking up the erection.

Farmat Mo. 8-00-3001-F1 Rey, Copyright EIL — All rlghis recarved
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During the performance of the wark, EC shall keep structures, materials or equipments
adequately braced by guys, struts or otherwise approved means which shail be supplicd und
installed by EC as required till the installuten work is satistuctorily completed,  Such goys,
shoring, bracing, strutting, planking supports etc. shall not iterfere with the work of other
agencics and shall not damage or cause distortion to other works executed by him or other
agencies.

ERECTION OF COLUMNS, TANKS, YESSELS AND DRUMS ETC.
Scope of work of Ereclion Conlracior

{a} Preparation of ¢rection scheme and rigging procedure and obtaining its approval from
EIC wherever necessary.

(b Withdrawal of equipments from Owner’s storage peint, checking and reporting its
conditions, transporting the same to EC™s stores of work site including unloading cie,

{c} Erection on foundations fumished by Owner incloding aligning, levelling and grovting,

{d) Asscmbly and fixing of demisters, grids, internal distributors and other internal Otlings in
Columns, Yessels ele,

{e) Filling of Columns, Reactors., Vessels’ Drums etc. with Raschig rings. supporting
elemeals, sand, concrete cte, as required,

{f} Welding of washers {or equipments, crection of pipe davit & muinar welding of their parts
as pet specilications and instroction of EIC.

{g) Assembly & erection of Agitutor (Mixer) along with drive onit {(Motor) including all
accessores for vessels/drums/reactors (wheraver indicated) as per specification drawings
& instructions of E1C.

(h) Flushing, cleaning and drying of Columns, Vessels/Drums etc.

() Completing the cquipments in all respects for commissioning the plant as per drawings,
specifications & instructions of EIC.

{j3 Any modification in the erected Columns, Reactors, Yessels/Drums to the complete
salisfaction of EIC,

Genegral Condilions of Erection

Unless otherwise specitied Columns, Vessels, Drums ete. will be generally sopplicd to the
Erection Contractor in single piece and EC will oot be required (o carry oot any assembly or
welding. In cuse column s sopplied in multiple pieces and erection of the equipment is not
possible in single piece, EC shall be responsible for lifting the pieces, for aligning, welding
and hydrotest etc. in vertical position under the supervision of column Sopplier {Fabricator).
However, EIC shall be responsiblc for coordination betweesn Erection Cotractor &
Fabricator, The schedule of quantities (S(Q) for equipment erection enclosed with the tender
document outlines details of each equipment such as diamcter, averall height, type of support
{saddle/skin/leg/bracket), position (horizontal or vertical) and approximate crectian weight
ete. However the erection elevation and location of equipment shall be as per the piping
layout drawing enclosed with the tender.

Famat Mo, 3-00-0001-F1 Rev. ©
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224
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shall be prepared by EC and got approved by EIC. Agpproval by EIC shall not relieve RC of
his responsibilitics. The defails 10 be submitted will include the location of squipment Tom
where it will be litted. location of crane(s). details of crane(s) (like contiguration, boom
length, operating radivs, boom poinl elevation, clearance underside the boom and the
equipment, litting capacity, counter weights to be deployed, holds on any neighbouring
foundations, stroclures, equipments etc.), the load chart of the crane{s). design of the lifting
tackles like spreader beam, D-shackles, wire rope shings ete. Unless the erection scheme and
rigging procedures are approved by CIC, ercetion of such equipments shall not be undertaken
in any ¢ase by EC.

Befare starling the erection of Colummns, Yessels etc., top surface of the foundations is to be
cleared/chipped, roughencd to obtain proper bond, while grouting.  Also the sleeves are to be
cleaned before erecting the equipments. Line (orientation) and levels are to be marked on alf
the foundations to facilitate checking of alignment,

I:C shall also check the comect elevation and orientation of civil, structural Foundations, before
proceeding with the erection work. Discrepancy, if any, shall be hrouaht to the notice of RIC.
However, minos rectifications and chipping of foundations upto a thickness of 15 mm in
fuundation height shail be carried out at no extra cost, by the EC. EC shall be responsible for
supply of levelling plates. {if required) and shall carmy oul levelling of equipment under the
directions of EIC,

While handling, (ransporting or erecling the equipments, care shall be taken not to damage the
nozzles, instrument conncetions, structural clips ete. EC shall also take care of the orientation
ot the nozzles and other connections of the equipments while erecting the same and casure
compliance with the drawings and specifications supplied.  Biscrepancy, il any, in the
number/orientation of the nozzles, cleats ete. should be brought to the notice of the EIC befure
actual ercction s started,

Verticality of the Columng, Reactors/Vessels shall be checked with theodolites. After erection
the equipment shall b levelled and proporly aligned with necessary shims and wedges
supplicd by EC, at his cost.  After the level, alimnment and verticality etc. are checked and
approved by EIC, EC shall carry out arouting.

EC shall prodoce recent test cortificates of the slings which they will be wsing for crection
work. However, relesting of the slings shall be done at site by [C at his cost, ag and when
required by EIC. The weights of test loads shall be as per IS-807. The iest loads shall be
supplied by EC at bis cost. Tested slings will be punched for test loads and date of testing as
dirceled by EIC,

I shall also carmy oot the assembly. ercction, levelling and aliznment of all tvpes of weir
plates, batfles, distributors, colleclors, spray nozzles, demisters, grids and other internal
fitings ete. Work shall be carried out as per manufaclurer’s standasds/specificauons which
shall be made available 10 EC at the tume of erection. Raschig rings, molecular sieves, intalax
saddics packing and other types of tower packings such as sand, catalyst o, and 85 wire
mesh shail be leaded intw sections of Vessels, Colomns as per specifications and drawings.
Dowails for internals to be installed by EC shall be as per separate schedule of quantities
enclosed with the ender document.  All packings except clay and lime stone shall be washed
with water befure filling. Bottom layers, if required, shall be aranged ay directed and random
filling shall be done alierwards with equipment filled with water. installation of packings,
shall be done only after flushing and cleaning of Columns/Vessels and completed to the
satistaction of EIC,
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228 EC shall carry out minor welding for attachment of prefabricated pipe davil pants such as rain

229

2210

23

231

232

14

2.4.1

242

2.4.4

2.5.1

252

covers, handles elc. with pipe davil, during or after ¢rection of the same as per the
manulaclurer’s specifications, at no extra cost to the {wner.

EC shall execute crection of wooden pillow for saddle support [or cold horizontal vessels
wherever necessary as indicated on the drawings/ EIL STD 7-12-0003 and as per the
instructions of EIC.

EC shall execute assembly & erection of agitalor/mixer along with drive unitl in¢luding all
accessories as per supplier’s instructions, specification drawings & mstrections of FIC.

Flushing & Cleaning of Columns, Vessels, Drums cic.

After the erection, alignment and grouting of these equipments are complete, [ushing and
cleaning shall be carried out by EC as per specifications and instructions of EIC.

After flushing. cleaning and draining, equipments shall be dricd by compressed air at the

“pressure and Lw deration decided by the FIC. The Vessel interior shall be thoroughly

inspacted tn the complete satisfaction of EIC before it 1s finally boxed up. Boxing up of
manholes and handholes shall be leak proof. All joints which need remaking. shall be remade,
Compressed air for drying shall be arranged by EC.

Lnspection and Acceptance Limits for Level and Alignment

Co-ordinates of foundations/supporling structurcsmounting holes ete., shall be checked with
respect o the plot plans by FC.

Before equipments ar¢ placed on [oundations, orientations shall be checked with respect to
piping drawings,

When equipments are tirmly bolted down but prior to grouting, verticality of all the Columns,
virtical vesscls ete. shall be checked by using theodolile. Tolerances for equipment afier
erection shall be as per EIL Standard 7-12-0001. The allowable deviation from plumb line
shall be 1 mm per metre height, subject to maximum of 15 mm unless otherwise stated on the
drawings,

Horizonta] Vessels shall be checked for level across machined face of nowexle Dunges with
precision level.

Additional requirements for Underpground buried vesscls
Underground vessels for operating temp upto 60°C

The vessels shall be supplicd at site with ong coat of inorganic zine silicate primer duly
applied on itz external surfaces as per Spec. 6-79-0020. All other works such as application ol
coaltar enamel, as per EIL Spec. 6-79-0020 and wrapping and coating as per EIL Spec. 6-79-
0011 shall be carried out by EC. This shall inclede necessary materials, tools and tackles 1o
complete the Job in all respect as per the instructions of EIC.

Underground Vessels for operating temp. Above 60°C and upte 300°C
The vessels shall be supplicd at site with one coat of inorganic zine silicate primer as per Spec.

6-79-0020 duly applied on its external surfaces. EC shall be required to catryoul touch-up and
repair of outside primer before ercetion of equipment.

Farmat Ne. 8-00-0001-F1 Rev. © Copyright EIL — All rights rezerved
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2353 [C shalt do the necessary excavation, backfilling and removal of surplus sarth at the site as

3.0

31

32

33
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334

31346

3338

per the directions of the EIC. ECs rate shall include the excavation, blast cleaning, painting,
wrapping by Lrafl paper, placing and fixing of Vesselz, backfilling and removal of cxcess
arth.

FERECTION OF MECHANICAL EQUIPMENT
Scope of Work of Erection Contractor

The seope of EC shall consist of withdrawal and transportation of cquipmetts and accessories
from Owner’s stores (0 site, assembly of loose supplied components/parts erection of
wgquipment on foundations, levelling, aligning and grouting, preparution of equipments for trial
runs and hand over in fit eondition for the start up of the plant as per instructions of F1C.

Details of Owner Supplicd Fquipments

Fguipments (o be erected shall be supplied by the owner, Fquipments may be supplied in any
of the [ollowing conditions,

- Single equipment. such ag fibter, static mixer, silencer etc.

- 5kid mounted squipment, fully assembled,

- 5kid mounted equipment with some items supplicd loose or as subassembliss myvolving
interconnections also.

- System comprising of many cquipments, skids with interconnected piping & hook up.
Teehnical Reqjuiremenis

All equipment/machinery crection shall be done by experienced fitters. For this purpose EC
shall employ an experienced erection supervisor and crew who have done similar jobs,

EC shall study the layout drawings, for the machinerics and cquipments with their auxiliaries,
controls defining scope of supply.

Equipments shatl be checked [oe any dumages as a result of transport, handling and defects, it
any, shall be reported to the EIC. Rectification of defects shall be carried out in accordance
with approved procedure,

. Correct procedures for handling of equipment & instaliation on the foundation shalt be

followed as given in the manufacturer’s manual, Tn case of non-availubilily of such
procedures, EC shall develop & submil handling procedures [or all equipment weighing more
than 10) mewric lonnes. ‘U'he handling procedure shatl be approved by the EIC.

EC shall check the cormmectness of equipment foundations or supporting structures as per the
drawings. Equipment/Skid toot print dimensions shall be verfied to match with the
fonmdation. Minor chipping of foundation, pockets if required shall be carried out by EC,

All accessorics like pressure gauges, seal nil, cooling water & Tube oil headers cte., shall be
tugged and separately kept in Contractor's stores till erection.  All flanged connections and
openings shall be kept blunked with dummies, plugs tw prevent entry of foreign pariicles.

Equipments shalf be installed on the foundations i proper sequence,  Incase the cquipments
are delivered in subassemblies, EC shall do the assembly work as per manuofacturer’s
instructions,

Equipments shall be installed in (he comect orientation and atignment.
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3.3.25

After instaflation and levelling the equipment shall be grouted with the specified grouling
applicd to the baseplate and support.

EC shall remove all the packing and protective devices used during tratispoert and handling
frotmn the cquipment such as shock absorbent malterials from machined faces, blocking of shafts
or rollimg bearings & restraining devices from instroments, safety devices and protective
equipmcnts,

After the grouting is s¢t & cured, the foundation belts shall be checked to make sure that they
ar¢ in straight and vertical position and properly tightened. Shims, it used, shall be on either
side ol the foundation bolts.

Desiccant, catalyst where supplicd loose shall be loaded on to the respective vessels in
specified quantitics as per the suppliers instructions.

Internals, where supplicd loose shall be assembled as per the drawings and manufacturer’s
imstruclions.

Unless otherwise specified, all the instroments such as pressure gauges, sipht glasscs
iemperature recorders ete. including instrument pancls, if any, supplicd along with the
equipment with necessary conneclions, shall be installed by EC as part of Equipment ereclion.

Cquipments shall be checked lor final cleanliness before boxing up.

Any interconnected piping & ducting shall be properly installed and supported, EC shall
connect the gas, steam, air, ulility piping, msiruments, oi] piping etc. as per manufacturer’s
drawings, specifications and instructions of the EIC.

Safely devices shall be corecetly installed.

Ladders, platforms, walkways shall be ¢orrectly installed with handrails, and flooring shall be
properly secured.

Field welding, where speeified shall be in accordance with the specified procedures and NDT
tests where specitied shafl be carried out. Results of NDT tests shall be recorded.

Equipmett alignment & couplings shall comply with tolerances specified in manufacturer’s
drawings and maouals. Provisions of dowel pins or simmlar arrangements for retaiming the
alignment shall be cartied out.

After the piping has been connected, the aligniment shall be checked by EC again, to ensure
that piping connections do not induce any undue stresses on the Gquipments.  After making
necessary correetions on the piping, it any, realignment shall be done by EC 10 ¢nsure that ne
undue stresses are induced on the equipment.

Painting, insulation & fireproofing where specified shall be carried out in accordance with the
applicable specifications attached in the tender document.

Any alterations, deviations made during equipment erection with respect to manufacturer’s
drawings or instructions shall be duly recorded and approval shall be taken from the EIC,

Any special tools, tackles supplied along with the equipment and used during installation shall
be returncd to the stores through the EIC.

Any protection of the cquipment after installation, if required shall be carried out in
aceordance of the instructions of the EIC.
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34 Triul Runs

341 Wherever specified, Machinery & Equipment erected & insialled by EC under the supervision
of Machinery/Equipment supplicr shall be subjected to trial runs in accordance with clause 5.4
of this specification. Job specific trial run procedure, if specified, supersedes the trial run
procedure as deseribed in clause 5.4,

3.5 System Start-up

Dring this phase of work, EC shall provide as part of hiz work necessary skilled personpel as
per requirement of EIC. Any defeeis noticed in the Equipment shall be made good by EC at
his cost it such defecds are atributable to him.

4.0 HEAT AND MASS TRANSFER EQUIPMENT

Thiz s¢etion covers the minimum requircments for cteetion of the following equipment by the
EC.

- Deaerator

- Trays/ Tower Internals and Tower Packings

- Separators angd Tnternals

- 5hell and Tube Heat Exchanacrs

- Douhle Pipe Exchanpers

- Electric Heaters

- Plate Exchangers

- Plawe Fin Exchangers

- Sulphur Recovery Unit Equipment like Combustion Chambers, Waste Heat Builers,
Sulphur Condensers, Incinerators, Burners, Ele,

- Waste Heat Recovery Unils

- Desalters

- Vacuum Ejectors

- Ejeeter Condensers

4.1 Scope of Work of Erection Contractor

A.1.1  Preparation of erection scheme and rigging precedure and obtaining its approval from EIC
wherever necessary.

4.1.2  Withdrawal of equipment Irom Owner's storage point, checking and reporting its conditions,
transporting the same to EC's stores and work site including unloading etc.

4.1.3  Preparation of {foundation by chipping & installation of base plates for foundations. Minor
rectifications & chipping of lbundations up to a thickness of 15 mm due to crror in foundation
height, shall be carried cut by the EC' a1 pw cxtra cost

4.1.4  Before slarting the erection, top surface of the foundations are to  he
-cleaned/chipped/roughened Io obtain proper bond while gronting. Line { Qricntation) & Lovels
are also te be marked on the respective foundations prior to crection o facilitate checking of
alignment,
4.1.5  Supply of necessary shims, levelling plates, wedges, sliding base plate.

4.1.6  Ercetion on feundations furnished by Owner including aligning, levelling and grouting.
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4.1.10

4.1.11

4.1.12

4.1.13

4.1.14

4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

4.1.20

4,2

421

4232

Assembly and {ixing of trays, tower intemals {distributor, bed limiter, support plate, chimney
travs, vapour distributor etc.), demisters, grids, internal distributors and other internal fittings
in columns, vessels ete,

Installation of transformers on desalters and their electrical connection to electrode grid etc.
Welding of chimney trays, lattice girders, beams ete. wherever required.

Carrying out minor adjustments, modifications, scal welding of seal plates elc. wherever
necessary during installation.

Checking of installed travs & tower internals and filling of ingtallation formats as referred in
6-14-0016.

Filling of columns, vessels/drums ete. with Raschig rings/Pall rings! Structyred packing, as
required.

Welding of washers for equipment, erection of pipe davit & minor welding of their parts as
per specifications and insttwetion ol EIC.

Hydrotesting of shell and tube heat exchangers it the time gap between last hydrotest is more
than six months or in case it is tound to be necessary by EIC. Procedure is given inpara 4.3 &
4.4 below. EC to note that any equipment which are refractory lined al shop shall not he
hydrotested,

Flushing, cleaning and drying of eguipment using compressed air and blinding to prevent
tngress of rain, dusk ete.

Installation of refmactory lining, brick limng, ceramic boards etc, as per specifications,
recommendations of manufacturer and instructions of EIC.

Mounting ol instruments like salety valves, mupture disks, sight glasses etc as required.

Completing the equipment in all respects tor the commissioning of the plant as per drawings,
apecifeations & ingtructions of EIC.

Any modification in the equipment to the compiete satisfaction of FIC,

In addition to the above FC may be called upon to do other jobs like rectification of defects
elc. as per instructions of EIC,

Geperal Conditions of Erecilion

All carbon steel components of traysitower internals shall be cleamed o remove rust
preventive coating.

All welding shall be done by qualified welders only. The clectrodes/filler material to be used
shall be compatible with the metallurgy of component and shall be used only atter pricr
approval ol EIC,

A proposed Welding Procedure Specification (WES) shall be submitted to EIL/ Owner's
Inspector for his approval. On approval, a Procedure Qualification Test {(PQT) shall be
conducted which shall be witnessed by EIL/Owner’s Inspector. (In acceptance of all tests as
per ASME Scetion [X, a final WPS along with Procedure Qualification Recond (POQR) shall be
submitted. Production welding shall start only after approval of final WPS/FQR and
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42.5

4.2.6

427

428

4.2.9

4.2.10

4.2.11

gualification of welders as per ASME Section TX. EIL/AOwner’s Inspoctor may accept
previously qualified WPS/POR at his sole discretion,

Lautice girders wherever provided for supporting tray & tower internals have becn designed in
snch a way (hat various components pass through column manway, Components/parts of
lattice girders are o be welded inside the colomn as per respective drawings, FC shall also
chsure thal all parts of Jattice girder ace properly welded & levelness of the laltice girder shali
be checked before & after the welding, The limits of levelness as mentioned in GA drawings
shall be adhered to.

The rigging procedure shall include the following as a minimum:

Location of equipment from where it will be lited, location of crane{s), details of crane{s)
{like comfigoration, boom length, operating radius, boom poinl elevation, clearance underside
the boom and the equipment, lifting capacity, counter weights to be deployed, holds on any
netghbouring foundations, structures, equipment etc.), the load chart of the crane(s), design of
the lifting tackles like spreader beam, D-shackles, wire rope slings ete. Unless the ercetion
scheme and rigging procedures are approved by the EIC, erection of equipment shall not be
undertaken in any case by the FC.

While handling, transporting or crecting the equipment, care shall be taken aot to damage the
nozzles, imstrument conneclions, structural clips, refractory lining etc. EC shall also take care
of the nrientation of the nozzles and other conneetions of the cquipment while crecling the
same and ensure compliance with the drawings and specifications supplied. Discrepancy, if
any, in the pumberforientation of the nozzles, cleals etc. should be brought 1o the notice of the
EIC before actual erection is starled.

Aller erection, the equipment shall be levelled and praperly aligned with necessary shims and
wedpes supplied by O, at his cost. After the level, alighment and verticality aic, are checked
and approved by EIC, EC shall carry out grouting,

EC shall prodice recent test cerlificates of the slings which they will be using fow erection
work. Flowever, retesting of the slings shall be done at site by the EC at his cost, as and when
required by the EIC. The weights of test loads shall be as per 15-807. The test loads shall ke
supplied by EC at hiz cost. Tesied slings will be ponched for test loads and date of testing as
direcied by EIC.

LC shall also carry out the assembly, erection, tevelling and alipnment of all types of weir
plates, baffles, distributors, collectors, spray nozgzles, demisters, grids and other internal
fittings cte. Work shall be carried out as per manufacturer’s standards/specifications which
shall be made available t» RC al the time of ereclion. Raschig rings/Pall nngs/Structured
packing, molecular sieves. intalox saddles packing and other types of tower packing such as
sand, catalyst cte. and 85 wirc mesh shall be loaded into sections of vessels, columns as per
specifications and drawings. Details for internals to be installed by EC shall be as per separate
schedule of quantitics enclosed with the tender document. All packing except clay and lime
sione shall be washed with water before filling. Bottom layers, if required, shall be arranged as
directed and random {illing shall be done afierwards with equipment filled with water.
Installation of packing, shall be done anly after flushing and cleaning of catumns/vessels and
completed to the satisfaction of EIC.

EC shall carry out minar welding for attachment of pretabricated pipe davit parts such as min
covers, hapdles ete. with pipe davit, during or after erection of the same as per the
manufacturer’s specifications, al no oxtra cost 10 (he Owner,

EC shall install base plate aver the sliding end foundation before crection of shell and tobe
enchangers,
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4213

4.2.14

4.2.15

42186

42.17

4218

4.2.19

4.2.20

4221

4.2.22

4.2.23

4.2.24

Levelling and plumbness shall be approved by EIC and shall be checked using theodolite
before grouting and final fimshing of the foundations.  The record of the same shall be
maintained.

LC to ensure that shell and tube exchangers shall be firmly bolted down to foundations at the
fixed end. Further EC o ensure thal foundation bolts at the sliding saddic end are at the centre
at slotted holes & nuts at sliding end are only hand tightened. Projected bolt threads shall be
properly protected by application of grease etc. to avoid rusting and for facilitating free
movemnent af nus,

EC shall ensure that ne equiptnent is subjected 1o any corrosion during any stage during his
peried of work till handling over to EIC/Client,

Instrutnents, as required, shall be mounted by EC. On instructions of EIC, EC shall also
remove and hand over the instruments 1o FIC for calibrations. During this penod, EC shall
cover all openings to protect the equipment.

Before transportation o site, FC shall check and report to EIC on the condition of cquipment,
specifically ighlighting the niogen pressure indicated in the nitrogen gauges and the absence
of blinds on any of the nozzles.

In case the shell and wube exchangers are lo be stacked, bul have been stored as single shelis at
the store, then EC shall erect the bottom most shell, then erect other shell(s) sequentially using
the nozele gasketsbaling and saddle baling  supplied by owner. Additional shims, if
necessary, shall be supplied by EC. If the exchangers do nat have interconnecting nozzles,
then nozzle clevations shall be maintained as per piping GAD.

All equipment, consumable and other accessories required for completion of the job shall be
arranged by the EC. This would include bul nol limiled 1o cranes, tools and tackies,
manpower ete; machinery for cuthing, grinding , drilling ete. of base plates; instruments like
dumpy level, plumb lines, Engineer’s levels, precizion levels, theodolite, straipht edpes ete. for
checking the alignment/crection accuracy, hydroslatic testing pumps, potable water for
hivdrotesting, necessary materials including making the arrangetnents for hydro-lesting, hoses,
cotpressed air supply, pressure gauge, scaling taps, blinds, shims and wedges for alignment
efe,

EC shall execute the erection of wooden pillows for saddle supports for cold equipment as
indicated in schedule of quantities, RIL standard 7-12-002 and instructions of EIC.

For bought aut items like plate exchangers, plate fin exchangers, electric heater, etc. vendor's
instructions shall he followed.

For erection of piping of gjector system, EC shail follow relevant erection specification of
piping for the project.

EC shall check the health of the equipment refractory lined at shop on receipt and shall report
any defect or damage in the same to EIC. During instaltation all precautions shall be taken 10
avoid any damage (o refractory lining. Any damage to refractory during erection shall be
repaired by FEC at his own cost without lass of lime.

Wherever equipment with refractory are bolted or welded at the girth joints, the gaps between
the refractory shall be suitably {illed wilh ceramic (iber of suitable grade as given in the
drawings or other relevant documents of the equipment.

Refer section 1.0 (General) for additional requiremnents.
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432

4.3.3

434

43.0

437

4.4

d.4.1

4.4.2

4.4.3

4.4.4

Nydrotesting of Shell and Tube Exchangers including Condensers

These shall hydrotested at site using potable water, Hydrotesting of both shell and tube sides
shall be carried owt as per procedure given below or as per instructions of EIC.  Tor
exchangers fitted with 55 bellow or 55 part, potable water with max. 23 ppim chlorides shall
be used for hyvdrotesting,

Suitable pump set. piping, test pressure gauges and other instruments, walcr-hoses, lemporary
gaskers, metallic blinds, bolts, nuts, consumable and other temporary arrangements and
equipment for testing shall be provided by the EC at s cost, Test pressure gauges shall be
calibrated by the EC and got approved from EIC.

Stacked cachangers shall be hydrotested in stacked conditions.

Test pressure shall be as indicated in the name plates mounted on sach exchangers. Duration
of hydrotest shall be at least one haur,  Test pressures and duration of hydrotest may be
reduced by EIC. Minimum test water temperature shall be 20°C.

Any defects noticed during hvdrotesting shall be repaired by EC as per the procedure
approved by EIC. Cost for rectifving defects, not attributable to the EC shall be paid
separately,

No equipment shall in gencral form part of the pipmg loop during hydrotesting and shall be
blinded off, except when instructed otherwise by EIC.

FC o ke adequate care during pressurising & depressurising the equipment.  EC shall alse
take care of any instruction given regarding hydrotest in the exchanger drawing.

Hydrotesting Procedure

Shell side & wbe side shall be hydrotested separately, unless specified otherwise. If both zides
are (o be tested together. a warning plate would be fixed to the exchanger, and the instructions
given thergin are 10 be followed.

The side, shell or tube which ¢ver o be tested at higher pressure shall be taken first,

During hydrotest all gasket joints should be checked for any leakage. [n case of leakage from
any gasket joint, bolting at that joint shall be further tightened {ollowing proper tightening
sequence (bolts should ot be overlightened or tightened by hammering). o case it is not
paossible o stop leakage by bolt tightening, drain the water in exchanger & replace gasket at
that joint by new gasket (gaskel will be supplied by owner). After replacing gasket exchanger
must be again hydrotested with same progedure to ensure leak nghtness,

In case of floating head heat cxchangers, if it 18 found during hydrotest that the pressure is
dropping, while the external gasketed joints are not leaking, this could be due to floating head
gasket joint lsakage. This shall be further investigated, by removing shell cover &
pressurising tube side to check the floating head gasket joint leakags. In case of leakage
observed at tloating head Mange joimt, replace floating head gasket by new pasket. After
replacing gasket exchanger must be again hyvdrotested first on tube side & then on shell side
with same progedure to ensure leak tightmess of gasket joints.

In case of heat cxchangers with shell side hydrotest pressure higher than tube side. it is
possible that above procedure {with mbe side hydratest to deteet floating head gasket leakape)
may not help. Absence of lcakage during this test is not conclusive in such a case, as the shell
side pressure was dropping during hydrotest. In such a case, floating head gasket shall in any
case be replaced and then equipment retested to ensure leak tightness,
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4.5

4.5.1

4.5.2

4.6

4.6.1

4.6.2

4.6.3

4.6.4

463

4.6.6

4.7

"When hydrotested as per above procedure after floating head gasket replacement, il it is

observed that tost pressure is still dropping, this could mean leakage from tube to tubeshect

joint. For such cazes matter shall be reported to EIC for further investigations/instructions.

Fluzhing & Cleaning

After the creetion, alignment and groutipg of these equipment are complete, and after
hvdratest if any, flushing and cleaning shall be carried out by FC as per specifications and
instruedions of the EIC.

Aflter flushing, cleaning and draining, equipment shzll be dried by compressed air at the
pressure and for duration decided by EIC. The oquipmenl inlerior shall be thoroughly
inspected to the complete satisfaction of FIC before it is fipally boxed up. Roxing up of
manholes and handholes shall be leak proof. All joints which nced remaking, shall be remade.
Comprossed air for deyving shall be arranged by EC at his cost.

Inspection and Acceptance Limits for Level & Alignment

Co-ordinates of [oundations/supporling structures/inounting holes ew:, shall be checked with
respect 1o the plot plans by EC.

Before equipment ane placed on foundations, orientalions shall be checked with respect to
piping drawings.

When cquipment are firmly bolted down bul prior 10 grouting, verticality of all ¢quipment
shall be checked by using theodolite. Tolerances for equipment after erection shall be as per
ELL Siandard 7T-12-0001. 'The allowable deviation [rom plumb line shall be | mm per metre
height, subject to maximum of & mm.

Horizontal cquipment shall be checked for level across machined face of nozzle flanges with
precision level,

Differepce in elevation of cepterline from onc end to the other end shall not be more than 1
mm per meter and limiled 1o £ 3 mm maximum. Further elevation difference shall be such as
Lo ensure compleie draining of cquipmeni.

Survey of column inside and checking the levelness of support rings, location of bolting bars
to etisure that the same are as per column drawings and within tolerances specified in standard
7-14-0001. In case these are not within permissible tolerances, the same shall be reported to
EIC for neeessary rectificalion/modification,

Safety, 1lealth & Environment

EC shall install an exhaust fan for exhaling weldipg/ cutting fumes etc. and to maintain
adeguale oxyvgen level, before any work is started inside confined spaces (ie columns).
Adequate ventilation shall be maintained at all times. Gas/I.LPG eylinders shall pot be taken
inside confined space. When a worker/supervisor enters a confined space, it shall be
mandatory o have a second man as standby. Safety belis shall be wom while eptering

columns, if there is a danger of falling. All ladders/stair cases shall be in place before any item
is olfered to owner's inspeciors. Rope ladders/seafTolding shall be provided inside the ¢column
in case tower igternals are not easily approachable from columa manhole, Low voltage (24 V)
lamps equipped with guards shall be used to prevent accidental contact with butb. All
electrical conneetions shall be through EILCB's and proper carthing shall be ensurcd. Acids
and other materials vsed for pickling shatl be disposed off to a designated place as dirceted by
owner/EIL. All statutory Regulations and owner's safcty, health and envirommnent requirements

Fermat Mo, 8-00-0001-F1 Rev. 0 Capyright BIL — All rights reserved



STANDARD SPECIFICATION FOR STANDARD SPECIFICATION Ne.

NEERS
slﬁarﬁﬁtg@ MDA LMTED ~ ERECTION OF EQUIPMENT & §-76-0001 Rev. 4
13T TR v i il 12 Lisd ul 1w 1A thiLec ] MAICI-"NERY Pﬂge 16 of 22

shall be complied with. Inspection aids for carrying out the inspection of internals shall alse be
provided.

540 ERECTION OF ROTATING EQUIPMENT
8 | Scope of Work of Ercction Contractor

The scope of work shall consist of iransportation of Rotating Fquipmenis and aceessories from
(winer's stores to site, assembly of sub-assemblies/parts, erection of Rotating Equipments on
foundations, levelling, aligning and grouting, preparation of Rotating Equipments for irial
runs, carrying out na loadfirial rons, return of any unused material to the owners stores and
haed aver 1 fl condition for 1he start- up of the Plant, as per instructions of EIC,

Defecis due o EC™s fault neviced during trial runs shall be rectified by him,  Schedule of
(Juantities, indicate estimated mumbers, dimengions and weights of the Rotating Equipments.
The aciual daia en dimensions and weights will be in the vendor data tmanuals,

The term ‘Retating Equipment’ includes all pumps, compressors, steatn & was turbines, lans
and blowers, diesel cngine/stcam turbine/gas turbioe generator sets along with drivers
accessories & auxiliary systems.

5.2 General Conditions of Frection

521  All Reating Equipment erection shall be done by expenienced Ntters. For this putpose EC
shall employ experienced and suilably qualified crection supervisor and crew whe have dene
sitnilar jobs.

5.22 The Rotating Equipment manufactwrer’s instructions as available regarding installation and
trial runs will be passed on 1o EC during the course of work, The requirements prescribed
therein shall be met in addition to what iz stated in this specitication. Erection shall be carried
nut ag per instmetions of the Rowating Equipment manufaciures’s repregsentative and under
their supervision whenever the manufacturer is present at site.  In all other cases instructions
of the EIC, regarding procedure/sequence of erection shall be binding on EC.

L
[
Led

For all Rotating Equipment, EC shall follow the proper sequence for assetmbly and ercction.
For Rertating Equipment received along with driver in coupled condition, the coupling bolts
shall be dismantled by TC, and alignment shall be rechecked. Realignment, if required, shall
b Jerme belirre recoupling.

Where drivers and couplings are provided separately, drilling and tapping of hales in the basc
plates for fixing drivers, fixing of couplings on shafls, afier enfarging the pilot bores (o the
cotrecl swze with key way ete. and dowelling including provision of dowel pins, alignment
screws, jack-up screws or similar arrangements for retaining (he aligntment shall be carried oul
by EC as part of erection work. Shims & wedges as required for alighment shall be supplicd
by B

5.24  Process and utility (such as cooling water, steam {lushing, quenching, lubricating oil, sealing
cli:) conneclions connected with rotating equipment and its auxiliaries shall he fabricated
andfor installed by EC from materials supplied by the Owner as per drawings, specificalions
and instructions of the EIC.

52.5 Fiping and accessories supplied with the rotating cquipment such as scal nil/Gas system,
cnoling water svstem & Lube il system ete, shall be lageed separately and kepl in EC'3 slores
ull erectivn. All flanged connections and openings shall be kept blanked wlth dummies/plugs
to prevent entry of torcian mailer,
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5.2.6  The local mounted instruments soch as pressure gauges, sight glasses, temperature gauges etc.

5.3

3.3.2

5.3.2.1

and Local instrumenlt panels, il any, with necessary connections, shall be installed by EC as
part of rotaling eguiptnent crection.

After initial alignment, the Rotating Equipments shall be properly grouted. Grouting shall be
carried oul as per this specification.  Wherever groul holes are provides in the base plates,
grout shall be filled through them also.

Epoxy grout where recommended by the rotating cquipment manufacturer, shall be provided
by EC and shall be as specified in this siandard.

Alignment between the Driver and driven cquipment shall be done without comecting the
equipment nozzles Lo respective piping.  After completion of alignmenl. the cquipment shall
be connceted to Piping. After the piping has been connceted, the alignment shall be re-
cheeked by EC, to ensure Lhal piping connections do not induce any undue stresses on (he
Rotating Equipments. Afler making necessary comections on the piping, it any, re-alignment
shall be done by EC and he will ensure that no unduc stresses are induced on the Rotaling
Equipment.

Special Instrnctions

EC in addition to general instructions for erection as out lined in para 5.2 above, shall also
follow the following special inslructions.

Pomps

Diepending upon the size of equipment, Pump train will be supplicd for erection in any of the
following modes :

fa) Pumps with drivers and accessories [ully assembled on a common skid (Base plate).
{5} Pumps moonted on base plate and couplings and driver supplicd loosc in separate packs.

{¢) Various major components such as pump, drivers, cooplings, gear boxcs & base plates
auxiliary systems like lube, seal flush equipment in separate packs.

Reciprocating Type Compressors

Reciprocating compressors may be supplied for erection in knocked dowm condition in
mulliple packaged subassemblies such as frame asscmbly, distance pieces, fly wheels, cylinder
block assemblies, valve assemblics cte, and other accessories such as, drivers, cooplings, gear
boxes (il any), control pangls, pange boards, coolers, lube oil sysiems, cooling water systems,
¢, would be in separate packages.

Besides the above there would be other packages for loose supplied ilems such as instruments,
pre-labricated piping, and piping/tubing in commercial lengths.

Lifiing devices for crection shall be arranged by EC depending on the weight of packages and
clevation of installation.

5.3.2.2 In case of Rotating Equipments received in knocked down condition, the various parts shall be

assermbled as per instructions of the EIC and as per manufactorer’s instructions. All pants of
the Compressor shall be thoroughly cleaned with solvents o remove protective compounds if
any, betore asscmbly.
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5323

5.3.2.4

5,325

533

53.3.1

The compressor, driver and other accessories shall be erceted on their respective foundations
and the compressor, couplings, gear box and driver shall be aligned and grouted as per the
manufscturer’s instructions and instructions of FIC and the manufaciurers supervisor (when
present). Therc-aficr all process and utility, drain & vent connections shall be completed as
per the relevant drawings/instroctions of eguipment manufacturer and advice of EIC,

Final alignment shall be done after all the piping connections such as water, steam, drains and
connection Lo coolers ete. are made.  Tolerances for alighment shall be maintained as
specitied in the Manufacturer’s Instruction Manual. Te ensure that piping connections do not
induce any undue stresses on (he Rotating Equipment, the alignment shall be checked once
again by EC alter the piping has been connected.  Any correction necessary for proper
alignment shall be done by EC.

EC shall carefully study the vendor drawings, manuals and other data before start of the job 1w
£nsure correct erection, alignment and commissioning,

Centrifugal Compressors & Expanders

Centrifugal Compressors are supplied for erection in multiple packages such as,

- Compressor casings
- Drivers (Electrical motors, Steam/Gas turbines - #3
{ ¢ : Steam/(ias turbines would be further supplied in mulliple packages}
- DBase plates {or skids)
- Lube oilicontro] oil systems
- Sealing systems
- Air (lers (for gas turbines & compressors for air service)
- Temporary sirainers
- Couplings
- Gear boxes
- Coolers
- Gauge boards
- Conwrel panels
- Lube & Seal 03l tanks
- Fire systems (for gas turhines)
- Condensers (for steam lurbines)
- Condensate systems (tor steam (urbines)
- Loose supply ilems
- D're-fabricated & Commercial lengths piping, tbing.
- (her miscellanecus packages

Other requirements shall be same as defined in para’s 5.3.2.2 to 5.3.2.5 above.
Trial Rons of Machinery

Any construction defects shall be intimated (o EIC before start-up.  All protective and safely
guards shall be installed and retating equipment shall be checked for free movement by
munual bamring over. All foundation bolls and alignment shall be checked before starting the
trial runs, it damaged, rotating equipment may have to be opened and repaired as directed by
EIC. Prior to carrying cut the trial runs, the rotating equipment will be subjected to necessary
checks by the EIC and the trial runs shall be commenced only afler the approval of the EIC.
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542 Unless otherwise specilicd, all ihe rotating cquipment will be subjected to trial runs for a
conlinupus operation of 72 hours.  In case of moler driven rotating equipments, motors shall
be decoupled and turned over 1o other agencics doing cicctrical wark for testing and no load
running of moters. After the no load runs of motors are satisfaclorily completed, EC shall
recouple the motors to the rotating equipment and recheck the alignment. The trial run of the
rotating equipment shall be started only after the above is completed. EC shall provide, as part
of his work, necessary skilled personnel (excluding the operating persenncl) for conducting
the iria) runs round the clock during the trial runs period.  The duration of trial run may be
extended if it is considercd necessary in the opinion of ELC and EC shall provide personnel for
such extended period also, Final inspection of bearing ete. shall be carried out by EC afier the
Machinery had gone through the thal run and defects, if any, shall be made good for rendering
the rotaling equipment ready for start up.

543 During the trial runs, readings of bearing tcmperature, cooling water inlet and outlet
temperatures, lube oil inlet/outlet temperature and pressure, rolaling equipment discharge
pressure apd temperature, starting in currend, no load/full load current etc. shall be recorded,
wherever necessary, by EC. Trial reports shall be prepared in the approved proforma by EC
conlaining all the shove details and submitted 1o the EIC as part of completion documents.

544  EC shall also provide necessary improvised fencing and watch & ward personnel as safety
measures during trial runs,

5.5 System Starl up

During start-up, [C shall provide necessary skilled personnel as per requirement of E1C, to
reelify defects noticed in the rotating equipment, il such defects arc attributed to him.

6.0 EQUIFMENT GROUTINCG

All anchor bolt sleeves/pockets and space under Base plates/machine base frames/shoe plates,
ete. shall be grouted with either tree flow non shrink cementilicus or epoxy grout as per the
following categorisation:

Typc of Grout Application

o Mon shrink All static and rotating equipments, unless covered in 2)
cemenlitious grout below, viz Static equipments like tall columns, vertical sile,
blender cte. and horizontal vessel, drum, sphere, bullets,

i filter, heat exchangers, coolers ele. and alher similar
equipments, steel stack/chimncy, furnace cte,

l.ow frequency, medium frequency, high frequency rotating
machines like compressors (centrifugal, reciprocating,
diaphram, screw, gear type etc.). Induced draft fan, forced
draft fan_ air blowers, pumps (cenirifugal, reciprocating,
diaphram, gear type ¢te.), expanders, turbine, generatar,
dicsel generator, air coolers (fin [an cooler) and other
similar equipment.

Machine like screen vibrator, extractor, centeiluge
pulverizer, dryer, drop hammer, bali mill, crushers, bagging
machine and general workshop equipment.

2 Epoxy groul Specifically if requested by the Machine Vendor.
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6.1 Groot [Material)
All material used for grout shall be in EC’s scope. Only approved grout matcrial shall be
used. EC shall submit details of grout matcrials for prior approval of EIC.
5.1.1 Non-Shrink Grout
MNon-shrink grout shall be premix tvpe of cementitious {cement pregraded fibre and additive)}
non-shiink, ready to use grout in dry powder form. It shall have free flow property when
mixed with required quantity of water. 1t shall have initial zetting time of 30 minutes.
It shall have the following features:
- Non corrosive to anchor bolts, base plate/saddle/frame., sliding plate.
Not harmful to concrete and reinforcing steel.
- Non toxic _
- Frost, oil and fire resistant
- Require normal curing
- Suttable to use under restraints and groul thickness required
- Expansive (o counleract initial shrinkage
- Ensure high early strenath without surface crack.
- Suitable for temperature of above O deg.C to 200 deg (.
Maximum flow distance is compatible to the dimensions of base plate/ saddle/frame.
It shonld be resisted 1o the chemicals, gases ete. being handled in equipment/machines.
[t shonbd have the following physical properties:
- Min. Compressive strength at 3 days 25 Mimm?
7 days 30 Nfmum®
2% days 40 N/mm?
- Min. Tensile strength al 28 davs 3.5 Nimm?
- Min. Bond sirength al 7 days 12 N'mm?
- Max. Onstraincd Expansion in 2 hours 4%
- Min. Densily 2000 kg/m’
6.1.2  Epoxy Grout

Epoxy grout shall consist of epoxy resin basg, hardencr and filler component like graded and
blended aggregate. Components of cpoxy grout shall be of desired grade and mixed in
proportion recommended by manufacturer such  that @ is  injectable  under  base
plate/frame/saddle etc., has low viseosity 1o mect the flow distances according to dimensions
of base platc saddle/trame, it is suitable for the desired thickness, it is homogenous, frec from
segregation, attains high early and high final strength. It shall have minimum Pot life of 30
minutes. It shall have all the features as specified in clause 6.1.1 except for cxpansive
properlics.

*

It should have the following physical properties

- Min, compressive strength at | day 75 N/mm’
7 days 85 N/mm?
- Min. Flexural strength 7 days 25 Nimm?
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02
621

5212

.22,

6222

6.2.2.3

6213

6231

6232

6233

6234

6.2.3.3

Grouting (Placement)
Surface Preparation

Privr to positivning of equipment/machine ele. over concrete pedestal. foundation. slab, beam,
etc. all laitanee & loose matenial shall be removed by wire brushing & chipping. The bearing
concrete surfiuce shall be sufficiently levelled, hacked with flat chuscls to make it rough, clean
{using compressed air), Addiuonal chrpping, if required, to suit level of base plate and/vr
minimum thickness of grout shall also be done, In ¢ase of vse of cementitious grout surlace
shall be thorvughly wet. All pockets for anchor bolts shall also be similarly cleancd, Any
excess water shall be removed.  In case of vse of epoxy grout, it shall be ensured that
surface/pocketl to receive grout is totally dry,  After erection, alignment/plumbing of
equipment/maching in required Jevel, vrientativn and plumb and installation of sliding plate.
Forms shall be canstructed around and joints made tight to prevent leakage of the grout,

Preparation of Grout

In case of premix type of grout waler shall be added in required guantity as specificd by
supplier and/or EIC. Any specific instruction of manufaciurer will be strictly foliowed.

In case ol cpoxy grout roquired gquamtity of all constiluents shall be mixed in proportion
recommended by mamfacturer’supplier andfor EIC. Al specilic requirements of
manmyfacturet’ supplier shall be strctly lollowed.

Required quantity of grout shall be made considering initial setting/pot life of grout. Any
grout nut vsed within inidal selling time/pol life shall be rejected and in no case vsed for
grouting,

Placement of Czrout

Flacing of grout shafl be taken wp only after level, orientation, alignment of
gquipment/machine has been approved by EIC and anchor bolts are placed in pocker

In case of epoxy grout EC shall give details of grouting scheme and get approval of EIC.

‘The grout mixture shall be poured/injected continuously (without interruptian tilt completion)
by grouting pumpfinjecting gon rom ong stde of base plate and spread uniformly with flexible
steel strip and rammed with rods till the space s filled solidly and grout mixum carmed (o the
olher side of base plate and fill all pockets. Any specific requirement of manufactorer/
supphier shall be strictly followed. Epoxy grout shall be done by or under supervision of
manufacturer/supplier and/or agency having adequate expericnes in this field as per direction
of EIC.

Total work shall be dome under supervision and direction of EI1C and care shall be taken that
ulignment of equipmentmaching is not disturbed.

Grout mixture shall be allowed to harden for a periad of minimum 7 days or as required by
mamylaciurer/supplier of groul andfor as decided by EIC. At the end of this period, the
shims/edges/pack plate may be removed and anchor bolts tightened uniformly, Alignment of
equipmentmachine shall be rechecked and if found carrect, the voids left by the removal of
shims/wedges/pack plate (if removed) must be filled up with a similar mixwre of grom. In
case after checking, serious misalipgnment is indicated, the grout shall be removed completely
and fresh grouting is dune afler making appropriate correstion of alignment.

Minimum thickness of grout shall be 23mm for all types of grout and maximum thiclmess
shall be 40mm for non-shrink grout. For ¢poxy grout the maxiniom thickness shall be as per
manufacturer’s recommendation and/or as specified in drawing.
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1.9 PURPOSE

2.0

3.0

4.0

5.0

3.1

5.1.1

The purpose of this specification is to describe the methodology for preparation of bolied flange
Joints by controlicd boll lightening during construction and commissioning stage of process plant
piping. This specification shall he used in conjunction with the other processiproject specitic
requirementy and the licensorivendor recommendations.

SCOPE
This specification covers ASME B16.5 and ASME 131647 Serics B boltcd Manged joints,

ihvolving identical pair of flanges, which are tghtened by means of either hydraulic bolt
tensioning or calibraled Lorque wrenches.

REFERENCES

EIL Spec no. 6-44-01005 Rev 7 - Standard Piping Matenial Specification

ASME Bla.S - Pipe Flanges and Flanged Fittings (1/27 10 247 NPS)

ASME R16.47 Scrics B - Pipe Flanges and Flanged Fittings (267 1 607 NPS)

ASME B31.3 - Process Piping

BF RP 422 - British Petroleum Becommended  Practice:  Bolting  for
Hange joints

ASME Section VI Division 1
and Division 2

Boiler and Pressure Vessel Code

DEFINITIONS

None.

METHODOLOGIES AND CONTROL

Identification of joints for controlled bolt tightening

Controlled bolt tightening can be done either by application of calcwlated boll ension with
hydraulic tensioner or by application of caleulated boit torgque with calibrated torque wrenches,
The eritenia for selection of juints for these two application procedure are given below,

Hydraulic Bolt tensioning

Hydraulic bolt tensioning shall be applied for all joints where the bolt sizes match the criteria

outlined m Table 1, except those in the category “D’ services. Category *TY service is defined in
ASME 13313,

Farmal No. BE-O0-CO01-F1 Rev. O Copyrights EIL — Alt rights raserved
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Tahle 1: Criteria for Bolt Tensioning —

Not applicable for flange joints in category “D” services

Nomigal Bolt

. Conditinn Remarks
diameter
When specificd by the Process licensor/
All . A
vendot / project specifications
50 mm and above All joints
Class 600 angd above

Hydrogen service

{See Note-1 helow)

38 mm and above,

Category ‘M’ fluid services

Refer ASME B31.3

but jess that 30 mm

Juints with leakage potential

{hee Mote-2 below)

Critical joints with equipments

{Sce Note-3 below)

25 mm and ahave,

Joints with lcakage potential

{See Mote-2 helow)

but less than 3% mm

Critical joints with equiprnents

{Sce Mote-3 below)

Mote-1: Hydrogen Service

In absence of project specific definition, Hydrogen service may be defined as service in
conlacl with Hydrogen or gascous mixtores containing Hydrogen in which the partial
pressure of 1iydrogen is 7 bar (100 psi} abs. or more,

Noe-2: Joints with leakage potential shail include

a) Joints involving tapped holes.

b} Joints not subjected (0 hydro (est c.g. joints for equipment manhofes,
cquipmetl mounted temperature, pressure and fevel instruments, line mounted
tcmperature connections, on line instrument jomts like control valves and
sialety valves, compressor volume botties,

¢) Tiems involving two sets of gaskets with onc set of boll c.g. orifice flange
joint, joints with spectacie blind, spacer, tlangeless wafer check valve, wafer
type butterfly valves,

d)  Tic-in joints with other contractors and package vendors.

e)  High temperature {above 3719C) joints in hydrocarbon services.

Mote-3: Critical joints with the equipments shali inciude the infcet and the outlet flanges of
pumps, compressors and turbines.

Application of torque

Controfled bolt torque, with calculated torgue vaines, shall be applied usimg calibrated torque
wrench, Jaints those gualify for hydraulic bodl tensioning per 5.1.1 shall not be considered for
torque appiication. Controlled boit lorgue should be applied for the joints meeting the criteria
given in Tabic 2. Joints fulfifling the criteria for Hydraulic bolt tensioning need not be checked
for these criteria

Tahle 2: Criteria [or Bolt Terque application

Juoints

All joints (Note-1}
All jomts (Note-1)
Class 600 and above

Service

Hydrogen service _
Catepory "M’ services
Other services

Note-1:  Joints, those qualify for hydraulic boit tensioning as per cl. 5.1.1, shall not be
considered for torque application.

Foamnat No. 3-00-0001-F1 Rev. & Copyrights EIL — All nghts reserved
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5.2 Pre-bolting Operations
52,1 Design

a) Flange connection with bolting of nominal diameter 25 mm and above shall have sufficient
clearances and access to allow the use of hydraulic wnsioning cquipment (wherever
hydraulic boll lensioning is being used).

b} Stud bolts shall be longer by one diameter w suit the bolt (ensioners for hydraulic boll
nsioning. Excess threads shall he protected by using nut, threaded cap etc. On bolts at
ambient temperature duty the cap should have a grease mupple.

¢y All flanges on hydregen serviee must be left exposed unless otherwise agreed.

dy Interface joinis shall be system pressure lested as per the relevant code (o ensurc their
integrity.

5.2.2  General

a} Use of right type of gasket, fasteners etc. conforming to the specilicalions as per desipn and
drawings should be chsurcd.

by The Vickers hardness number of ring joint gaskets should be 30 to 40 less than that of the
mating face of the flange.

¢} All non-ring joint paskets shall be replaced with the new oncs whencwer an opencd joint is o
be re-closed duming construction and commissioning stage. Ring joint gaskets normally can
be re-used provided they are inspected and arc free from any damage

d) Shop tested flange joints should not be disturbed at sile. In case the joint s opened, the
Contraclor shall be responmsible for final hook-up jeints including bolt tensioning if
applicable.

523  Visual inspection

a) Condition of flange faces should be checked, Those shall be free from dint, scale, remnant
raskel, and protrusions. Faces with pitting, indentations or radial tool marks, or scratches arc
not desirable. Surface finish should conform to specilications,

by Flanges should be aligned properly, Flange faces shall be parallel and beltheles shall match
o that the studs can be inserted freely,

¢)  Visual cxamination of gaskets should be carried out prior to installation to ensure that these
are free of any defiets such as bends, crease or loose spiral windings ele.

d} Gaskel position should be checked.

¢} Studs and nuts shall be free from dirt, nicks, burrs and chips. Studs shail be straight and nurs
shall turm freely on the stud.

f) Mo external load shall be used o align the tlanges,

Format N&. 8-00-00031 -F1 Rew. [ Copyrights EIL — Alk righits resenyed
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524  Corrective measures

a} Faces with puluing, indentations or radial tool marks, or scratches that form leakage paths or
with the surface finish not in accordance with design requirements shall be replaced or re-
machined to specified surface finish.

by If neecssary, pasket scating face should be cleaned using wire brush {55 bristles on alloy
components} andfor suitable solvent.

¢} Damaged raskets shall be replaced.

d) 1f holding gasket in place after installation is a problem. a thin adhcsive tape shouid be used
along Lhe outside edge ol Fasket.

5.2.5 Lubrication/anti-seize compound

a) Threads and nuts to Nange conlact face should be lubricated with suitable lubricant. Thread
compoutid or lubricant, suitable for line temperature. may be used.

b) Gaskels shoubd not be lubricated.
¢) Lubricant shal! not be applied on bolts, used in oxvgen services.
d) Some of the types of lubricants used are as follows:

Moiybdenum Lead oxade {graphitc based)
Malykote G-ni plus

Molvkote P37

Muolykote HSC Plus / Never Scez nickel special
APl A2

Molykotc 1600

Machinc oil

(iraphite grease

526  Asscmbly

a) Suitable lubocant (refer el 5.2.5) to be applied to the threads and the face of the nut that
contacts the flange.

by Four studs should be placed in positions 1, 2, 3 and 4 according to “Smud Tightening Patterm™
in Fig.1, as conteing guides for the gasket.

¢} Balance studs should be inserted next.

d) Nuts should be run down by hand in such a way that an cqual number of threads praject at
gach end.

5.2.7 Torqueflension calculation
al DBolting load catcuiation and stress analysis used for computation ol the listed tightening
torque and tension values primarily follow the procedures outtined in ASME Section VI

Divizion 1f Division 2,

b) Basic formuiae used for torque caicelation takes care of friction between bolt threads and nut
threads as well as that between nut and back face of flange.

Format Mo, 8-00-0001-F1 Rev. O Copyrghts EIL — All vights resenned
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¢} A frictional co-efficient of 0.15 15 assumed [or caleulation of torque values for the lubricant -
rraphie grease. When a lubricant with ditferent co-cfficienmt of [riction (W) is used, the
calculated values get multiplied by the ratio p/0.15. The approximate p values of some of the

lubricants are as tollows:

Type of Lubricant Coefficient of friction ()
Molybdenum lead oxide + graphite bused (.05 _ |
 Molykote G-n plus 009 .
Molykote P37 010 -
Molykote HSC Plus / Never Seez nickel special 011
APISAS 17
Maolykote 1000 0.13 }
(iraphitc grease / Machineoil 015

ilowever, it 15 advisable 1o oblain the appropriate co-efficient of friction () value [rom the

lubrcant manufactuier.

5.2.8

"T'he PMS classes included in this specification are given in Table 3.

TFable 3: PMS classes included in this specification

Sl | Piping { %1. | Piping | 5L | Piping | SL | Piping
no class ng class oo class no class
From Standard PMS (6-44-0005 rex T)

1 AlLA 26 BIA 51 R6N 76| F2D
21 Aza 27| R2A 2| DIA 77| F2G

BEIED 2% | R4A 3| DA 78| G2G
4|  AsA 26| B5A 54| D4a '
5| A7A 30| B6A 55| Dsa
6] ABA 31| Bua 56| YA
7] A9A 32| BIZA ] 57| DieA
8] AlA| 35| Ri6A | 58| DI9A
9] A13A| 34| BI9A | 59| DID |
0] AlsA | 35] B32A ] 60| D
1Ly Aléa| 36| BID 61 N3k
12] aAwaf 37| RD 62| D3E
13{ A20A | 38| BIE 63| DIK ,
141 A32A | 39| BR3F 64 | DIK ]
15| A33A | 40| B4F 63| TFI1A
16| AdF 41| R4G 66 | E2A
17]  A4G 42| RIK 67| E3A |
18} AIK 43| BK | 68| E9A ]
197  A2K 4| B4K 69 |  Elga
200 ASK 45| BSK 70 | E5F
21 ALK | 46|  Rek 71 FlA
22 AlM 471 RBIM 72| F2A
3T AN 48 | BIM | 73| FSA
24| A4Y 49| B5M 74| F9A ]
25| AIY | 50| BIN | 73| FIGA
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529 Torque and tension valoes

Tahble 4 contains the tension and torque values to he used for bolt tightening of each bolt psing
hydraulic bolt tensioner and torque wrench respeetively. These values are listed PMS class and
Mange size wise. The tension valucs specified are the target load per holt intended alier the bolt
tensioning opcration is complete, ‘Uhis means any allowance inherent in bolt tensioning
equipment {¥iz. backlash etc.) shall also to he taken carc of as recommended by the equipment
manufacturer.

5.2.10 Notes to Torque and teasion values in Table 4

a) The maximum allowed design pressure & temperature cominnation and Kest pressure
values arc listed in Table 4. These values comesponds to PMS naling table valoes, except
as staled In ¢) below. Recaleulation of lorgue and tension Is necessary if the design
condition exceeds these Hrmits.

by Valucs in the table are not valid if the design condition for pipe wall thickness
calculation is lower than 0% of the class rating condition. Reealeulation of torgue and
tension is necessary in such cascs.

¢) It may be noted that for the sizes above 24™ and rating class ahove 1354 (except Lists B-{
and B-2), the calculations are carried out tor B0% of the pressore used lor sizes up to 247,

d) Torque / tension computation of sizes and pipe thickness, which are not covered in the
respective classes of the standard PMS, are carried out based on approximate calcunlated
pipe thickness for the specified pressore and temperlure condition,

&) ‘The “Flange S1d” column of table 4 is the standard rating class followed by a sutfix.

Suffixes to the rating class numbers denote the flange dimensional standard and are as
tollows:

5 - ASME Bl6.5 B - ASME 31647 Series B

fi The valucs in ihe tables are not valid for non-standard fanges or {langes conforming to
any other dimensionat standards, e.p., ASME B16.47 Series A, AWWA (American
Water Works associalion) ete,
- 2) Al pressore values are in kyfcm” (g) and all fempetature values are in °C
Ry Boll tightening torque or tension values at equipment inlerface Manges, it specified by the
equipment vendor, shall he used.
53 Bolting Operation
531 General
a) Categorisation of juints tor tension or torque application shall be as perel. 3.1,

b) Bolt tightening tension or lorgue valuc shall be as percl 529,

¢) Guidelines and satety requirements provided by the manufacturer bolt tightening equipment
should he followed.

Farmal Mo, 8-00=-0001-F1 Rev. Copyrighls EIL — All ighis resered
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532  Hydraulic bolt tension applicalion

1) Hydraulic pressure adequate to get the target bokt losd can be calculated dividing the ball
toad by he load cell hydraulic scal arca. This pressure should be applied simultaneously to
all load cells.

by 4 load cells cqually spaced should be used.

£} Nuts shouid be run down to flange surface manuwaliy.

d} Load cells should be shifted following the {riss-cross Pattern shown in Fig. 1 but in-groups
of 4 bolts cach (i.e. 1-2-3-4, 5-6-7-8, 9-10-11-12 etc.) and the tensioning of all bolts should
be completed.

¢} Tensioning operations shouwld be repeated once again applying the same pressure.

5.3.3  Stud bolt worque application

a) Boll torque application sequence shall be in accordance with “Criss-cross Stud Tightening
Pattern” (Flg. 1).

by Properly calibrated 1orque wrenches should be used.

¢} Torque wrench shoutd be held perpendicular to the axis of the bolt and T hydeaulic wrench is
used, it has o be cnsurcd that i ecacts against a rigid suppo paratlel to the axis of bolt.

d} Torque should be applicd vsing a minimum of following five steps:
i. Al the nuts should be made snug tight with a short wrench {Criss-cross Iattern — Fig_1).

Flange shouid be bearing unitormly on the gasket (Distance between mating flanges shatl
b unilorm).

it. Tightening o 30% of the final torque value (Criss-cross Pattern — Fig. 1)

Flange should be bearing uniformly on the gaskel (Distance between mating (langes
shatl be uniform),

iti. Tighlening to 6084 of the final wrque value (Criss-cross Pattern — Fig | ).

Flange should be bearing uniformby on the gasket (Mistance between mating flanges
shall be uniform).

iv. ‘lightening 1o the tinal torque value {Criss-cross Patiern — Fig, 1)

Flange should bhe bearing unitormby on the gasket (Distance botween mating Manges shalk
be unctorm).

v. Tightening should be continued with the finat torque in a clockwise manner {boft to bol)
until no lurther rotation is obscrved.,

e) In the gvent of nut setzure, the nul should be backed off and additional lubrcant should be
applicd or the ot orfand boll should be replaced, if necessary.

Format No. 8-0064H01-F1 Rev. [ Copyrights EIL - Al rights reserved
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534 Testing of joints

Checking up of the individual joints for any leak during system pressure testing should be carried
out using speeial lapes, soap solutions.

.0 RESPONSIBILITIES / APPROVALS

6.1 Al procedures/ddocuments Lo be used during Construction should be submitted by the Contractor
to Engineer-in-charge at site in advance.

[

b. The equipment supplier shatl be subjected to CIL/Owner appraval.

6.3 The deiails of hydraulic tensioner cquipment to he used for tighicning shall be intimated te
Enginger-in-charge before application.

6.4 Boxing up and lightening of flange joints shall be done by skilled technicians, qualified and
approved by Contractor and EIL/COwner.

6.3 Any conflict between the requirements of this standard specificalion aod applicable codes,
licensor specification. standards, data sheets, deawings, requisitions ¢i¢. shall be referred to clicnt!
consultant. Agency carrying oul bolt tightening shall list and describe all the devialions from this
standard specifeation and the related reference documents.

70 DOCUMENTATION
7.1 History sheet lor flange joints shall be maintained as per Annexure-T.

72 Sequence of (he activities involved for reopening/ making/ blinding/ de-blinding/ wedge opeaing
of flange joints shall be as per Annexure-Il.

T3 All joints shall be boxed-up and the reeord shall be maintained of salicat points and names of the
persons involved in the execution/inspection of boxing-up operation,

7.4 All eritical joints shall be boxed-up under the supervision of the Conlractor’s representative and
EIL's Engineer-in-charge or his representative and separate records shall be maintained for such
joints.

7.5 Box up records of interface joints aod on-line instrument joints, like control valves, safcly valves,
turbine flow meters cte., which are not subjected 1o hydeo test shall be maintained separately.

T.6 II' mentioned in project specification, complete sct of Bolt Tensioning EHquipment/ Torque
Wrenches shall be supplicd by Contractor o the Owner, after commissioning of the plant, as
mandatory spares,

Formal No. B-00-0001-F 1 Rev. ¢ Copytights EIL — Al rights reserved
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4 BOLT FLANGE B BOLT FLANGE

|
12 BOLT FLAMGE h ¢y 16 BDLTlFLANGE Y,
|

20 BOLT FLANGE

24 BOLT FLAMGE

Figure | Typical ~“Criss-cross”™ Bolt tightening/Torque application pattern
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ENCINEERS STANDARD SPECIFICATION FOR STANDARD SPECIFICATION No.
s@%@m LMITED: APPLICATION OF TORQUE AND HYDRAULIC 6-76-0002 Rev.3
T R LS L i BCLT TENSION FOR FLANGE JCINTS Page 35 of 35

Annexure - 1

SEQUENCE OF ACTIVITIES INVOLVED FOR REOPENING / MAKING /
BLINDING / DEBLINDING / WEDGE OPENING OF FLANGE JOINTS

51 Aclivity Checked by
Na. Contractor
{Signature)

1 |Comphance of all check points.

| S}

Availability and use of recommended to0ls ie. Standard tools / Non-sparking
tools/Preumatic of Hydraulic torque wrench with suitable sockets and other
accessorles / Hydravlic boll tensioner el depending upomn Service pressure
temperatuce rating of the ling on which job is 1o be carried out.

Skilled manpower with protective clothing. safety shoes ete.

Proper aceess to flange joints for all bolts, proper scattolding ete if required.

h| ]

Proper escape roule

p=al

Readiness of proper type. size & rating of blinds/gaskets/wedpes & fasteners
el
Loosening of the fange jolnts, statting from & *0° clock position {vertical joints)

e |

& | Check for leakage of any hot water / pas ¢ sicam / hydrocarbon ete and wait for
depressurization of ling, if any product lzakage is observed.
9 | Complete opening of flange joint with recommended tools

10 | Remowval of gasket / blind / wedge ete. and checking of nld gaskets for improper
loading Irom marking oa gaskel surlace.

I1 |Checking of old fasteners for proper metalturgy, sizing, length etc and ensure
replucement of fasteners based on observations during final box up and alsoe
ensurg that all fasteners to be ol same size for unitorm loading,

12 |Making gap in flange joints with proper tools {(flange spreader etc.) For proper
vbservalions ol gaskel sitting area.  Ensure proper cleaning of gaskel seating
surlace with suitable non-sparking tools and inspection of gasket lace,

13 | Ensure use of recommended gaskets of proper type and size for blinding / final
box up

14 | Placing of fasteners in bottom half ol flange joint (vertical jolnts).

15 |In cuse ol blinding ensure that tail of the Mind 15 vertically upward and blind 15
of proper size and not interfering with studs movement.
16 |Ensure proper placement of gasket on raised face/ring groove/serrated area.

17 | Ensuring slight tightening of studs in random in bottom half vertical joint{s) for
holding of gasket in proper position

18 |Fixing all [asteners in position and tightening ol auts by hand 1o ensure uniform
stud length an both sides.

1% | Tightening of all studs as per tightening sequence by recommended Lools.

ACCEPTANCE BY OWNER / EIL

Format Na. 8-00-0001-F1 Bev. 0 Copyrights EIL — All rights reserved
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ABBREVIATIONS
ASME American Society of Mechanical Engineers
ASNT American Society for Nondestructive Testing
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1.0 GENERAL
This specification shall be followed for the [abrication of all types of welded joints of piping

system within the battery limits of the plant. This specification shall be used in conjunction with
Welding Specification Charts for Piping.

The welded pipe joints shall include the following:

a) All pipe joints, longitudinal butt welds, circumferential butt welds and socket welds.

b) Attachments of forgings, flanges and other supports to pipes.

¢) Welded manifold headers and other sub-assemblies,

d) Welded branch connections with or without reinforcing pads.

e) Joints in welded/fabricated piping components.

t) The attachments of smaller connections for vents, drain drips and other instrument tappings.

Any approval granted by the Engineer-in-Charge or Owner’s inspector, shall not relieve the
Contractor of his responsibilities and guarantee.

This specification shall not be applicable for welding of pipelines for transportation of liquid
petroleum, gas and other similar products in onshore and offshore.

2.0 APPLICABLE CODES & STANDARDS

All welding work, equipment for welding, heat treatment, other auxiliary functions and the
welding personnel shall meet the requirements of the latest editions of the following accepted
standards and procedures unless otherwise specified in the EIL Standard Welding Specification
Chart (6-77-0005) or Job Welding Specification Charts for Piping and the Technical Notes
attached thereof. In the case of conflicting requirements, the requirements mentioned in
Welding Specification Chart/Technical Notes shall be applicable.

i) ASME B31.3: Process Piping, ASME Code for Pressure Piping, B31

it) ASME Boiler & Pressure Vessel Code, Sec [T Pant C: Specifications for Welding Rods,
Electrodes and Filler metals.

iii) ASME Boiler & Pressure Vessel Code, Section V: Non destructive examination.

iv) ASME Boiler & Pressure Vessel Code, Section 1X: Welding and Brazing Uualifications.

v) The Indian Boiler Regulations - LB.R.

vi) 6-44-0016: Standard Specification for Non-Destructive Examination Requirements of
vii) ff;'?il‘i‘jﬂs: Welding Specification charts for Piping Classes.

viii) API 582: Welding Guidelines for the Chemical, Oil, and Gas Industries.

ix) 5-1940-7040; Procedure for permitting Welding consumables,

In the event of anv differences due to the additional requirements mentioned in this
specification, over and above those obligatory as per codes, this specification shall be binding.
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5.5

BASE METAL

In general, use of carbon steel, alloy steel and stainless steel is envisaged. The details of the
material specifications are given in the Welding Specification Chart.

The Contractor shall provide the manufacturer’s test certificates for every batch of the
materials supplied by him.

WELDING PROCESS

The welding processes to be employed are given in the Welding Specification Chart. In
addition to Shielded Metal Arc Welding Process (SMAW) and Gas Tungsten Arc Welding
Process (GTAW), Welding of various materials under this specification may be carried out
using one or more of the following processes with the approval of the Engineer-in-Charge.

" Gas Metal Arc Welding (GMAW)
- Flux Cored Arc Welding (FCAW)

. Flux Cored Are Welding (FCAW) - Orbital
. Submerged Arc Welding (SAW)

The limitations given in the APl 582 for various welding processes shall be complied with.

The Welding procedure could be employed for a particular joint only after duly qualifying the
welding procedure to be adopted. Previous qualified welding procedures may be permitted if
agreed by the Engineer-in-charge.

FCAW with external gas shielding (FCAW-G) shall be used for pressure-retaining welds and
structural welds. FCAW-G shall be used for filler and cap passes of butt welds.

GMAW process shall be used in Pulsed mode only for root pass welding of pipes.

WELDING CONSUMABLES

The Contractor shall provide, at his own expense, all the welding consumables necessary for
the execution of the job such as electrodes, filler wires, argon efc. and these should bear the

approval of the Engineer-in-Charge.

The welding electrodes and filler wires supplied by the Contractor shall conform to the class
specified in the Welding Specification Chart. The materials shall be of the make approved by
the Engineer-in-Charge. Usage of non-purge filler wires may be permitted only after taking
approval in the Welding Specification Charts.

Electrode qualification test at site shall be done as per document number 5-1940-7040 and
Welding specification chart for Piping, 6-77-0005. Flectrode qualification test records should
be submitted as per the Exhibit-A (attached) in respect of the electrodes tested by the
Contractor, for obtaining the approval of the Engineer-in-Charge. It shall record the minimum
test results required for classification of welding consumables as per ASME Section 11 part C.

The Contractor shall submit batch test certificates from the electrode manufacturers. All the
test certificates shall be duly endorsed by the vendors/stockiest.

All electrodes shall be purchased in sealed containers and stored properly to prevent
deterioration. Contractor shall use vacuum-packed electrodes for pressure-retaining welds for
LTCS, Hydrogen, Amine, Caustic, NACE, Alloy steels, stainless steels, Non-ferrous alloys.
The electrades removed from the containers shall be kept in baking ovens at temperatures
recommended by the electrode manufacturer. “Out of the oven time™ of electrodes, before
they are consumed, shall not exceed the limits recommended by the electrode manufacturer,
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The electrodes shall be handied with care to avoid any damage to the flux covering and proper
records of both holding and baking time needs to be recorded by the Contractor.

All low hydrogen type of electrodes and others, shall be baked as per manufacturers
recommendation and stored in holding ovens at temperature recommended by the
manufacturer

The electrodes, filler wires and flux used shall be free from rust, oil, grease, earth and other
forcign matter which affect the quality of welding.

Tungsten electrodes used shall conform to ASME Sec Il C SFA 5.12 specification. Thoriated
Tungsten electrodes shall not be permitied due to possible radiation hazard. Instead, ceriated
Tungsten Electrodes (EWCe-2 or equivalent) shall be used for GTA Welding.

SHIELDING & PURGING GAS

Argon gas used in GTA welding shall be as per SFA 532 of ASME Section 11 part C. The
purity of the gas shall be certified by the manufacturer. The rate of flow for shielding
purposes shall be established through procedure qualification tests.

When GTAW process alone or a combimation of GTAW and SMAW/FCAW/SAW processes
is recommended for the production of a particular joint, the purging shall be maintained during
the root pass and for the first filling pass to minimize oxidation on the inner side of the pipe,
unless otherwise specified in Welding Specification Chart.

Initial purging shall be maintained for sufficient period of time so that at least 4-5 times the
volume between the dams is displaced, in order to completely remove the entrapped air. In no
case should the initial purging period be less than 10 minutes. High gas pressure should be
avoided.

After initial purging. the flow of the backing gas should be reduced to a point where only a
slight positive pressure prevails.

Gas backing (purging) is not required for sockel type of welded joints.

Dams, used for conserving inert gas during purging, shall be removed after completion of the
welding, and shall be sccounted for. Wherever, removal of dams is not possible after welding,
use of water-soluble dams should be made.

EQUIPMENTS & ACCESSORIES

All the equipment for performing the heat treatment, including transformers, thermocouples,
pyro-meters, astomatic temperature recorders (with suitable calibration arrangement etc.) shall
be provided by the Contractor at his own expense along with cerlificate traceable 1o national
/international standard.

Contractor shall make necessary arrangements at his own expense, for providing the
radiographic equipment, radiographic films, processing equipment all other darkroom facilities
and all the equipment/materials required for camying out the dye-penetrant/magnetic particle
test/ultrasonic testing,

Contractors shall use only calibrated panels and digital recorders for carmying out PWHT
activities.
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8.0 EDGE PREPARATION
8.1 General

8.2

83

9.0
9.1

92

9.3

9.4

The edges to be welded shall be prepared to meet the joint design requirements by any of the
following methods recommended:

(a) Carbon Steel
Gas cutting, machining or grinding methods shall be used. Afier gas cutting, oxides
shall be removed by chipping or grinding,.

(b) Low Alloy Steels (containing up to 5% Chromium).
Gas cutting, machining or grinding methods shall be used. Afier gas cutting,
machining or grinding shall be carried out on the cut surface.

(c) High alloy steel (> 5% Chromium) and stainless steels, nickel alloys:
Plasma cutting, machining or grinding methods shall be used. After plasma cutting,
cut surfaces shall be machined or ground smooth.

The beveled edges shall be masked with tape after fit-up. The welding shall preferably be
completed within a week after fit-up,

Cleaning

(a) The ends to be welded shall be properly cleaned to remove paint, oil, grease, rust,
oxides, sand, earth and other foreign matter. The ends shall be completely dry before
the welding commences.

(b} On completion of each run, craters, welding irregularities, slag etc., shall be removed
by grinding and chiseling. Wire brushes used for cleaning stainless steel joints shall
have stainless steel wires and the grinding wheels used for grinding stainless steel
shall be of a suitable type. Separate grinding wheels and wire brushes shall be used
for carbon steels and stainless steels. Mixing of usage of carbon steel grinding wheels
on stainless steels is not permitted.

ALIGNMENT & SPACING

Components to be welded shall be aligned and spaced as per the requirements laid down in
applicable code. Special care must be taken to ensure proper fitting and alignment when the
welding is performed by GTAW process. Flame heating for adjustment and correction of ends
is not permitted unless specifically approved by the Engineer-in-Charge.

A wire spacer of suitable diameter may be used for maintaining the weld root opening while
tacking, but it must be removed after tack welding and before laying the root bead.

For pipes of wall thickness 5 mm and above, the ends to be welded shall be secured in position
with the aid of couplers, vokes and ‘C’ clamps, to maintain perfect alignment. Yokes shall be
detached after the completion of weld, without causing any surface irregularity. Any
irregularity caused on the pipe surface must be suitably repaired to the satisfaction of the

Engineer-in-Charge.

Tack welds, for maintaining the alignment, of pipe joints shall be made only by qualified
welders using approved WPS. Since the tack welds become part of the final weldment they
shall be executed carefully and shall be free from defects. Defective tack welds must be
removed prior to the actual welding of the joints.
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9.5  Tacks should be equally spaced. Minimum number of tacks shall be:

3 tacks - for 2 1/2" and smaller dia. pipes.

4 tacks - for 3" to 12" dia. pipes.

6 tacks - for 14" and larger dia. pipes.

9.6  Welding shall commence only after approval of fit-up by the Engineer-In-Charge.

10.0 WEATHER CONDITIONS

10.1  The parts being welded and the welding personnel should be adequately protected from rain
and strong winds. In the absence of such a protection no welding shall be carried out.

10.2  Duning field welding, particular care shall be exercised to prevent any air current affecling the
welding process.

1.0 WELDING TECHNIQUE

11.1  Root Pass

{(a) Root pass shall be made with clectrodes/filler wires recommended in the welding
specification chart. For fillet welding, root welding shall be done with consumables
recommended for filler passes. The preferred size of the electrodes is 2.5 mm
diameter (12 SWG) but in any case not greater than 3.25 mm (10 SWG).

(b} Upward technique shall be adopted for welding pipe held fixed with its axis
horizontal.

(c) The root pass of butt joints should be executed so as to achieve full penetration with
complete fusion of the root edges. Weld projection inside the pipe shall be as per
applicable code. It shall be limited 3mm max. when the applicable code does not
place any restriction.

(d) Any deviation desired from the recommended welding technique and electrodes
indicated in the welding specification chart should be adopted only after obtaining
express approval of the Engineer-in-Charge.

(e) Root welding shall be uninterrupted. No joint shall be left alone after the root pass.
Hot pass shall be deposited prior to stoppage of work.

() While the welding is in progress care should be taken to avoid any kind of movement
of the components, shocks, vibrations and stresses to prevent occurrence of weld
cracks.

(g) Peening shall not be used.

1.2 Joint Completion

{a) Joint shall be completed using the class of electrodes, recommended in the Welding
Specification Chart. Size of the electrode shall not exceed 4 mm in diameter for
stainless steels and alloy steels used for low temperature applications.

(b} Two weld beads shall not be started at the same point in different layers.
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(c) Butt joints shall be completed with a cover layer that would affect good fusion at the
joint edges and a gradual notch free surface.

(d) Each weld joint shall have a workmanship like finish. Weld identification work shall
be stamped clearly at each joint, just adjacent to the weld. Metal stamping shall not be
used on thin pipe having wall thickness less than 3.5mm. Suitable paint shall be used
on thin wall pipes for identification.

(e) Rust preventive/protective painting shall be done after the weld joint has been
approved.

11.3  Dissimilar Welds

(a) Where welds are to be produced between carbon steels (P No. 1) and alloy steels (P
MNo. 4, SA, 5B), preheat and post weld heat treatment requirements shall be those
specified for corresponding alloy steels. The preferred filler wire/electrodes shall
correspond to ER70S-2 or E-T016/7018 type.

(b) For welds between two dissimilar Cr-Mo low alloy steels (P No. 4, 5A, 5B), preheat
and post weld heat treatments shall be those specified for higher alloy steel and
electrodes preferred shall match steel of lower alloy content. For dissimilar metal
welds between 9Cr-1Mo-V (P No. 15E) and lower-alloy steel (e.g 2.25Cr-
IMo)carbon steel, Cr-Mo (P No. 5B) to carbon steel (P No.1), consideration should
be made to insert a small transition piece (e.g 2.25Cr-1Mo, 5Cr-0.5Mo) to allow a
lesser gradient in the chemical composition.

() For carbon steel or alloy steel to stainless welds, use of filler wire/electrodes E/ER-
309/ERNICr-3/E Ni Cr Fe-3/ENiCrMo-3 shall be made. E/ER-309 shall not be used
above design temperature of 315°C. The welding procedure, electrodes/filler wires to
be used shall be approved by the Engineer-in-Charge.

(d) Dissimilar metal welds joining carbon steels and low alloy steel to stainless or nickel
base alloys shall be avoided in the severe thermal cycling service and in sour services.

12.00. HEAT TREATMENT
12.1  Preheating and Interpass Temperafure

a) No welding shall be performed without preheating the joint to 10°C (50°F) when the
ambient temperature is below 10°C.

b) Preheating and Interpass temperature requirements for the various materials shall be as
per the Welding Specification Chart attached.

c) Preheating shall be performed using resistance or induction heating methods.
Preheating by gas burners, utilizing oxy-acetylene or oxy-propane gas mixtures, with
neutral flame may also be carried when permitted by the Engineer-in-Charge.

However, preheating in lieu of PWHT carried out in carbon steel piping above 25 mm
thickness shall be done using coil heating and monitored using thermocouples.

d) Preheating shall extend uniformly to at least three times the thickness of the joint, but
not less than 50 mm, on each side of the weld.

e) Preheating temperature shall be maintained over the whole length of the joint during
welding. Temperature recorders shall be provided by the Contractor to record the
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temperature during alloy steel welding. For carbon steel piping, preheat temperature
shall be ensured by use of temperature indicating crayons, pyrometers or other suitable
means, Digital hand-held contact thermocouples are preferred over crayons for
sustenitic stainless steels, DSS, and nickel alloys,

If a welding is interrupted for more than 3 minutes without maintenance of minimum
preheat before a mmimum of 10mm deposits or 25% of the total joint thickness is
completed (whichever is less), surface NDE shall be performed before welding is
restaried.

12.2  Post Heating

In case of alloy steel materials (P-Nos. 5B, 15E), if a weld joint is not completed on the same
day or the postweld heat treatment is not performed immediately after welding, the weld joint
and adjacent portion of pipe, at least 50 mm on either side of weld, shall be uniformly heated
to 350°C for | hour per inch with 1 hour minimum and then wrapped with mineral wool
before allowing it to cool to room temperature. Post-weld hieat treatment as specified in the
Welding Specification Chart shall be carried out later on.

123 Post-Weld Heat Treatment (PWHT )

a)

b)

€}

d)

€)

Post-weld heat treatment, wherever required for joints between pipes, pipes and
fittings, pipe body and suppaorts shall be carried out as per the welding specification
chari, applicable codes standards and the instructions of the Engineer-in-Charge. In
this regard, procedure qualification shall be done before camving cut PWHT on
production welds.

The Contractor shall submit for the approval of the Engineer-in-Charge, well before
carrying out actual heat treatment, the details of the post-weld heat treatment
procedure as per Exhibit B attached, that he proposes to adopt for each of the
materials/assembly/part involved.

Post-weld heat treatment shall be done in a furnace or by using an electric resistance
or induction-heating equipment, as decided by the Engineer-in-Charge

While carrying out local post-weld heat treatment, technigue of application of heat
must ensure uniform temperature attainment at all points of the poriion being heat-
treated. Care shall be taken to ensure that width of heated band over which specified
post-weld heat treatment temperature attained is at least that specified in the relevant
applicable standards/codes. Contrel of temperature shall be done using
microprocessor/computer-controlled system.

Throughout the cycle of heat treatment, the portion outside the heated band shall be
suitably wrapped under insulation so as to avoid any harmful temperature gradient at
the exposed surface of pipe. For this purpose, temperature at the exposed surface
should not be allowed to exceed 50% of the peak temperature.

The temperature attamed by the portion under heat treatment shall be recorded by
means of thermocouple pyrometers, Adequate number of thermocouples should be
attached to the pipe directly at equally spaced location along the periphery of the pipe
Jjaint. Mmimum number of thermocouples required different pipe diameters is given in
the table below. However, the Engineer-in-Charge ¢an increase the required number
of thermocouples to be attached if found necessary.
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Pipe outside diameter, inch | No. of thermocouples
 Upto6" 1
g"-10" 2
12"- 20 3
24" - 36" 4
3
8
0

427 - 54"
56" - 92" _ B
IM" - lu ——

g) Automatic temperature recorders, which have been suitably calibrated, shall be
employed for measuring & recording temperature. The time-temperature graph shall
be submitted to Engineer-in-Charge immediately on completion of Stress Relieving
Cycle. The calibration record of each recorder should be submitted to the Engineer-in-
Charge prior to starting the heat treatment operations and his approval should be
obtained.

h) Manufacturer’s test certificate shall be submitted for the thermocouples materials and
record shall be maintained by the Contractor.

i) Immediately on completion of the Heat Treatment, the Post-Weld Heat Treatment
charts/records along with the hardness test results on the weld points, wherever
required as per the Welding Specification Chart, shall be submitted to Engineer-in-
Charge for his approval.

b Each weld joint shall bear a unique identification number, which shall be maintained
in the piping sketch to be prepared by the Contractor. The weld joint identification
number should appear on the corresponding post weld heat treatment charts. The
chart containing the identification numbers and piping sketch shall be submitted to the

Engineer-in-Charge in suitable folders.
13.0 CLEANING OF THE WELD JOINT
All weld joints shall be free from adherent weld spatters, slag, swarf, dirt or foreign matter.
This can be achieved by brushing. For stainless steels, brushes with only stainless-steel
bristles shall be used.
14.0 INSPECTION AND TESTING

14.1 General

(a) The Owner's inspector shall have free access to all concerned areas, where the actual
work is being performed. The contractor shall also accord the Owner’s Inspector all
means and facilities necessary to carry out inspection. :

(b) The Owner is entitled to depute his own inspector to the shop or field where
prefabrication and erection of pipe lines is in progress for (but not limited to) the
following objectives:

i) To check the conformance to relevant standards and suitability of various
welding equipments and the welding performance.

ii) To witness the welding procedure qualification.

iii) To witness the welder performance qualification.
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(c)

iv) To check whether shop/field welding being executed is in conformity with the
relevant specifications and codes of practice followed in piping construction.

Contractor shall intimate sufficiently in advance the commencement of qualification
tests, welding works and acceptance tests, to enable the Owner’s inspector to be
present to supervise them, as decided by the Engineer-In-Charge.

14.2  Welding Procedure Qualification

(a)

(b)

(c)

(d)

(e)

Welding procedure qualification shall be carried out in accordance with the applicable
requirements of ASME Sec. [X latest edition and/or other applicable codes and the
Job requirements.

The contractor shall submit the welding procedurc specification in format as per
Exhibit-C (attached) immediately after the receipt of the order. For shop/field
welding, WPS format given in ASME Section [X may also be used.

Owner's inspector will review, check and approve the welding procedure submitted
and shall release the procedure for qualification tests. The procedure qualification test
shall be carried out by the Contractor at his own expense. A complete set of test
resulis in the format as per Exhibit-D (attached) or ASME Section IX shall be
submitted to the Owner’s inspector for his approval immediately after completing the
procedure gualification test and at least 2 weeks before the commencement of actual
work. For shop welding, PQR format given in ASME Section [X may also be used.

Standard test as specified in the code shall be carried out in all cases. [n addition to
these tests, other tests like macro/micro examination, hardness tests, dye penetrant
examination, Charpy V-notch, Corrosion tests etc. shall be carried out on specimens
depending upon the type of base material, operating conditions and requirements laid
down in the detailed drawings, specifications and welding charts. It shall be the
responsibility of the Contractor to carry out all the tests required to the satisfaction of
the Owner's inspector,

Contractor may submit old PQR conducted at other sites under EIL supervision.
Engineer-In-Charge may permit the use of old PQR if found acceptable.

143  Welder's Qualification

(a)

(b)

(c)

Welders shall be qualified in accordance with the ASME Section-IX or other
applicable codes, The Owners inspector reserves the right to witness the test and
certify/approve the qualification of each welder separately. Only those welders who
have been approved by the Owner's Inspector shall be employed for welding.
Contractor shall submit the welder qualification test reports in the format as per
Exhibit-E (attached) and obtain express approval before commencement of work. It
shall be the responsibility of Contractor to carry out qualification tests of welders. For
welding of the steam piping. falling under the purview of Indian Boiler Regulations,
only those welders with IBR Certification, qualified by Boiler Inspectorate, and
acceptable to the local Boiler Inspector authority shall be employed.

The welders shall always have in their possession, an identification card containing
information contained in Exhibit-G and shall produce it on demand by the Engineer-
In-Charge or his representative. It shall be the responsibility of the Coniractor to issue
the identify cards after it has been duly certified by the, owner's Inspector,

Mo welder shall be permitted to work without the possession of the identify card.
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(d) If a welder is found to perform a type of welding or in a position for which he is not
qualified, he shall be debarred from doing any further work. All welds performed by
an unqualified welder shall be cut and redone by a qualified welder at the expense of
the Contractor

14.4  Visual Examination

Visual Examination of all welds shall be carried out as per the latest editions of the applicable
codes and EIL Standard 6-44-0016. All finished welds shall be visually inspected for parallel
and axial alignment of the work, excessive reinforcement, concavity of welds, shrinkage
cracks, inadequate penetration, unrepaired burn-through, under cuts, dimensions of the weld,
surface porosity and other surface defects. Undercutting adjacent to the completed weld shall
not exceed the limits specified in the applicable standard/code.

145 Radiographic Examination

(a) Radiography shall be carried out by Conventional radiography or Close proximity
radiography or Computed Radiography (CR) using Phosphor Imaging Plate (IP) as
described in ASME Section V Article 2 Mandatory Appendix VIIL. The details of the
Computed Radiography is covered in Annexure J. Digital Radiography (DR) as
described in ASME Section V Article 2 Mandatory Appendix [X may be permitted for
vendor shop weld inspection after review and approval of the procedure by EIL
Inspector or Owner's Third Party Inspector (TPI).

(b) The extent of Radiography shall be as per the EIL Standard NDT specifications (6-44-
0016) or job specification given elsewhere in the Tender. For field weld joints,
Contractor shall propose among suitable Radiographic methods given in clause 14.5
(a) depending on the actual field condition for approval of Engineer-in-charge. For
welds between dissimilar materials, the extent of Radiographic Examination shall be
the more stringent of the two recommended for the materials being welded. Wherever
random Radiography is called for, in a particular piping class, the dissimilar materials
weld joints shall essentially be included.

(c) The Radiographic Examination procedures shall be submitted by the contractor as per
Exhibit-F for approval from the Owner’s Inspector prior to employment. A person
qualified to ASNT Level-Il or ASNT Level-IIl in Radiographic testing shall prepare
the procedure. The Radiography Procedure shall be established to demonstrate that
the required sensitivity can be consistently achieved under the most unfavorable
parameters (e.g. source to film distance, geometric unsharpness, thickness etc.). The
radiographic technique and procedure adopted shall conform of the requirements
mentioned in Article 2 as well as Article 22 of ASME Section V. The IQI sensitivity
obtained shall be equal to or better than the requirements mentioned in Article 2 of
ASME Section V. Source side penetrameter shall be used in establishing radiographic
procedure/ technique. The acceptance criteria shall be as per the relevant codes of
Fabrication and overriding requirements if mentioned elsewhere in the technical
specifications of the contract. The Contractor shall be responsible for carrying out
Radiography; rectification of defects and re-radiography of welds repaired/rectified at
his cost.

(d} Depending on the site condition, decision to use close proximity radiography shall be
taken by Engineer-in-charge. Close Proximity Radiography (CPR) with conventional
film radiography or Computed Radiography shall be used. The cordoning distance for
close proximity radiography shall be 4 to 5 meters maximum. The permissible
maximum pipe thickness and minimum pipe size shall be 12 mm and 3" respectively
for use of Close Proximity Radiography.
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(e)

(f)

(&)

(h)

(i)

()

Type of Radiation source and film to be used shall be as per Exhibit-H for carrying out
radiographic examination. However, if specifications (as given elsewhere in the
contract) for some critical material require usage of X-Ray Radiation, then
Radiography shall be done using X-Rays only.

The Contractor shall fulfill all the statutory and ownet’s safety requirements while
handling X-ray and Gamma-ray equipment.

In case of random radiography, the joints for Radiography shall be selected by the
Owner’s Inspector and the Radiography shall be performed in his presence. if he
instructs the contractor to do so. The contractor shall furnish all the radiographs, to the
Owner’s Inspector immediately after processing along with evaluation by a person
qualified to ASNT Level-Il in Radiographic testing, inline with Article 2 of ASME
Section V. The certificate of ASNT/ISNT Level Il qualification of the NDT personnel
shall be submitted to owner’s inspector for his approval prior to start of job.

The Contractor shall provide the Owner's Inspector, all the necessary facilities at site
such as a dark room with controlled temperature, illuminator (viewer) suitable for
varying densities, a duly calibrated electronic densitomeler with batteries, magnifying
glass, tracing papers, ruler, marking pencils etc. to enable him to review the
radiographs.

For each weld performed by a welder found unacceptable, two additional checks shall
be carried out on welds performed by the same welder. This operation is iterative and
the of two additional welds for each weld deemed unsatisfactory shall be continued till
such time that two consecutive welds of satisfactory quality are found for every
defective weld.

The Contractor shall carry out these additional radiographic testing at his own
expense. To avoid the possibility of too many defective welds by a single welder
remaining undetected for a long period to time, the Contractor shall promptly arrange
for Radiographic Examination so that there is no accumulation of defective joints.

14.5.1 Check shots

(a)

(b)

Owner / Engineer-in-charge or his representative shall select 5% of the total number
of weld joints accepted in first altempt in radiography for check shots.
CONTRACTOR shall take check shot in one segment instead of all segments of each
selected joints if agreed by the Engineer-in-charge.

Weld profiles of check shots shall be compared with weld profile observed in the
carlier Radiographs. In the event of any one variation in the check shots and carlier
Radiographs, contractor shall re-shoot the entire lot of joints radiographed by
particular Radiography agency on the particular date. All the re-shot films shall be
compared with the originally submitted films.

14.6  Liguid Penetrant and Magnetic Particle Examination

(a)

(b)

Whenever such tests are specified, the tests shall be carried out on joints chosen by the
Owner's inspector, as per ASME Section V article 6 and 7 respectively. The tests are
to be performed by a person possessing a wvalid [SO/ASNT/ASNT Level-1l
qualification in the method being used.

For austenitic stainless steels and other nonmagnetic materials, liquid (dye) penetrant
test shall be carried out. For carrying out this test, the materials shall be brought
within a temperature limit of 15° 1o 50°C
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14.7 Ultrasonic examination (UT)

(a) Ultrasonic testing (UT) can be used in place of radiographic examination when
permitted by ASME B31.3 with prior approval of Engincer-in-charge.

(b)  The Ultrasonic testing procedure to be adopted shall be submitted by the
CONTRACTOR in line with EXHIBIT-I and get it approved from EIL/OWNER.

(c) The CONTRACTOR shall make all the arrangements for the Ultrasonic  Testing of
work at his expense. The CONTRACTOR shall furnish all the reports to the
EIL/OWNER, immediately after examination together with the corresponding
interpretation reports on the approved format. The details of the AUT reports along
with the joint identification number shall be duly entered in a register and signed by
the CONTRACTOR and submitted to the EIL/OWNER for approval. The
EIL/OWNER will review all the Ultrasonic Testing records of welds and inform the
CONTRACTOR to those welds, which are unacceptable. The decision of the
COMPANY shall be final and binding in this regard.

(d) In addition, Radiography examination shall be carried out when in the opinion of
EIL/OWNER, Radiography inspection is required to confirm or clarify defects
indicated by Ultrasonic examination,

(e) The ultrasonic testing system used for inspecting welds shall be approved by
EIL/OWNER.

148 Hardness Test

Hardness requirements for welds shall be as per the Welding Specification Chart/Non-
Destructive Examination Specification attached elsewhere in the contract. Hardness testing
shall be carried out by Vickers Hardness Tester during welding procedure qualification and
shall be cross sectional. For production welds, hardness testing shall be carried out by portable
digital hardness testers. Poldi hardness tester shall not be permitted. Contractor shall produce
documentary evidence/calibration certificate to the Owner’s Inspector and obfain approval of
the hardness testing equipment. Contractor shall mobilize standardized test block with
hardness value punch and calibration certificate. Digital hardness tester shall be checked prior
to each shift using standardized test block.

14.9  Proof Tests

Hydrostatic and pneumatic tests shall be performed as per the requirements laid down by
respective flushing and Testing specification/applicable codes to demonstrate the soundness of
the welds. The tests shall be conducted after fulfilling the requirement of visual examinations,
radiography etc., and after the entire work has been certified by the Owner’s inspector to be fit
for being subjected to such tests.

15.0 REPAIRS OF WELDS
(a) No repair shall be carried out without prior permission of the Owner’s inspector.

(b)  Repairs and/or work of defective welds shall be done in time to avoid difficulties in
meeting the construction schedules.

(c) Defects ascertained through the inspection methods, which are beyond acceptable
limits shall be removed after the joint is completely radiographed by the process of
chipping and grinding. The repaired welds shall be subjected, as a minimum
requirement to the same testing and inspection requirements as the original weld.
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(d) The number of times repair welding can be permitted for the same weld shall be
govermned by the standard specification, 6-44-0016.

(e) When the entire joint is judged unacceptable, the welding shall be completely cut and
edges suitably prepared as per required alignment tolerances. The rewelded joint shall
again be examined following standard practices.

(f) After attending repairs for alloy steel (P Nod, 5) joints, full joint to be re-

radiographed after completion of PWHT.

16.0 DOCUMENTS TO BE SUBMITTED BY CONTRACTOR (4 COPIES EACH)

(a) Electrode and Welding Consumable Qualification Records as per Exhibit-A, for the
Welding Consumables tested and approved for the work.

(b} Batch Test Certificates, for the Electrodes used, obtained from the Electrode
Manufacturers.

{c) Proposed Heal Treatment Procedure as per Exhibit-B.

id) Heat Treatment Charts.

(e) Weld joint hardness test results.

(fH Welding Procedure Specifications as per Exhibit-C immediately after receipt of the
order.

(g) Welding Procedure Qualification records as per Exhibit-D.

(h) Welder Performance Qualification records as per Exhibit-E  immediately after
conducting Welder Qualification Tests.

(1) Radiography Procedure as per Exhibit-F and other NDT procedures.

() Radiographic test Report along with Radiographs and other NDT reports.

(k) Piping Sketch (lIsometric) giving all the details regarding the pipe specifications,
welded joints, joints radiographed magnetic particle, tested, ultrasonic tested,
penetrant tested, joints heat treated, WPS used, welders identification number, etc.
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EXHIBIT - A: ELECTRODE QUALIFICATION TEST RECORD

Date:
Test started on:
Test completed on:
A DETAILS
CONTRACTOR
Tested at (Site name)
Code of Reference (used for testing)
Special Requirements (if any)
'Sl | Classificat | Sizeof | Batwch | Manufacturer | Intended for | Remarks
- | No. | ionof electrode | no. name/brand/date | welding in
electrode of manufacture | position
B: All-weld Tensile Test
Base Material used
Buttering used : Yes/No
Pre-heat temperature
Inter-pass temperature
Post weld heat treatment details
Visual examination

Radiographic examination results

Tensile test results

Sheet | of 4
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SL.No. | Batch no./ Size of | Current | UTS YS % elongation
identification | electrode | & Remarks
no. polarity
As Actual | As Actual | As | Actual
per per per
code code code
c. Impact Test Results
Test Temperature Noteh in
Type of Specimens (Charpy) Size of Specimens
SL.No, | Batch no./ Size of | Current
identification | electrode | & Impect Valus femaks
no. polarity
As per I |2 |3 |4]5 | Average
code,
max./avg.
Sheet 2 of 4
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D. Chemical Analysis Resulls

Batch no./ Size of | Current
- b e Fobe e B P e o
no. polarity C MnSilP [S [Cr [NiMol|V
As per
code
IActual
As per
code
Actual
E. Fillet Weld Test Results
Base Materials
Batch no/ | Size of | Current a : Macro Fracture
identification | ol Welding Visual Remarks
Sl no. de | polarity | position
MNo.
Horizontal
Vertical
Overhead
Horizontal
Vertical
Overhead
F. Oither Test Results
i. Transverse tensiie test
In combination with
Base material used
Position of welding
Preheat temperature
Post weld heat treatment
Radiography
Sheet 3 of 4
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[dentification No. U.TS. Fracture in Remarks
i 18 Guided Bend Test
Position [dentification No. |Root, Face or Side Bend |Remarks
1
2
3
4
5
G. Any other tests
H. Conclusions
PREPARED BY REVIEWED BY APPROVED BY
{(CONTRACTOR) (CONTRACTOR) (FIL/-OWNER)Y

Sheet 4 of 4
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EXHIBIT — B: STRESS RELIEF HEAT TREATMENT PROCEDURE

LSTK CONTRACTOR
MName of the Heat treater 1
Name of the Project _——
Specification /Reference No.
Line no./Joint No.
.  General Details Other Details
Name of the Type of Heating : Elec. Res./
Lquipment : Induction
| (Tick mark applicable method)
Maximum Permissible Temp at
Uncovered Parent Metal
Width of heated band
Width of Insulation
Material - ) No. of Themo couples (dia wise)
Type of Thermo couples
3 Heat Treatment Cycle Details
Charging Temp °C —
Rate of heating °C /Hr. -
Soaking Temperature, °C
Soaking Time, Hrs.
Rate of Cooling °C /Hr.
Method of Cooling -
4. Other details, ifany - ) -
Format No. 8-00-0001-F1 Rev. 0 Copyright EIL - All rights reserved
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EXHIBIT - C: FORMAT FOR WELDING PROCEDURE SPECIFICATION (WPS)

Company Name By o
Welding Procedure Specification No. Date Supporting POQR. No. (S)
Revision No. Date
Welding Process (es) Tvpe (s)
(Automatic, Manual, Machines or Semi Auto)
JOINTS
Joint Design
Backing (Yes) (Noj)
Backing Material (Type)

Sketches Production Drawings. Weld Symbols Written

Description should show the general arrangement of the parts to be welded. Where applicable, the
root specing and the details of weld groove may be specified.

(At the option of the Manufacturer sketches may be attached to illustrate joint design weld layers and
bead sequence e.g. for notch toughness procedures, for multiple process procedures, etc.)

BASE METALS
P.No. . Group No. to P. No. Giroup No.
OR

Specification type and grade
to Specification type and grade

OR

Chem. Analysis and Mech, Prop.
to Chem. Analysis and Mech. Prop.
Thickness Range :
Base Metal : Groove - Fillex -
Depasited Weld Metal : Groove B Fillet
Pipe Dia Range : Groove | Fillet
Other

SHEET 10F 3
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FILLER METALS

F.No. Other

ANo. Other

Spec. No. (SFA) — ~—

AWS No. (Class) =

Size of filler metals

 (Electrodes, Cold Wire, Hot Wire etc.)
Electrode-Flux (Class)
Flux Trade Name

Consumable Inset
Each base metal/filler metal combination should be recorded individually.

WPS NO. Rev.
POSITIONS: POSTWELDED HEAT TREATMENT
Position (s) of Groove Temperature Range -t
Welding Progression : UP Down Time Range

Position (s) of Fillet

PREHEAT GAS
Shielding Gas (es)
Preheat Temp. Min. Percent Composition (mixtures)
Interpass Temp. Max. Flow Rate
Gas Backing
Preheat Maintenance - Trailing Shielding Gas Composition

ELECTRICAL CHARACTERISTICS

Current AC or DC Polarity

Amps (Range) » : _ Volts (Range)
{(Amps and volts range should be recorded for each electrode size, position, and thickness, ete. This
information may be listed in a tabular form similar to that shown below).

Tungsten Electrode Size and Type
(Pure Tungsten, 2% Ceriated, etc)
Mode of Metal Transfer for GMAW
{Spray arc, short circuiting arc, etc.)
Electrode Wire feed speed range
SHEET 2 OF 3
Format Mo. 8-00-0001-F1 Rev, 0 Copyright EIL — Al rights reserved

Paade 5117 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



STANDARD SPECIFICATION No.

gEan ﬁc@hﬂh UMITED  WELDING SPECIFICATION FOR 6-77-0001 Rev. 5
PR R—— FABRICATION OF PIPING Page 24 of 46
TECHNIQUE
String or Weave Bead
Orifice or Gas Cup Size

Initial and Interpass Cleaning (Brushing, Grinding, etc.)

Method of Back Gouging

Oscillation

Contact Tube to Work Distance

Multiple or Single Pass (per side)

Multiple or Single Electrodes -
Travel Speed (Range) o B S
Peening o o I -
Other .
Weld Filler Metal Current Volt Travel
Layer(s) | PO Class. | Dia. Pmu ;:;:E — fshp:ﬁ e
¢.g. Remarks,

Comments, Hol
wire Addition,
Technique Torch
Angle, etc.

SHEET 3 OF 3
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EXHIBIT-D: FORMAT FOR PROCEDURE QUALIFICATION RECORD (PQR)
RECORD OF ACTUAL CONDITIONS USED TO WELD TEST COUPON

Company Name

Procedure Qualification Record No.

WPS No.

Welding Process (es)

Types (Manual, Automatic, Semi-Auto)

JOINTS

Groove Design of Test Coupon

(For combination qualification the deposited weld metal thickness shall be recorded for each Filler metal or process weld)

BASE METALS POSTWELD HEAT TREATMENT
Material Sepc. Temperature
Type of Grade B Time
P.No. to P.No. Other
Thickness of Test Coupon
Diameter of Test Coupon
Other
FILLER METALS GAS
Weld Metal Analysis A No. Type of Gas/Gases
Size of Filler Metal Composition of Gas Mixture
Filler Metal F.No. Other
SFA Specification e —
AWS Classification
Other
POSITION ELECTRICAL CHARACTERISTICS
Position of Groove Current
Weld Progression (Uphill, Downhill) Polarity
Other Amps.
Tungsten Electrode Size
Other -
PREHEAT TECHNIQUE
Phreheat Temp. Travel Speed
Interpass Temp. String or Weave Bead -
S Oscillation -
Multipass or Single Pass (per side)
Single or Multiple Electrodes
Other o

SHEET | OF 3
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TENSILE TEST
Specimen |  Width Thickness Area Ultimate total | Ultimate tensile Type &
No. force, kgf stress, location of
Kegfimm? failure
GUIDED BEND TESTS
Tvype of Figure No. Result
TOUGHNESS TESTS
Specimen | Notch Notch Test Impact i R Dyop Weight
No. Location| Type Temp. Value o Shear Mils Break No
Break
FILLET WELD TEST
Result - Satisfactory : Yes No Penetration into Parent Metal : Yes _ No.

Marco - Results

SHEET 2 OF 3
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OTHER TESTS
Type of Test

Deposit Analysis o 3
Other e —

Welder’s Name Clock No. Stamp No,
Test Conducted by Laboratory Test No.

We certify that the statements in this record are correct and test welds were prepared, welded and
tested in accordance with the requirements of Section X of the ASME Code.

Date Manufacturer

By .
(Detail of record of tests are illustrative only and may be moulded to conform to the type and number
of tests required by codes and specifications).

SHEET3OF 3
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EXHIBIT ~ E: FORMAT FOR MANUFACTURER'S RECORD FOR WELDER OR
WELDING OPERATOR QUALIFICATION TESTS

WelderName ~ Check No. _ Stamp. No.

Using WPS No, Rev.

The above welder is qualified for the following ranges

Variable Record Actual Values Qualification Range
Used in Ouslificat

Process o

Process Type

Backing (metal,

Weld metal, flux, etc)

Material Spec. _to_ o

Thickness
Groave
Fillet

Diameter
Giroove
Fillet

Filler Metal
Spec. No.
Class
F. No.

Position

Weld Progression

Gas Type

Electrical Characteristics
Current

Polarity -

SHEET 1 OF 2

Formal No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved

Paade 5122 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



W ENGINEERS 5, STANDARD SPECTFICATION Na.
aﬁum@ma LIMITED ~ WELDING SPECIFICATION FOR 6-77-0001 Rev. 5

(2 e i st o it Linsharishog FABRICATION OF PIPING PEEE 29 of 46
Guided Bend Test Resulis
Type and Fig. No. ol
Radiographic Test Results

For alternative qualification of groove welds by radiography

Radiographic Results

Fillet Weld Test Results
Fracture Test (Describe the location, nature and size of any crack or tearing of the specimen__
Length and Per Cent of Defects inches %
Macro Test - Fusion - __I§ o
Appearance - Fillet Size (ing) X Convexity or Concavity
Test Conducted by Laboratory - Test No.

We certify that the statements in this record are correct and that the test welds were prepared.
Welded and tested in accordance with the requirements of Section IX of the ASME Code.

Date Organization
By

(Details of record tests are illustrative only and may be modified to conformation to the type & number
of tests required by the Code).

Note: Any essential variables in addition to those above shall be recorded.

SHEET2OF 2
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EXHIBIT - F: RADIOGRAPHIC PROCEDURE QUALIFICATION
RECORD FOR PIPE WELDING
1. Location
y Date of Testing

3. Name of the LSTK CONTRACTOR/Agency
4. Material: Carbon steel/Alloy Steel/Stainless Steel
4 A. Technique: DWSI/SWSIDWDI

5: Diameter & Thickness:

6. Type of Weld Joint:

7. Radiation Source:

8. Intensifying Screens/Lead Screens:

9. Geametric Relationship:

10, Limit of Film Coverage:

1. Film Type and Make:

12, Lxposure Time:

I3. Processing:

14. Density:

15. Sensitivity:

16.*  Type of penetrameter:
{ Source side)

17.*  Type of penctrameter:
(Film side)

Signature of LSTK CONTRACTOR/Agency with Seal

Approval of OWNER/ PMC’s Inspector

. Ref. Para regarding recommended practice on placement of penetrameters Article 22, SE 142,

ASME Sec. V.

hd For “Random Radiography™ lines placement of penetrameters as per Article 2, ASME, Sec. V
15 permitted,
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EXHIBIT - G: WELDER'S IDENTIFICATION CARD

L MName:

2 Identification:

Photograph
3. Date of Testing:
4. Process
5. Thickness range
6. Diameter range
7. P. No.
8. Date of approval of welding
9. Position(s)
Approved by: Employer’s Signature with Seal
Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved
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EXHIBIT - H: Type

NOMINAL WALL 5
THICKNESS (T) IN mm SHOP WELDED JOINTS IN-SITU WELDS
SOURCE | FILM:CENClass | SOURCE | FILM : CEN Class
T>19 All Materials | Gamma Ray C5 Gamma Ray C5
8<T<19 Carbon Gamma Ray Gamma Ray
Steel c4 C4
All nﬂmr Gamma Ray 3 Gamma Ray c3
materials
<3 Carbon Steel
FH?P:C?;:: Gamma Ray C3 Gamma Ray el
Class [V * B )
All other X-ray with C4 or Equivalent to be
materials and used. Gamma Ray (S5e 75 Source
Carbon Steel only) with C3/C2 Equivalent may be
of Inspection X-Ray cd allowed only if in the assessment of]
Class IV * the owner's inspector, Joints are
inaccessible for X-ray equipment
and radiographic sensitivity is
achieved.

MNote: [ntegral to above table

1) Films slower than the above may have to be used, if required radiographic sensitivity is not

achicved consistently.

* Piping classes where 100% RT is specified. Refer Std. Spec. No. 6-44-0016

COMPARISON OF FILMS FROM DIFFERENT MANUFACTURERS

CEN Classification |  KODAK ~ AGFA T Fua
=~ CX D8 ==

cs | AA0 | b1 | i

c4 | T200 D5 IX80

_ a MX125 D4 IX50
2 M100 D3 =

Cl DR50 D2 IX25

AL SR** e ==

** Special films, extremely fine grain & very high resolution
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EXHIBIT - I: ULTRASONIC TESTING (UT)

1.0 INTRODUCTION

2.0 REFERENCE DOCUMENTS

3.0 AUTSYSTEM

4.0 COUPLANTS

5.0 CALIBRATION/DEMONSTRATION BLOCK
6.0 CALIBRATIONS

7.0 PROCEDURE

8.0 TRAINING AND QUALIFICATION

90 EVALUATION AND ACCEPTANCE CRITERIA
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1.0 INTRODUCTION

The specification shall be. applicable for Automated Ultrasonic Testing (AUT) system or
Semi-Automated Ultrasonic Testing suitable for full penetration butt-welds of piping. The
system shall incorporate Phased array probes and Time of Flight Diffraction (TOFD) probes
plus- pulse echo probes. The procedure shall evaluate the performance of Phased Array
Ultrasonic examination instruments and system. This specification is intended to be used on
thickness of 8.0 mm and greater. TOFD probes shall be used above 12mm thickness. Lesser
thicknesses may be tested using the standard practice if the technique can be demonstrated to
provide adequate protection on mockups of the same wall thickness and geometry.

2.0 REFERENCE DOCUMENTS
The latest edition with addendum of the following standards shall be referred here:

a) ASME B31.3 — Process piping

b) ASME Section V- Non Destructive Examination (Latest edition)

c) ASNT SNT-TC-1A - Recommended Practice for Personnel Qualification and
Certification in Nondestructive Testing

3.0 AUT SYSTEM

3.1 Instrument Requirement
The ultrasonic examination shall be performed using a system employing automated/ semi-
automated scanning with computer-based data and analysis abilities.

The instrument shall be capable of real-time sectorial scan (also called an S-scan) image
during scanning to assure that proper data has been collected, generating and displaying
sectorial-scan image, which can be stored and recall for subsequent review,

The system shall provide an adequate number of examination channels to ensure the complete
volumetric examination of the weld through the thickness in one circumferential scan.
The instrument linearity should be such that the accuracy is within 5%.

Each examination channel should be selective for pulse-echo or through transmission mode
gate position and length for a minimum of two gates and gain.

TOFD techniques & B-scan mapping should be available to improve characterization.
Recording thresholds should be selectable to display signals between 0 and 100% of full
screen height for simple amplitude and transit time recording and it should be from 0 to 100%
for B-scan or mapping type recording of data. Two recordable signals output  per gate should
be available being either analog or digital and representative of signal height and time of
fight. Measuring distance accuracy of circumferential weld shall be within 1.0 ¢m from zero
() position.

Electronic noise shall be lower than acoustical noise in all channels for the probes and
sensitivities to be used during inspection, The signal to noise ratio for each channel during
-examination shall be at least > 20 dB for shear waved probes.

The Contractor shall provide the detail information of the equipment like model, trade name,
software used to the OWNER/EIL.

32 Probes
The phased array search unit frequency shall be between 1| MHz and 10 MHz depending on
material type and thickness. The Contractor shall provide the detail information of the probe
frequency, no. of elements, size, pitch etc. to the OWNER/EIL.

Formal Mo. 8-00-0001-F1 Rev. 0 Copyright EIL - All rights reserved

Paade 5128 of 6631 - BO57-TENDFR DOC-R957-420-80-44-PG-T-7410 * Rev A



STANDARD SPECIFICATION Na.

ﬁgﬁ@m& LUMITED WELDING SPECIFICATION FOR 6-77-0001 Rev. 5
4 0oe. of ot npemating| FABRICATION OF PIPING Page 35 of 46
33 Wedge

34

4.0

5.0

5.1

5.1.1

5.1.2

5.1.6

Phased array wedges shall be of a design to accommodate phased array search unit. Nominal
refracted-wedge angles shall be possible from 35 to 75 degrees to ensure 100 % coverage of
the weld and heat affected zone. The Contractor shall provide the detail information of the
wedge to the OWNER/EIL.

Encoder
The encoder shall be capable of permitting a scan resolution of 1.0mm as minimum.

COUPLANT

The couplant shall be obtained by using a medium suitable for the purpose. It shall be suitable
for the temperature used. The couplant, including additives, shall not be detrimental 1o the
material being examined. Couplants used on nickel base alloys shall not contain more than
250 ppm of sulfur. Couplants used on austenitic stainless steel shall not contain more than 50
ppm of halides (chlorides plus fluorides). A method should be employed to determine that
constant coupling is achieved during examination. An examination of the test piece with its
surface wiped dry should produce a record showing an absence of the couplant recording
signal.

The same couplant shall be used during calibration and examination.
CALIBRATION/DEMONSTRATION BLOCK
Calibration/Demonstration Block Material

Material selection

The material from which the qualification and calibration blocks are fabricated shall be of the
same product form and material specification or equivalent P-number grouping as one of the
materials being examined.

Heat treatment

The calibration and qualification blocks shall receive at least the minimum tempering
treatment required by the material specification for the type and grade. If the calibration and
qualification blocks contains welds other than cladding, and the component weld at the time of
the examination has been heat treated, the block shall receive the same heat treatment.

Reflectors

a) Calibration blocks reflectors: Side drilled holes shall be used to confirm adequate
sensitivity settings.

b) Demonstration blocks reflectors: Surface and sub-surface notches

‘Quality of calibration and demonstration hlocks-

Prior to fabrication, the block material shall be completely examined with a straight beam
search unit. Areas that contain an indication exceeding the remaining back-wall reflection
shall be excluded from the beam paths required to reach the various calibration reflectors.

Cladding

When the component material is clad. the block shall be clad by the same welding procedure
as the production part. It is desirable to have component materials, which have been clad
before the dropouts, or prolongations are removed. When the cladding is deposited using an
automatic welding process, and, if due to block size, the automatic welding process is
impractical, deposition of clad may be by the manual method.

Surface roughness of calibration and demonstration blocks
The mugj:mess of the Demnnslmtmn and l:.ahhmuﬂrn surfaces ﬂf the blocks shall be
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5.2 Calibration Blocks

5.2.1 Standard block
ITW V1 calibration block or V2 or equivalent calibration block are a recognized test reference
for sweep range scale, index point of shear wave transducer, and refracting angle.

5.2.2 Calibration reference block
Reference block shall be made with notch and side-drilled hole as per ASME Section V article
4, Fig.T-4342.1 and Fig.1-434.3 and shall be used for gain calibration and construction of
reference curves. The reference calibration block shall be a section of pipe of the same
nominal and schedule and normally be manufactured from the actual material examined and
have approved dimensions.

5.2.3 Non-piping Calibration block
The basic calibration block configuration and reflectors shall be as shown in ASME Section V
article 4, Fig. T-434.2.1. The block size and reflector locations shall be adequate to perform
calibrations for the beam angles used.

5.24 Piping Calibration block .
The basic calibration block configuration and reflectors shall be as shown in ASME Section V
article 4, Fig.T-434.3. The block size and reflector locations shall be adequate to perform
calibration for the beam angles used.

5.2.5 Block Curvature
The block curvature shall be as per ASME Section ¥ article 4.

53 Demonsiration Block

5.3.1 Preparation
A demonstration block shall be prepared by welding or, provided the scoustic properties are
similar, the hot isotactic process (HIP) may be used.

532 Thickness
The demonstration block shall be within 25% of the thickness to be examined. For welds
joining two different thickness of material, demonstration block thickness shall be based on
the thinner of the two materials.

533  Weld joint configuration
The demonstration blocks weld joint geometry shall be representative of the production joints
details.

534 Flaw location
Unless specified otherwise by the referencing Code Section, the demonstration block which
three EDM notches oriented and major groove faces. The flaws shall be located at or adjacent
1o the blocks groove faces as follows:

(&) One surface flaw on the side of the block representing the component O.D. surface
{b) One surface flaw on the side of the block representing the component 1D, surface
(c) One subsurface flaw

When the scan plan to be utilized subdivides a weld into multiple examination zones, a
minimum of one flaw per zone is required
5353 Ilaw Size
Demonstration block flaw sizes shall be based on the demonstration block thickness and
shall be no farger than that specified by the referencing Code Section.
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(a) Maximum acceptable flaw height for material less than 1 in. (25 mm) thickness, or
{b) 0.25 aspect ratio acceptable flaw for material equal to or greater than 1 in. (25 mm)
thickness based on the demonstration block

53.6 Single L.D./O.D. flaw alternative
When the demonstration block can be scanned from both major surfaces during the
qualification scan [e.g., joint 1.D. and O.D. have a similar detail, diameter of curvature is
greater than 20 in. (500 mm), no cladding or weld overlay present, etc.], then only one surface
flaw is required.

53.7 One-sided exams
When, due to obstructions, the weld examination can only be performed from one side of the
weld axis, the demonstration block shall contain two sets of flaws, one set on each side of the
weld axis. When the demonstration block can be scanned from both sides of the weld axis
during the qualification scan(e.g., similar joint detail and no obstructions), then only one set of
flaws is required.

6.0 CALIBRATION

6.1 General Calibration Requirements

1) Ultrasonic system: Calibration
Calibration shall be performed for complete ultrasonic system and shall be done prior to
examination in the desired thickness range.

2) The surface condition of the calibration block shall be similar to that on which production
test will be performed with respect to the surface geometry and cladding.

3) Same couplant shall be used for calibration as well as production testing.

4) Contact wedges, if used, shall be same for the calibration as well as for the production
testing.

5) Any control, which affects instrument linearity (e. g. Filters, reject, or clipping), shall be
in the same position for calibration, calibration checks, instrument linearity checks and
examination.

6) Focal-Law: The focal law to be used during the examination shall be used for calibration.

7) Beam Calibration
All individual beams used in the examination shall be calibrated to provide measurement
of distance and amplitude correction over the sound path employed in the examination.
This shall include applicable compensation for wedge sound path variations and wedge
attenuation effects.

8) The maximum temperature difference between test blocks and examination surface shall
not exceed 14°C.

6.2 PA Instrument Linearity
The following requirements shall be met at intervals not to exceed one year or prior to first use

thereafter.

1) Screen height linearity: The PAUT equipment's screen height linearity shall be evaluated in
accordance with Mandatory Appendix I of ASME Sect. V, Art.4,

2) Amplitude control linearity: The PAUT equipment's amplitude control linearity shall be
evaluated in accordance with Mandatory Appendix IT of ASME Sect. V, Art4 for each

pulse-receiver circuit
3) Equipment linearity shall be such that accuracy of indicated amplitude or time is £5% of

actual full scale amplitude or time.

6.3 Phased array system calibration
Cahhrn.tmn sha]l be perfnnncd fmm the surﬁme of the callbrnxmn blucI-: whlch currespunds to
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ultrasonic system. Screen distance calibration shall be at least 1-1/2 "veepaths"(also known as
skip) for the minimum angle that will be used during the examination.

The system shall be calibrated for velocity and wedge delay calibration, sensitivity calibration,
Time Corrected Gain (TCG) calibration. Encoder calibration and confirmation ol sensitivity.

The systemn shall require re-calibration due any of the following conditions:
1) Search unit transducer or wedge change.

2) Search unit cable or length change.

3) Ultrasonic instrument change,

4) Change in examination personnel.

5) Change in type of power source.

7.0 PROCEDURE

7.1 Safety
At first, safety supervisor or technician should be confirmed regarding safety matters before
starting examination. Those are included mainly of scaffolding, ladder, lighting, electric
conditions and personnel safety equipments have been checked by themselves as followed
Project Safety Regulation. If there is not clear for safety questions for personnel, equipment
and examination. the technician has right to stop his job whenever,

7.2 A detailed Automated Ultrasonic examination procedure shall be prepared and qualified for
each wall thickness and joinl geometry to be examined prior to the start of any NDT work.
Repair procedure shall be separately qualified for each joint geometry. The procedure as a
minimum shall include the following:

Scope; equipment; probe type and details; surface preparation, cleaning and couplant;
technique sheet for each technique specified (number of techniques to be sufficient to cover all
type of joints 1o be covered by the procedures scope); material; weld material (if different);
sketch showing joint configuration, beam coverage; extent of scan; scanning pattern; material
thickness and curvature; calibrations and frequency; means of setting and scanning sensivity
levels and DAC curves; flaw location and size evaluation; acceptance criteria; reporting
format; operator qualifications.

7.3 Lamination Check
A-UT shall be performed using a device employing sulomatic computer based data
dcquisition. The straight beam material examination (T-472 of Section V, Article 4) for
reflectors that could interfere with the angle beam examination shall be performed:
a) Manually,
b) As part of a previous manufacturing process, or
¢) During the A-UT examination provided detection of these reflectors is demonstrated.
d) The coverage shall be included minimum 100mm from centerline of welding.

74 Examination Coverage
The required volume of the weld and base material to be examined shall be scanned using a
linear scanning technique with an encoder. Each linear scan shall be parallel to the weld axis
at a constant standofT distance with the beam oriented perpendicular to the weld axis.

The ultrasonic examination area shall include the volume of the weld, plus the lesser of
25mm (1 in.) or “1” on each side of the weld.

A documented examination strategy or scan plan shall be provided, showing transducer
placement, movement, and component coverage, thal provides a standardized and repeatable
methodology for weld acceptance. The scan plan shall also include ultrasonic beam angle
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used, beam directions with respect to weld centerline, and pipe volume examined for each
weld. The documentation shall be made available to the owner’s Inspector.

7.5 Examination side
Basically shall be examined on the both sides of welding line axis but can be examined from
one side in case of another side is not available access under full coverage volume condition.

7.6 Surface condition
The contact surface shall be cleaned of weld spatter, dirt, pitting, rust and/or any other
impurities or roughness that will interfere with the free movement of the ultrasonic
transducers or would prevent adequate transmission of ultrasound. Prior to inspection the
NDT technician shall judge the suitability of the surface and when required remedial action

shall be taken.

7.7 Scanning
1) The search unit shall be maintained at a fixed distance from the weld axis by a fixed

guide or mechanical means,

2) The examination angle(s) for E-scan and range of angles for S-scan shall be appropriate for
the joint to be examined.

3) Scanning speed shall be such that data drop-out is less than 2 data lines per inch (25mm) of
the linear scan length and that there arr no adjacent data line skips.

4) For E-scan techniques, overlap between adjacent active apertures (i.e., aperture incremental
change) shall be a minimum of 50% of the effective aperture height.

5) For S-scan techniques, the angular sweep incremental change shall be a maximum of 1 deg
or sufficient to assure 50% beam overlap.

6) When multiple linear scan are required to cover the required volume of weld and base
material, overlap between adjacent linear scans shall be a minimum of 10% of the
effective aperture height for E-scan or bean width for S-scan

7) Each scan shall have an overlap of minimum 1 in. (25 mm) - (in case of re-acquisition of
missing or poor data line etc.)

&) TOFD channel
The TOFD gate start will be set 1 pSec before the arrival of the lateral wave and should

extend up to the first back wall echo to achieve full cover of wall thickness.

7.8 Data Recording -
A-scan data shall be recorded in an unprocessed form with on threshold, at a minimum
digitization rate of five times the examination frequency, and recording increments of a
maximum of
a) 0.04 in. (1 mm) for material < 3 in. (75 mm) thick
b) 0.08 in. (2 mm) for material > 3 in. (75 mm) thick

7.9 Reflectors Transverse to the Weld Seam
As an alternate to line scanning, a manual angle beam examination may be performed for
reflectors transverse to the weld axis. Manual angle beam UT shall be accordance with manual
ultrasonic examination procedure based on (T-472 of Article 4, ASME Sec V).

7.10  Re-examination
1) Re-examination for repaired welds shall follow the same condition (same examination
method, same acceptance criteria) as for the original weld.
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2) The additional testing shall be extent a length at least equal to | in.(25 mm) from the both
end of repaired area.

3) Additional NDT methods of UT and MT shall be carried out to make ensure for the
repaired area

80  TRAINING AND QUALIFICATION

All Inspectors of the EIL/OWNER (EIL/OWNER) shall be imparted training at the
CONTRACTOR’s cost. The inspector shall ~ be provided complete awareness and
knowledge regarding the equipment, limitations, capabilities complete range, method of
operation, calibration, scanning, including development of suitable procedure, training on
variables effecting the system performance and interpretation of results.

The Ultrasonic lead operator performing the examination shall be qualified in accordance with
the EIL/OWNER's written practice, ASNT-TC-1A, ASME B3| Case 181-1. The minimum
qualification of person interpreting the collected data shall be a ASNT Level 111

Only qualified UT personnel trained in the use of the equipment and who have demonstrated
the ability to properly acquire examination data, shall conduct production scan.

Scanner technician, Band setter, scribe line technician shall have sufficient experience and
capabilities to perform their duties to the satisfaction of AUT operator.

9.0 EVALUATION AND ACCEPTANCE CRITERIA

9.1 Evaluation

9.1.1 Data analysis criteria
Reflectors exceeding the limits in either a) or b) below, as applicable, shall be investigated to
determine whether the indications originates from a flaw or is a geometric indication in
accordance with Para. 9.1.3 (Flaw sizing) below.

4) For amplitude-based techniques. the location, amplitude, and extent of all reflectors that
produce response greater than 20% of the reference level shall be investigated.

b) For non-amplitude based techniques, the location and extent of all images that have an
indicated length greater than the limits, as applicable, shall be investigated.

912 Geometric
Ultrasonic indications of geometric and metallurgical origin shall be classified as follows:

1) Indications that are determined to originate from the surface configurations(such as
weld reinforcement or root geometry) or varations in metallurgical structure of materials
(such as cladding to base metal interface) may be classified as geometric indications, and

a) Need not be characterized or sized
b) Need not be compared
¢} Location shall be recorded

2) The following steps shall be taken to classify an indication as geometric:

a) Interpret the area containing the indication;
b) Plot and verify the indication coordinate, provide a cross-sectional display showing the
indication position and surface discontinuity such as root or counter bore; and

¢) Review fabrication or weld preparation drawings.
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3) Alternatively other NDE methods or techniques may be applied to classify an indication
as geometric (¢.g. alternative UT beam angles, radiography, [D and/or OD profiling).

9.1.3 Flaw sizing
The dimensions of the flaw shall be determined by the rectangle that fully contains the area of

the flaw.

Flaw Sizing - Reflectors determined to be flaws shall be sized in accordance with a procedure
demonstrated to size similar flaws at similar material depths. A flaw may be sized by
manually analysis the data using sizing techniques that have been demonstrated on the
calibration block. The dimension of the flaw shall be determined by the size of the rectangle
that fully contains the area of the flaw.

9.1.4  Flaw evaluation
Flaws shall be evaluated for acceptance using the applicable criteria of ASME B31.3

Appendix R.

9.2 Acceplance criteria
Weld quality shall be judged on the basis of the acceptability criteria mentioned in ASME
B31.3 Appendix R.
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EXHIBIT - J: COMPUTED RADIOGRAPITY

1.0 DIGITAL RADIOGRAPHY- INTRODUCTION
2.0 REFERENCE DOCUMENTS

30  DIGITAL RADIOGRAPHY SYSTEM

40  SYSTEM CHARACTERIZATION

50 QUALIFICATION PLANS44

6.0 TECHNIQUES

7.0  FILE FORMAT AND STORAGE

8.0 PERSONNEL REQUIREMENTS
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1.0

2.0

3.0
3.1

32

3.2

324

325

32.6

3.2.7
i2s

i3
33l

COMPUTED RADIOGRAPHY- INTRODUCTION

The minimum requirements for Computed radiography using phosphor image plates (films) is
covered here. It is the CONTRACTOR’S responsibility to arrange and maintain Computed
Radiographic System as required by this specification.

REFERENCE DOCUMENTS
The latest edition with addendum of the following standards shall be referred here:

a) ASME Section V, Mandatory Appendix VIII- Non Destructive Examination, Radiography
using Phosphor Imaging Plate.

b) ASTM E2446- Practice of classification of computed Radiography system.

¢) EN 14784-1: Industrial COMPUTED Radiography with storage Phosphor imaging plate.

d) ASNT SNIT-TC-1A - Recommended Practice for Personnel Qualification and
Certification in Nondestructive Testing

COMPUTED RADIOGRAPHY SYSTEM

Integral Image plate scanner and eraser unit Image plate scanner and eraser are single unit and
integral. Scanner will be able to scan different sizes of imaging plates. Scanner will be able to
provide simultaneous multi-scanning feature. Scanning speed will be 100 plates per hour for 3
X 12 @ 50 microns or better. Scanner will be able to provide flat horizontal transport system.

Imaging Plates/Casseties

Image plates/Cassettes should have electron beam cured protection layer. Certification shall be
as per EN 14784-1. Image plates and scanner, eraser & cassettes will be suitable for
Radiography using X-ray, Ir-192, Selenium and Cobalt-60.

Images obtained by computer Radiography will give equivalent or better results in terms of
shape/size, geometrical unsharpness and back scattering.

The offered image plates will not get exposed/deteriorated due to exposure to sunlight, room
light etc.

No dark room will be used for handling & removing image plates from covers/cassettes,
scanning & erasing. All the work will be done under tube lights illuminated ventilated room.
The image plates should not have effect of such use on quality/results produced.

Image plate sizes shall be as per weld joint size.

Normally 50, 60 and 100 micron of IP plates are used for inspection of weld joints depending
on type of energy source. 50 microns is used for X-ray and selenium source, 60 microns for
IR-192 and 100 microns for Co-60 energy source. Different combination of IP plate and
energy source may be used as advised by the IP plate manufacturer depending upon the job
thickness and achievement of sensitivity. CONTRACTOR shall consider this clause as
guideline only and select right combination of IP plate and source type after establishing the
Digital Radiography procedure.

Software & High performance Laptop (Computer)

Software shall be user friendly and rugged. Software should be powerful to acquire, review,
report and archive inspection data which should be compatible with Windows XP/Vista
operating systems.

Line Profile - Software for image assessment should be capable of generating a line profile.
This should include the ability to generate a line profile of a variable width specified by the
user in order to be able to perform the testing specified in ASTM E2737.

Bad Pixel Presentation — Software for image assessment should be capable of turning on and
off the display of bad pixels on demand by the user.

Image Enhancements — Software should have the capability of display images without image
enhancements and then allow the user to apply filters, edge enhancements or contrast
enhancements as desired.

FPreservation of Original Data — Software should retain the original data if image
E[IJ]BIIEE[[I.EIII‘S are Epphad
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Software should be capable of saving images in a DICONDE compliant file format in
accordance with ASTM E2339.

Generation of reports in Microsoft word and excels formats. System should be capable of
saving data in DVDs.

SYSTEM CHARACTERIZATION

Prior 1o the approval of any item specific techniques, the system should be characterized 10
establish the capabilities of the system and determine the baseline for system performance. If
any key components of a system are replaced, such as IP type, scanner model. scanner
settings, software, ete; then this system characlerization testing should be repeated,

System Performance Baseline - This system characterization should utilize Image Quality
Indicators (1QIs) for quantitative measurement of key system performance parameters. The
10Q1s and test articles for this testing should be sclected based upon materials and geometries
that are representative of the system’s intended application. The level Il radiographer is
responsible for developing the testing procedures for determining the system performance
baseline. Equipment manufacturer assistance may be taken if required.

Multiple Focal Spots - Systems which have multiple focal spots that will be used for
inspection should test system performance for each focal spot that will be used.

QUALIFICATION PLANS

CONTRACTOR is responsible for development and documentation of the qualification plans,
The qualification plans should include the following minimum details:

System configuration: The qualification plan(s) should include a complete and accurate listing
of the CR inspection equipment. This should be a detailed listing of the CR system
components by manufacturer, model and serial numbers. The software list should include
details of software which is being used as part of the inspection process and its version
information, This listing should be updated when key components are replaced or the svstem
is modified.

I'rocedures — The qualification plan(s) should include a listing of the procedures used for
operation, calibration and maintenance of the equipment.

Remge of ltems — The qualification plan(s) should specify the items, devices, materials,
components, ctc. that are covered by the qualification plan. This listing should identify
specific items that are covered by the plan

Defects Covered — The qualification plan(s) should specify the types of defects that will be
covered by the inspection. Whenever possible, the defects should be described quantitatively
such as specifying the minimum dimensions for length, width and depth of cracks for specific
materials.

Technigue Verification Requirements — The qualification plan(s) should include a description
of how the technique or techniques will be verified and the frequency of the verification. This
includes a description and the quantity of the samples used for the technigue verification and
what IQ1s and/or RQIs will be used.

Data Format and its Storage — The qualification plan(s) should include and documented about
data format and its storage along with integrity & retrievability.

Revision — A qualification plan should be revised whenever any component specified above is
changed.

TECHNIQUES

All techniques should be covered by a qualification plan approved by the level 111
radiographer.

Filters and Collimators - The written technique should specify the thickness, material and
location of anv beam hardening filters. The technique should also specily if a collimator is
used to tighten the beam spread and the setting or position of the collimator if adjustable.
Representative Quality Indicators - Image quality indicators used shall be similar to

—conventional radiography as per this document,
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Type of radiation source shall be as per EXHIBIT-H in this document. Other radiation source
might be used in consultation of CR System manufacturer considering energy level.

Filter Screens - Filter screens should be in intimate contact with the imaging plate with the
exception of a thin layer or coating to prevent direct contact between the lead and the imaging
plate.

Backscatter - Back filter screens should be used for protection from backscatiered radiation.
Lead or other suitable material should be used behind the imaging plate to prevent scattered
radiation.

Viewing Adjustments — Standard digital image viewing sofiware allows adjustment of
Window/Level and Zoom. The technique should specify if these parameters may be adjusted
during image assessment and the allowable range of adjustment.

Image Enhancements — All automated and manually applied image enhancements which
manipulate the digital data, including digital filters, contrast or edge enhancements, etc. should
be specified in the written technique unless specified in a system's operation procedure that is
approved by the level III radiographer. Any manually controlled image enhancements
specified in the technique should include the range of adjustment that is allowed.

Gray Value Range — Techniques should specify an acceptable gray value range of the area of
interest, similar to a film density value used in film radiography. In addition, the gray value on
the 1Q] should be within +/- 15% of the gray value as the area of interest.

Image Storage — The format for file storage should be specified in the written technique unless
specified in a systems operation procedure that is approved by the level 111 radiographer.
Technique Verification— All techniques should be verified prior to approval by the level III
radiographer. The verification should simulate the inspection as closely as is practical. This
verification should ensure that the technique and inspection process are capable of detecting
all defects specified in the inspection criteria and should be witnessed by a CLIENT
representative.

Verification Personnel — During the validation, the inspection process should be performed by
the same personnel who will be performing the inspection once the technique has been
approved. The level Il radiographer should witness the validation.

Written Technique — The technique used for the verification should be documented prior to
the start of the verification. Changes made to the technique during the verification process
may require the verification to be restarted at the discretion of the level I radiographer and/or
CLIENT representative,

Samples for Demonstration - The preferred method of verification utilizes real or simulated
defects (RQIs) in a blind test. At a minimum, the verification should be done using production

representative samples.

FILE FORMAT AND STORAGE

DICONDE - Software should be capable of saving images in a DICONDE compliant file
format in accordance with ASTM E2339. The full bit depth of the image should be retained in
the saved image. Images should be saved in a lossless format.

DVD - Systems should be capable of saving data-to DVDs. CDs may be used for smaller
inspections; however, any inspection that cannot fit onto a single CD should be submitted on a
DVD. DVDs used for submittal of images to the CLIENT should be write-once (DVD-R or
DVD+R).

DICONDE Headers - Information stored in the DICONDE headers should contain as a
minimum:-

= Detector manufacturer and model

* Viewing software and version number

* Pixel pitch (in microns)

* Part Name, such as nomenclature

* Part Identification, such as DODIC or drawing number

* Lot Number

* Date of Inspection

* Inspecting Activity
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74 Data Archival - Data should be archived in a secure location for the minimum duration
specitied in the contract.

1.5 Digital Annotation - If digital labeling is used, it should not permanently alter the nature of the
image or hinder interpretation of an area within the image.

8.0 PERSONNEL REQUIREMENTS
Personnel should be trained and certified in accordance with an approved as established by
ASNT-TC-1A or NAS-410. As a minimum, Level 11 and Il individuals shall have 40 hours of
training and | month of practical experience in the digital imaging process technique.
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3.0

4.0

5.0

5.1

SCOPE

This specification establishes the Quality Management System requirements to be met by
BIDDER for following purpose:

. QMS requirements to be met by suppliers / contractors after award of work / during
contract execution.

DEFINITIONS

Bidder

For the purpose of this specification, the word “BIDDER” means the person(s), firm,
company or organization who is under the process of being contracted by EIL / Owner for
delivery of some products (including service). The word is considered synonymous to
supplier, contractor or vendor.

Project Quality Plan

Document tailored from Standard Quality Management System Manual of BIDDER,
specifying how the quality requirements of the project will be met.

Owner

Owner means the owner of the project for which services / products are being purchased and
includes their representatives, successors and assignees.

REFERENCE DOCUMENTS

6-78-0002 Specification for Documentation Requirements from Contractors
6-78-0003 Specification for Documentation Requirements from Suppliers

QUALITY MANAGEMENT SYSTEM - GENERAL

Unless otherwise agreed with EIL / Owner, the BIDDER proposed quality system shall fully
satisfy all relevant requirements of ISO 9001 “Quality Management Systems -
Requirements.” Evidence of compliance shall be current certificate of quality system
registration to ISO 9001 or a recent compliance audit recommending registration from a
certification agency. The quality system shall provide the planned and systematic control of
all quality related activities for execution of contract. Implementation of the system shall be
in accordance with BIDDER’S Quality Manual and PROJECT specific Quality Plan.

QUALITY SYSTEM REQUIREMENTS

BIDDER shall prepare and submit for review / record, Project Quality Plan / Quality
Assurance Plan for contracted scope / job. The BIDDER’S Quality Plan shall address all of
the applicable elements of ISO 9001, identify responsible parties within BIDDER’S
organization, for the implementation / control of each area, reference the applicable
procedures used to control / assure each area, and verify the documents produced for each
area. The Project Quality Plan shall necessarily define control or make reference to the
relevant procedures, for design and engineering, purchase, documentation, record control,
bid evaluation, inspection, production / manufacturing, preservation, packaging and storage,
quality control at construction site, pre-commissioning, commissioning and handing over (as
applicable) in line with contract requirement and scope of work.
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5.2 BIDDER shall identify all specified or implied statutory and regulatory requirements and
communicate the same to all concerned in his organization and his sub contractor’s
organization for compliance.

5.3 BIDDER shall deploy competent and trained personnel for various activities for fulfillment
of PO / contract. BIDDER shall arrange adequate infrastructure and work environment to
ensure that the specification and quality of the deliverable are maintained.

5.4 BIDDER shall do the quality planning for all activities involved in delivery of order. The
quality planning shall cover as minimum the following:

Resources

Product / deliverable characteristics to be controlled.

Process characteristics to ensure the identified product characteristics are realized
Identification of any measurement requirements, acceptance criteria

Records to be generated

Need for any documented procedure

The quality planning shall result into the quality assurance plan, inspection and test plans
(ITPs) and job procedures for the project activities in the scope of bidder. These documents
shall be submitted to EIL / Owner for review / approval, before commencement of work.

5.5 Requirements for sub-ordering of outsourced items / sub-contracting / purchasing of services
specified in MR / contract / tender shall be adhered to. In general all outsourced items will be
from approved vendors of EIL. Wherever requirements are not specified, or approved sub
vendors do not exist, the sub-contractor shall establish and maintain a system for purchasing
/ sub-contracting to ensure that purchased product / service conforms to specified
requirements in concurrence with EIL / Owner. Criteria for selection of sub-contractor,
evaluation, re-evaluation, maintenance of purchasing data and verification of purchased
product (sub-contractor services), constitute important components of this requirement.

5.6 BIDDER shall plan and carry production and service provision under controlled conditions.
Controlled conditions shall include, as applicable

a) the availability of information that describes the characteristics of the product
b) the availability of work instructions

c) the use of suitable equipment

d)  the availability and use of monitoring and measuring devices

e) the implementation of monitoring and measurement

f) the implementation of release, delivery and post-delivery activities

5.7 BIDDER shall validate any processes for production and service provision where resulting
output cannot be verified by subsequent monitoring and measurement. This includes any
process where deficiencies become apparent only after the product is in use or service has
been delivered.

5.8 BIDDER shall establish a system for identification and traceability of product / deliverable
throughout product realization. Product status with respect to inspection and testing
requirements shall be identified.
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BIDDER shall identify, verify, protect and safeguard EIL / Owner property (material /
document) provided for use or incorporation into the product. If any Owner / EIL property is
lost, damaged or otherwise found to be unsuitable for use, this shall be reported to the EIL /
Owner.

BIDDER shall ensure the conformity of product / deliverable during internal processing and
delivery to the intended destination. Requirements mentioned in the MR/ tender shall be
adhered to.

BIDDER shall establish system to ensure that inspection and testing activities are carried out
in line with requirements. Where necessary, measuring equipment shall be calibrated at
specified frequency, against national or international measurement standards; where no such
standard exists, the basis used for calibration shall be recorded. The measuring equipment
shall be protected from damage during handling, maintenance and storage.

BIDDER shall ensure effective monitoring, using suitable methods, of the processes
involved in production and other related processes for delivery of the scope of contract.

BIDDER shall monitor and measure the characteristics of the product / deliverable to verify
that product requirement has been met. The inspection (stage as well as final) by BIDDER
and EIL / Owner personnel shall be carried out strictly as per the approved ITPs or ITPs
forming part of the contract. Product release or service delivery shall not proceed until the
planned arrangements have been satisfactorily completed, unless otherwise approved by
relevant authority and where applicable by Owner / EIL.

BIDDER shall establish and maintain a documented procedure to ensure that the product
which does not conform to requirements is identified and controlled to prevent its unintended
use or delivery

All non-conformities (NCs) / deficiencies found by the BIDDER’S inspection / surveillance
staff shall be duly recorded, including their disposal action shall be recorded and resolved
suitably. Effective corrective actions shall be implemented by the BIDDER so that similar
NCs including deficiencies do not recur. The BIDDER shall take appropriate actions to
address the Risks and Opportunities in the project.

All deficiencies noticed and reported by EIL / Owner shall be analyzed by the BIDDER and
appropriate corrective actions shall be implemented. BIDDER shall intimate EIL / Owner of
all such corrective action implemented by him.

BIDDER should follow the standards, specifications and approved drawings. Concessions /
Deviations shall be allowed only in case of unavoidable circumstances. In such situations
Concession / deviation request must be made by the BIDDER through online system of EIL
eDMS. URL of EIL eDMS is http://edocx.eil.co.in/vportal.

BIDDER shall have documented procedure for control of documents.

All project records shall be carefully kept, maintained and protected for any damage or loss
until the project completion, then handed over to EIL / Owner as per contract requirement
(Refer Specification Nos. 6-78-0002 - Specification for Documentation Requirements from
Contractors and 6-78-0003 - Specification for Documentation Requirements from Suppliers),
or disposed as per relevant project procedure.
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6.0 AUDITS

BIDDER shall plan and carry out the QMS audit for the job. Quality audit programme shall
cover design, procurement, construction management and commissioning as applicable
including activities carried out by sub-vendors and sub-contractors. This shall be additional
to the certification body surveillance audits carried out under BIDDER’S own ISO 9001
certification scheme.

The audit programmes and audit reports shall be available with bidder for scrutiny by EIL /
Owner. EIL or Owner’s representative reserves the right to attend, as a witness, any audit
conducted during the execution of the WORKS.

In addition to above, EIL, Owner and third party appointed by EIL / Owner may also
perform Quality and Technical compliance audits. BIDDER shall provide assistance and
access to their systems and sub-contractor / vendor systems as required for this purpose.
Any deficiencies noted shall be immediately rectified by BIDDER.

7.0 DOCUMENTATION REQUIREMENTS

BIDDER shall submit following QMS documents immediately after award of work (Within
one week) for record / review by EIL / Owner/ TPIA, as applicable.

Organization chart (for complete organization structure and for the project)
Project Quality Plan / Quality Assurance Plan

Job specific Inspection Test Plans, if not attached with PR

Job Procedures

Inspection / Test Formats

In addition to above QMS documents, following documentation shall be maintained by the
BIDDER for submission to EIL / Owner on demand at any point of time during execution of
the project.

Quality Manual

Certificate of approval for compliance to ISO: 9001 standard

Procedure for Control of Non-conforming Product

Procedure for Control of Documents

Sample audit report of the QMS internal and external audits conducted during last one
year

Customer satisfaction reports from at least 2 customers,

Project QMS audit report

Technical audit reports for the project

Corrective action report on the audits

Documents as specified above are minimum requirements. BIDDER shall submit any other
document / data required for completion of the job as per EIL / Owner instructions.
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DCI - Document Control Index
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IRN - Inspection Release Note
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URL - Universal Resource Locator

V Portal- Vendor Portal
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This specification establishes the Documentation Requirements from Contractors

All documents / data against the Tender / Contract shall be developed and submitted to EIL /
Owner by the contractor for review / records, in line with this specification.

DEFINITIONS
Contractor

For the purpose of this specification, the word “CONTRACTOR” means the person(s), firm,
company or organization who has entered into a contract with EIL / Owner for delivery of
some products and services. The word is considered synonymous to bidder, supplier or
vendor.

Owner

Owner means the owner of the project for which services / products are being purchased and
includes their representatives, successors and assignees.

REFERENCE DOCUMENTS

6-78-0001 Specification for Quality Management System Requirements from
Bidders

DOCUMENTATION AND DATA REQUIREMENTS
Order Acknowledgement and Assigning Project Manager

After placement of order, Contractor shall acknowledge order through V-Portal within 7 days
of receipt of FOA / PO. Contractor shall assign a Project Manager for that order though
online portal and provide requisite details. Project Manager details shall include e-mail
address, mailing address, mobile / telephone nos., fax nos. and name of Project Manager. All
the system generated emails pertaining to that order shall be sent to the assigned Project
Manager.

Documents / Data to be submitted by the Contractor

The contractor shall submit the documents and data against the Tender / Contract as per the
list specified in respective Tender / Contract.

Review of the contractor drawings / Documents by EIL would be only to review the
compatibility with basic designs and concepts and in no way absolve the contractor of his
responsibility / contractual obligation to comply with Tender / Contract requirements,
applicable codes, specifications and statutory rules / regulations. Any error / deficiency
noticed during any stage of manufacturing / execution / inspection / installation shall be
promptly corrected by the contractor without any extra cost or time, whether or not comments
on the same were received from EIL during the drawing review / inspection stage.

Unless otherwise specified, submission of documents for Review / Records shall commence
as follows from the date of Fax of Intent / Letter of Intent/ Fax of Acceptance (FOA) / Letter
of Acceptance (LOA):
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QMS - 1 week
Document Control Index - 2 weeks
Other Documents/Drawings - As per approved Document Control Index

4.2.4  Documents as specified in Tender / Contract are minimum requirements. Contractor shall
submit any other document / data required for completion of the job as per EIL / Owner
instructions.

4.3 Style and Formatting
4.3.1  All Documents shall be in ENGLISH language and in M.K.S System of units.

4.3.2 Before submitting the drawings and documents, contractor shall ensure that the following
information are properly entered in each drawing:

Tender Number

Name of Equipment / Package

Equipment / Package Tag No.

Name of Project

Owner

Main Contractor (if work is sub-contracted)
Drawing / Document Title

Drawing / Document No.

Drawing / Document Revision No. and Date

4.4 Review and Approval of Documents by Contractor

4.4.1 The Drawing / Documents shall be reviewed, checked, approved and duly signed / stamped by
contractor before submission. Revision number shall be changed during submission of the
revised contractor documents and all revisions shall be highlighted by clouds. Whenever the
contractor require any sub- contractor drawings to be reviewed by EIL, the same shall be
submitted by the contractor duly reviewed, approved and stamped by the contractor. Direct
submission of sub- contractor’s drawings without contractor’s approval shall not be
entertained.

4.5 Document Category
4.5.1 Review Category
Following review codes shall be used for review of contractor Drawings / Documents:

Review Code 1 - No comments. Proceed with Manufacture /
Fabrication / Construction as per the document.

Review Code 2 - Proceed with Manufacture / Fabrication / Construction
as per commented document. Revised document
required.

Review Code 3 - Document does not conform to basic requirements as

marked. Resubmit for review.

R - Document is retained for Records. Proceed with
Manufacturing / fabrication as per Tender/ Contract
Requirement.
Vv - Void
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4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

4.6.6

Methodology for Submission of Documents to EIL / Owner

Document Control Index (DCI)

Contractor shall create and submit Document Control Index (DCI) for review based on PO /
PR / MR along with schedule date of submission of each drawing / document on EIL Vendor
Portal. The DCI shall be specific with regard to drawing / document no. and the exact title.
Proper sequencing of the drawings / documents should be ensured in schedule date of
submission.

Submission of Drawings / Documents / Data

Drawings / documents, data and DCI shall be uploaded on the EIL Vendor Portal. The detail
guidelines for uploading documents on EIL Vendor Portal are available on following URL

http://edocx.eil.co.in/vportal

Statutory Approvals

Wherever approval by any statutory body is required to be taken by Contractor, the Contractor
shall submit copy of approval by the authority to EIL.

Schedule and Progress Reporting

Contractor shall submit monthly progress report (MPR) and updated procurement, engineering
and manufacturing status (schedule vs. actual) and highlight constraints, if any, along with
action plan for mitigation, to the EIL / Owner by 1st week of every month. One month Look-
ahead schedule including the mobilization plan shall be submitted within 2 weeks from FOA /
LOA. In case of exigencies, EIL / Owner can ask for report submission as required on weekly
/ fortnightly / adhoc basis depending upon supply status and contractor shall furnish such
reports promptly without any price implication. Format for progress report shall be submitted
by the contractor during kick off meeting or within one week of receiving FOA / LOA,
whichever is earlier.

Quality Assurance Plan / Inspection and Test Plan

Inspection and test plans attached if any, to the tender are generic and indicative only.
Immediately after receipt of the order, contractor shall submit within one week of receiving
FOA / LOA, job specific ITPs based on the indicative ITPs. Further, contractor shall also
submit Quality Assurance Plan for project activities in the scope of contract, starting from
manufacturing to handing over / commissioning, these plans shall cover / identify the activities,
relevant procedure, if any, code of conformance, resources for performance and checking /
monitoring, approval requirements and authority, records to be generated and audit scope by
EIL/Owner.

For EPCC / LSTK / Package contracts, the contractor shall prepare a list of items / equipment
and their inspection categorization plans for all items included in the scope of supply
immediately after receipt of order and obtain approval for the same from EIL. The items shall
be categorized into different categories depending upon their criticality for the scope of
inspection of TPIA and / or EIL.

Inspection Release Note (IRN)/ Inspection Certificate (IC)

Contractor shall ensure that all documents viz. documents reviewed, manufacture’s test
certificate etc., mentioned in Inspection Release Note (IRN), issued by EIL / third party against
the materials supplied by contractor, are sent to EIL along with the IRN.
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IRN / IC shall be issued by EIL Inspector / third party inspection agency only after all the
drawings/documents as per DCI are submitted and are accepted under review code-1 & code
R. Material / Equipment dispatch from contractor’s / sub vendor’s works shall not commence
till above condition is met.

Note 1: Non fulfilling above requirement shall result into appropriate penalty or with- holding
of payment as per conditions of Tender / Contract.

Note 2: For items where IRN/IC is issued by TPIA, supplier to ensure that following as a
minimum must be mentioned by TPIA in IRN/IC

a) Tender document number

b) List of drawings / documents with EIL approval code

¢) Tests witnessed, documents reviewed

d) Compliance statement by TPIA that product meets the requirement as specified in EIL
standard specifications, Inspection Test Plan / QAP and approved documents.

4.6.7  Pre Commissioning & Commissioning Activities Management System (PCAMS)
Pre Commissioning & Commissioning activities management system software shall be
followed for Mechanical completion, check listing of loops, punch points, hydro test and issue
of Formats during the Pre Commissioning and Commissioning activities and the same can be
accessed on following URL

https://pcams.eil.co.in/

4.7 Final Documentation

4.7.1 As built Drawings

Minor Shop / Site changes made by contractor after approval of drawings under ‘Code 1° by
EIL and deviations granted through online system , if any, shall be marked in hard copies of
drawings which shall then be stamped ‘As-built’ by the contractor. These ‘As-built’ drawings
shall be reviewed and stamped by EIL Inspector / Site engineer / TPIA also, as the case may
be. Format for completeness of final documents (Format No. 3-78-0004) is attached with this
specification. Contractor shall prepare scanned images files of all marked — up ‘As — built’
drawings. Simultaneously contractor shall incorporate the shop / site changes in the native soft
files of the drawings also.

4.7.2 As built Final Documents

As built final documents shall be submitted as listed in Tender / Contract

4.7.3  Packing / Presentation of Final Documents

Final Documents shall be legible photocopies in A4, A3 size only. Drawings will be inserted
in plastic pockets (both sides transparent, sheet thickness minimum 0.1 mm) with an extra strip
of 12 mm wide for punching so that drawings are well placed.

Final Documentation shall be bound in hard board plastic folder(s) of size 265 mm x 315 mm
(10" inch x 12" inch) and shall not be more that 75 mm thick. It may be of several volumes
and each volume shall have a volume number, index of volumes and index of contents of that
particular volume. Where numbers of volumes are more, 90mm thickness can be used. Each
volume shall have top PVC sheet of minimum 0.15 mm thick duly fixed and pressed on folder
cover and will have 2 lever clips. In case of imported items documents, 4 lever clip shall also
be accepted. All four corners of folders shall be properly metal clamped. Indexing of contents
with page numbering must be incorporated by contractor. Spiral / Spico bound documents
shall not be acceptable. As mentioned above, books should be in hard board plastic folders
with sheets punched and having 2/4 lever clips arrangement.
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Each volume shall contain on cover a title block indicating Tender No., name of project, name
of customer, package equipment tag no. & name (if applicable). Each volume will have hard
front cover and a reinforced spine to fit thickness of book. These spines will also have the title
printed on them. Title shall include also volume number (say 11 of 15) etc.

474  Submission of Soft copies

Contractor shall submit to EIL, the scanned images files as well as the native files of drawings
/ documents, along with proper index.

In addition to hard copies, contractor shall submit soft copies of all the final drawings and
documents in pen drive or any other specified medium with proper identification tag, all text
documents prepared on computer, scanned images of all important documents (not available
as soft files), all relevant catalogues, manuals available as soft files (editable copies of drawings
/ text documents, while for catalogues / manuals / proprietary information and data PDF files
can be furnished).

All the above documents shall also be uploaded on the EIL Vendor Portal and if applicable on
Client Server also.

4.7.5 Completeness of Final Documentation

Contractor shall get the completeness of final documentation verified by EIL / TPIA and attach
the Format for Completeness of Final Documentation (Format No. 3-78-0004) duly signed by
EIL or TPIA as applicable to the final document folder.
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COMPLETENESS OF FINAL DOCUMENTATION

Name of Supplier/Contractor
Customer

Project

EIL’s Job No.

Purchase Order No./
Contract No.

Purchase Requisition No./ :
Tender No. Rev. No. :

Name of the Work/ Equipment

Tag. No.

Supplier’s / Contractor’s Works
Order No.

Certified that the Engineering Documents / Manufacturing & Test Certificates submitted by the
supplier (as per Index sheet mentioned in Annexure-1) are complete in accordance with the Vendor
Data Requirements of Purchase Requisition / Tender.

Signature L e Signature e

Date L e Date L e

Name e Name P

Designation s Designation e

Department N Department N
Supplier / Contractor EIL / TPIA
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Annexure-1
Final Documentation Index Sheet
PR/PO/Tender Rev. No.
No.
Serial No. Document Title Page/ No. of Pages
Folder No.
Signature L e Signature e
Date S Date LN
Name N Name N
Designation  :....iiiiiiiie e Designation  :.....oiiiiiiiiiiiee
Department s Department e
Supplier / Contractor EIL / TPIA
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Abbreviations:

DCI - Document Control Index

eDMS - Electronic Document Management System

FOA - Fax of Acceptance

IC - Inspection Certificate

IRN - Inspection Release Note

ITP - Inspection and Test Plan

LOA - Letter of Acceptance

MR - Material Requisition

PO - Purchase Order

PR - Purchase Requisition

PVvC - Polyvinyl Chloride

QAP - Quality Assurance Plan

QMS - Quality Management System

RPO - Regional Procurement Office

TPIA - Third Party Inspection Agency

URL - Universal Resource Locator

V-Portal- Vendor Portal

QMS Standards Committee
Convener: Mr. S.K. Badlani

Members: Mr. Sanjay Mazumdar (Engg.)
Mr. R.K. Singh (SCM)
Mr. B. Biswas (SCM)
Mr. Ravindra Kumar (Const.)
Mr. Vinod Kumar (CQA)
Mr. Swapnil Vaishnav (Projects)
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1.0 SCOPE

2.0

2.1

2.2

3.0

4.0

4.1

4.2

4.2.1

422

This specification establishes the Documentation Requirements from Suppliers.

All documents / data against the PO / PR / MR shall be developed and submitted to EIL /
Owner by the suppliers for review / records, in line with this specification.

DEFINITIONS
Supplier

For the purpose of this specification, the word “SUPPLIER” means the person(s), firm,
company or organization who has entered into a contract with EIL / Owner for delivery of
some products (including service). The word is considered synonymous to bidder, contractor
or vendor.

Owner

Owner means the owner of the project for which services / products are being purchased and
includes their representatives, successors and assignees.

REFERENCE DOCUMENTS

6-78-0001 Specification for Quality Management System Requirements from
Bidders

DOCUMENTATION REQUIREMENTS
Order Acknowledgement and Assigning Project Manager

After placement of order, Supplier shall acknowledge order through V-Portal within 7 days
of receipt of FOA / PO. Supplier shall assign a Project Manager for that order though online
portal and provide requisite details. Project Manager details shall include e-mail address,
mailing address, mobile/telephone nos., fax nos. and name of Project Manager. All the
system generated emails pertaining to that order shall be sent to the assigned Project
Manager.

Documents / Data to be submitted by the Supplier

The Supplier shall submit the documents and data against the PO / PR / MR as per the list
given in respective PO / PR / MR.

Review of the supplier drawings / documents by EIL would be only to review the
compatibility with basic designs and concepts and in no way absolve the supplier of his
responsibility / contractual obligation to comply with PR requirements, applicable codes,
specifications and statutory rules / regulations. Any error / deficiency noticed during any
stage of manufacturing / execution / inspection/ installation shall be promptly corrected by
the supplier without any time and cost implications, irrespective of comments on the same
were received from EIL during the drawing review stage or not.
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423 Unless otherwise specified, submission of documents for Review / Records shall commence
as follows from the date of Fax of Intent / Letter of Intent / Fax of Acceptance (FOA) / Letter

of Acceptance (LOA):

QMS - 1 week

Document Control Index - 2 weeks

Other Documents / Drawings - As per approved Document Control Index

4.2.4  Documents as specified in PO / PR / MR are minimum requirements. Supplier shall submit
any other document / data required for completion of the job as per EIL / Owner instructions.

4.3 Style and Formatting
4.3.1  All Documents shall be in ENGLISH language and in M.K.S System of units.

4.3.2 Before forwarding the drawings and documents, contractor shall ensure that the following
information are properly mentioned in each drawing:

Purchase Requisition Number

Name of Equipment / Package

Equipment / Package Tag No.

Name of Project

Client

Drawing / Document Title

Drawing / Document No.

Drawing / Document Revision No. and Date

4.4 Review and Approval of Documents by Supplier

4.4.1 The Drawing / Documents shall be reviewed, checked, approved and duly signed / stamped by
supplier before submission. Revision number shall be changed during submission of the
revised supplier documents and all revisions shall be highlighted by clouds. Whenever the
supplier require any sub-supplier drawings to be reviewed by EIL, the same shall be submitted
by the supplier duly reviewed, approved and stamped by the supplier. Direct submission of
sub-supplier’s drawings without contractor’s / suppliers’ approval shall not be entertained.

4.5 Document Category
4.5.1 Review Category
Following review codes shall be used for review of supplier Drawings / Documents:

Review Code 1 - No comments. Proceed with Manufacture /
Fabrication as per the document.

Review Code 2 - Proceed with Manufacture / Fabrication as per
commented document. Revised document
required.

Review Code 3 - Document does not conform to basic requirements as

marked. Resubmit for review.

R - Document is retained for Records. Proceed with
Manufacturing / Fabrication as per PR / Tender
requirements.

\Y - Void
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4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

4.7
4.7.1

Methodology for Submission of Documents to EIL/Owner

Document Control Index (DCI)

Supplier shall create and submit Document Control Index (DCI) for review based on PO / PR
/ MR along with schedule date of submission of each drawing / document on EIL Vendor
Portal. The DCI shall be specific with regard to drawing / document no. and the exact title.
Proper sequencing of the drawings / documents should be ensured in schedule date of
submission.

Submission of Drawings / Documents / Data

Drawings / documents, data and DCI shall be uploaded on the EIL Vendor Portal as per
approved DCI. The detailed guidelines for uploading documents on EIL Vendor Portal are
available on following URL

http://edocx.eil.co.in/vportal

Statutory Approvals

Wherever approval by any statutory body is required to be taken by Supplier, the Supplier shall
submit copy of approval by the authority to EIL.

Manufacturing Schedule

Supplier shall prepare manufacturing schedule for the order, with key milestone activities (such
as document submission, sub ordering, manufacturing, Inspection, dispatches, etc) to meet
delivery as per FOA / PO terms. Supplier shall submit manufacturing schedule to concerned
Regional Procurement Office (RPO) of EIL / Owner for review within 2 weeks from date of
FOA /PO.

Schedule and Progress Reporting

Supplier shall submit monthly progress (MPR) report and updated procurement, engineering,
manufacturing status, Inspection and dispatch status (schedule vs. actual) and highlight
constraints, if any, along with action plan for mitigation, to the concerned Regional
Procurement Office (RPO) of EIL / Owner by 1st week of every month., First MPR shall be
submitted within 2 weeks from FOA / LOA. In case of exigencies, EIL / Owner can ask for
report submission as required on weekly / fortnightly / adhoc basis depending upon supply
status and supplier shall furnish such reports promptly without any price implication. Format
for progress report shall be submitted by the Supplier during kick off meeting or within 2 weeks
of receiving FOA / LOA, whichever is earlier.

Inspection and Testing
Quality Assurance Plan / Inspection and Test Plan

If Inspection and test plans (ITP) are attached with MR / PR same shall be followed along with
additional tests requirement (if any) mentioned in MR/ PR. However for cases wherein EIL
Standard ITPs not available / have not been attached with MR / PR, Supplier shall submit
within one week of receiving FOA / LOA, the Quality Assurance Plan for inspection & testing
at various stages of production, quality control records for critical bought out items / materials
and site assembly & testing as may be applicable to the specific order and obtain approval from
concerned Regional procurement Office of EIL / third party inspection agency, as applicable.
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For Package equipment contracts, the supplier shall prepare a list of items / equipment and
their inspection categorization plan for all items included in the scope of supply immediately
after receipt of order and obtains approval for the same from EIL. The items shall be
categorized into different categories depending upon their criticality for the scope of inspection
of TPIA and / or EIL.

4.7.2 Inspection Requisition:

Supplier shall perform internal inspection as per ITP/ approved QAP at their works based on
approved documents / drawings. Upon satisfactory internal inspection, supplier shall raise
inspection call to concerned Regional Procurement Office (RPO) of EIL / TPIA / Owner with
advance notice as per contract along with Internal test reports.

All changes w.r.t. PR shall be recorded through agreed variations or Concessions & Deviations.
Conlflict, if any, between PR / Job specifications and approved drawings, shall be brought to
the notice of EIL / owner by the supplier / contractor. Decision of EIL / owner will be binding
on the supplier and to be complied without time and cost implications.

Identified bought out items/ raw material shall be procured under TPIA as per ITP.
4.7.3  Inspection Release Note (IRN)/ Inspection Certificate (IC)

IRN / IC shall be issued by EIL Inspector / third party inspection agency on successful
inspection, review of test reports / certificates as per specifications & ITP / agreed quality plan
(as applicable) and only after all the drawings / documents as per DCI are submitted and are
accepted under review code-1 or code R. Supplier shall ensure that necessary documents /
manufacturing and test certificates are made available to EIL / TPIA as and when desired.

Note 1: Non fulfilling above requirement shall result into appropriate penalty or with- holding
of payment as per conditions of PO / PR / MR.

Note 2: For items where IRN/IC is issued by TPIA, supplier to ensure that following as a
minimum must be mentioned by TPIA in IRN / IC

a) PR document number

b) List of drawings / documents with EIL approval code

¢) Tests witnessed, documents reviewed

d) Compliance statement by TPIA that product meets the requirement as specified in
EIL PR, standard specifications, Inspection Test Plan / QAP and approved
documents.

4.8 Transportation Plan

Transportation Plan for Over Dimensional Consignments (ODC), if any, shall be submitted
within 2 weeks of receiving FOA / LOA, for approval. Consignment with parameters greater
than following shall be considered as over dimensional.

Dimensions: 4 meters width x 4 meters height x 20 meters length

Weight 132 MT

Dimensions and weight provided above are inclusive of all nozzles, attachments, transportation
saddles etc.
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Physical Rout survey for ODC movement shall be submitted to EIL within 8 weeks of
receiving FOA / LOA.

4.9 Dispatch Details

Upon receipt of IRN / IC from EIL inspector / TPIA, supplier shall dispatch items within 2
days. Supplier shall submit dispatch details to concerned RPO of EIL / Owner within a day of
dispatch. Dispatch details shall include Lorry Receipt (LR) number / Dispatch Number,
Transporter Name, Date of dispatch, Packing list, Invoice copy etc.

4.10 Final Documentation

4.10.1  Supplier shall prepare final documents in line with VDR (Vendor Document Requirements)
attached with PR/Tender. A copy of final document along with filled in Format for
Completeness of Final Documentation (Format No. 3-78-0004) to be submitted to EIL
Inspector / TPIA for review & approval within 2 weeks from dispatch. Upon receipt of
EIL/TPIA endorsement on Completeness of Final Documents, supplier shall submit soft / hard
copies of Final documents to EIL / Owner in requisite quantity as per PO / PR details, along
with covering letter. A copy of covering letter to be submitted to the concerned Regional
Procurement Office (RPO) of EIL/Owner.

4.10.2  As Built Drawings

Minor Shop changes made by Supplier after approval of drawings under ‘Code 1’ by EIL and
deviations granted through online system ,if any, shall be marked in hard copies of drawings
which shall then be stamped ‘As-built’ by the supplier. These ‘As-built’ drawings shall be
reviewed and stamped by EIL Inspector / TPIA. Supplier shall prepare scanned images files
of all marked — up ‘As — built” drawings. Simultaneously Supplier shall incorporate the shop
changes in the native soft files of the drawings also.

4.10.3 Packing / Presentation of Final Documents

Final Documents shall be legible photocopies in A4, A3 size only. Drawings will be inserted
in plastic pockets (both sides transparent, sheet thickness minimum 0.1 mm) with an extra strip
of 12 mm wide for punching so that drawings are well placed.

Final Documentation shall be bound in Hard board Plastic folder(s) of size 265 mm x 315 mm
(10" inch x 12' inch) and shall not be more that 75 mm thick. It may be of several volumes
and each volume shall have a volume number, index of volumes and index of contents of that
particular volume. Where number of volumes are more, 90mm thickness can be used. Each
volume shall have top PVC sheet of minimum 0.15 mm thick duly fixed and pressed on folder
cover and will have 2 lever clip. In case of imported items documents, 4 lever clip shall also
be accepted. All four corners of folders shall be properly metal clamped. Indexing of contents
with page numbering must be incorporated by supplier. Spiral/Spico bound documents shall
not be acceptable. As mentioned above, books should be in hard board plastic folders with
sheets punched and having 2/4 lever clips arrangement.

Each volume shall contain on cover a Title Block indicating package Equipment Tag No. &
Name, PO / Purchase Requisition No., Name of Project and Name of Customer. Each volume
will have hard front cover and a reinforced spine to fit thickness of book. These spines will
also have the title printed on them. Title shall include also volume number (say 11 of 15) etc.

4.10.4 Submission of Soft Copies

Supplier shall submit to EIL, the scanned images files as well as the native files of drawings /
documents, along with proper index.

In addition to hard copies, Supplier shall submit soft copies of all the final drawings and
documents in pen drive or any other specified medium with proper identification tag, all text
documents prepared on computer, scanned images of all important documents (not available
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as soft files), all relevant catalogues, manuals available as soft files (editable copies of
drawings/text documents, while for catalogues / manuals / proprietary information and data,
PDF files can be furnished).

All the above documents shall also be uploaded on the EIL Vendor Portal and if applicable on
Client Server also.

4.10.5 Completeness of Final Documentation

Supplier shall get the completeness of final documentation verified by EIL / TPIA, as
applicable, and attach the Format for Completeness of Final Documentation (Format No. 3-78-
0004) duly signed by EIL Inspector or TPIA as applicable to the final document folder.
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COMPLETENESS OF FINAL DOCUMENTATION

Name of Supplier/Contractor
Customer

Project

EIL’s Job No.

Purchase Order No./
Contract No.

Purchase Requisition No./ :
Tender No. Rev. No. :

Name of the Work/ Equipment

Tag. No.

Supplier’s / Contractor’s Works
Order No.

Certified that the Engineering Documents / Manufacturing & Test Certificates submitted by the
supplier (as per Index sheet mentioned in Annexure-1) are complete in accordance with the Vendor
Data Requirements of Purchase Requisition / Tender.

Signature L e Signature e

Date L e Date L e

Name e Name P

Designation s Designation e

Department N Department N
Supplier / Contractor EIL / TPIA
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Signature L e Signature e
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Name N Name N
Designation  :....iiiiiiiie e Designation  :.....oiiiiiiiiiiiee
Department s Department e
Supplier / Contractor EIL / TPIA
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Abbreviations:
ANSI : American National Standards Institute
APT : American Petroleumn Institute
ASME : American Society of Mechanical Engineers
ASTM : American Society for Testing and Materinls
150 : International Crgamzation for Standardization
NACE : Natignal Association of Corrosion Engineers

Materials & Coating Standards Committee:
Convener : Mr, 5.Ghosal

Members Mz, Deepak Gupta {Projects)
e, M. Ismaeet (Piping)
Wr. K.J Harinarayan (SME})
e D.C.Brahma {Structure)
Mr. B. Mutiw Ramalingam {SCM)
Mr. Divyagvot Singh {Constroction)
Mr. Naveen Parashar (Projects)
Mr. Satya Sridhar {Process-2)
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1.1

1.2

13

2.0

3.0

31

iz

i3

SCOFE

In general, for refinery sorvices, NACE International Standard MRO103 shall be applicable.
For rehnety services where Hydrogen Induced Cracking (HIC)Y tesistant carbon steel is
speci fcally mentioned in the process docunuents, this specification shall be followed.

This specification lays down the requiremems related to the chemical composition,
manufocture, fabrication and testing requirements for carbon steel com ponents intended to be
used in sour service in petroleum refinery envircoments. These requirements are specified in
order to make the carbon steel component resistant to the varous fomms of matcdal damage in
8 sour environment, sach as Sulfide Siress Cracking (55C), Hydrogen Induced Cracking
(HICY, Stress Criemted Hydrogen Induecd Cracking (SOHIT), Blistering ote. Thesc
requitemnents can be used for remisting Alkaline Stress Corrosion Cracking {(ASCC) also, This
specification is applicable for corrosive petroleum refinimg facilities.

The service medium is defined as “Sowr” when the service environment conforms to one of
the following conditicns, as defined in NACE International Standard MRO103;

Service environments containing free water (in liquid phase) and
(2) =30 ppmw dissolved H:S in the free water,
(" Free water pH < 4 and some dissiolved 125 present,

(e} Free water pH =76 and 20 ppmw dissalved hydropen cyanide (HUND i the water and
some dissolved H:5S present,

(d) =0.003 Ml*a absolute (0.05psia) partial pressure HaS in the gas in processes with a gas
phas.

REFERENCED CODES/STANDARDS

NACE MR 0103 ASTM A 654 ASTM AT

NACE RP 0472 [ ASTM A 216 ASTM A 370

NACE Publication SX 194 & RX254 ASTM A 106 ASTM A 578

NACE T™ 0284 APLSL ASME S5EC U PART C
ASTM A 20 APTS A ASME SEC VITI-DIV.T
ASTM A 514 ASTM E 18 ASME BEC IX

ASTM A 105 ASTME 45 ANSIB 16,34

ASTM A 234 ASTML 92 ANBI B 31.3

All ASTM Standard desipnations shall be applicable for corresponding ASME designations
which would be read as ASME SA XXX instead of ASTM A XXX,

GENERAL REQUIREMENTS

The steal for sour service shall be manufactured by either basic oxygen or electric arc furnace
route and shall be fully killed and fine grained.

Carbon steel shall not contain intentional additions of clemeints such as lead, selenium or
sulphur to improve machinability,

Carbon steel shall be used in une of the following heat treatment eonditions,

Famual Mg 8-D0-0001-F1 Rev 0 Copyright EIL — All rights reserved
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3.4

4.0

5.0

n
—_

31,1

51.2

315

i} Hot-rolled

(i} Annealed

(iil} Normalised

{i¥) Nurmalised and tempered

{(v) Normalized, austenitised, quenched and tempered
{vi) Austenitized, quenched and temperad.

All material after cold fonming shall be thermally stress relieved to meel a hardness
requitement of 200 BHN maximm,

All products shall be free of low temperature transformation microstructures such as bainite
bands or islets of martensile.

MATERIAL SPECIFICATION

All itetns are required to conform to the chemical compaosition of the respective specification
as listed below.

Plate; ASME 5A516 Gr.60

Pipe: ASME SAI06 Gr. B or SA333 Grl or f

Forgings: ASME SA105 or SA350 Gr.LF1 or LF2 or SA266 Class |

Fiuings: ASME 5A234 Gr. WCB or SA420 GLWELS

Caslings: ASME 54216 Gr. WCA, WCB or WCC or SA352 Gr. LCA, LCB or LEC
Tubing: ASME 5A170 ar SA214

PRODLCT SPECIFIC REQUIREMNTS

Plates and Rolled Products

Al rolled products such as plates and sheets and filings / pipes made of rolled products shall
meet the following specific requirements.

The steel shall be made through a clean steel making route and shall have minimum of
meclusions,

The sulphur level shall be restricted to 0,003 wi%.

The steel shall be calcium treated tor inclusion morphology control and  the Ca‘$ ratio shall
be in the range of 2 1o 3. When sulphur conlent is less than 0.0013%, then Ca/8 ratio is uot
applicable and calciumn can be present up to 50 ppm.

For plates including and above 25 mm thick, through-thickness tensile testing shall be carried

out in accordance with ASTM A770, with minimum reduction in area being 35% as
determined in accordance with ASTM A37(), on one plate per heat.

Mo repair welding shall be permited on plated.

Format No 8-30-0001-F1 Rev 0 Copynght EIL - All rights reserved
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6.0

When the fabrication of the components from the previcusly HIC tested plates involves no
heavy wall thickness reduction or material tlow, such as bending, spinning or welding, no
fresh HIC test would be required on the final produdt, However, for fabricanon of products
where heavy reduction of thickness and heavy Now of material 13 encountered while forming
such as like forging, extrusion or drawing, metallographic examination of the final product
shall be required (o be carmied oul 10 ensure abgence of clongated mclusions.

The plates shall be procured only from pre-qualified manufacturers.
Pre-qualification criteria for manufacturers/supplicrs with prior experience track record

The manutacturers’suppliers who have proven track record of supplying materals for sour
service applications in pefroleum refineries to any of the process lieensors such as
UOPAFPEXONBECHEVRON ot any of the reputed operabing comparics/consultants like
ONGCIOCT HPCLMBPCLTTE. will be considered as fpre-gualified maoufactueers”, on
production of the relevant purchase orders and test certificates, certified by a witnessing third
parly  inspection ageney such as DNV/LLOYVDS/BV/ABSTECH/TUV/SGE/CEIL for the
conformance of the materials to the respective materials specification of the mentioned
operators/engineering consultants. For pre-qualified vendars, Clause No. 5.4 is not applicable,

Fre-qualification eriteria for new manufacturers/suppliers without track record

"The manufacturers/suppliers who have na track record of supplying sour service materals (o
any of the process licensors or the reputed operating companics/consultatls as mentioned in
Clause Mo, 5.2 above, shall be considered as new manufaciurers and shall be subjecied o the
elaborate pre-gualification by any one of the reputed third parly inspechon agencies hike
DNV/ELOYDS/ BV ABSITECH TUV/SGR/CEIL as per the requirements.

Hyvdrogen Indueed Cracking (HIC) Test

The requitementy for HIC Lest shall be as follows.

{i} I'bis lest is requircd for manufactorers pre-qualification only.

(i) This test shall be performed on a sct of three specimens representing each production
batch/heat of rolled products in accordance with NACE TMO2E4 with the tollowing

ACCETHANGE Criterial

{a)  Crack Tength Ratio (CLR) < 10.0%
(b Crack Sensitivity Ratio (C5R) < 1%

{1iiy Tn case of failute of any one of the specimens, three (3) more specimens from the same
produel shall be retested and all the specimens shall meet the acceptance criteria. In case
of tailure of any retest sample, the material shall be rejected.

POST WELD HEAT TREATMENT {(PWHT) AND HARDNESS REQUIREMENT

All the weld joints, irrespective of thickness, shall be given a post weld heat treatment. The
temperature range for PWHT is 595-630°C with a close conteel. Oiher aspects such as rate of
heating, holding tine ete. for PWHT shall be as per ASME Sec VI, Div.] JANSE B3L3
requitements. The hatdness of the weldment after PWHT shall be 200 BIIN maximum.
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Abbreviations

ASTM

CINI

dB

150

TP

[ E

MAER

American Sogiety for Testing and Materials
Corumiitce Indusirial Insulation

Decibel

[nternational Organization for Standardization
Inspection Test Plan

Tight Resin Bond

Material Approval Request

Refractory & Insulation Standards Committee

Conyenor :

Members :

Mr. Prasenjilt Saha

Br. Biswarup Sarkar

Mr. B. Pal

Br. Udayan Chakravarty {iping)

Mr. Prag Gocl {Fired Heaters)

bMr. Asyush Mathur (Projects)

BAr. Tarun Kumar (Equip Div)

Mr. Mecray Mathur (PDD)

D Arijit Roy (Materials & Corrosion)
BAr. Neeraj Rai (Pipelines)

Mr. Bavindra Kumar (Construction)
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FIGURLES

NO, DESCRIPTION

1. General constiruclion of acoustic msulation

2. Typical arrangement of acoustic insulatien showing cladding and end cap

3. End cap ol pipe insulation

4, Typical arrangement for vibration-isolated cladding and insulation supports in vertical

pipes

a. Supporl tor verlical pipe

A, Typical arrangement [or branches and tees

7. Arrangemenn for the acoustic insulation of flanged joinls

. Construction details: End cap of enclosure

a, YVented acoustic insulation of flanged joints and bellows

10. Example of an acoustic enclosure for a valve
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1.0

1,1

1.2

2.0

3.0

INTRODUCTION
Secope

This specification outlines the design and installation aspects of acoustic insulation and
provides guidance for selection of acoustic class and extent of insulation needed for meeting a
desired noise reduction.

This standard i1s applicable for scoustic insulation of cylindrical stecl pipes attached to a noise
source (Buch a3 valves, compressor, pumps, geciorns ete)) The standard is tot applicable for
rectangular ducting and vessels or machinery.

Definitions

Acoustic insulation: Insulalion applied with an ohjective to reduce (he noise level madiated
from pipes

Acoustic class: A predefined insulation system consisting of sound absorbing / resilient
material {rock wool! wass wool! coramc fiber) and Impermesble ouler cover (cladding) with
defined mininnum insertion loss across frequency spectram of the noise

Noise level dJBIAY: Cumulative of A-waighled average of sound radiated across the octave
hand spectrum, expressed in decibal dI3( A}

Loudness of the sound in decibels dB(A) can be expressed In terms of sound pressure level
measured at specified tocation with respect to sound saurce o in sound power foumudotive of
sonnd pressuve across the pipe fensth). fn this specification, sound s eapressed I power
fevel,

Soumd spectra; Freguency distribution of the sound in decibels (dB) at differenl freguency
{(Hz) across cotave band of the sound.

Inscrtion loss: Ditferenee in sound power in decibels dBUAY across the aetave band (froquency
spectrum) before and after application of the acoustic insulation

INFORMATION REQUIRED FROM VENDOR

The eguipment supplier {valves, compressor, pumps, gectors etc. to which the pipe is
atlached) shall specify the below information of the unsilene cd neise souncs

a} overall sound level in decibels 4B(4) and
b octave band spectrum {frequency distribution of the sound in decibels (dB) at middle of
different octave band (Hz)

Note: fn case, frequency distriftion is not provided and overall noise fevel in decibels is the
only information ovailable, the octove band spectrum shall be derived by subtracting the
spectral shape from overall dBCA} for specific for the source given in Tuble-3,

ACOTISTIC CLASSES

Acoustic insulation shall essentially consist of 2 sound absorbing / resilient fibrous material
{e.z. rock wool) and impermeable outer cover (metal cladding), There are three insulation
classes defined. Each class shall have specified minimum insertion loss across frequency
spectrum of the noise.

Format Mo, B-00-0001-F1 Rev. D Copyright EIL — All rights reserved
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il Description of Acoustic Classes
Three msulation classes denoted by A, B and C are referred in this specification. PPhysical
description of the insulation classes and their acoustic performance (minimum nscrion loss,
when the specific insulation iz applied) are given Table-1 and Table-2 respectively.
TABILE-}
PHYSTCAL DESCRIPTION OF INSUT.ATION CLASSES AB& C
Acpustic Pipc Insulation Cladding
Class Diameter - — - — —
Material Minimum | Material | Miniorum | Indicative
OD {mm) -
Thickness mass thickness
{rom}) (kgfm2) (oum}
A - a0 4.5 L6
B - Rockwool! | 104 6.0 3
= 3H) g]ass woold - 1040 Slainless 7.8 1.0
ceramic steal A240
J00-54 - ‘i 1 1,
¢ 0649 1 fiber too TP 304 >
= 650 (see Note-2}  Two layer b on 17 layer
: (Nole-d) 30+50 10 | outer cladding
Netes:

i, For pipe diameter = 630 mm, two laver insulotion shall be wsed with one imtermediane
cladding berween the two lavers and one final cladding on outer layer. Minimum mass for
e types of elordding v specified shall be applicabic,

2. Instdation material for cooustic parpose shedl be mineral fiber frock wool? glhess woold
ceramic fiber) of appropriate density having mechanical stiffness less than 1004 N’
fr—insulation thickness) and aiv flow vesistiviey in the range 2500075000 N-sec-n”. Refer
defail specification in seetion 6.0

3. Foracoustic class-A, vabve, farges and extended pipe supports need nof be insnlated.

4. For aconstic class-B & O, vaive and flanges shall be insiulated with same class that of the
pipes, Extended pipe supports shall be insnloted wp o the conorcie or steel buse or
afternatively ta e vibration isolator.

i Wherever a high mass por wnil area is reguired fe.g. Insulation Class-C), the cladding
moy be composed of stainless steel! alupdrized steel oluminium faluminium not an option
Sor fire safe insplation) of approgriale thickness with mass loaded anti drusrning heavy
winyk! flexible plasiie sheet as inner {gyer meeting the specified overall mass per unir area.

3.2 Acounstic Performance

Insertion loss is the reduction in sound across wvarious frequencies when ihe particular
insulation class is applied. The insertion loss is alse dependent on the pipe dismeter. Minnoum
insertion losses of (he three acoustic classes at vatious pipe diameters are detfined in Table-2,

Format Mo, §-00-0001-F1 Rewv. O Copyright EIL — Al rights reserved
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TABLE-2
MINIMUM INSERTION LOSS FOR INSULATION CLASSES A B& C
‘ Acuﬁs;m Fipe . Octave band centre frequency (Ha)
Class diameter |- —— -
OD (mm) 125 250 500 1000 2000 4000 8000
Caorrection factor® 14 9 3 0 -1 -1 1
BMinimum ingertion loss (dB)
< 300 4 | 4 2 5 | 16 [ 22 29
A 300-64Y 4 4 2 9 16 | 22 29
&50- 1000 -4 2 7 13 |- 19 24 3
< 300 -9 -3 3 n ;i 19 27 33
B 300-649 -9 -3 & 15 24 33 42
650-1000 -7 2 11 20 29 36 42
L < 300 -5 -1 11 23 34 38 42
C CoA00-649 -7 4 14 24 34 38 42
> 630 | 9 17 26 34 3 1 42
4.0 DESIGN ASPECTS FOR ACOUSTIC INSULATION
4.1 Painting Under Tnsulation
Fiping to be applied acouslic insulation shall have under insulalion painting [or eomosion
protection as it would nomaally have for other insulation purposes as per relevant codes /
slandards / specificalion applicable for the temperature.
4.2 Spacers & Support Rings
Where insulation is composed of semi-rigid sections (such as prelomed pipe seclions) and the
pipe is horizontal, spacer or support ring may be ayvoided.
In all other cases, where soft blankets or LRB mattress is used and piping is vertical and
cladding supports are necessary, the pacers! support ring wherever used shalf contain resilient
clements lor vibralien isolalion.
4.3 Insulation of Valves & Fittings
Valves, flanges ete. shafl be designed with removable enclosure ype insulation with Tifling
lugs.
4.4 Vibro-acoustic Seals
Appropriate vibro-acoustic seals to be applied between cladding and piping so that the
cladding 1s isolaled from vibrating pipes. There shall he no direct contact between cladding
and pipes’ encasing.
4.5 Acoustic Insulation for Hot Service

When insulalion is required [or hot as well as acouslic purpose, the msulation malerial
tnecling acoustic requirements ol this specification shall be used, Thickness of the msulation

Fomat No. 8-00-0001-F1 Rev. 0
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ahall he determined by most siingent of the two requirenismls. For low aperating temperature
{upto 125°C) services a suitable moisture barrier shall be used over insulation.

4.6 Acoustic Insulation for Cold Service

Where insulation is reguired For cold wnd acouslic service, the cold insulalion sysim {wathout
cladding, huat primary vapour bartier applied) shall be applied tirst to the pipe and the acoustic
insulation shall be applied over it.

An additional vapour bartier layer shall be applied to the outside layer of the acoustic
insulation underncalh melal claudding, The mctal cladding shall be sceurcd the saiic mannet a
cold insulation cladding is used so that the underneath vapour barrier layer is not punctured
{serows rivels ole, which may cause puncture of the undemeath kuyer shall nol be uscd),

5.0 SELECTION OF ACOUSTIC CLASS

5.1 The contructor shall to select one of these three acoustic classes from section 3.1 as per
following guideline:

Obtain unsilelened sound level from equipment supplior data (valves, compressor, pumps,
gjectors e4¢.) to which the pipe is attached

g} overall sound level in decibels dBLA)
b) frequency distribulion at maddle of oclave bands

I freguency distribution i not given, (he octave band spoctnuin shall be derived by
subtracting the standard spectral shape trom gverall dR(A). The standard spectral shape to be
sublracicd for vatious sources given in Table-3 below:

TABLE-3
SPECTRAL SHAPE OF NOISE FROM PIPES ATTACHED TO VARTOUS SOURCES

{ctave hand ecntre frequency (Hz)
Source 125 | 250 | seo | 1000 | 2000 | 4000 | 8000
Difference from overall dB(A} fo linear octave band level [lB.
____Cﬂnlml valve 20 16 17 9 _Er.__. | 5 o 7
Centrifugal compressor 5 | 121 s 7 3 10 12
Centrifugal pump 4 2 4 5 7 9 12 -
Reciprocating mmpre-e;;-.ar__mf! | 4 o :‘:. N B ¥ ¥ | S_

5.2 Correction Factor { A-weighting)

Noise at different gctave bands shall be correeted for A-weighting for relative weightages.
A-welghling correction fuctor 1s imespective of acoustic class and pipe dismeler and given i
Table-d.
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TABLE-4
CORRECTION FACTOR FOR A-WETIGHTING
" Acoustic Pipe Octave band centre freql_lenc_:f (Hz)
Class | diameter e He0 T 500 | 1000 | 2000 | 4000 | 8000
O1 (mm)
Correcton factor®{di) L& a 3 1] -1 -1 l
| H

Required Noise Level Reduction

Determine the required noise level reduclion from unlicensed sound level to the required
target level in decibels dB{A).

Check and select the most optimum class from A, B & C

For g given acoustic class (A, B or C), sublracl the minitmm insertion loss from trequency
distribution {provided by supplier OR derived using Table-3} and A-weighting correction
{Table-4) againsl cach oclave band atd determine the overall decibel level ABLA)Y [or cach
class separately. Salect the most optimum ¢lass for required noise reduction.

NOTE: In the event wo information iy availeble for origingl polve level ond frequency
distrihution but acoustic inswlation is o be applied the default system shalfl be class £
Length of Acoustic Insulation

The lenglh of the pipe 10 be insulaled depends on pipe OD and whether the pipe is carrying
gas vapour ot liguid is 10 be determined using Table-3,

TABLE-S
CORRECTION FACTOR FOR A-WEIGHTING
Pipe O Required reduction Service ' ml'éﬂg”t'li (L]_to be insulated
(meter) In decibels dR{A) (meter)
D 5 Gas’ Yapour 8 x DAOG
[Liquia | 5 x D002

MNote:  In case the calcifated length to be insnduted is higher than the total fength of the pipe,
entire length have to be insuluted from the noise sonrce o the next silencer, vessel, Reat
exchanger, filter efe,

MATERIAL SPECTFICATION

Minimum techmical specification of the major insulation malerials and aceessories are
specified in this section, Based on the minimum technical requirement, the contractor shall
select appropriate materials and submit MAR (material approval request at beginning of the
jobl.

Insulation Material

Insulation material for the acoustic service can be rock wool/ glass wool/ ceramie fiber of
appropriate density having mechanical stiffhiess less than 1054 N/m3 (=insulation thickness)
and air flow resistivity in the range 25000-7500( N-sec-m#% as per respective standards’ codes
given below:
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6.2

0.3

Insulation material Class Density

Rock waal P ASTM © 547 {prefonned section)’ 1S 9842 | 106-150 kg/m®
CASTM C 592 (LREB mattress) /IS 8183 '

Gilass waol ASTM C 54715 BIR3 . kg/nT ]

Ceramic Fiber blanket | ASTM C 892 128 kgim' a

Note: Additional reguivemens for chloride Bmits for carbon sweel and stainless sieel piping
andd! ur any other parameters for respective mineral fiber [nsufation as would normally be
dpplicable for thermal inswlation shall be complivd

Metal Cladding

Metal cladding Lor acoustic insulation shall be as per lahle-1.

Io case the ¢ladding is used in combination with an anti dramming laver, the later may he a
membrane of mass loaded sheot ol fexible plastic with mineral Obers (2300 kg/m3, min
thickness Jrmom).

Ancillary Materials

Minimun technical requirement for the common ancillary materials required for acoustic
insulatian are specified belaw,

Material Type Description

Mnd caps 58304 Thickness min 1.3 mum

Retaining hands for insulation ASTM A167 TP 304L 20 mrn wide & 0.8 mim
- thick

Wires for insulation ASTM Al67 TP DAL lmm

Retaining bands for cladding ASTM A167 TP 316 20 mn wide & 0.8 tin

thick

AdhesivesSealing material/Mastic Two component epoxy adhesive

seal

Resilicnt pads £ Anti-vibration seal Symthetics natural Width 50 mm x ‘Thk 3 mom

fNote-1) rubber base material

Self strapping screw for cladding SS 304/ cadmium "R mmdia & | lmm]ﬂng

fNote-2) plated stecl wilh neoprene uneler head
Notes:

I Fease the systhetio S notwnad rubber to be nsed for vibrating seals is incompatible for the
operdaiing temperature, o laver of compressed mineral fiber blanket 1o be wied undoneath
e the seals.

2. For acoustic insulation over cold iusulationdhot insulation, where an wnderncath vapour
Barder/ moisture barvier layver is used, clodding shall be secured the some manner a cold
insufation clodding iy wsed fvorows rivels ete. which may cowse puncture of the
underneath layver shall not he used),
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6.4

6.5

Muoisture Barrier

{for application on outer surfuce of the insulation undemneath cladding for operating
temperature up to 1 75%C or less}

The moisture barticr shall be a polymeric water based, breather type mastic {vapor under
pressure will pass through it}, fire resistive, flexible and be compatible with the tvpe of
insulation. Material shall be suitable for the range of temperature to which it iz exposed.

Typical acceptable moisture barrier tor application over insulation surface are: Fosler 46-30 /
Childlers AK-CRYL CP9/ TIC 2034,

Other products if considered shall have been evaluated and comply with the following
minimum characteristics, for which contractor shall submat relevant credential and 1est reports
for review! approval:

Material shall be evaluated for fire resislance as per as per ASTM E-84 (ame spread index
~10} und watler vapour pemiesbility in accordance with ASTM Ti96, procedure-B >1perms for
1/16" thickness. Average nonvelalile content: 60 to 64% by volume {64%, by weight)

Primary Vapour Barrier

Primary vapour bamier shall be chlorosulfonated polyethylene rubber {or lypalon) based
elastomeric polymer mastie, fire retardant, compatible with base insulation, stable in the range
of -40 to —100 deg .

The mastic shall be applicd in two coats reinfiorced with glass fiber cloth {approx at centre of
the coating). The coating shall be applied in two coats to appropriale wet ilickness 10 obtain
the specificd dry [ilm thickoess, When cured, the layer shall be durable and have good dry
film strength and puneiure resistance. Minimum technical requirement for primary vapour
barmier is specified below.

Typical material

Ch isti
aracteristics Parameter (see Note)

Consistency - Thixotropic soft pasie

002 metric perms (max)
with DF11.2-1.3mm
as per ASTM E-96 procedurc-E

Walcr vapuur permiednce
Toster 60-133/39

TIC 4015 /16
FSI {[lume spread index)
Combustibility! fire =25 as per ASTM E-84, tested on a
resistance & 3mm inorganic reinforced cement

board with DET 1.1-1.2 mm |

Note:  Typical materials ave indicative only, Products meeting specified reguirements as per
ASTM E84 and EVS and proven under similar services may be used subject to
appravial of ownerd Engincerin-charge,

Foernat Mo, 8-00-0001-F1 Rev, D Copyright EIL - All rights reserved
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.0 APPLICATION
The msuladon contractor shall adhers 1o the minimun technical requirements tor quality
gontrol glven in this apegification:

7.1 The contractor’s personnel shall be fully convearsant and responsible for mecting the speeified
HSE requircments and shall stnctly adbere 1o saloly insttuctions and MSDS requirements of
the nsulatien’ ancillary producds and application.

7.2 The contractor shall select appropriate materials and subimit MAR {matcrial approval reguest)
al beginning of the job, The contractor shall undertake guaraniec of materials supplied against
deviation ar deteriaration of any kind in respect of quality.

1.3 The contraclor shall arrange [or ils persomnel adequate personnel protection and safety gears
like hand gloves, masks, spectacles cte.

7.4 Ensure painting under insulation is applied as per applicable painling & coaling specilicalion
helare siart of insulation work.

7.5 The insulation system needs 1w be installed in dry cotdifion.

7.6 The installation contractor shall prepare an TP identilying stage inspections for which shall
he approved by Engineer-in-charge of the insulation job.

7.7 Material shall be stored properly as per the instruction of supplier. Matcrial shall preforably be
stored in covered shed and protected aainst waler Ingmess.

7.8 Insulation shall be applied sougly around piping, fanges, Ouings and around shells and fronts
ol equipment, In case of dauble layver insulation. bath the longitdinal and circumterentiat
joints shall be stagzered.

7.9 Bends, reducers and T-pieces, ete. shall be nsulated with preformed insulativn pipe sceltions
or scpments of Lthe same maulalion material,

740 Flange and valve boxes shall be provided with the swme nsulation thickness and cladding as
indicated [or the classification of the insulated sysiem. The insulation shall be installed at the
inside of the hoxes. The imner surface layer shall be at least 10num away [rom the Hange o
valve,

711 Removable msulation boxes shall overlap 1be adjacent pipeline insulation aver a distance of at
least the pipe insulation thickness of the piping insulatian.

712 In case of preformed pipe section, every Jayer shall be sepavately fixed with at least 3 stainless
steel wires, slab and blanket shall be fastened by steel band at interval of 300mmn,

13 Joints in cladding shall he sealed with a hand acoustic sealing material. Cladding juints shall
have mininmum 50 mm overlap and shall be scoured by band at merval of 300mm,.

7.14 At exposad flanpes, acoustical insulation shall be terminated with an end cap. This cap shall
be located as close to the flange as possible, however it will il allow bolt removal. The end
wap shall be isolaed from (he pipe ends.

7.15  All termination points shall be sealed properly. Any protrusion shall be scaled 10 prevent any
IMULAIUTS INETUES.

7.16  The contractor shall mobilize all reguired tools & tacklcs and carry oul the insulation

imstallation s per approved procedure,
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747 MWaterialzs shall be stored properlv to protect dumage from adverse enviromments, such as
lnmidity, modsture, rain, dust, dirl, sand, mwoud, sall am, cte.

718  Details of insulation work executed each day shall be maintained in a log book approved by
the Engineer-in-charge which shall include the types and quality of insulation materials, name
of the mamudfaciurer, scehon mmbers ofc,

719  Sufficient number of qualificd and expenicneed supervisors to be deployed in each shift to take
care of all achvities at site. One exclusive supervisor shall be engaged to take care of the
quality aspect of insulation job.

7.20  The clientf Tingineer-in-charge may inapect the insulation application at vatous stages during
execution, any rectification suggested necd to be taken care by the Contractor, without any
time or cost implication.

8.0 INFORMATION REQUIRED FROM YENDOR
Following information 1s required from the contractor belore start of acoustic insulation:

81 Calculation supporting selection of appropriate acoustic class complying guideline of 5.0 of
this specilication,

8.2 MAR {material approval request) Tor insulation, cladding ancillary matenals.

33 Application procedure and LT'P for stage inspections.

34 Dictails of qualification, experience and HST exposure of the personnel zoing to be engaged
for insulation supervision, inspection and quality control

&5 List of cquipiments tools and tackles to be mobilized during the execution of the job.

8.6 Material test cerfificates relevant to physical and chemical tests (duly endorsed by the

mspection agency) for insulation and ancillaries materials.
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9.0 REFERENCE CODES AN STANDARDS

This specification refers standard practices of following codes and standards

ASTM Standards

ASTM Al67

ASTM (47

ASTM Ca92

ASTM i

ASRTN C892

ASTR A240

Specification for stainless and heat-resisting chromium nickel sicel plate,
sheol and sirp

Standard specificauon for Mineral fiber pipe insulation

Standard specification for Mineral fiber blankel meulation and blankct-type
pipe msulation {metad-mesh covered) (industrial tvpe}

Stamdard test methods for Waler vapor thansmission of malcrials

Standard specification for High temperamre fiber blanket thermal insulation

Speeification for heat-rasisting chromium and chromium-nickel stainless steal
plate, sheet and strip for Pressure Vesscls

BE Standards and Specifications

B5 1902 't 6 Ceramic fibre products

BS 2972

Method of test for Inorgamc thermal insulaling malenals

15 Standards and Specifications

IS 8183

Is 5842

Others

IS0 15665:

IEC 534-8-2:

UM Manual:

Bondad mineral wool-Specification

Irefonmed fibrous pipe insulation- Specitication

Acoustic insulation for Pipes, Valves and flanges
Industrial process control valves - Part-8: Noise considerations

Insulation for industries
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OVERLAP (SUCH THAT INGRESS OF RAIN WATER IS PREVENTED}

IIPE
MINERAL FIBER ENSULATION

ADDED MASS OR DAMPING LAYER
CLADDING

o P e

CLADDING MAY BE I'TXED IN POSITION WITH RIVELS, SELF-TAPPING
SCREWS, OR STAINLESS-STEEL RETAINING BANDS.

FIGURE- N
GENERAL CONSTRUCTION OF ACOUSTIC INSULATION
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FIPE

TN CAP, MAY CONSIST OF TWO OVERLAPPING HALVES WITH OVERLAP
IN THE HORIZONTAT. PLANE

VIBRO-ACOUSTIC STLATL

RETAINING BANDING

FOROUIS LAYER

OVERLAP (LONGITUDINAL SEARS SHALL BE LOCATED IN THE 4 TO 5
O'CLOCK FOSITION TO PREVENT MOISTURLE  INTRLUSION)

CLADDING

FIXING SYSTEM OF THE CLADDING: RIVETS, SCREWS (TIIESI SITALL NOT
BE USED WHEN CLADDING 18 DIRECTLY OVER A VAPOUR BARRIER) OR
STAINLESS-STEEL STEAI"S

FIGURE- (2

TYPICAL ARRANGEMENT OF ACOUSTIC INSLTLATION WITII CLADDING AND ENL}

CAFP
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A) VIBRO-ACOUSTIC STAL

1. FIFE

2. ADHESIVE/SEATLING LLAYTR
3 VIBRO-ACOUSTIC SEAL

4. RETAINTNG BAND

5. SHAPED PROFILE COLLAR

BB) END CAP TO CLADDING SEAL

L. END CAP
2. MASTIC SEAL

FIGURE - 03
END CAFP OF PIPE INSULATION
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1. VIBRATION-ISOLATING PAT
2. PIFT. WAL L

3 CLADDING

4, VIULCANIZLD LAYER

L

SUPPGEL ON STRAFPING BAND (OR WELDED)

FIGURE - 04
TYPICAL ARRANGEMENT FOIt VIBRATION-ISOLATED CLADING AND
INSULATION SUPPORTS IN VERTICAL PIPES
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L, VIHBEATION-ISOLATING FAD
2, YIBRO-ACOUSTIC SEAL
3 MASTIC SEAL

FIGURE- 05
SUPPORT FOR VERTICAL PIFPE
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a} UPPER CONNECTION, b)) LOWER CONNECTION

1. FIE

2. CLADDITNG

3. POROUS LAYER

4, SCBEWS OR BRIVETS
5. MASTIC SEAL

FIGURE -l
TYPICAL ARRANGEMENT FOR BRANCHES AND TEES
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FEXING OF THE CLADDING: RIVETS, SCRTIWS
(STAINLESS-STELL, STRAPS TO BE USED WHEN A VAPOUR BARRIER 1S USED
UNDLENEATH)

BOLT LENGTH + 30 MM

OVERLAP = INSULATION THICKNESS

LOCK FORMITY

CLII' 10 FIX POROUS T.AYER

SPACE SHALL BE FILL.ED WiTIT POROUS MATTERIAL

L S A B O

FIGURE - 07
ARRANGEMENT FOR THE ACOUSTIC INSULATION OF FLANGED JOINTS
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!
| I T e et

PIPE INSULATION CT.ATIDING
ADHESIVE SEALING MASTIC LAYER
SHAPED FREOFILE

RETAINING BAND (STAINLESS)
CLADDING (BOX)

Lh g Db B e

FIGURE - 08
CONSTRUCTION DETAILS: END CAFP OF ENCLOSURE

1 support

2 venting aporture

3. fixing system of the cladding: rivels, screws (these shall not be used when
4 cladding is directly over a vapour barrier) or slainless-steel straps

FIGURE - 09
VENTED ACOUSTIC INSULATION OF FLANGED JOINTS AND BELLOWS

Format No. §-00-0001-F1 Rav. 0 Copynight EIL — All rights resenved



STANDARD SPECIFICATION No.
ENCINEERS
@WD[& LMITED STANDARD SPECIFICATON FOR

ACOUSTIC INSULATION 8-79-0022 Rev. 0
Page 23 of 25

gigr lmidcs

T ST [ER-ER I USSR E L PR

perforaled sheel

porous layer

locating edge to help locate upper portions

supporting framework clamped to flanges (over vibration isolation pad)
vibre-acoustic seal

L da L b

FIGURE -10
EXAMPLE OF AN ACOUSTIC ENCLOSURE FOR A VALVE
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Examplc: Sclection of acoustic class

Find acoustic class and lenpth of the insulation to be applied on 250 mm OD steel pipe in gusivapour
sepvice artached o control valve radioting 100 dB{A), to be reduced 1o 83 dR{A)

Unsilenced sound level is 100 dB{A), required reduction (100-85) =13dB{A)
Noise source: Conlrol valve, Ocluve band speciruti not given

Step-1:_Acoustic class selection

l. Derive octave band spectrum by subtracting differential dB specilic lo the source iype using
Tuble-3.
2. For an acoustic class, apply {subtract) the insertion Joss tor each octave band using data given

for specific pipe OD in Table-2.

3 Apply (subtract) A-weighting correction tactor (Table-4) from each octave band.

4. Caleulate A-weighted decibel level of overall sound radiated from insulated pipe scparalcly
for euch acoustic class usimg fonmula, check noise reduciion achieved and select the most
optimum class

dB{Aymsulated—10% log (antilog D125/10 1 antilog D230/10+ ..., + antilog DRO0O/10)
Calculaiion table with aconstic Class-A;
{ctave I nserLiom Apply g Tusulated
Bare Cmu_“] b::nd loss for ﬂlsﬁi:.m ;‘\-w&ugh_tmg Pipe Toral Moise
Cclave . valve daca ) . LOTECtion o .
bumd (114) Pipe (Table-3) esLimate ! !ass-h logs (Tabled) nwuise reduetivn
dB{A] IB : [Table-2) IR
a8 d8 | 4B - 1B
|25 20 Al -4 54 16 68
250 14 ud -4 53 g 7o
S0H 17 83 2 &1 3 TH
| GO T g . a2 0 §2
2000 & 94 1% 78 -1 79
4000 5 95 22 |73 -1 74
SUHHGH 7 93 29 a4 1 63
dB{A) 100 g6 14 |
Caleulation table with acoustic Class-B:

Octave Barc Comrol | Oclave | hserdon | Hp_ph A- Tnaulated Toital
lrand Pipe valwe band logs for | mscrlion | weighting Tipa MNoise
{Hz) dBiA) dala cilimale | [lass-B loss COtrechion nolse raduction

{Tahle-33 (lable-2) fTable-t)
4B dB dB dB dB dhR
125 20 80 9 82 16 73 !
230 16 84 -3 87 K 74 T
500 17 83 3 | & 3 77
ong g 91 11 Al 0 R0
2000 & 94 19 75 -1 6
4000 5 95 27 68 B 69
: R000 7 o3 35 a8 1 57
dr(a) | 100 - ) 84 16
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Caleulation table with acoustic Class-C
Cctave Bare ! Control Octave | lnsetion | Apply | A- Insylated Total
band Fipe valve band logs for | imsertion | weighting Pipe Moise
(1L=) dB{A) data cslimale Clags-C loyss corregtion npise redustion
(Tahle-3) (Tahle-2) {Table-4)
dB d | 4B dB dB dh
125 20 80 5 85 16 71
230 16 84 -1 83 g 76
00 17 53 11 72 3 69
1000 | 9 91 23 68 0 68
2000 & a4 34 : &l -1 1]
000 5 93 38 57 -1 58
8000 T 93 - 42 51 i 50
dB(A) 199 i - 78 22

Therefore, Class-A i3 found to be ineffective, Class-B is (he optimurm insulation that can be
for the required noise reduction of 15 dB{A).

chosen

Step-2 Caleulate length of the pipe to be insulated nsing l'able-5

Using ‘l'able-5, length to be insnlated can be found

L=58x 004, 5=15 dB{A) {requited noise reduction) and D=0.25m (pipe OD)
=15 x 0.25/0.06
— 82,5 meier
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Abbrcviations
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PPT : Personal Protective Equipment
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1.0 INTRODUCTION
1.1 Scope

.0

3.0

a1

3.2

33

This specification outlines the Health and safety issues pertaining to handling refractory
materials and waste generated during installation of refractory and for removal of spent lining
after service with an objective to minimize gk of the potential hazards.

The goideline mentioned in this specification is meant for compliance by the contractors who
are involved in supply, installation, removal of refractory lining.

GENERAL

Refractory materials are generally composed of non metallic oxides lke AlLOs,5i10; MgO),
Ma 03, ;O cte. which may comntain varying degree of other constituents like high alumina
cement and chemical binders. Risks associated are different with different matenials depending
on i1s mincralogical constituents, fineness etc.

The potential risks associated in handling a particular material are usually addressed in the
MSDS {matcrial safcty datasheets) provided by refractory supplier. The contractor responsible
for the job must categorize the matenals according to the risks involved and comply to the
requirements specified in MSDS with respect to 1ISE requirements for the employees and
cnyironment.

The coniractor shall submit MSDS to owner/ PMC for review and carmy out a job safety
analyzis for compliance to MSDS and projecl client specific HSE requirements.

REFRACTIORY TYFPES
Refractory Brick

Refractory bricks which are vsed in Qil and pas are genevally based on aluminosilicate,
Respirable dust from these products may contain crystalline silica, which is known to cause
respiratory disease. With respect to hazardous martcrial identification system, the material is
nol reactive, non-flammable and no adverse effects of this material on the covironment are
anticipated.

Refractory Castable

Refractory castable which are gencrally used, are based on aluminosilicate cement bonded
castable or High alumina chemically bonded castable. Prolonged or repeated inhalation of
dusts of this product may cause lung disease (Silicosis). The product is stable under normal
conditions and hazardous decompaosition or polymerization does not occur. No adverse ellecls
of this matcrial'on the environment are anticipated.

Ceramic Fiber Material

Refractory ceramic fibre (RCF) which is used for insulation, particularly in kilns and furnaces,
is a form of man-made vitreous (silicate) fibre and consists of alumino-silicate fibres which
can irtitate the skin, eyes and upper respiratory tract but the main concern is that the individual
fibres are small enouyh to pencteate deep into the lungs and possibly lead to the development
of lung caneer and mesothelioma. An additional problem for vscrs with ceramic fiber is that
after being exposed to high lemperatures for prolonged periods as can happen in kilns and
furnaccs, it is known that RCF at the surface of the lining devitrifies to crystalline phases
including cristobalite, a form of crystalline silica which can cause silicosis.

Formal No 8-00-0001-F1 Rev © Copynght EIL — Al nghts resanved
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4.0

4.1

4.2

4.3

4.4

4.5

5.0

Ceramic fiber is inert, stable and it is not soluble with water and as such does not pase
detrimental effect on environment.

HSE FOR REFRACTORY HANDLING

Genernl

The contractor executing 1he job shall be responsible for hazard identification and job safety
analysis with respect to handling and application of various refractory types. All statt involved
with refractory works and related activities should be provided satety induction and briefed
aboul the risks and miligation, first aid as per M5DS by refractory supplier.

Al the staff wili be provided with overails, and anti-dust mask, in order to avoid inhalations of
noxious dust. All the staff in charge of the works will wear necessary PPE like helmet,
acckleni-prevention shoes, eve protection and protective gloves, et

Environmental proicetion should minimize the waste generated and impact by a specific
segregation of difference type of waste, compaction and storage.

Barricrs need 10 be installed aroungl the installation area and area destined for handling of such
material. Signage indicating danger and no-entry for wnauthorized persons need to be put up at
the barriers. General iransil should nol be allowed in the installation area, due to possible
falling down of harmful clements.

Operators of gunning machine or paddlc mixer and brick cutting machine must be competent,
expenenced people, amd operate strictly as per approved operation procedure or manuals. The
machines need to be checked regularly for good condition as per cheek list and certificate

JOB SAFETY ANALYSIS FOR REFRACTORY WORK

The refractory limng in furnace or high temperature equipment broadly includes lining
materials like refractory brick, castable and ceramic fiber. The general nsks associated during
execution of those refractory works, potential hazard and current precautionary measures are
tabulaled below. The entire work force should be trained for fall protection and conflined space
working. Scaffolding should he checked and tagped prior to use, and rclated satety thanual
shall be implemented according (o the project HSE requirement. While working in confined
space air condition should be checked by certified tester.

Deseription Potential HSE . Current precautionary
of the Job hazard People at ﬂs__k_ measures

# Ensure that access is not
blocked by the other materials,
meanwhile keep the view clear
and be carcfol of the loading
the material.

v Pay attention (o loading  the

ial 1 rd d th
Refractory matetial in good order and the

material Stumble and slip Working people gtack of the container ool
a when carrying the and site higher than the plaic of the
transport from . .
material personngl lruck
storage

# Assign Flag man with the red
vest o gude the driver

s Use the correct tie connection
of the rope 1o sccure the
maicrial to prevent the material
fall from the truck.

Format Mo 8-00-0001-F1 Rey 0 Copyright EIL — All rights raserved
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Description Potentinl HSE People at risk Corrent precautionary
of the Job hazard P measores
« Blasting work should bte by
cxperichesd  porso, and
operate  strictly as  operation
Surface Suffocated injury . procedurs
. and hutt by pressure | Operator s Regularly  check  that  the
preparaton in case blasting sandblasting machine is in good
condition
o Tinsure mechanical ventilation,
o and uge respirators
* All the castable material should
be well stored wilh xood
. ventilalion condilions
[njury hurt by * Regularly check the condition
. mac:]lnnrls, bad Qperator, Site of the machine as per check list
Castable ventilation, bags worker and and certificaic
mixing catching fire, Skin | . . th
contamination, petsonng «Put warning signs on  the
Inhalation Stm.nage. _ and  keep  [ire
exlinguishers
o Pyl MSDS at the working and
__storage location
s« The operator of Refractory
gunning machine should be an
expenienced person, and
operale  strictly  as  operation
Castgh]c Injury hurt by procedure
ghintiag, maching, bad . s Regularly check the condition
casting, hand ventilation, Skin S'te_ workers and of the machine as per check list
packing. ) L Personnel d certificat
Vibracasting Lﬂulam_mﬂl,mn, a_ri certi Jc':ae
ele Inhalation * The working area shuulfi b
’ barricaded, and have suitable
gignage
« Worker should weat corroct
) PPE and dusi mask
(Occupational # Check the effect with respect 1o
diseases MSDS
Ceramic fiber (E;.fesland skin Site workers and | * Wnrkcr should wear (.:ﬂlTECt
. irritation, PPE and proper respitalory
Installation . | Personnel
respiralory mucous mask
membrane eGood  housckeeping  and
itritation} material management
« During brick installation the
silica dust is created by the use
of power saws culling the
bricks. Silica dust is a serious
health threat. Use wet saws
Rrick Skin contamination, | Site workers and | whenever possible when cotting
installation Inhalation Personngl brick.
s Worker should wear correct
FPE and proper respiratory
mazk
* Good housekeeping ancl
malerial menagement
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6.0 WASTE MANAGEMENT PLAN AND DISPOSAL

6.1 General
Material safety datashect of refractory materials should be checked and there should be
awareness ahout the effect to peopie and environment, hazardous identiBeation, first aid and
fire lighting measures, Minagement of waste is an integral component of management of
environment, Waste refractories which are intended to be disposed can be done with the
following manners:

{a) Reusable portion of salvaged refractories can be recycled
{b} Broken picees can be recyeledfsold to outside parties
{c) Remaining debris can be dumped as a waste al some authorized disposal sites,

6.1.1 [ not handle the waste until all the safety precaulions have been read and understood.
Dispose the waste in accordance with local/regional/mational/international HST. regulations.

6.1.2  The waste should be removed from site as soon as possible.

6.1.3  The cleaner should wear proper PPT. when entering site.

6.1.4  The waste should be thrown into the assigned area; and should not set on fire.

6.1.5 Barriers need to be imsialled around the disposing area and area destined for handling of such
malerial. Signage indicating danger and no-entry for unauthorized persons need to be put up at
the barriers, while the work is in progress.

6.2 Dispuosal of Waste Refractory Bricks

6.2.1 The unused refraciory brick is not considered a hazardous waste, The material may be
recycled back to manutacturer or can be used for land filling.

6.2.2 For used refractory brick (for example in revamp work), disposal method shall be consulted
with ¢lient, Refractory exposed to the furnace environment may have contaminations due o
exposure to fuels and process conditions, hence client shall advise specilic disposal methaod.

6.2.3  Avoid creating dust during handling, use or storage of this product. Do not breathe dust that
may be created during the handling or use of this product.

6.3 Disposal of Waste Refractory Castable

6.X 1 The as manufactured refractory, dust or hyvdaolically set castable s not considered as
hazardous waste. The material can be used for land filling,

6.3.2 For used refractory castable {for example in revamp work), disposal method shall be consulted
with client. Refractory exposed to the furnace environment may have contaminations due to
exposure to fuels and process conditions. hence client shall advise specilic disposal method.

3.3  Turing handling, minimize dust, sweep, shovel or vacuum. Watch footing if particles fall onto
walkways. Awvoid direct contact with the product by wearing protective clothing, wsing
approved respiratory pratection and wearing gloves of the impermeable type.

6.4 Diapoaal of Waste Ceramic Fiber

Farmal No B-Q0-G001-F1 Rev Copynght EIL — Al nghts resemned
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6.4.1 Wastes generated during fabrication, installation or removal of RCF’s is not defined as

6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

hazardous. Waste fibre should be carefully placed directly into heavy duty plastic bags and
clearly labelled to indicate the contents and placed into deep land{iils.

Beécause of the possible presence of crystalling silica im wsed RCF, particular care should be
exercised during tear-out to minimize the generation of dust.

Whenever practical, used RCF products should be wetted with water from a fine spray nozzic
and hose prior to removal. Etfective use of the wetting procedures will reduce the cristoballite
exposure hazacd of RCF products.

All activitics invelving the cutting of RCF products shall be restricted to a designated arca,
Caution signs must he posted before work begins. Local exhaust ventilation must be
employed.

Removal and demolition of RCF insulation should begin at the top of a siruclure aond progress
downward. Do not drop insulation from elevated arcas to ground levels.

Handling ¢an be source of dust emission and thercfore the process should be designated to
limit the amount of handling. Whenever possible handling should be carried out under
controfled condition i.e. using dust exhaust systemn.
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Abbreviations:
ASTM American Society for Testing and Materials
CG : Cellular Glass
Cur Corrosion Under Insulation
DFT Dry Film Thickness
ESCC : External Stress Corrosion Cracking
GI : Galvanized Iron
IE : Insulation for Electrically traced surfaces
IH : Insulation for heat conservation
0 : Insulation for Steam jacketed surfaces
IS : Insulation for Personnel safety
IS : Indian Standard
IT : Insulation for Steam traced surfaces
ITP : Inspection Test Plan
max shall indicate a maximum limit value
min shall indicate a minimum limit value
PIR Poly Isocyanurate Foam
PUF : Poly Urethane Foam
SS : Stainless Steel
SWG Standard Wire Gauge
Definitions:

Ambient temperature: ~ Unless otherwise mentioned, ambient temperature referred in this specification

shall mean 30°C
Hot service: Operating temperature from ambient to 760 deg C is considered as Hot service
Dual service: Operating temperature ranging from minus (-) 200 to + 350 deg C is

considered as dual service

Refractory & Insulation Standards Committee
Convenor : Mr Prasenjit Saha

Members : Mr Biswarup Sarkar
Mr Prasenjit Pal
Mr Udayan Chakravarty (Piping)
Mr Prag Goel (Fired Heaters)
Mr Ayush Mathur (Projects)
Mr Tarun Kumar (Equip Div)
Mr Neeraj Mathur (Inspection)
Dr Arijit Roy (Materials & Corrosion)
Mr Neeraj Rai (Pipeline)
Mr Ravindra Kumar (Construction)
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1.0 SCOPE

This specification covers the design and material aspects of external insulation of
above ground piping, vessels and equipment having operating (process fluid)
temperature from ambient to 760°C for the purpose of heat conservation, process
stabilization, temperature maintenance, personnel protection and fire protection.

Insulation material and thickness for a project shall be as per Process design basis,
BEDB Part-B agreed with client. Insulation system, material properties and specific
design requirements are provided in this specification.

Exclusion:

Unless otherwise specified, this specification shall not be binding for insulation of
incinerators, boilers, economizers, air pre-heater / ducting of fired heaters etc. for which
requirements may be covered in respective package specification. This specification
shall not apply to licensed units, where licensor’s standard/ specification is applicable.

2.0 GENERAL

Main constituents of a hot insulation system are insulation material and weather
protection cladding. Insulation can lead to corrosion to the substrate (commonly known
as CUI), especially at low operating temperatures (below 175°C), hence some CUI
prevention measures are adopted. Several other materials are used for fixing and
securement ancillaries.

HOT INSULATION

SYSTEM
1 1 1 1
INSULATION PROTECTION CPRROSION FIXING &
MATERIAL CLADDING PROTECTION SECUREMENT
ANCILLARIES
21 Insulation materials generally used in the industry for hot insulation are given below.

Service temperature of each material is different and some may overlap. Material for an
application temperature range is selected based on specific advantage of the materials
in that range with respect to CUI and other relevant aspects. Insulation material for a
project shall be specified in the Process design basis BEDB Part-B.

Insulation Material General Classification Temperature limit
Rock wool ASTM C-547/592/612 /IS 8183 550°C
Calcium silicate ASTM C-533 /1S 9428 760°C
Moulded Perlite ASTM C-610 649°C
Ceramic fiber ASTM C-892 760°C
Cellular glass ASTM C-552 427°C
PUF/ PIR ASTM C-591 100/125°C
Glass wool ASTM C-553 350°C
Aerogel ASTM C-1728 649°C
Insulating cement ASTM C-195 760°C
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2.2

23

2.4

2.5

2.6

3.0

3.1

Insulation shall be covered with a weather protection jacket, commonly known as
cladding. Unless otherwise specified, aluminium is to be used as default cladding
material. Stainless steel / aluminized steel cladding shall be used at higher temperature
(>550°C) or where fire protection is an intended service requirement and / or fire safe is
a criteria. Non-metallic cladding like UV cured GRP and HDPE can also be used for
specific purposes.

Water ingress into insulation is a major concern, especially at low operating
temperature, which may remain into the system and can cause corrosion to the
substrate. The risk of corrosion is maximum at operating temperature <175°C
(hereinafter referred as CUI risk zone).

Painting is used for general corrosion protection for all temperature range and for all
types of insulation. Additional corrosion protection measure is necessary at CUI risk
zone particularly when insulation material is fibrous in nature (like rock wool, glass
wool, calcium silicate) and metal cladding is used for weather protection.

In order to prevent / minimize moisture ingress into insulation, a layer of moisture
barrier / breather mastic shall be used in CUI risk zone where insulation is designed
with fibrous material and metal cladding. All insulation system designed with fibrous
material and metal cladding, falling in CUI risk zone, irrespective of the purpose i.e.
whether it is for heat conservation, acoustic, fire protection or any other service, shall
use this barrier layer. This layer is however not necessary when insulation is designed
with a closed cellular material like PUF, PIR, Cellular glass or a water repellent material
like aerogel or moulded perlite and / or non-metallic cladding like UV cured GRP or
HDPE is used for weather protection.

Inspection window shall be provided at specific intervals to facilitate periodic inspection
for CUI.

DESIGN BASIS

Insulation type and thickness for a project is finalized in Process design basis, BEDB
Part-B. Wherever insulation is provided for heat conservation, thickness is decided on
the basis of thermal conductivity of the insulation material, allowable heat loss, max
allowable surface temperature/ maintenance temperature, emissivity of cladding
material and wind velocity.

Insulation is required to meet any (or combination of) of the following obijectives,
generally indicated in P&IDs and line lists:

= Heat conservation

= Process stabilization to assist process control.
= Heat tracing (Steam or Electric)

= Hot water or solvent tracing (liquid)

= Hot Oil tracing

= Steam jacketing

= Hot water or liquid or Qil jacketing

= Fire protection

= Personnel protection
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3.2 Insulation type and thickness shall normally be specified in project specification/ SOR
and any of the following documents:
= Piping and Instrument Diagrams (P&IDs) and Line Lists.
= Piping General Arrangement Drawings & Isometrics.
= |nstrument Piping Details and Schedules.
= Vessel, Exchanger, Storage Tank and sphere documents and Insulation
Schedules.
= Equipment suppliers General Arrangement Drawings for equipment

items in Package plant.

3.3 Typical details of any vessel part not covered in this specification, but needs insulation
as per good engineering practice shall be submitted by the contractor for approval of
owner/ engineer in charge. The details shall include the following as minimum:

= Removable insulation housings
= Flashing details

= Additional Insulation supports

= Vessel head insulation supports
= Expansion joints

= Vessel insulation details

= Exchanger removable housings

= Machinery removable housings etc.

34 Codes & Standards

This specification shall be used along with relevant standards / code of practice
wherever specified. However, specific technical requirement mentioned in this
specification shall prevail over standards/ code and in the event of any difference or
conflicting requirement between the code and this specification, stringent of the two
shall apply.

Latest issue of the codes/standards prevailing on last submission date of the tender
shall be applicable.

3.5 Extent of Insulation

Internally refractory lined piping and equipment and any other items for which heat loss
is essential shall not be insulated.

Insulation is not desired for piping and equipment for which heat loss is desired -
excepting for personnel protection or to avoid thermal stress problems. Instruments
and associated piping (other than impulse piping/tubing) subject to operating flow
and/or temperature conditions prevailing in the connected piping or equipment shall be
insulated to the same requirements as that of piping or equipment.
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3.5.1 Extent of insulation on piping system

a) ltems requiring insulation

Insulated piping systems shall have straight pipe, bends, tees and pipe-fittings
completely insulated.

Unless otherwise specified, all valves and flanged joints shall be completely
insulated only in steam, condensate service, hot oil lines and in lines which are
trace heated or jacketed to maintain temperatures.

For bucket and float type traps the inlet piping and trap shall be insulated.

Insulation on inlet piping to thermostatic and thermodynamic steam traps shall
terminate at approximately 500mm before the trap.

Steam trap outlet piping other than closed condensate recovery system shall
not be insulated except for personnel protection reasons.

Heat traced instrumentation shall be insulated. The fluid containing sections of
such instruments and the associated piping shall be completely insulated.
Indication length shall remain visible. Instrumentation other than heat traced
shall not be insulated unless otherwise required by Instrumentation department.

b) Items NOT requiring insulation

Piping which becomes hot intermittently, such as relief valves, vents, steam-out
and snuffing steam systems, flare and blow down systems.

Steam condensate lines downstream of steam traps discharging to drainage
system, unless otherwise mentioned.

Supports for piping, excluding pipe hangers to the extent covered by insulation.
Steam Traps (except as noted above).

Valves, including control valves and flanges in process piping systems (except
as noted above). However, personnel protection insulation for these items shall
be applied, as required.

Pipe Union fittings.

Thermowell bosses, temperature and pressure tappings.

Expansion joints, hinged joints and hose assemblies

Sight flow indicators.

Flange joints in Hydrogen service.
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3.5.2 Extent of insulation on equipments

a) ltems requiring insulation

Support skirts of insulated vertical vessel greater than 1200mm diameter shall
be insulated both internally and externally for a minimum distance of 600mm
below the bottom tangent line. The insulation shall terminate not less than
300mm above the anchor chair.

Support skirts of insulated vertical vessels of 1200mm and less shall be
insulated externally.

Bottom heads of insulated vertical vessels enclosed by a support skirt shall be
insulated without finishing material and shall be insulated only when the vessel
outside diameter is greater than 1200mm.

Turbines shall be insulated for heat conservation.

Liquid ends of pumps shall be insulated when heat traced and jacketed.

b) Items NOT requiring insulation

Pumps with operating temperature below 200°C unless pumped fluid has a
pour point above minimum design ambient temperature.

Fans, compressors and blowers and Liquid ends of pumps as noted above

Internally insulated or refractory lined equipment unless specially designed for
metal temperature control.

Heads of vessels enclosed by support skirts with vessel diameters 1200mm and
less.

Internal surfaces of insulated vessel support skirts with vessel diameter
1200mm or less.

Turbine casings to be insulated shall exclude shaft seal caps, shaft bearing
housings, throttle valves, governors and supports.

Exchanger channel and covers; shell and channel flanges & Exp. Joints.
Nozzles flanges, manholes, handholes and flanges of equipment.

Surfaces of coolers and condensers, Thermowell bosses, temperature and
pressure tappings.

Nameplates of all equipment items.

3.6 Safety Insulation (Personnel Protection)

Exposed surfaces of piping, equipment/ vessels above 60°C in normal or even for a
short-term operation, where insulation is not a requirement from heat conservation or
process point of view, but in approachable range of operating and maintenance
personnel, shall be protected from accidental touch for human safety by appropriate
personnel protection. Extent of personnel protection may be decided by the field
construction personnel using the criteria that exposed surfaces within 600mm
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horizontally and / or 2100mm vertically of a normal access of walkways or adjacent to
handrails, platforms travelled by personnel shall be protected as minimum.

3.6.1 Insulation at low temperature carries a risk of CUI. Hence, insulation to the extent
possible should be avoided in CUI risk zone and appropriate personnel protection shall
be selected based on the criteria given below.

a) Metal cage / guards may be used for personnel protection for 61 to 175°C

b) Insulation shall be used for personnel protection for 176°C and above

c) Equipment / piping having internal refractory / other lining, shall not be insulated
unless specifically required in the design. Personnel protection wherever

applicable shall be provided by means of metal cage / guards only.

3.6.2 Requirement and type of personnel protection to be adopted in a project shall be
specified in Process design basis BEDB Part-B.

3.6.3 The metal cage / guards, wherever used for personnel protection shall typically be
placed at a gap from the surface as given below:

, . , . Gap to be maintained from
Pipe / Equipment dimension hot surface (mm)
Pipe diameter up to 6 inches 50
Pipe diameter greater than 6 inch but less than 10 inch 75
Pipe diameter greater than 10 inch 100
Equipment / vessels 100

3.7 Hot insulation in Acoustic service

In specific cases, where a line is to be provided both hot insulation as well as acoustic
insulation, following shall be adopted:

3.7.1  Wherever, the material for hot and acoustic insulation are same (e.g. materials like rock
wool, glass wool or ceramic fibre), higher of the insulation thickness shall be adopted,
cladding shall be as per acoustic requirement.

3.7.2 If the material for hot insulation is different (for example, calcium silicate, PIR, perlite,
Cellular glass etc.), hot insulation except the metal cladding shall be first installed over
the pipe and then the complete acoustic system installed over it with cladding as per
acoustic requirement.

3.7.3 EIL standard specification 6-79-0022 shall be referred for Acoustic insulation.
3.8 Hot & Fire safe insulation

Insulation system in certain service may require serving the purpose of heat
conservation and meeting the fire safe criteria. In such cases, insulation thickness
needs to be designed for heat conservation during normal operation as well as to limit
heat gain in a fire situation, when surrounding is at a higher temperature due to high
heat flux released in a hydrocarbon fire.

Wherever insulation material selected for heat conservation is suitable for the fire safe
range (for example rock wool, calcium silicate, ceramic fibre etc.), higher of the
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thickness required for heat conservation and fire safe requirement shall be adopted.
Cladding shall be of stainless steel / aluminized steel.

Wherever material for hot insulation is not fully fire resistant (for example, PIR, PUF
etc.), insulation for heat conservation except the metal cladding shall be first installed
over the pipe/equipment and then a layer of fire resistant insulation like rock wool /
ceramic fibre etc. of appropriate thickness as applicable for fire safe criteria shall be
installed over it with stainless steel / aluminized steel cladding.

3.9 EHT (Electrical heat trace) insulation

Unless otherwise specified, insulation system for the electrically heat traced piping
shall consist of pre formed pipe sections of rock wool (LRB is acceptable for higher
pipe diameter, refer 4.1.2) with an outer layer of preformed PUF/ PIR, wrapped with a
multiplex foil, followed by metal cladding as weather barrier.

Wherever EHT system uses a heat tube, the rock wool pipe section shall be one inch
higher size of the pipe diameter. The PUF pipe section shall be of appropriate diameter
so that same is snugly fit over the rock wool layer.

Unless otherwise specified, a heat containment shall be created by wrapping a layer of
0.1-0.15mm aluminium foil over the tracing (along with heat tube wherever used) prior
to installation of insulation.

3.10 Steam traced insulation

Unless otherwise specified, insulation system for steam traced piping / equipments and
instruments shall consist of pre formed pipe sections of rock wool (LRB is acceptable
for higher pipe diameter, refer 4.1.3) with a multiplex foil underneath metal cladding as
weather barrier. In general, rock wool pipe section shall be one inch higher size of the
pipe diameter to accommodate tracer pipes.

A heat containment shall be created by wrapping the tracer pipe (heat tube) along with
the parent pipe with a layer of 0.1-0.15mm aluminium foil (or stainless steel foil for
>400 deg C) prior to installation of insulation.

Steam tracing expansion loops or couplings extending outside of insulated pipe
surfaces shall be insulated for heat conservation.

3.11  Impulse lines

Unless otherwise specified, for impulse lines of austenitic stainless steel, insulation
material shall be sodium silicate inhibited ceramic fiber rope (min density 250 Kg/m3).
Ceramic fiber ropes shall comprise of ceramic fibres laid parallel and reinforced with
stainless steel wire.

3.12 Removable Insulation

Part of equipment and piping requiring periodic inspection may be provided with a
removable and reusable type insulation. Pumps or turbines requiring insulation should
have removable insulation cover.

3.12.1 Removable insulation may consist of a fibrous insulation stitched into a quilt of glass
cloth fabric envelope and tied with wire around the valve or flange connections.
Insulation thickness / number of wraps shall provide equivalent insulation as that of
adjacent piping/ equipment.
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3.12.2 Wherever box insulation is used, removable insulation shall be of the same type and
thickness as adjacent pipe or equipment insulation.

3.12.3 Removable insulation cover box shall be fabricated from 1mm cladding sheet with
insulation installed inside the box. Removable covers box for valves shall cover the
body, bonnet, and flanges as applicable.

3.12.4 Insulation covers box shall fit tightly over fittings and protrusions and shall be held in
place with straps and stainless-steel toggles. Box shall have an integral metal flashing
extending at least 50 mm on adjacent pipe insulation and must be designed to prevent
air movement behind insulating covers.

4.0 INSULATION MATERIALS

Insulation material shall be selected primarily based on range of service temperature
and other parameters like desired thermal performance, fire protection requirement etc.
All materials shall be of high quality and good appearance. Insulation materials shall be
of low chloride content, chemically inert, non-sulphurous , rot proof, vermin proof, non-
injurious to health and non-corrosive to steel and aluminium (even if soaked in water at
ambient temperatures for extended periods), shall not disintegrate, settle, change its
form of composition, in a detrimental way during service conditions. Typical details/
minimum technical specification of the major insulation materials and accessories are
given in this specification as a guideline.

» |nsulation materials in general shall conform to respective ASTM standard/
grade. Equivalent IS grade are acceptable.

= ASBESTOS in any form is NOT permitted. Insulation or finishing materials shall
contain no asbestos.

= No inflammable material shall be attached to the insulation.

= Special attention shall be paid for use over austenitic stainless steel surfaces for
max permissible chloride level and additional testing for respective material.

= Unless otherwise mentioned, dimensions and tolerances for pipe sections,
mattresses & slabs shall generally be as per respective codes. Lesser the
number of segments is better. The installed insulation shall fit snugly and shall
have a tight joint.

4.1 Rock wool

Rock wool is a fibrous insulation made from molten rock, bonded with resin or suitable
binder. The term rock wool shall mean fibrous insulation wool made from natural rock
and does not refer to products manufactured from slag or glass. For application over
austenitic stainless steel, the material shall be zinc free and shall be inhibited with
sodium silicate as per ASTM C-795.

4.1.1 The material may be used up to 550°C, but shall meet the general classification of
respective standards and service temperature requirements as mentioned below:
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Form of Fibrous Material Quality standard SEDC SIS
temperature
. . ASTM C547 TYPE-II / 0
Preformed pipe sections IS 9842 760°C
Insulation blanket with wire net facing ASTM C592 CLASS-III/ 649°C
(details as per4.1.4,4.1.5&4.1.6) IS 8183
Resin bonded mattress (max 2% resin) | ASTM C612/ IS 8183 760°C
4.1.2 Rock wool shall meet following minimum properties:
Properties Values Remarks
as per IS 8183 / : :
IS 3144 /| ASTM Resin bonded mattress / Insulation
C-167 blanket (density is measured 128
without metal facing)
Linear Shrinkage (%) at 550°C/ 24 hours as per ASTM- 2 Note-1
C-356, max
Non fibrous shot (%) as per ASTM C-1335 / 3144, max 15
Compressive strength at 10% deformation (kg/m?), min 120
Alkalinity, pH as per ASTM C- 871 /1S 8183 7-10
Leachable Chloride as per ASTM C-871, ppm, max 10 Note-1, 2
(+) 100°C 0.052
Thermal conductivity (W/mK) o
as per IS 3346 / ASTM C-177 | (*)200°C 0.068
/ ASTM C-518 (+) 250°C 0.080
at mean temperature, max _
P (+) 300°C 0.090 Note-3
Incombustibility Pass
Test of incombustibility | as per IS 8183 /1S 3144
OR fire resistivity OR flame spread index 25
as per ASTM E84, max
Note-1: Supplier shall provide test certificate for each production Batch
Note-2: Max 20ppm allowed for application over carbon steel and low alloy steel
Note-3: Supplier shall provide Type test certificate no older than 2 years

4.1.3 Forms of rock wool insulation

Nominal pipe diameter

Form of Fibrous Material

Up to 6 inch

Preformed pipe section is mandatory

> 6 inch to 14 inch

Preformed pipe section is desirable

>14 inch & equipments

Insulation blanket with wire net facing OR

resin bonded mattress
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4.1.4 For operating temperature up to 175°C for application over carbon steel and low
alloy steel pipe, insulation blanket wherever used shall have Gl metal facing on one
side with hexagonal shaped (25mm) wire-woven netting (0.88 to 0.73mm dia.)
stitched with tie wires (0.41mm dia.). Galvanization shall be minimum 30gsm.

4.1.5 For operating temperature 176°C and above, for application over carbon steel and
low alloy steel pipe, insulation blanket wherever used shall have metal facing as
per ASTM A167 type SS 304 with 25mm mesh and 0.8mm wire diameter,
stitched with 0.41mm dia. tie wires.

4.1.6 For austenitic stainless steel and alloy 20 piping, irrespective of operating
temperature, insulation blanket wherever used shall have metal facing as per
ASTM A167 type SS 304 with 25mm mesh and 0.8mm wire diameter, stitched
with 0.41mm dia. tie wires.

4.2 Moulded Expanded Perlite

Perlite block and pipe sections shall be made of expanded perlite and sodium silicate
or appropriate binder, shall be suitable for continuous service up to 649°C.

4.2.1 Material shall conform to the general classification of ASTM C-610 and meet the
following minimum properties:

Properties Values Remarks
Density (kg/m?3) as per ASTM C-302/303, max 240
Compressive strength at 5% deformation (kPa), min as per 483
ASTM C 165 (for block)
Linear Shrinkage (%) max | Length and width 2
at 6490C fOf' 24h|’$, thlckness 8 NOte-1
Water absorption after heat aging at 315°C & 48 hr water 50
immersion, weight gain %
Alkalinity, pH as per ASTM C- 871 6-10.5
Flexural Strength as per ASTM C203, Proc-D (kPa), min 310
Leachable Chloride as per ASTM C871, ppm, max 10 Note-1 & 2
(+) 93 deg C, max 0.079
Thermal conductivity (+) 149 deg C, max 0.086
(W/mK) ASTM C-177 /
ASTM C-518 / ASTM | (+) 204 deg C, max 0.095 Note-3
C-335, at mean (+) 260 deg C, max 0.106
temperature
(+) 371 deg C, max 0.126
Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Max 20ppm allowed for application over carbon steel and low alloy steel
Note-3: Type test - Supplier shall provide Type test certificate no older than 2 years

4.2.2 For application over austenitic stainless steel, perlite block and pipe sections shall also
meet the requirements of ASTM C-692.
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4.2.3 Forms of moulded perlite

Nominal pipe diameter

Form of Fibrous Material

Up to 14 inch

Preformed pipe section

>14 inch & equipments

Pipe sections / Wedge cut from block

4.3 Calcium silicate

4.3.1

Calcium silicate block or pipe sections shall conform to general classification of IS 9428
(950 grade) or ASTM equivalent C533 TYPE I, shall be suitable for continuous service
up to 927°C.

Material shall conform to the general classifications of respective ASTM / IS code and

meet the following minimum properties:

4.3.2

Properties Values Remarks
Density (kg/m?) as per IS 5688 / ASTM C302/303, min 240
Linear shrinkage as per IS 5688 / ASTM C-356 at 927°C 2
for 24hrs, (%) max.
Moisture content , by weight, max, % 20
Compressive strength (of dry IS 5688 OR 415 Note-1
sample) at 5% deformation, kPa ASTM C165 688 ote-
Heat resistance after o . ,
exposure to 927°C for (%) loss in weight, max 15
24hrs, as per IS 5688 | Compressive strength at 10%
. 345
deformation, kPa, max

Leachable Chloride as per ASTM C871, ppm, max 50

(+) 200 °C, max 0.072
Thermal conductivity (W/mK) at (+) 300 °C, max 0.078
mean temperature as per 1S 9490 5 Note-2
| AST C-177 (+) 400 °C, max 0.084

(+) 500 °C, max 0.088
Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Type test - Supplier shall provide Type test certificate no older than 2 years

Forms of calcium silicate insulation

Nominal pipe diameter

Form of Fibrous Material

Up to 14 inch

Preformed pipe section

>14 inch & equipments

Pipe sections / Wedge cut from block

4.4 Ceramic Fiber

Ceramic fiber is a fibrous insulation
fibers are mechanically interlocked

made from molten alumino-silicate compositions,
through a needling process into blanket form
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without use of chemical binder, shall conform to general classification of ASTM C892
Type lll, Grade 8 (1260°C Grade) and meet the following minimum properties:

600°C mean temperature, max

Properties Values Remarks
Density (kg/m?3) as per ASTM C-167, min 128
Linear Shrinkage (%) at 1200°C for 24hrs as per ASTM 3
C-356, max
A|203, min 43
Chemical " SiO2, max 57
emical composition Fe,05, max 01
TiO2, max 0.3
: - - — Note-1
Mean fibre diameter (microns), 3% standard deviation 2.5-3.5
Non fibrous shot (%) as per ASTM C-1335, max 20
Tensile strength as per BS Longitudinal 0.6
1902 Part-6, kg/cm?, max Transverse 0.5
Leachable Chloride as per ASTM C871, ppm, max 50
Thermal conductivity (W/mK) ASTM C-177 / 1S 3346 at 013 Note-2

Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Type test - Supplier shall provide Type test certificate no older than 2 years

4.5 Cellular Glass

Cellular glass is a closed cellular structured rigid insulation made from glass, a
preferred material for cyclic service in the temperature range of (-) 200 to (+) 427 °C.
The material conform to general classification of ASTM C552 Type-Il, Grade-6, cut into
pipe sections or profile of the substrate as per ASTM C1639 and meet the following

minimum properties:

Characteristics Values Remarks
Density( kg/m?3), min. (ASTM C303) 98
Closed cell content 100
Compressive Strength (kPa) (ASTM C165), min. 414
Flexural strength (kPa), ASTM C203, min. 283
Water absorption (Volume %), max., (ASTM C240) 0.5
Water Vapour Permeability, ng/Pa.s.m (ASTM E96) 0.007 Note-1
(+)10°C, max 0.046
Thermal conductivity , w/mK (-) 18°C, max 0.042
(ASTM C518/ASTM C177)
(-) 73°C, max 0.033
(-)101°C, max 0.030
Surface burning characteristics | Flame spread index, 5 Note-2
as per ASTM E84 max
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Smoked developed
index, max.

Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Type test - Supplier shall provide Type test certificate no older than 2 years

4.6 PIR / PUF Rigid Foam Insulation

Rigid PIR (polyisocyanurate) / PUF (polyurethane) is closed cellular structured plastic
foam insulation. PUF is generally suitable for use up to 100°C, whereas PIR can be
used to little higher, up to 125°C. Wherever in the specification PUF / PIR or PUF is
specified, any of the two can be used, but wherever PIR is only specified, PUF shall not
be used.

4.6.1 PIR shall be performed into free rise rigid buns using HCFC free chemicals and cut into
pipe sections or required profile using a CNC machine. The material shall be
chemically inert, moisture free, rot and vermin proof, shall not disintegrate, settle,
change its form or composition in a detrimental way while in service, shall conform to
general classification of ASTM C591 Grade-2 Type-ll, suitable for application up to
125°C and meet the following minimum properties:

Characteristics Value Remarks
Bulk density (kg/m3) ASTM-C302/ ASTM -D1622/ IS- 40
11239, min
Closed Cell content (%) ASTM D-6226 Procedure-2/ IS- 95
11239 Part-5, min
Chloride content (ppm) ASTM C 871, Procedure 2, max 60 Note.1
ote-
pH (ASTM C 871) 6-7
Water vapour transmission (ng/Pa-s-m) 5.1
ASTM E-96 method-A at 23°C & 50% RH, max
Compressive strength at 10% deformation (kPa), ASTM 240.
D 1621, min
Flame spread Index as per ASTM E84 OR 25
Horizontal burning as per equivalent BIS method, max
Thermal conductivity of 180 days | (+)10 °C, max 0.024 Note-1
aged sample at mean temp S
(W/mK) ASTM C-177 (+)24 °C, max 0.024
Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Type test - Supplier shall provide Type test certificate no older than 2 years

4.6.2 PUF shall generally be supplied in performed pipe sections or required profile using
HCFC free chemicals from vendor shop. The material will have equivalent physical
properties as of PIR except temperature limit shall be 100°C and may exhibit higher
horizontal burning characteristics compared to PIR.

4.6.3 In-situ foaming of polyuretnane (PUR)
Certain applications like tank may specify use in-situ polyurethane foam (PUR), where

the insulation foam can be formed by in-situ injection of the chemicals into an enclosed
volume that after curing will be converted into PUF. The quality of in-situ foaming can
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vary and depends on substrate temperature, ambient temperature, humidity etc. Every
time the in-situ foaming going to be adopted, it requires demonstration through mock
up for achievement of optimum quality. This shall only be used where in-situ PUR is
specified and NOT to be used as replacement for preformed rigid PIR / PUF.

4.7 Flexible Aerogel Insulation

Flexible aerogel insulation is a composite of an amorphous silica-based aerogel, a
fibrous carrying media, or reinforcements, or a combination thereof, that allow the
construct to be flexible. The material shall be in accordance with ASTM C1728 Type-lll,
Gr.1A. The material shall have following general properties:

Characteristics Value |  Remarks

Temperature range (°C) 2410 649
Density (kg/m3) ASTM C303, min 160
Compressive Strength (kPa), min, at 10% 207
deformation (ASTM C165) :
Linear shrinkage at maximum exposure temperature 2
for 24h , max, % (ASTM C356) in length & width
Water absorption, max, % by weight 8
Water vapour sorption, by weight, max %, (ASTM 5
C1104/C1104M)
Flame spread index (ASTM E84) , max 5
Smoke developed index (ASTM E84) , max 10

o (+) 24 °C, max 0.021
Thermal conductivity (W/mK) (+) 149 °C, max 0.025
at mean temperature (°C) (+) 204 °C, max 0.029
(ASTM C177) (+) 260 °C, max 0.032

(+) 371 °C, max 0.043

Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Type test - Supplier shall provide Type test certificate no older than 2 years

;1.8 Glass Wool

Glass wool is a fibrous insulation made from molten glass into fibrous form bonded with
organic or inorganic binder and suitable for application up to 350°C. Glass wool blanket
shall meet the requirements specified in ASTM C553 Type-l and meet the following
minimum properties:

Characteristics Values Remarks
Density (kg/m?3) as per ASTM C-167, max 64
Water vapor sorption % by weight, max, (ASTM 5
C1104/C1104M) Note-1
Chlorides, ppm, (ASTM C 871, procedure 2) 10
pH values, (ASTM C 871) 6-10
Thermal conductivity, W/mK | (+) 24 °C, max 0.030
(ASTM C518) (+) 50 °C, max 0.033 Note-2

(+) 100 °C, max 0.040

Note-1: Batch test - Supplier shall provide test certificate for each production Batch
Note-2: Type test - Supplier shall provide Type test certificate no older than 2 years
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4.9 Insulating Cement

Insulating cement is primarily composed of chopped rock wool and heat resistant
cement and may contain inorganic fillers / suitable heat resistant binder. The material
shall conform to general classification of ASTM C195 and shall be suitable up to

1038°C.

Properties Values Remarks
Linear Shrinkage (%) (at 871°C) for 24hrs, max, 5
ASTM C356
Volume change (shrinkage) upon drying, max, 35 Supplier shall
ASTM C166 provide test
Thermal (+) 93 deg C, max 0.101 certificate for
conductivity, at each production
mean y (+) 260 deg C, max 0.123 Batch
temperature, +
ASTMCA77 (+) 482 deg C, max 0.173

410 Materials / Components for Specific Insulation System

Primary insulation type / combination and thickness shall be specified in Process
design basis BEDB Part-B. Based on the insulation type and temperature range,
additional components like moisture barrier mastic, foil etc. needs to be as per below
guideline:

4.10.1 There is always a risk of water ingress into the insulation through joints of metal
cladding. Hence, except specific applications were non-metallic cladding like UV cured
GRP or HDPE are used, the risk of CUI needs to be addressed by appropriate material
selection and moisture barrier system.

4.10.2 The risk of CUI is highest in the operating zone 50-175°C. Materials like Perlite,
Cellular glass, PIR (up to 125°C) and PUF (up to 100°C) are preferable in this zone.

4.10.3 When a fibrous material like rock wool / glass wool is used in CUI risk zone (<175°C), a
moisture barrier layer of breather mastic must be used underneath metal cladding.

4.10.4 A combination system with inner aerogel (5-10mm) + outer rock wool can provide good
CUI prevention in low operating temperature (<175°C) and shall not require this
breather mastic moisture barrier.

4.10.5 The breather mastic need not be used in CUI risk zone (<175°C) wherever moulded
perlite or a closed cellular material like PIR/ PUF/ Cellular glass is used as insulation
material and / or where a layer of aerogel is used in the innermost layer. The joints of
the block insulations shall be sealed with appropriate joint sealant and a multiplex foil
(commonly known as mylar foil) shall be used over the outermost insulation layer
underneath cladding.

4.10.6 In general, the breather mastic and / or multiplex foil is not necessary above 175°C.
However, for HP steam lines longer than 2km which uses rock wool as insulation, a
layer of multiplex foil shall be used underneath the metal cladding. The multiplex foil
need not be used where insulation is designed with perlite or rock wool in combination
with a closed cellular material like PIR or aerogel on the outermost layer.
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4.10.7 Cellular glass be shall be chosen where any one of the following is a requirement:

a) Service is dual temperature, the lower range extents below ambient and upper limit
of the exposure exceeds (+) 125 °C
b) The insulation requires fireproofing over it (epoxy intumescent or vermiculite)

4.11 Insulation thickness
Insulation thickness and thickness for inner and outer insulation for combination lining
shall be specified in schedule of rate / equipment datasheet.
Unless otherwise specified, layering of insulation as given below shall be followed:
Insulation thickness (mm) Number of layers
<75 Single layer
76-150 Two layers
>150 Three layers
412 Form of Insulation
All the preformed insulation (Cellular glass, PIR, Calcium silicate, Perlite, Pipe section
made from Rock wool etc.) should match the contour of pipe /surface profile of the
equipment. Half sections or radial sections shall have longitudinal and circumferential
faces flat and smooth so as to match with the other half/ section. Ends of the
preformed half sections shall be flat and perpendicular to the center line.
Cellular glass shall be fabricated as per ASTM C1639.
Preformed rigid insulation blocks of PIR shall be cut from buns using CNC machine.
Application Sections
Pipes up to 12 inch NB Two half sections
>12 inch up to 20 inch NB Max 3 radial sections
>20 inch NB Max 4 radial sections
Equipments, Vessel shells Machine cut radial sections in required
contour of the substrate/ underneath layer
Vessel heads Manually cut slabs contoured to the profile of
vessel heads is acceptable
5.0 ANCILLARY MATERIALS

Hot insulation system shall have the following ancillary components:

Primary components

Secondary components

Other ancillaries

¢ Multiplex foil
e Weather protection
Jacket

¢ Protection guard

¢ Heat transfer cement
¢ Painting

e Expansion joint

¢ Sealing tapes

e Adhesive

e Band

e Sealant for cladding
e Screw

e Clips

¢ Rivets

e Compression spring
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5.1 Weather Protection Jacket (Cladding)
5.1.1. Insulation shall be protected with cladding. Type of cladding shall be as below:

a) Unless otherwise mentioned, aluminium jacketing shall be used as weather
protection cladding up to temperature 550 deg C. Aluminium cladding shall be as
per ASTM C1729, Class-A having polysurlyn lamination on inside surface and shall
meet the requirements of ASTM B209 alloy 3003 H14. Equivalent IS code shall be
acceptable for the metal sheet.

b) For temperature above 550 deg C and/ or for fire safe insulation (for all temperature
range) cladding shall be stainless steel or aluminized steel as per ASTM A167 /
A240 type 304 or aluminized steel as per ASTM A463, type 2, coating designation
T2-100, with polysurlyn lamination on inside surface. Equivalent IS code shall be
acceptable for the metal sheet.

c) For grade piping in offsites jacket material shall be galvanized steel. Galvanized
jacketing shall not be used over insulation on or near austenitic stainless steel
and/or austenitic nickel steel Piping & Equipment. Galvanized steel shall be as per
ASTM A526 with 275 gsm of coating of Zinc Layer on both the surfaces. Equivalent
IS code shall be acceptable for the metal sheet.

5.1.2. Thickness of metal cladding shall be as follows:

Application Thickness for Aluminium Thickness for Stainless
cladding steel /Aluminized steel
cladding

For shells of vertical | 0.7Imm (22 SWG) Corrugated; | 0.56mm (24 SWG)
storage Tanks & | The profile of corrugated sheet | Corrugated; The profile of

Vessels shall be 32mm x 5mm corrugated sheet shall be
32mm x 5mm

For tank Roofs 1.22mm (18 SWG) Flat 0.91mm (20 SWG) Flat

For Horton Spheres & |0.7Imm (22 SWG) Flat 0.56mm (24 SWG) Flat

Horizontal vessel shell
and heads; vertical
vessel heads

For removable covers 1.22mm (18 SWG) Flat 1.22mm (18 SWG) Flat

For all piping, other than | 0.7Imm (22 SWG) Flat 0.56mm (24 SWG) Flat
grade piping in offsites
For grade piping in|0.56mm (24 SWG) Galvanized
Offsites steel (Refer note below)

Note: For grade piping in offsites the cladding material shall be Galvanized steel.
5.2 Securement Bands / Wires

1 If material is Aluminium, then specification shall be ASTM B209 Alloy 3003 H16,
If Stainless Steel, it shall be 18/8.

2 For securing fibrous insulation

A On Piping
Band, 24 SWG thick x 12mm (min) wide, Stainless Steel.
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B On Equipments
Band, 24 SWG thick x 20 mm wide, Stainless Steel.

C On Vertical Storage Tanks
Band, Stainless Steel, 25mm wide x 24 SWG thick.

D Horton Sphere
16 SWG SS Wire & Band, Stainless Steel, 25mm wide x 0.8mm thk.

3 For Securing Rigid Insulation

A On Piping upto 16” OD
Wire, stainless steel, 16 SWG.

B On Piping 18” OD & Larger, Vertical and Horizontal equipments
Band, stainless steel. 20 wide x 24 SWG thick.

4 For Securing Cladding on Insulation (all types)

A For Piping
Band, SS 12mm (min) wide x 24 SWG thick.

B On Equipment
Band, SS, 20mm wide x 24 SWG thick.

C On Vertical Storage Tanks & Spheres

Band, Stainless Steel, 25mm wide x 24 SWG thick.

5.3 Compression Spring

Compression spring (commonly known as MITY spring) shall be used on jacketing over
tank, pressure vessels and equipment. The compression springs shall be of 100mm
length made of SS 302 / SS 304 stainless steel, shall not be stretched more than
13mm during installation.

Requirement for springs on banding to secure metal jacketing shall be as follows:

Equip. | Equip. Number of Jacket Expansion Springs
oD Circ.
Steel Temperature

(m) (m) 93°C | 204°C | 315°C | 427°C | 538°C |649°C
1 29 0 0 0 1 1 1
2 57 0 1 1 1 2 2
3 9.6 0 1 2 2 2 2

4.6 14.3 1 1 2 3 3 4
6 19.1 1 2 3 3 4 4

7.6 23.9 1 2 3 4 5 6

54 Rivets

Rivets required for metal jacket securement shall be the expanding Aluminium "POP"
blind eye type/ Stainless Steel, 9.5mm long x 5mm diameter.

Format No. 8-00-0001-F1 Rev. 0

Paae 5228 of 6631 - BO957-TENDFR DOC-B957-420-80-44-PG-T-7410 - Rev A

Copyright EIL — All rights reserved



25T @ ENGINEERS STANDARD SPECIFICATION FOR  STANDARD SPECIFICATION No.
fafsics INDIA LIMITED  HOT INSULATION OF VESSELS, 6-79-0026 Rev. 0
iy PIPING AND EQUIPMENT Page 22 of 70
5.5 Screws

Screws required for metal jacket securement shall be Stainless Steel/cadmium plated
steel self tapping type A No.8 dia. x 12mm long to BS 4176 complete with neoprene
washers under the head.

5.6 ‘S." and ‘J’ Clips
Formed from 25mm wide stainless steel banding.
5.7 Heat Transfer Cement
Maximum Exposure Temperature: 677°C
Heat Transfer Coefficient to Equipment wall: 114-227 W/m?2°C
Bond Shear: 1.034 kPa
Electrical resistivity: 1.299 ohm/cm
5.8 Sealant for Cladding
Sealing materials which may either be in the form of a elastomeric sealing compound
or fibre based bituminous felt strips.
The technical requirement and typical elastomeric material for joint sealant of metal
cladding (aluminium and stainless steel) is specified below.
General Combustibility/ fire resistance Water vapour permeance
Characteristics (max)
Average 52% | FSI (flame spread index) < | 0.0092 metric perms (as per
volume solid as per | 20 as per ASTM E-84, tested | ASTM F-1249 with DFT
ASTM C461 on a 6.3mm inorganic | 2.8mm)
reinforced cement board with
DFT ~2mm
5.9 Moisture Barrier (Breather Mastic)
When a fibrous material like rock wool / glass wool is used in CUlI risk zone (<175°C), a
moisture barrier layer of breather mastic must be used underneath metal cladding. The
moisture barrier shall be a polymeric water based, breather type mastic (vapor under
pressure will pass through it), fire resistive, flexible and be compatible with the type of
insulation. Material shall be suitable for the range of temperature to which it is exposed.
Material shall be evaluated for fire resistance as per as per ASTM E-84 (flame spread
index ~10) and water vapour permeability in accordance with ASTM E96, procedure-B
>1perms for 1/16” thickness. Average nonvolatile content: 60 to 64% by volume (64%
by weight).
5.10 Multiplex Foil
Multiplex foil may be used as an alternative to mastic moisture barrier in specific
applications (details shall be as per respective SOR). Multiplex foil shall consist of
sandwiched sheets of aluminium and polyester be applied over the insulation prior to
weather protection jacketing. It shall confirm to the following requirements:
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12 um polyester film

Foil composition: 25 pm aluminum folil
12 um polyester film

Tensile strength 100 MPa

Yield strength 70N /cm

Tear resistance 400 g/ mm

Temperature range +120°C to -60°C

Volumetric mass 1.93 kg / dm?

Water vapour permeability in acc. with ASTM max. 10.10-6 g / (m2.h.mmHg)
E 96, procedure E (37.8°C, 90% RH)

5.11 Sealing Tapes for Multiplex Foil

The sealing tape for joints in the multiplex foil shall meet the following requirements:

Foil composition 12 um polyester film

25 um aluminium foil
12 um polyester film

adhesive layer: polyacrylate -

Total thickness exclusive of adhesive layer 50 um
Temperature range +120°C to -45°C
Volumetric mass 1.93 kg / dm?
Water vapour permeability in acc. with ASTM E 96, Max. 10.10-6 g/
procedure E (37.8°C, 90% R.H.) (m2.h.mmHg)

5.12 Joint Sealant for Insulation Blocks

The joint sealant for joints between insulation blocks shall be compatible with the base
insulation material and suitable for the temperature range to which it is exposed.
Typical material and technical requirement for PUR/PIR insulation system is specified
below. For cellular glass insulation, compatibility or specific products shall be
recommended/ confirmed by the cellular glass supplier

General Combustibility/ fire resistance Water vapour permeance
Characteristics (max)

Average 82% | Flame spread ASTM E-84 and
volume solid as | fuel contribution negligible
per ASTM | when used as 3.2 mm wide
D2369 sealant between joints of
incombustible insulation blocks

Negligible when measured
across 3.2 mm wide sealant
between joints of impermeable
insulation blocks

5.13 Protection Guard

Guards and their supports shall be manufactured from carbon steel, which may be
galvanized or painted or with Stainless Steel (SS-304). (The mesh may be painted with
yellow stripes, 50 mm wide, and shall include a hazard sign indicating ‘Hot surface’.).
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The guard mesh shall be of 2mm thick and 12 mm square. Guard shall be designed
with end cap of 0.7 to 1mm thk from galvanized Al-Zn coated or Al coated carbon steel
with recommended spacing of 450mm to 600mm. Care to be taken that end caps are
fitted in an orientation that will allow water drainage. If the metal surface requires
greater protection, a fibre glass insulation tape can be fitted to area where end caps
make contact to protect pipe work and reduce heat transfer. Mesh shall be rolled to
shape as per normal cladding and shall be provided with 50 mm of overlap, sharp
edges of cut mesh to be filed. In case of removable guard, the same can be made from
toggle clips.

In case of protection guard for small bore piping, perforated metal sheet may be used.
Sheet thickness shall be 1mm.Perforation hole shall be minimum 5mm, with minimum
40% free passage. Steel sheet shall be stainless steel in accordance with ASTM A167,
type 304.

6.0 APPLICATION
6.1 General Requirements

6.1.1 The application methods, given in this specification are general in nature. The
Contractor is responsible for applying an insulating system that will give a satisfactory
operational performance and the requirements given herein shall be regarded as the
acceptable minimum. The Contractor shall carryout the work in accordance with the
best practices of insulation application with the minimum of waste and debris and the
final job shall have a neat, efficient and workmanlike appearance.

6.1.2 The insulation shall be so designed/ applied such that ingress of water is prevented,
leaked product can drain off and vapour can escape.

6.1.3 All hydrostatic tests on piping and equipment, including steam tracing systems, shall be
carried out before insulating material is applied. The insulation Contractor shall only
insulate those sections of the plant that have been specifically released for such work
by the engineer-in-charge. If insulation must be installed before pressure test, then all
welds and flanged joints in the pipe shall be left uncovered till successful completion of
pressure test. Then insulation shall be completed.

6.1.4 Co-ordination with Other Agencies

Contractor shall work in close co-ordination with the erection Contractor. Wherever
temporary supports are provided the contractor shall remove these and provide
necessary support as per standard or as specified in the bid package/tender.

6.1.5 Surfaces to be insulated shall be thoroughly cleaned, dried and made free from loose
scale, oil or grease. It shall be the Contractor's responsibility to remove loosely
adhering scale and dirt before applying insulation.

6.1.6 Under Insulation Painting

Equipments and piping shall be protected from corrosion by providing appropriate
painting under insulation, as per applicable painting specification for the project.
Austenitic stainless steel especially 300 and 400 series are susceptible for external
stress corrosion cracking (ESCC). For to avoid ESCC in stainless steel, 0.1mm thick
aluminium foil up to 550°C, above which stainless steel foil can be wrapped with an
overlap of 50mm. Overlap joint shall be sealed with barium chromate sealer or self-
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adhesive (chloride free) aluminum tape at the edge of foil. Foil shall be secured in
position either by pressure sensitive tape or aluminium band.

6.1.7 The insulation contractor shall not carry out any welding or drilling on plant equipment
and piping.

6.1.8 Wet or Damaged Insulation shall not be used under any circumstances. Material
awaiting its protective cover shall be adequately protected from damage, rain and
contamination and shall be covered with cladding at a minimum loss of time.

6.1.9 Insulation shall be finished, bevelled and weatherproofed at all terminal points where it
is required to remove bolts etc. without damage to the insulation.

6.1.10 Equipment nameplates shall remain visible after insulation has been applied by
bevelling back the insulating material and carefully sealing the exposed edges to
prevent ingress of moisture.

6.1.11 All projections, such as lifting lugs, trunnions and stiffeners on piping and equipment
(i.e. vacuum rings) shall be insulated with the same thickness of insulation as specified
for the equipment item or pipeline.

6.1.12 Thermowell bosses, pressure tappings and weephole nipples shall not be insulated in
but left accessible.

6.1.13 A minimum clearance of 25mm between outside surface of any insulation finish and
adjacent equipment, pipe or structural members shall be maintained.

6.1.14 Insulation supports shall not project out of the insulation outer surface and shall be
given sufficient coverage of insulating material to avoid hot spots on the metallic cover
at support positions.

6.1.15 Where insulated horizontal piping is supported on steel shoes, the height of the shoe
shall be such that the underside of the insulation finishing material is clear of the
supporting structure upon which the shoe rests by 25mm minimum.

6.1.16 Pieces of insulation with crushed and damaged ends shall not be used.
6.1.17 Packing and transport to site

Insulating materials should be packed in cartons, crates, bags or shrink film wrapping
to minimize mechanical damage and to provide adequate weather-protection and to
avoid contamination. Preferably, insulating materials should not be unpacked on site
until required for immediate use.

All forms of packaging of insulating materials should be carefully marked. The marking
should indicate the type of material and the size, thickness, quality, and quantity
contained in each package.

6.1.18 Protection of Materials During Storage

Insulation materials must be protected against any damage, from delivery to finish
cladding. Decking and covering with tarpaulins alone are not considered sufficient
protection from weather for any length of time and shall not be permitted. Insulation
material slabs, blankets and sections shall be stored on a flat surface in a horizontal
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position. Insulation material shall never be stacked directly on the ground. The
contractor shall make own arrangement for covered storage for insulation materials as
directed by the Engineer-in-Charge.

6.1.19 Protection of Partially Completed Jobs

Precautions must be taken to ensure that each day’s work is adequately protected
before being left over-night to prevent seepage of water. Unfinished / partially finished /
ongoing insulation jobs shall be protected from water ingress by appropriate water
shed / wrapping and other protective means.

6.2 Piping Applications
6.2.1 Horizontal Pipe
a) General

Insulation material shall be applied to fit snugly against the contours and shaped
only where necessary to achieve this requirement

b) Pipe Section / Moulded Blocks / Segments

- End joints of adjacent blocks shall be staggered one half of the length of the
block.

- Included angle between segments shall not be less than 30 deg. for both
single and double layer insulation.

- Further, minimum arc length of segments should meet following staggering
requirements.

When double layer is applied, both longitudinal and circumferential joints shall be
staggered. The arc between the longitudinal seam lines of the inside and outside
layers of insulation shall have an angle of over 15 deg. or the longitudinal joints
staggered at least by one-layer thickness, whichever is more stringent.
Circumferential seams of the inside and outside layers shall be at least 100mm
apart.

c) Blankets (Fibrous insulation) shall be applied over the surface with joints tightly
butted and laced together with stainless steel lacing wire.

d) Insulation Securement (All insulation materials)

Each layer of insulation shall be secured firmly in place with at least 3 loops of
binding wire / band, one loop to be placed not more than 75 from each end and at
least one loop to be equally spaced between end loops, for each section.

Binding wire shall be drawn about the insulation with ends tightly twisted together,
bent under & pressed into the surface of insulation. Bands or wires in no case be
spaced more than 200mm apart.

- For calcium silicate and moulded expanded perlite, all joints shall be sealed
with insulating cement of same composition as the Moulded block.

- For Cellular glass, Polyurethane foam and polyisocyanurate, joints shall be
sealed with suitable compatible material
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e) Frame work for supporting cladding fibrous insulation

This is not necessary for rigid materials. This is required only for horizontal pipe
runs provided with fibrous insulation, in blanket forms; vertical piping provided with
fibrous materials need not be provided with this. Piping provided with fibrous resin
bonded pipe sections also need not be provided with this framework.

Spacer rings shall be fabricated out of 25x3 M.S. Flats. The outside diameter of
these rings shall be equivalent to the outside diameter of the insulation. Spacer
rings shall be riveted to ‘Z' shaped stays fabricated from the same sized M.S.
Flats. These rings shall be suitably painted for corrosion protection. Stays shall be
provided at intervals of not more than 300 along the circumference of the
insulation, subject to a minimum of 3 stays. Spacer rings shall be provided at every
approx. 900. To minimize direct heat conduction through the stays, a packing of 2
sheets of 3 thick CF paper shall be provided at the joints of the stays and pipes.
Joints between M.S. Spacer Ring and stays shall be riveted by 6 dia M.S. Rivets
with 2 Sheets of 3 thick mill board interposed.

6.2.2 Vertical Pipe
Insulation on vertical or near vertical piping (i.e. greater than 45 deg. angle from
horizontal) shall be supported by bolted on metal collars. Metal collars shall be of 6

thick M.S. or Alloy Steel bar (to suit piping material).

Outside diameter of collar shall be around 12 less than O.D. of insulation. Where multi-
layer insulation is used, support collar shall be extended to provide for each layer.

Support positions shall be at no greater distance apart than the following:

Pipe operating Temp.(°C) Support Spacing (mm)
Upto 400 4500
401 to 500 3500
501 to 550 2500
551 to 650 2000
651 to 760 1500

6.2.3 Expansion Joints (Both vertical and horizontal piping. Rigid insulation Materials)

Expansion joint shall be provided at regular intervals as below:

Temp.(°C) Spacing (mm)
Upto 200 Not required
201 to 300 10
301 to 350 8
351 to 400 6
401 to 550 5
551 to 650 4
651 to 760 3

Expansion joint shall be formed by a 25mm space between the pipe insulation sections
and the space shall be filled by compressed loose rock wool. Expansion joints in each
layer shall be offset at least 150 from each other in case of multi-layer insulation.
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Expansion joint for first layer for vertical pipe shall preferably be just below insulation
support collars.

6.2.4 Elbows and Bends (All insulation materials)

Insulation material shall be mitred and shall be same as that of pipe. Insulation
securement bands/wire shall be same as that for equivalent dia pipe. Each mitred
section shall be secured with minimum 2 wires/bands. For bends / elbows of nom. pipe
size 6” & below, due to lack of space, for all insulation materials, insulation shall be
secured by spirally wound 16 SWG SS wire for hard materials & 10 SWG SS wire for
soft materials.

Insulation joint for calcium silicate shall be suitably sealed by insulating cement. Fittings
below 50mm nom. dia, if insulated of calcium silicate shall be insulated with insulating
cement build up in 6mm layers to the thickness of insulation of the adjacent piping.
Each layer of insulation cement shall be reinforced with 25mm No. 20 SWG wire
netting.

6.2.5 Tee (All Insulation Materials)

Preformed pipe sections or segments shall be carefully cut and shaped around "Tee,’
junctions and the insulation material of the tangential pipe shall be carefully and neatly
cut to mate upto the material applied to the parent pipe without the creation of voids or
gaps, at the junction. Insulation shall be adequately secured by wire / bands of same
specification as that of same size pipe.

6.2.6 Flanged Joints or Valves (all insulation materials)

Flanged Joints or Valves, if to be insulated, shall be insulated with removable type
insulation.

6.2.7 Insulation Flashing (all insulation materials)

Insulation shall be stopped short of flanged joints and unions by a sufficient distance to
permit easy removal of the flange nuts and bolts or breaking of the unions to take place
without disturbance or damage to the insulating material. At these positions the
insulation shall be beveled and sealed with a metal closure which in turn shall be
sealed with waterproof sealing material.

6.2.8 Pipe Supports: (All insulation materials)

Insulation at solid welded or clamped supports shall be cut and shaped to fit around the
support and banded securely to enable the insulation to be carried with the pipe
movement. When the pipe hangers pass through insulation on piping outdoors, metal
hoods packed with a waterproof sealing material shall be furnished and installed.
Upper bolts of the hanger clamps are not to be covered with insulation.

6.2.9 Steam Traced Piping (All insulation materials)

Steam traced piping and fittings shall be installed with oversized sections to allow
accommodation of both parent pipe and tracer without damage or deformation of the
insulation. Traced instrument line and fittings shall be totally enclosed by the insulation
in a similar manner and the designed warm air annulus maintained throughout the
tracer pipe length. Insulation supports for vertical pipe shall have suitable clearance for
tracer pipe. Composite box type insulation may be provided on the steam supply lead
lines, in case they are routed together similarly this may be provided for the return lines
to manifolds after the run of tracers.
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6.2.10 Electrical Traced Piping

Electrical traced piping shall be provided with the same size insulation as would be
provided if the piping were not electrically traced, unless otherwise specified.

6.3 Horizontal Equipments
6.3.1 Application in horizontal vessel

a) The vessel fabricator shall provide insulation cladding support /securement as
per fabrication drawing / standard. Insulation contractor shall verify the same
before commencing.

- For vessels of diameter 2000mm and above are provided insulation
support at horizontal centre line as also vertically at tangent lines. Ring
support at tangent lines are provided with 6mm diameter holes. These
are to be used for insulation securement.

- At vessel heads above 600mm outside diameter are provided flats
having 6mm dia holes. The flats are for insulation support and holes
provided in them are to be used for insulation securement.

Also provided on either head is a central ring made of 10 dia stainless
steel rod.

- Boot of vessel, if any, is provided with circular support ring with holes, as
indicated in sketch.

b) Blanket shall be applied over the surface with joints tightly butted and laced
together with 1mm dia stainless steel lacing wire.

Other block insulation shall be applied with the longer dimension parallel to the
axis of the vessel or equipment. When blocks are applied in multiple layers, all
joints in successive layers shall be parallel to the long axis, shall be staggered
and sealed with suitable sealant.

6.3.2 Insulation Securement

Each layer of insulation on shells of equipment shall be secured by bands at every 300
centres. Each band shall be machine stretched and tensioned to remove slack only.
Each layer of insulation on vessel heads shall be secured as follows:

Band shall be in radial direction connecting the head central floating ring and shell girth
ring. The radial bands shall be placed at not more than 150 centres for rigid and 300
for fibrous insulation, measured at the girth ring. These bands shall be machine
stretched and sealed. Outermost layer of insulation shall also be supported by drawing
and securing 16 SWG annealed wire through the 6 diameter holes provided in the shell
girth ring as also the flats provided on heads. The wire shall be drawn through every
hole and it shall be secured to the ring with a knot.
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6.4 Vertical Equipments
6.4.1 Application in vertical vessel

Application details on shell, top and bottom heads shall be similar to that of horizontal
equipment. Insulation shall be laid on insulation support rings provided by the
fabricator.

6.4.2 Insulation Securement (For all insulation materials)

Bottom and Top Head insulation shall be supported by 16 SWG SS wire drawn through
holes in the insulation supports provided by the fabricator.

Top head insulation shall be secured by floating ring/bands provided by vessel
fabricator similar to head of horizontal vessel.Shell insulation shall be supported by
bands at every 300 centres on the cylindrical portion and the bands shall be kept
horizontal.

Insulation Securement for Bottom head for vessel supported on legs shall be identical
to that of Top head.

For insulation securement of bottom heads inside skirt no floating rings/bands need be
provided; Firm securement should be ensured just by 16 SWG annealed SS wire
drawn over insulation tightly and through the holes on support rings provided by the
fabricator.

6.4.3 Expansion Joints (For rigid insulation)

Expansion joints shall be provided every 4000mm (max.). The expansion joint shall be
provided at insulation support rings. It shall be a 25mm space between the top of the
insulation and the bottom of the support ring. The space shall be filled up by
compressed rockwool fibre.

6.5 Flange, Nozzle, Channel Cover, Manway & Handhole Flanged Cover (For All
Insulation Materials)

Where insulation is required, these shall be insulated with lined removable
prefabricated covers secured with bands or quick release toggle clips.

Otherwise, insulation shall be stopped short of uninsulated flanges and nozzles etc., a
sufficient distance to permit withdrawal of bolts without disturbing the insulation.
Insulation shall be weatherproofed and sealed at these locations.

6.6 Application over Irregular Surfaces Such as Pumps, Compressors, Turbines etc.

a) Rockwool: This shall be prefabricated removable covers, lined with pipe
sections / lags / slabs / mattresses.

b) Calcium silicate/ Moulded expanded perlite: Insulation material shall be loose fill
insulating cement/block insulation cut and fitted.

Insulation shall be applied in maximum 25mm thick layers until the scheduled
thickness is obtained.
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Each layer shall be covered with a layer of 25mm hex. 20 SWG galvanised iron
wire mesh for other than SS surfaces and with SS wire mesh for SS surfaces.
The final layers shall be trovelled to a smooth finish with a 6mm thick finishing
cement.

Insulation shall be beveled back at 45 deg. from all casing flanges, shaft seal
caps and bearing boxes.

6.7 Vertical Storage Tanks (Carbon Steel)
a) Supporting rings / spikes (rods) for supporting insulation / cladding
> Shell

The extent of insulation/ cladding support/ securement details shall be as per the
relevant tank fabrication standard/ drawings. Insulation contractor shall check for
its presence before insulation application work.

Water Shed

At the junction of shell and roof, a watershed is provided to act as top covering for
the shell insulation. The details of water shedding shall be as per the relevant tank
fabrication standard/ drawings. Insulation contractor shall check for its presence
prior to insulation application work.

Insulation Support

Insulation support will consist of 5mm dia steel rods provided at 400mm dia
diamond pitch. Length of these lugs is 3mm less than insulation thickness.

Cladding Support

From tank top, horizontal rings shall be provided at every 1175mm on tank shell.
» Tank Roof
Shall be provided as per relevant tank fabrication standard.
b) Insulation laying and securement
» Shell (Application of fibrous insulation)

Insulation shall be applied between rings in horizontal mode. Mattresses
insulation shall be applied with joints tightly butted and laced together with 1mm
dia. Stainless steel lacing wire. Matts shall be impaled to the 5mm rod and speed
washers fixed and pressed home for intimate contact of the insulation. In the
case of multiple layers, speed washers are necessary only over the final layers,
(upto and including 150mms). Rods and speed washers of spring steel should be
selected to suit each other. While rods are provided by tank fabricator, speed
washers shall be furnished by insulation contractor. Insulation shall be further
secured by bands spaced centrally between insulation supports.

» Shell (Application of Polyisocyanurate / Polyurethane foam)

Shall be foamed cast in-situ as per vendor's procedure (approved by
Client/Client’'s representative) and to the satisfaction of Site-in-Charge. The
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minimum requirement for thermal conductivity, density, compressive strength, fire
properties and water vapour permeability shall be as specified herein this
specification. Contractor shall ensure that cladding & band thicknesses are
capable of withstanding foaming pressures which are developed at the time of
injection of foam. Contractor can use foamed cast in-situ insulation only after
getting the approval to material specification and application procedure.

» Roof (For all materials)

Application fibrous insulation, Polyisocyanurate / Polyurethane foam shall be
similar to that as for shell. Insulation support from 5mm dia M.S. lugs shall be
exactly same as in shell.

6.8 Horton Spheres

c) Structural members provided by spheres fabricator for insulation/cladding
securement. Insulation & Cladding supports shall be as per relevant sphere
fabrication standard

d) Insulation laying and securement

Insulation shall be applied between rings. Insulation shall be applied with joints
tightly butted and laced together with 1mm dia galvanized lacing wire.

Insulation shall be secured by drawing and securing tightly 16 SWG stainless
steel wire through the 6 dia holes, provided every 200 centres, in the horizontal
leg of the insulation support angle ring. The wire shall be rightly drawn over the
insulation and the insulation firmly secured. The wire shall be drawn through
every single individual hole and it shall be secured with angle with a knot at
every fourth hole.

6.9 Inspection Windows

Removable plug type inspection window shall be provided on the outside thermal
insulation metal jacketing to facilitate the maintenance inspection of substrate. The
removable plug shall be made of silicon rubber and secured with small chain or
lanyard made of stainless steel. Sealing flange shall be made of stainless (SS-304).
An O-ring made of rubber shall be placed for any metal seal flange for proper retrofit.

Plug flange shall be fixed by screws and washers to outside metal jacketing and
same shall be silicon sealed for a perfect watertight assembly sealing.

When inspection window installed on corrugated metal jacketing, a neoprene transition
gasket shall be installed between cladding and flange

6.9.1 Piping
Plug type inspection windows of ellipsoidal shape shall be provided on all the insulated
pipelines having diameter 2” and above. The locations of inspection plugs shall be as
follows:

» Straight section:

Two inspection window at 0-6 o’clock position shall be provided at a distance of
every 12 meters.
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» Bends/Elbows:
There must be three inspection window shall be installed near the bends. In case of
no supports are welded at the centre of the elbows, one inspection window at the
centre of the outer arc and another two at 100 mm away from the above and
downstream of the plug. In case of supports are welded at the centre of the elbows,
one on side of the elbows and another two at 100 mm away from the support
upstream and downstream.

» Tee joints:

Two no. inspection window shall be installed, one at the Tee bottom and another at
the side of Tee.

6.9.2 Exchangers

All the heads shall be provided with one inspection window each. Minimum two
inspection windows shall be provided on the shell side.

6.9.3 Columns & Vessels
Heads shall be provided with one inspection window each. One inspection window
shall be provided at every platform. Minimum two inspection windows shall be provided
on shell portion.

6.9.4 Tanks

One inspection window shall be provided at each course of the tank and also at the
top.

6.9.5 Dimension of Inspection window

Application Size
Pipe dia 2” 35mm minor diameter x 120mm major diameter
Pipe dia 3” 45mm minor diameter x 120mm major diameter
Pipe dia 4” 75mm minor diameter x 120mm major diameter
Pipe dia 6” 100mm minor diameter x 120mm major diameter
Pipe dia 8” 100mm minor diameter x 120mm major diameter
Pipe dia > 8” 120mm minor diameter x 120mm major diameter
Exchangers, Columns& 120mm minor diameter x 120mm major diameter
Vessels and Tanks

6.10 Impulse Lines for Heat Traced Lines

Wrap the impulse lines with insulation (Sodium Silicate inhibited Ceramic rope) of
required thickness after cleaning the impulse lines from dust, rust, grease etc. Ensure
that the rope(s) have been tightly wrapped without leaving any gaps. Apply two layers
of self adhesive Aluminium foil tape of minimum 0.1 mm thick spirally bound over the
fibre rope surface with the joints in two layers staggered. Ceramic rope shall have
minimum density of 250 Kg/m?3, other property like maximum use temperature, tensile
strength, linerar shrinkage, non-fibrous content etc. shall meet the requirement
specified as per ASTM C892, Type lll. A suitable sealant shall be provided to stop the
water ingress at the termination points of insulation.
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Note: Impulse line insulation details shall be as follows:

Size of Impulse line Temperature No. of layers Thickness of each
(inch) (°C) layer (inch)
1/2 150 2 1/2
3/4 150 2 1/2
1/2 250 2 3/4
3/4 250 2 3/4

6.11 Impulse Lines for Hot Insulated Lines

Wrap impulse lines with sodium silicate inhibited ceramic fiber rope (SS-wire braided)
with thickness of layer as 3/4” irrespective of temperature, after cleaning the impulse
lines from dust, rust, grease etc. The wrapping of the rope around impulse line shall
cover it completely without leaving any gap. Apply two layers of self adhesive
Aluminum foil tape of minimum 0.1 mm thick spirally bound over the fiber rope surface
with the joints. Ceramic rope shall have minimum density of 250 Kg/m?3, other property
like maximum use temperature, tensile strength, linerar shrinkage, non-fibrous content
etc. shall meet the requirement specified as per ASTM C892, Type Ill. A suitable
sealant shall be provided to stop the water ingress at the termination points of
insulation

6.12 INSULATION FINISH
6.12.1 Multiplex vapor barrier

In case of closed cell material (Cellular glass, perlite etc.) in CUI risk zone and on PIR
in case of electrical tracing and multiplex vapour barrier shall be applied over the outer
surface of Insulation. The joints of the vapor barrier foil shall be overlapped by 50mm.
The joints shall be sealed with a tape confirming to the specification as mentioned
herein in this specification.

6.12.2 Moisture Barrier
(Applicable for application on outer surface of the fibrous insulation in CUI risk zone)

The mastic shall be applied in two coats with glass cloth reinforcement such that total
dry thickness is ~ 3mm.

Immediately after the insulation, a 3mm thick coating of the mastic shall be applied to
the surface and a glass cloth shall be laid over the surface and embedded in the
mastic. Care shall be taken to ensure that the glass cloth is laid smooth and free from
wrinkles and that no pockets of air are trapped beneath the surface. The glass cloth
shall have min 75mm overlap at joint. A second coat of 3mm shall be applied after
approximately 12 hrs. During the drying time, the insulation shall be protected from the
weather by "Alkathene” film type tarpaulin or similar materials approved by engineer-in-
charge.
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6.12.3 Insulation Finish with metal jacketing

The insulation finish shall provide a weatherproofed and covering over the whole of the
insulated areas and be applied and fitted in such a manner as to provide a close fitting
assembly without gaps.

a) Piping

- Straight pipe shall have metal jacketing cut and machine rolled, (approx. 1metre
long) wrapped around, with 50mm minimum overlaps on both longitudinal and
circumferential overlaps. All laps shall be arranged to shed water.

- A single bead shall be made on all overlaps to ensure tight metal to metal water
tight arrangement. Self-tapping screws, at every 150, shall be provided at all
longitudinal overlaps for both horizontal & vertical piping.

- At all operating temperatures the seams at overlap positions shall be rendered
watertight to ensure that insulation remains dry and unwetted, whether the
possible water impingement is from rain, hose or fire sprinklers.

- The metal coverings shall be secured tightly around the insulated pipe and held
in place with bands on a maximum of 300mm centres. One band shall be
located on each circumferential lap and the distance between laps divided at
equal band spacings. The band securing seals shall be kept neatly in line and
positioned away from viewing angles as much as is possible.

- Vertical overlaps on vertical or near vertical piping shall be staggered to provide
overlaps at 'North,' and 'South' positions in alternate sections of covering.

- Each sections of metal covering on vertical piping with insulation OD's larger
than 250mm shall be supported from the next lower section with two ‘S' clips,
fabricated from banding material. The ‘S' clip shall be of sufficient length to
allow the minimum overlap of 50mm.

- On vertical piping with OD's of 600mm and larger, the securing bands shall be
supported by ‘J’ clips, fabricated from banding material. The ‘J’ clip spacing
shall be a minimum of two per band. All ‘J’ clips shall be screwed into position
and secured.

- Insulated bends and elbows in piping 80mm and larger, shall be metalled with
'lobster back' segments using 10mm minimum ball swage to assist shaping.
The metal bands shall be screwed with self tapping screws and metal sealants
are to be provided to get a completely waterproofed arrangement.

- Insulated bends and elbows in piping smaller than 80 mm may use complete
pressed and humped back flat metal elbows or fabricated 'stove pipe' elbows.

- The practice of locating all joints in the top portion of elevated horizontal pipes
for the sake of good appearance when looking up from grade shall be strongly
discouraged. The joints shall be located to shed water.

b) Equipments
- The metal jacket over vertical vessel shells shall be constructed of sheet metal

panels with the weight of the panel taken on the equipment insulation support
rings, via angle brackets bolted to the panel.

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved

Paae 5242 of 6631 - BO957-TENDFR DOC-B957-420-80-44-PG-T-7410 - Rev A



25T @ ENGINEERS STANDARD SPECIFICATION FOR  STANDARD SPECIFICATION No.
fafsics INDIA LIMITED  HOT INSULATION OF VESSELS, 6-79-0026 Rev. 0
sBan
PR RO s PIPING AND EQUIPMENT Page 36 of 70

- The panels shall be applied commencing at the bottom of the vessel. Each
circumferential ring of panels shall be tensioned by means of tensioning bands
until the final joint is screwed tight. 'S’ clips shall be used as sheeting support at
unscrewed circumferential overlaps.

- The panels shall be held tight over the vessel insulation by means of
circumferential bands and sealed. The bands shall be positioned on all
horizontal overlaps and at 300mm centres. Bands shall be held in their relative
positions with ‘J’ clips fastened to the jackets with screw. Each band shall have
J-clips on 1.8m maximum centre but not less than four J-clips per band. Each
band shall have compression spring as specified in this specification.

- The panels shall have a minimum overlap of one corrugation on vertical joints
and 80mm on horizontal joints. The overlaps shall be arranged to shed water at
all times.

- The vertical and horizontal overlaps shall be secured with self tapping screws at
150mm pitch except the horizontal overlaps pre-selected to act as expansion
joints, these shall be constructed with a 150mm overlap and shall remain
unscrewed and left free to permit expansion. All overlaps shall be rendered
watertight.

- All equipment projections such as nozzles, shall have the jacketing sealed
using a metal flashing, cut to fit the projection and extending above the jacket at
least 80mm. The seal between the flashing and jacket shall be made watertight
by use of self-tapping screws and sealing mastic.

- Horizontal cylindrical equipment shall be furnished with flat metal jacket
arranged in circumferential bands with the edge of the sheets, with the longer
dimension applied around the circumference of the equipment insulation.

- The panels shall have a minimum of 80mm overlap of both longitudinal and
circumferential edges, both overlaps being finished with a simple ball swage
and rendered watertight.

- Horizontal overlaps shall be secured with No. 8x12mm long self-tapping screws
set in the overlap at 150mm intervals and shall be so arranged that staggered
bands of panelling encircle the equipment. Vertical overlaps shall not be
screwed for horizontal equipment.

- The metal finish shall be banded and sealed at 450mm centres.

- The insulated heads of vertical and horizontal equipment shall be fabricated
from flat metal, an "Orange peel" construction with all radial seams overlapping
a minimum of 50mm and secured with self-tapping screws at 150mm centres.
All overlaps shall be ball swaged and be rendered watertight.

- Projections from the heads shall be sealed using metal flashings, neatly cut to
fit around the projections and extending above the jacket for a minimum of
80mm. The seal between flashing and jacket shall be weatherproofed with self-
tapping screws and mastics.

- Insulation at bottom heads of fully skirted equipments does not require
weatherproofing.
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- Heads of equipments 24” OD and smaller shall be finished and waterproofed
with square ended fabricated covers.

c) Vertical Storage Tanks

Cladding Applications and Securement

> Shell

Cladding is applied over the system of horizontal rings as follows :

> Roof

Overlaps in the vertical joints will be one corrugation.
Overlaps in the horizontal joints shall be 50mm (min.).

Cladding to cladding fastening, at both horizontal and vertical overlaps
shall be alternately by "POP" Rivets & selftapping screws at 150mm
pitch.

Cladding shall be secured to support ring by bolting. Bolts are provided
by tank fabricator at 300mm centres on angles provided at every 1175
centres vertically. Felt washer, aluminium washer and nut shall be
supplied by insulation contractor for all bolted connections at shell, roof
and curb angle.

Insulation shall be tucked into the skirt portion of the curb angle. Shell
cladding and extended roof cladding shall be secured to curb angle by
bolting as per relevant fabrication standard.

Horizontal stainless steel bands over-cladding to be provided every
800mm and also to coincide at every horizontal cladding overlaps.
Bands shall be tightened, locked and lock fastened featuring stainless
steel fastening systems. In order to prevent sliding of the bands
downwards, the bands shall be secured to the cladding using POP rivets
at horizontal pitch not over 2 metres .

All cladding joints shall be sealed by elastomeric metal sealants.

Min. 75mm overlap shall be ensured at all joints.

At all joints, cladding-to-cladding securement shall be provided by self-
tapping screws and pop rivets alternately, every 150 centres.

Cladding shall be secured by bolting at every 300 provided by tank
fabricator.

d) Horton Sphere

» Cladding Support

Insulation contractor shall provide 25mm x 0.8mm S.S. Bands over insulation

and

install them longitudinally from top to bottom of the sphere in such

numbers so as to afford a maximum spacing of 1175mm at the equator. The

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved

Paae 5244 of 6631 - BO957-TENDFR DOC-B957-420-80-44-PG-T-7410 - Rev A



ST - ENGINEERS STANDARD SPECIFICATION FOR STANDARD SPECIFICATION No.
, -79- ev.
2o iAfFcs " INDIA LUMITED HOT INSULATION OF VESSELS 6-79-0026 Rev. 0
PRER i W g PIPING AND EQUIPMENT Page 38 of 70

S.S. Bands are spanned between four floating rings, the one at the top and
bottom of the sphere are provided by the sphere fabricator. Generally the
other two rings and SS bands are provided after insulation is applied prior to
application of cladding. Floating rings will be constructed of 10mm diameter
rods of S.S.. Diameter of ring at the top and bottom, to be provided by sphere
fabricator would be around 1.2m. Cladding support bands shall be tightened
using mechanical tighteners and fastened to MS / AS angles using two
S.S.Rivets or four Nos. of Aluminium POP rivets, per angle cleat.

» Cladding Application
While applying cladding, following shall be ensured
-Minimum overlap both horizontal and vertical shall be 50mm.
» Cladding Securement and Scaling of Joints
All joints to be sealed using elastomeric metal sealant.
Cladding to cladding securement of both vertical and horizontal overlaps shall
be alternately by POP rivets and self-tapping screws, at every 150mm
spacing.

Cladding shall be secured to the insulation angle support by bolting the
cladding on the bolts provided at every 300 pitch.

Further cladding shall be secured by 25mm x 0.5mm S.S. bands, applied
identical to those for insulation securement. The bands shall be provided
between two floating rings, one at the top and one at the bottom and
arrangement & details shall be identical to that of insulation securement.
Bands shall be secured to cladding every 2M by one SS or two aluminium
POP rivets. While providing floating rings, for both insulation and cladding
securement, following points shall be taken care of:

- Floating rings shall clear nozzles / manholes etc.

- Exercise extreme care while installing floating rings regarding cut outs in
cladding around projections,

- Cladding at interface between leg and the body of the sphere to be

provided with care and suitably sealed to prevent water ingress.

7.0 QUALITY CONTROL

71 Incoming Material Control

7.1.1 Insulation materials and accessories shall be inspected by appropriate authority
according to inspection categorization of the materials as per project execution
philosophy.

7.1.2 Irrespective of the inspection performed by TPl / PMC / Owner’s representative,
contractor shall submit QAP (quality assurance plan) of the materials and internal test
reports for every production batch and type test wherever specified in this specification.
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The QAP shall include every stage of manufacturing process starting from raw material
stage to final stage of manufacturing. The QAP shall also include reference of
purchase order number and date, the types of checks, methods of tests followed,
frequency of checks, lot size & acceptable criteria with permissible deviations.

7.1.3 Besides the inspection performed at supplier premises and / certificate of conformance
provided by supplier, at the discretion of engineer-in charge, random inspection may be
performed on the supplied materials. Parameters and extent of testing shall be
advised by engineer-in charge.

On the advice of engineer-in charge, the contractor shall organize the testing on
representative sample selected at random from an independent NABL approved
laboratory. In the event of non-conformance in testing, repeat test may be performed.
Failure in repeat test may call of rejection of the batch.

7.2 Installation Quality Control

7.2.1 Insulation shall be installed after hydrostatic testing and inspection. Insulation shall be
protected from weather before and during installation.

7.2.2 Insulation system should be applied as per approved drawings/sketches, installation
procedure and quality plan.

7.2.3 Contractor shall prepare an inspection test plan (ITP) for installation of insulation
identifying inspection / witness points, frequency etc. and submit for approval of owner
/ engineer in charge at construction site.

7.2.4 The engineer in-charge may finalize the same with consultation of HO specialist. If so
desired by engineer-in charge, HO specialist may assist inspection of insulation work at
critical stages.

7.3 Qualification of Application Crews

Prior to start for installation work, contractor’s credential shall be approved by engineer
in-charge of insulation work. The application crew must be fully trained work force. At
the beginning of every installation, the application shall be demonstrated and quality
checks shall be carried out at site and shall be certified by Owner/Engineer in charge.

7.4 Documentation

Insulation contractor shall submit Insulation Application Procedure for review and
approval. Such procedure shall contain minimum following information:

- Product data sheet, material safety data sheet and compliance certificate of all
the insulation and ancillaries material.

- Insulation detail drawings showing insulation system, expansion/contraction
joints, insulation supports, terminations etc.
- Method statement for insulation system application and repair.

Quality Control Plan for Insulation application (QCP)
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7.5 Safety

The insulation contractor shall provide adequate protective appliances like hand
gloves, masks, glasses etc. to the workmen carrying out the insulation work, to protect
them from inhaling and touching insulation dust and fibers.

7.6 Specification Deviation / Concession Control

The insulation contractor shall notify Owner/Engineer in charge of any apparent conflict
between this specification, product data sheets, the codes and standards, and any
other specification or document noted herein. Resolution and/or interpretation
precedence shall be obtained from the Owner/Engineer in charge in writing before
proceeding with application of any insulation material.

Any technical deviation to the purchase order/contract and its attachment including, but
not limited to, the data sheets and specification shall be sought by the insulation
contractor only through the concession request format. Concession requests require
the Owner’s/Engineer in charge’s review and approval, prior to the proposed technical
changes being implemented. Technical changes implemented prior to Owner's
approval are subject to rejection.

7.7 Guarantee for Supply and Installation Quality

Contractor shall ensure supplied materials conform to the technical requirements of this
specification and relevant standards / codes applicable for the job. The insulation and
ancillary materials shall be procured fresh for the project. Use of excess material from
other site which does not have proper traceability shall not be allowed. It is the
responsibility of insulation contractor to ensure adequate precautions are taken against
damage and deterioration during sourcing, transportation and storage of insulation
materials. For major insulation materials like rock wool, Perlite, Ceramic fiber PIR,
cellular glass, aerogel etc. batch and type test certificates as applicable shall be
submitted. For ancillary materials like multiplex foil, band, sealant etc. and metal
cladding may be accepted based on supplier's compliance certificate.

Any deviations shall be clearly stated, and work shall proceed only after the deviations
are approved by competent authority. The workmanship in execution of the insulation
works shall be in accordance with sound engineering practice.

8.0 REFERENCE CODES & STANDARDS
ASTM Standards and Specifications
ASTM A167 Specification for stainless and heat-resisting chromium nickel steel

plate, sheet and strip

ASTM A240 Specification for heat-resisting chromium and chromium-nickel stainless
steel plate, sheet and strip for Pressure Vessels

ASTM A463 Specification for steel sheet, aluminum coated, by hot-dip process

ASTM A526 Specification of steel sheet, zinc coated (galvanized) by the hot-dip
process, commercial quality

ASTM B209 Aluminum - Alloy sheet and plate
ASTM C165 Measuring Compressive properties of thermal insulations
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ASTM C177 Standard test method for Steady-state heat flux measurements &
thermal transmission properties by means of the ‘guarded-hot-plate’
apparatus

ASTM C240 Standard test methods of testing Cellular glass insulation block

ASTM C302 Standard test method for Density and dimensions of preformed pipe-
covering-type thermal insulation

ASTM C303 Standard test method for Density and dimensions of preformed block
and board type thermal insulation

ASTM C335 Standard test method for Steady-state heat transfer properties of
horizontal pipe insulation

ASTM C356 Standard test method for Linear shrinkage of preformed high-
temperature thermal insulation subjected to soaking heat

ASTM C390 Standard criteria for Sampling and acceptance of preformed thermal
insulation lots

ASTM C446 Standard test method for Breaking load and calculated modulus of
rupture of preformed insulation of pipes

ASTM C518 Standard test method for Steady-state thermal transmission properties
by means of the heat flow meter apparatus

ASTM C533 Standard specification for Calcium silicate block and pipe thermal
insulation

ASTM C547 Standard specification for Mineral fiber pipe insulation

ASTM C552 Standard specification for Cellular glass thermal insulation

ASTM C591 Standard specification for Unfaced preformed rigid cellular
polyisocyanurate thermal insulation

ASTM C592 Standard specification for Mineral fiber blanket insulation and blanket-
type pipe insulation (metal-mesh covered) (industrial type)

ASTM C610 Standard specification for block and pipe thermal insulation

ASTM C612 Standard specification for Mineral fiber block and board thermal
insulation

ASTM C795 Standard specification for thermal insulation for use in contact with
austenitic stainless steel

ASTM C871 Standard test methods for Chemical analysis of thermal insulation
materials for leachable chloride, fluoride, silicate and sodium ions

ASTM C892 Standard specification for High temperature fiber blanket thermal
insulation

ASTM D1622 Test method for apparent density of rigid cellular plastics

ASTM E96  Standard test methods for Water vapor transmission of materials

EIL Standards and Specifications

7-13-0003
7-13-0015
7-12-0025
7-13-0033

Hot insulation supports for storage tanks
Hot insulation supports for spheres
Fireproofing and insulation supports

Hot insulation supports for horizontal vessels
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6-79-0022 Standard specification for acoustic insulation

6-79-0027 Standard specification for cold insulation of vessels, piping and
equipment

IS Standards and Specifications

IS 8183 Bonded mineral wool - Specification
IS 9428 Calcium silicate insulation blocks and pipe-coverings
IS 11239 Method of test for rigid cellular thermal insulation materials
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9.0 INSULATION DIAGRAMS

The drawings/ sketches are general in nature. Specific insulation system/ requirement
if any from insulation manufacturer, shall be submitted by contractor for approval by
owner/ Engineer in charge.

The attached sketches describe general arrangement of insulation material, ancillaries
and cladding. Difference if any on material type & quality between sketch and the
description elsewhere in this specification/ SOR, later shall apply.

S.No. Description Drawing
1 Pipe insulation details (fibrous &rigid insulation) DRAWING. No. 01

2 Pipe insulation method of staggering of sections rigid | DRAWING. No. 02
& fibrous insulation (preformed pipe sections only)

3 Horizontal pipe : fibrous insulation; detail of spacer | DRAWING. No. 03
rings for cladding support

4 Detail of spacer ring fibrous insulation (mattress) DRAWING. No. 04
5 Bolted on insulation support for vertical pipe DRAWING. No. 05
6. Insulation details for bends / elbows DRAWING. No. 06
7 Insulation details : pipe bends & elbows DRAWING. No. 07
8 Insulation details: pipe branched & reducer DRAWING. No. 08
9. Example of removable flange box, horizontal DRAWING. No. 09
10. Removable flange box, vertical DRAWING. No. 10
11. | Insulation details pipe supports DRAWING. No. 11
12. | Insulation of traced piping DRAWING. No. 12
13. | Horizontal equipment insulation DRAWING. No. 13
14. | Horizontal equipment heads DRAWING. No. 14

15. | Use of flexible insulation in combination with rigid | DRAWING. No. 15
insulation to compensate for vessel expansion

16. | Insulation details : vertical vessel DRAWING. No. 16
17. | Insulation details vertical vessel heads DRAWING. No. 17
18. | Insulation details : vertical vessels DRAWING. No. 18
19. | Insulation details : vertical storage tank DRAWING. No. 19
20. | Insulation details : sphere DRAWING. No. 20
21. | Non- insulated flanges, horizontal and vertical DRAWING. No. 21
22. Removable valve box, "T" connection, horizontal DRAWING. No. 22
23. Removable valve box, "T" connection, vertical DRAWING. No. 23
24. | Hanger support DRAWING. No. 24
25. | Personal protection DRAWING. No. 25
26. | Details of lifting lugs DRAWING. No. 26
27. | Removable box for pump DRAWING. No. 27
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]

200 CENTRES

\
)

INSULATION SECURED BY
WIRE OR BANDS, EVERY

o

(
\\/
\

\

\

)

N

N
N\
W

METAL JACKET

\
@

A\

SELF TAPPING SCREWS AT
OVERLAPS EVERY 150 CENTRES
(ALSO PROVIDE WATER PROOF
SEALING AT OVERLAPS PER
CLAUSE 3.4.6)

BAND ON CIRCUMFERNTIAL
OVERLAP

BANDS ON METAL JACKET
AT 300mm MAX. CENTRES

INSPECTION PLUG (SEE DETAIL A)

! APPLY MOISTURE BARRIER OVER

' THE INSULATION

STAGGERED JOINTS
IN INSULATION

INSPECTION PLUG DETAILS FOR
VESSEL & PIPES

SHEET 22 SW.G.

1/8"@ x 3/4" LG SCREWS

(SELF TAPPING)
NOTE :- LOOSE MINERAL WOOL
FOR INSPECTION PLUG REFER CLADDING 20 MESH WIRE MESH
APPLICABLE CLAUSE
DETAIL 'A'
FIGURE - 01

PIPE INSULATION DETAILS
(FIBROUS &RIGID INSULATION)
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STAGGER BY ONE HALF OF THE LENGTH

OF EACH SECTION; SEAL ALL JOINTS FOR
CALCIUM SILICATE, FOAM GLASS &
POLYISOCYANURATE BY A SUITABLE SEALER

BAND OR 75mm (MAX) FROM END OF
EACH SECTION & AT EVERY 200 CENTRES
(ABOVE TO BE PROVIDED FOR EACH LAYER)

APPLY MOISTURE BARRIER OVER
THE INSULATION

IN THK OF ONE INSULATION LAYER

FIGURE - 02
PIPE INSULATION METHOD OF STAGGERING OF SECTIONS
RIGID & FIBROUS INSULATION (PREFORMED PIPE SECTIONS ONLY)
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SINGLE LAYER BLANKET INSULATION
WITH ALUMINIUM SHEET FINISH

OUTSIDE COVERING

LACKING WIRE FOR
MATTRESS

INSULATION BLANKET

WIRE MESH OUTWARD

SPACER RING (25 x 3 MS FLAT)
SEE FIG.-4

MULTIPLE LAYER FIBROUS INSULATION :
SPACER RING FOR HORIZONTAL PIPE

INNER LAYER
FASTENING WIRE SPACER RING
INNER LAYER OUTER LAYER
FIGURE - 03
HORIZONTAL PIPE : FIBROUS INSULATION; DETAIL OF SPACER RINGS FOR CLADDING
SUPPORT
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__— TETAL A
; — CIRCUMFERENTIAL DNSTANCE
NOT MURE THAN 300mm

DETAILB — ? |

’

o
3

Y
\ \

\

\r'/"— INSLLATION THICKNESS

e
MINIMUM 3 STAYS
< x_ TO BE PROVIDED
p i
25 amm LD STEEL FLAT —2 N\ MILL BOARD
— smmMILD STEEL RIVET o | omm
'y RIVET ~—MILL BOARD
SPACER RING —. #SHEETS OF 3 THK ¢
zm)/’}_._-—a‘-‘{-___ 1 WL BOARD ""
—
A
KiLL
30ARD _-IL
NSULATION THICKNESS
EESS LU ICARD — 7 SHAPEDLUG .
THICKNESS P 4 '
|_' - e o T — 80 MACHINE BOLT
B8 S T
4 INTERPOISED
DETAIL-B DETAIL - A
FIGURE - 04

DETAIL OF SPACER RING FIBROUS INSLUATION (MATTRESS)
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6mm (1/4") M.S. OR ALLOY BOLTED CLIPS

EEZ?JTSIE%'\H?/ISFI%&ERE (INSULATORS SUPPLY)
PIPE INSULATION SHALL BE 13 13
POSITIONED UNDERTHECLIP ~ — ™I~ T
SUPPORTS. % 25

EXPANSION JOINT | EXPANSION JOINT

|
x

N
Y VJ, N !

[ — T ‘
BOLT LENGTH 7‘ i 25 MIN. \\
PLUS 25 FROM WELD .

=

¢
—
/\\\
¢
_%__
Al

E==qip

.
AV
%__ \ 4
———
&

&

_§)_ _

|

|
|
\ 6 M.S. OR ALLOY
|

%ﬂ@ FLAT BAR
—L 6 M.S. OR ALLOY

N NUT & BOLT
13 =
—
BOLTED COLLAR M.S. OR ALLOY
MATERIAL CHOICE TO SUIT PIPING
MATERIAL
CLIP SPACING
PIPE TEMP. MAX. SPACING 'D'
°C MM
UPTO 400 4500
40070 500 3500
500 70 550 2500
* CIRCUMFERENTIAL EXPANSION SHALL BE CONSIDERED AT
THESE OPERATING TEMPERATURES.
FIGURE - 05

BOLTED ON INSULATION SUPPORT FOR VERTICAL PIPE
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BENDS WITH INSULATION O.D. OF 80mm (3 in)
AND OVER TO BE WEATHER PROOFED WITH
METAL SHEET FABRICATED IN LODSTEP BACK
MITERS WITH BEAD AND COUNTER BEAD.
INSULATION PIPE SECTIONS
MITERED TO CONFORM TO
CONTOUR OF BEND.

BEADS ON OVERLAPS
AT OPERATING TEMPS
UPTO125°C

NN

PIPING TO BE WEATHER PROOFED
WITH METAL SHEET ON STRAIGHT
RUNS SECURED WITH METAL BENDS

SPACED MAX. INTERVALS
/ +
SECURING SEALS KEPT AWAY

|
|
|
FROM VIEWING ANGLE : '
o
| /
| |
~Ll |
SELF TAPPING SCREWS AT
OVERLAPS EVERY 150cm

APPLY MULTIPLEX FOIL OVER THE
INSULATION

&

\
/

FIGURE - 06
INSULATION DETAILS FOR BENDS / ELBOWS
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N ’"\f
'S' CLIPS \ 7

|
50mm (MIN)
NT ‘
Y !
-
= |
=
£ |
g
o II: | \
‘ INSULATION SECURING BAND
FINISH / k
SECURING BANDS

/ CLADDING

— OVERLAP 50mm (MIN)

SEE DETAIL
ABOVE

PR——

\ SECURING BAND

PIPE BEND CLADDING

T
| p——

FIGURE - 07
INSULATION DETAILS : PIPE BENDS & ELBOWS
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OV“| PREFORMED PIPE SECTIONS
_s ‘ (*
FLASHING | CLADDING
\H ‘ 1 BAND

V7 A
S
K

|~=— PREFORMED PIPE SECTIONS

CLADDING —/ TEE OR BRANCH WELD

CLADDING TO BE SELF TAPPING SCREWS

FLANGED & SEALED
WITH SEALER

SEALER
CLADDING
> BAND
BAND 7 ‘ 2y
FLASHING , PACKED WITH LOOSE SEALER
‘ MINERAL WOOL / CLADDING
SEALER / ‘ I / .
| ~ CLADDING A
LOOSE MINERAL . ] — 1 —-—"
WooL ‘ % %
! \ .V T w
e
Q ‘ Ny CONC. REDUCER
\_/P L EcC.REDUCER
FIGURE - 08
INSULATION DETAILS: PIPE BRANCHED & REDUCER
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— CLADDING
| i
/ /
II_l' | : 4
/ ‘ !
g g . | e > PIPE
b 3 B e, = | g ¥
] - | I &
."F l 7
/ s
SELF TAPPERS OR ]| ] ’
BLIND RIVETS =
— LONGITUDINAL JOINT
REF. NOTE3 REF, NOTE 2 - DRAIN HOLE DIA. 20 mm
BAND WITH QUICK
RELEASE TOGGLE
SECTION A-A
NOTE
1. MATERIAL AND FINSHING IN ACCORDANCE WITH INSTALLATION INSTRUCTIONS AND
SPECIFICATION
2. DISTANCE BETWEEN INSULATION AND FLANGE TO BE BOLT LENGTH + 30 mm
3. INSULATION THICKNESS
FIGURE - 09
EXAMPLE OF REMOVABLE FLANGE BOX, HORIZONTAL
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———— PIPE
( - wsuiaion  — 222N = R
T ] |~ MATERIAL B
| == },z"' T
Bl el T : e
II. I\' -
J’ﬁ 2 ><—H 20 |[250mm
" P ._”__,_.:; i
- h N - =l }:—:—""“_ "l’ .‘!Tlml ‘
MILLED EDGE HNRE [LIRP e WP e | £ -
1 = 1 :}_:-:..f !
BAND WITH e 2 ) ( _{’\x}‘-\
| he ¢ o " - r
QUICK RELEASE N R _
TOGGLE | =i
— R EA b
I Rer, 4\_'3 (o
—— i N ™
[. I_‘ NOTE 2 —— ,"‘">\,
SINGLE BOTTOM I—— K | \
i =34 HER = S L <
—={— 73 NN g
FOLDED SEAM ; i NG J\ \1\ E/ m:}{:
SELFTAPPERSOR - <+ < Y \ / i /&/\3«
BLIND RIVETS Aoy A A R 27N
/ BLIND FLANGE !
2 / APPLICATION
e T
i : H-\ P
/ e ALY
| .-""“i: I'||I
. {. _::"“(_ |
]
\ = 9
\ ¥
57
-H"\-n__‘_ -
DETAIL BOX SUPPORT ANGLE
NOTE

1. MATERIAL AND FINSHING IN ACCORDANCE WITH INSTALLATION INSTRUCTIONS

AND SPECIFICATION

2. DISTANCE BETWEEN INSULATION AND FLANGE TO BE BOLT LENGTH + 30 mm

3. INSULATION THICKNESS

FIGURE - 10
REMOVABLE FLANGE BOX, VERTICAL
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WHERE CLADDING IS TO BE CUT AWAY IT SHALL FIT CLOSELY TO
THE PIPE AND TO BE COMPLETELY WEATHERPROOF

INSULATION DETAIL AT LINES WITHOUT SHOES
(THIS SHOULD ONLY BE REQUIRED IN EXCEPTIONAL CIRCUMSTANCES)

ALUMINUM CLADDING

e
e’

INSULATION TO BE WEATHER
PROOFED WITH CLOSURE
INSULATION OF LINE ON SHOES
FIGURE - 11
INSULATION DETAILS PIPE SUPPORTS
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INSULATION
INSULATION

PIPE

STAINLESS STEEL BAND

TRACER

DETAILB

INSULATION

ALUMINILIM FOIL

ELECTRICAL TRACING

DETAIL C

ULCKET

INBULATICN

i E WEAT TRANSFER CEMENT

TRALER BEAD ARDUND

DETAILD

FIGURE - 12
INSULATION OF TRACED PIPING
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80mm OVERLAP | METAL JACKET

LOCATE BAND AT EVERY VERTICAL OVERLAP

AND AT 450 CENTRES FOR SECURING JACKET

SELF TAPPING SCREWS (TYP) EVERY 150
PITCH AT ALL HORIZONTAL OVERLAPS

METAL JACKET "ORANGE

PEEL" FABRICATION 80mm JACKET OVERLAP

SEALING CAP Y

T T T T

— /
10mm DIA T
FLOATING RING | [ [ |
HEAD BANDS - - y
INSULATION
150 (TYP) FOR RIGID AND (FIBROUS OR RIGID)
300 (TYP) FOR FIBROUS INSULATION BANDS, SECURING
INSULATION AT
EVERY 225 CENTRES
NOTES :-

1. SADDLE SUPPORTS FOR HORIZONTAL EQUIPMENT TOGETHER WITH SHOE AND ANCHOR SUPPORTS FOR
HORIZONTAL PIPNG SHALL BE DESIGNED TO INCLUDE ELONGATED CUT-OUTS IN THE SUPPORT AT SUCH A
DISTANCE FROM THE SUPPORTED EQUIPMENT AND PIPING TO ALLOW THE PASSAGE OF INSULATION SECURING
BANDS AND TIES AROUND THE OUTSIDE FACE OF THE INSULATING AND FINISHING MATERIAL.

FIGURE - 13
HORIZONTAL EQUIPMENT INSULATION
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ORANGE PEEL FABRICATION

SELF TAPPING SCREWS (TYP)
EVERY 150 PITCH AT ALL
OVERLAPS

METAL JACKET

SEALING CAP

FLOATING RING

INSULATION SECURING BAND

| END VIEW'A-A'

DRAW 16 SWG ANNEALED STEEL WIRE THROUGH
HOLES IN THESE SUPPORTS & OVER INSULATION
TIGHTLY FO INSULATION SECUREMENT

A

INSULATION SECURING BAND

INSULATION SUPPORTS (TYP) PROVIDED
BY VESSEL FABRICATOR

SECURING BAND AND SELF TAPPING SCREW
4‘:”// SEALEP JACKET SECURING BAND
o METAL JACKET

| \
SHELL

I SHELL END SUPPORT

FLAT METAL ORANGE
PEEL CONSTRUCTION

\ 10mm FLOATING RING
A

FIGURE - 14
HORIZONTAL EQUIPMENT HEADS
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%
/

MULTIPLE LAYER RIGID CURVED
! SEGMENT OR BEVELED BLOCK
INSULATION
|

MINERAL INSULATION STRAP

WOOL BLANCKET

VESSEL WALL ————— ==

-
.

~=—— RIGID INSULATION

) . —=—— FLEXIBLE INSULATION

VESSEL WALL
FLEXIBLE INSULATION WHICH WILL COMPRESS TO

COMPENSATE FOR INCREASE OF VESSEL RADIUS

— RADIUS OF VESSEL AT ATMOSPHERIC TEMPERATURE

l RADIUS OF VESSEL AT ELEVATED TEMPERATURE

—— RADIUS OF RIGID INSULATION REMAINS UNCHANGED,
THUS BUTT JOINTS REMAIN UNCHANGED (CUT TO FIT
VESSEL RADIUS PLUS THICKNESS OF FLEXIBLE
INSULATION)

FIGURE - 15
USE OF FLEXIBLE INSULATION IN COMBINATION WITH RIGID INSULATION TO
COMPENSATE FOR VESSEL EXPANSION
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INSULATION SECURED AND TIED TO 6@ HOLES ON
PLATE RING SUPPORTS PROVIDED BY VESSEL
FABRICATOR BY 16SWG LACING WIRE

FLAT METAL JACKET

SELF TAPPING SCREWS AT
150mm MAX. CENTRES

SEE DETAIL'A'FIG. 17 FLAT METAL JACKET

BANDS TO BE HELD IN POSITION BY J!
CLIPS OR BY POP RIVETS EVERT 2m

SECURING BANDS AT OVERLAPS AND / ] UNSECURED OVERLAPS FOR EXPANSION
AT 450mm MAX. CENTRES / ALLOWANCES WHERE NECESSARY
'S' CLIPS TO RETAIN UNSECURED OVERLAPS —/i

I~ SELF TAPPING SCREWS AT 150mm MAX.

SEE DETAIL 'X' STANDARD 7-12-0025 l_\i CENTRES

|

x SECURING INSULATION BANDS AT 225mm
MAX. CENTRES

CORRUGATED METAL JACKET — |
INSULATION SLABS

SEE DETAIL'C'FIG. 18 —Q_ ] SUPPORT RING

TN

METAL JACKETTING OVER INSULATION ON
EXPOSED HEAD ENDS.

FIREPROOFING \\E‘—_—— 0

INSULATION SECURED AND TIED TO 6@ HOLES ON
PLATE RING SUPPORTS PROVIDED BY VESSEL

WEATHER PROOFING NOT REQUIRED _/r/‘ b
: FABRICATOR WITH 16 SWG LACING WIRE.

ON BOTTOM HEAD INSIDE SKIRT

FIGURE - 16
INSULATION DETAILS : VERTICAL VESSEL
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SEALING CAP

METAL JACKET "ORANGE PEEL"
FABRICATION

HEAD BANDS SIMILAR IN DETAIL

TO HORIZONTAL VESSEL HEAD —
6. 1) | FLOATINGRING
METAL SECURING BAND \: - -
|
B
|
SELF TAPPING SCREW - %/_ SLAB INSULATION
! g INSULATION SECURING BAND
] |
HEAD BANDS TIED TO FLOATING RING AND
INSULATION SUPPORT RING
DETAIL'A'

FIGURE - 17

INSULATION DETAILS VERTICAL VESSEL HEADS
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~=—50mm MIN. OVERLAP

CORRUGATED METAL JACKET
\ 7

SECURING BANDS

LONGITUDINAL
JOINTS STAGGE

50mm MIN. OVERLAP

|
/]
SELF TAPPING SCREW AT 150mm ON
HORIZONTAL OVERLAPS X
<—‘—L50mm
INSULATION
FIXING SCREW INSULATION SECURING BAND
BAND 'S CLIP
AN
"' CLIP
ﬁh SEAM SEALER
DETAIL C
— SECTION X-X
NOTE:

FINISHING SHEETING TO BE BANDED AND SCREWED. HORIZONTAL OVERLAPS LEFT UNSCREWED FOR
EXPANSION PURPOSES SHALL BE SECURED AND SUPPORTED WITH'S' CLIPS.

FIGURE - 18
INSULATION DETAILS : VERTICAL VESSELS

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved

Paae 5268 of 6631 - BO57-TENDFR DOC-B957-420-80-44-PG-T-7410 : Rev A



SSHfaTeT @ ENCINEERS
g@q@ﬁ@@wnh LIMITED

@ | prderian

STANDARD SPECIFICATION FOR  STANDARD SPECIFICATION No.
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PIPING AND EQUIPMENT Page 62 of 70

MATTRESS IMPLADE TO 5mm @ RODS AT

MATTRESS INSULATION WITH
JOINTS TIGHTLY BUTTED AND
LACED TOGETHER WITH LACING
WIRE

— BOLTS EVERY 300 FOR
DETAILS SEE 7-13-0003

400 DIAMOND PITCH SPEED WASHER

FIXED & PRESSED HOME FOR INTIMATE
CONTACT WITH INSULATION (TYP)

VERTICAL OVERLAP (ONE
CORRUGATION) (TYP

\\</\\ //\\ //'\\ /,/\\ /A\ //'\ X‘i 74— SPEED WASHER (TYP
] X XX o
— W W W | W W W e —
~ v — BANDS (TYP) LOCATED BETWEEN
=% __ %% ¢ & & & & | |— | INSULATION ANGLES SUPPORTS
*( . . . 7 FOR INSULATION SECUREMENT
- ) . . [ . . F——
. . . . —
— - L . —-—

INSULATION SECUREMENT DETAIL

HORIZONTAL OVERLAP
50 OVERLAP (TYP

STAINLESS STEEL BAND EVERY 800,
SECURED TO CLADDING BY POP
RIVETS AT EVERY 2000 CENTRE

—&e 1 = BOLTS EVERY 300 FOR DETALLS
ol ol SEE 7-13-0003
(] Eas Il

1 Ll

L]~ [T TTTTEEES B

I N KQ\/JA\ 7~ POP RIVETS / SELF TAPPING SCREWS
S D _____ ¥ Il | ALTERNATIVELY EVERY 150 FOR
1 =T
T = T CLADDING TO CLADDING SECUREMENT
, ,%e \ % | L CORRUGATED METAL CLADDING
| R Leesg-21 1 e
- \ B

CLADDING SECUREMENT DETAIL

FIGURE - 19

INSULATION DETAILS : VERTICAL STORAGE TANK
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e PIPING AND EQUIPMENT Page 63 of 70
60 HOLE (TYP) EVERY 200 CENTRES TYP AT ALL
ANGLE SUPPORT (SEE 7-13-0015) SECURE INSULATION gé??gu%ggﬁ&dygjpium BY
BY DRAWING 16 SWG SS WIRE THROUGH EVERY HOLE SPHERE FABRICATOR

TIGHTLY OVER INSULATION & FIRMLY SECURING WIRE
TO ANGLE SUITABLY WITH THE HELP OF HOLES

7 /) \
/ / \ ROCKWOOL MATTRESS
/ / \ \ \ INSULATION WITH MATTRESS
&9 S i o o TONo [ONN0 JOINT TIGHTLY BUTTED AND

LACED

ANGLE SUPPORT (TYP) BY
SPHERE FABRICATOR
FOR DETAILS SEE 7-13-0015

BOLT (TYP) AT EVERY 300 ON
ANGLE SUPPORT BY SPHERE
FABRICATOR

FOR DETAILS SEE 7-13-0015

SS BANDS BETWEEN 4 FLOATING
RINGS MECHANICALLY
TIGHTENED & SECURED AT ALL
ANGLE LOCATION BY TWO SS POP
RIVETS OR FOUR ALUMINIUM POP
RIVETS

FLOATING RING MAX. 1.2m @ (TYP)

INSULATION SECUREMENT DETAILS

BOLT CLADDING TO ALL ANGLE SUPPORTS 109 SS FLOATING RING (TYP)

AT EVERY 300mm. SEE STANDARD 7-13-0015
(TYP) AT ALL ANGLES

CLADDING

DISTANCE 1175 (TYP) AT
EQUATOR

SS BANDS MECHANICALLY
TIGHTENED AND SECURED TO
CLADDING BY POP-RIVET (SS)

(TYP) HORIZONTAL AND VERTICAL CLADDING EVERY 2m INTERVALS. SPACE
OVERLAP - MIN. 50mm OVERLAP, SECURE TO BANDS IN SUCH A WAY AS TO
CLADDING EVERY 100mm, ALTERNATIVELY BY POP CLEAR BOLTS WHICH SECURES
RIVETS & SELF TAPPING SCREWS, JOINTS SHALL BE CLADDING TO ANGLE SUPPORT

SEALED USING ELASTOMERIC SEALANT

CLADDING SECUREMENT DETAILS

FIGURE - 20
INSULATION DETAILS : SPHERE
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PIPING AND EQUIPMENT Page 64 of 70

B ey T R

Note
1. Materials and finishing in accordance with installation instructions and specification.

2. Distance between insulation and flange to be bolt length+30mm
3. In case a end plate/cap end may damage the pipe, a heat resistant tape or gasket material
to be installed between pipe and plate.

FIGURE - 21
NON- INSULATED FLANGES, HORIZONTAL AND VERTICAL
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B ey T R

Note
1. Materials and Finishing in accordance with installation instructions and specification

2. Distance between insulation and flange to be bolt length + 30mm
3. Insulation Thickness

FIGURE - 22
REMOVABLE VALVE BOX, "T" CONNECTION, HORIZONTAL
Applicable only valves which needs to be insulated as per applicable specification
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Page 66 of 70

Note

1. Materials and Finishing in accordance with installation instructions and specification
2. Distance between insulation and flange to be bolt length + 30mm
3. Insulation Thickness

4. Per box minimal 4 support angles > 30mm wide > 0.8mm thick

FIGURE - 23
REMOVABLE VALVE BOX, "T" CONNECTION, VERTICAL
Applicable only valves which needs to be insulated as per applicable specification
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@IHDIA.
- - PIPING AND EQUIPMENT Page 67 of 70

Note
1. Materials and finishing in accordance with installation instructions and specifications
2. Rain cover is a part of the bracket

FIGURE - 24
HANGER SUPPORT
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2

A m—— PIPING AND EQUIPMENT Page 68 of 70
——5PACER
~ K3
_,.-r""’--
—3ITEEL RING
J [/ 103

i @
2
=
=
| i |
=
- 55 WIREC WETTNG
o /_
—
_—
C" |||||||||
iy

- PERFORATED METAL
SHEET
|
] = =,

NLIMBER 0OF SPALERS. DNE PER T0DMM LCIRCUMFERENCE
BUT MiNIMUM & NUMBERS

Note
1. Materials and finishing in accordance with installation instructions and
specifications
FIGURE - 25
PERSONAL PROTECTION
Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved
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SELETAPPERS OR
L BLIND RIVETS /

CONSTRUCTION 1

SECTION A-A
INSULATION
THICKNESS
bt
8 SELFTAPPERS DR
[ BLINO RIVETS

CONSTRULTION 2 H S
St
b=
J SECTION B-B
INSULATION
THICKMESS
FIGURE - 26
DETAILS OF LIFTING LUGS
Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved
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o PIPING AND EQUIPMENT Page 70 0f 70
CLIF MESH SIDE
v
: #
INSULAT|ON—s
e — - BLING RIVET
I / -
™ BEND
- cut
Su [LIP, THICKNESS
) EEE MINIMAL  D.Bmim
o e
=5~ HOLE FOR
4 =] A - BLIND RIVETS
i &
ra N
Z DETAIL FIXING CLIP
AUICKRELEASE TOGGLE DETAIL A
[L
=
._-H ]
SEE l""«>-) ot
DETAIL A q =2 =
= i
| }I_L ?
H"—\:r-—ﬂ,_
i

REF. NDTE ¢

Note
1. Materials and Finishing in accordance with installation instructions and specification

2. Distance between insulation and flange to be bolt length + 30mm

FIGURE - 27
REMOVABLE BOX FOR PUMP
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Abbreviations:
API : American Pch‘c;!emn Institute
AS : Alloy Stee!
HIC : Hydropen Induced Cracking
LETK : Lump Sum Turn Key
MNACE : National Assocignon of Corrogion Engineers
Prl : Positive Material ldentification
RT] : Ring Type Joint
Sch : Schedule
58 : Stainless Steel
TPlor TRPIA Third Party Inspection Agency

Inspection Standards Committee
Convenor: Mr. Rajeev Kumar

Members: Mr. Rajesh Sinha
Mr. Himangshu Pal
Mr. K. duthuramalingam (RPO Representative)
Mr, Chandrashelkhar
Mr, Avdhesh Agrawal
Mr. P ¥ Satyanarayana (Engg. Representative)
Mr, Mahendra Mittal
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SUPPLIER'S WORKS Page 4 of 8

14

11

1.2

13

1.3.1

1.3.2

1.4

20

21

3.0

31

32

SCOPE

This specification applies to the requirements for Positive Material Idectification (PMI) to be
performed at the Supplier's works on Medallic Materials procured either directly by the
Craner/EIL/ LETK contractor or indireetly through the sub-Suppliers.

This specification covers the procedures and methadology to be adopted to assure that the
chemical composition of the material iz consistent with the material specifications as specified
in purehase documents using *Alloy Analyzer’ at the time of final inspection before dispatch.

The scope of this specification shall include but shall not be limited to Positive Material
ldentification {PMI) to be performed on Materials listed below:

For alloy Steel materials as below:

- Adioy Steel Pipes including Clad Pipes

- Adioy Steel Flanges & Forgings

- Adioy Steel Fittings including Clad Fittings

- Alloy Stesl Fasteners

- Alloy Cast & Forged steel valves

- Alloy Stee] Instrumentation ltems {Cootrol Valves, Safety Valves etc.)
- Longimdinal Pipe & Fittings Welds,

- Gaskets (for Ring Type loints)

For Carbon Steel materials as below:
- All Carbon Steel Piping items under MACE or HIC or H2 or Wet Hydrogen Sulfide

{H:8), Hydrofluoric acid {HFY, Sulfuric acid (Ha 50O4) services etc.
- Carbon Stesl flanges and valves (Rating 900 and above)
- LTCS items

Following items shall be excluded from scope of PMI examination.

- (Gaskets other than for Ring Tvpe Joints
- Internal Cormponents of Valves

All prades of material supplies including Stainless Steels shall be liable for PMI test at site. In
case of any defective materials being found at site, the Supplier shall be responsible to effect
replacement of such defective materials at project site without any delays to the satisfaction of
EIL site RCM (Resident Construction Manager).

REFERENCE DOCUMENTS

AP Recommended Practice 578 (Thind Editoun, Feb 20108 - Material Verification Program
for MNew and Existing Alloy Piping Syatems,

DEFINITIONS

Supplier: Any Supplier or Manufacturer on whom an order is placed for the supply of
refetred items, This definition shall also include any sub-Supplier or manufacturer on whom 2
sub-order is placed by the Supplier.

Inspection Lot: A group of items offered for inspection covered under same size, Heat and
Heat treatment lot,

Fomtat Mo, 8-00-0001-F1 Rey. @ Copyright EIL = All rights reserved
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33 Alley Material: Any metallic material (including welding filler materials) that contains

4.0

4.1

4.2

4.3

44

4.5
5.0

51

5.2

8.3

54

3.5

3.6

57

3.8

alloying elements such as Chromium, Nickel, Molyvbdenum or Vanadium, which are
intentionally added to enhance mechanical or physical properties and/or cotrosion resistance.

PMI EXAMINATION

The Supplier shall submit a procedwe of PMI to comply with the requirements of this
Specification. Approval of PMI Procedure shall be obtained from Orwner f EIL f TPIA prior to
commencing manufacture / inspection of produet,

PmI examination of materials is independent of any certification, markings or colour coding
that may exist and 12 aimed ai verifying that the alloy used are ag per specified prades.

The Suppher shall identify all incoming alloy materials and maintain full traceability of all

alloy
materialz, including all off-cuwts. Transfer of identification marks shall be undertaken prior to
cutting Lo ensure maintenance of identification on off-cuts.

The Supplier shall ensure that all alloy materials are segregated and Stored n Separately
identified locations to prevent the mix up of materials of different alloy specifications or alloy
meaterial with carbon steel. Mon ferro-masmetic materialy shall be segrepated at all fimez fhom
ferro-rmagnetic materials.

FMI examination is subject to surveillance inspection by Owner f EIL / TPIA.
ACCEPTABLE METHODS FOR PMI

The method used for PMI examination shall provide a quantitative determination of the
alloving elements like Chromium, Nickel, Molybdenum or Yanadium in Alloy Steal itemns.

Instruments or methods used for FMI examimation shall be able to provide quantitative,
recordable, elemental composition results for positive identification of alloying clements
present.

The aceeptable instuments for alloy analvzer shall be either “Portable X-Ray fluorescence™ or
“Omptical Emission™ type each capable of verifying the percentage of alloy elements within
gpecified range.

Chemical spot teshng, magmets, alloy sotters and othet methods using eddy curtent or
triboelectric testing meathods are not acceptable for PRI examination,

The PMI instrument wsed shall have the senzilivity to detect the alloying elements m the
specified range.

Al PMI instruments shall have been serviced within 2 6 month period of the time of use to
verify the suitability of batteries, sources ete_, and the data of the lagt service shall be stated on
the PMI Report Form {Sample enclosad).

Each analvzer must be calibrated according to the manufacturer’s specification at the
begitming and end of each shift. Instrument must be checked against known standard for each
alloy type to be inspected during the shift.

Certified samples, with full traceablity, of 2 known alloy naterials shall be availeble for use
g 8 random spot check on the instrument calibration.

Format Ma. 8-00-0001-F1 Rev. 0 Copyright EIL — All righta resened
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5.0

7.0

7.1

7.2

The surfaces to be examined shall be prepared b light grinding or abrasive paper and solvent
cleaner. Evidence of Arc bum resulting from examination shall be removed by light grinding
ot abrasive paper. No permanent marks, which are injurious 1o the usage of product in service,
are acceptable,

Alloy Steel ring type joint Gaskets shall be inspected by using portable X-Ray fluorescence
instrument.

Testing shall be done as pet the procedures outlined by the manufactures of alloy analyzer
being used. Modification of these procedures if any must be approved by OwnerFIL.

The persons performing PMI shall demonstrate their capabilities 1o the satisfaction of
Orwner/ETL/TPIA visiting engineer. I the Supplier has qualified operator on their rolls, he

may perform the examination, Otherwise PMI examination shall ke sub-contracted 10 ap
independent testing agency approved by EIL.

Whenever matetial is identified as ot meeting requirements by the visiting enpineer a
rejection note shall be issued.

EXTENT OF PMI EXAMINATION

Following sampling plans shall be applicable for PMI examination of various items.

A Flanges, Fittings 100% b Supplicr wnd T0% & random withess by
Valves, RTJ Gaskets 3171 A

B. Pipes . 100% ( for pipes procured from traders)

2 rendom samples drawn from each

Size/Heat/Lot ( for pipes procured directly from mills)
. Fasteners -

Lot Size Sample Size for Sumple size for
LIL TPIA Supplicr

Upte 10 294 (Min 2) Min 117,
101 to 500 - 1% (Min 3) Mit 145

501 and above 0.5% (Min 5) Tlin 14
Note:

a [or Welded Pipes and Fittings :amd Hanges like Fig & Spacer and bliuds cle. PRJ shall be
performed on Base Metal as well as weldments,

ACCEPTANCE CRITERIA

Base Metal

PMI test results showing presence of characteristic elements upte 109 less than the minimum
specified value in the material specification and upto 10% more than the maximum specified
value in the material specification shall be acceplable.

Deposited Weld Metal

For deposited weld metal using welding consumables matching with base metals, the recorded
presence of characteristic elements upto 12.5% less than the minimum specified value in the

Format Mo, 2-0-HH-F1 Rev_ O Copyright EIL ~ All rights reserved
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5.0

8.1

8.2

.40

ED

1

welding consum able specification and upte 12.5% more than the maximum specified value in
the welding consumable specification shall be acceptable,

REJECTION CRITERIA

IF PMI test results fall outside the acceptable range as specified in 7.0 above, the supplier shall
obtain a quantitative check analysis performed by a laboratory acceptable to Chwner £ EIL ¢
TFIA for a complete chemical analysis. Alternatively, the item can be tested with a spark
analyser for verification. Results of this analysis shall be submitted 1o Owner / EIL / TPIA for
final decision.

Decision of Crwner / EIL / TPLA shall be final in this regard.

If any sample drawn to PMI test on the basis of percentage selection as pet 6.0 above, fails to
meet specification requirements, 100% of items of lot shall be tested for PMI by supplier. Any
failure theteafter doring sample check shall mean rejection of whole lot.

RECORDING AND DOCUMENTATION

The results of PMI examination shall be recorded in & Report Format as enclosed with this
specification.

MARKING

ATl alloy materials tested by PMI shall be identified using either of the following methods by
indicating “FM{ QK™

a} Bar Code/Hologram Sticker
)i A low stress stamp marking

Fewmnat Mo, 8-00-0001-F1 Rey, 0 Copyright EIL = Al nghe racamsd
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POSITIVE MATERIAL IDENTIFICATION REFORT Pape of
BULK MATERIALS

Project: Clien Job Na.
PMI Report Wo. Supplier/Sub-Supplier
Purchase Order Mo, Tesling Apgency
Purchase PME Location

Requisition Mo

Bulk Fern Type (as per Requisition)

Material Specification/Grade

Number of itemns in Lot

Requisition Ttem No.” Description Major content, Weight Percent Remarks
Accept/Reject

| ChF
cr | Ni[Mod w | T M0

Element
. L L]

Specified Range

Actual nhservations
1.

2.

3

Instrument Type / 1D

Last Service Date Inspection Apency Withessed By

* To be reported in case of 85321 Maierial
e To he reported in case of 85347 Material

A To be reported in case of 110N Materi
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INSPECTION AND TEST PLAN
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WELDED PIPES
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’ By Approved hy

Format Mo, 8-00-0001-FF Rev. O Copyrght EIL — All rights ressarved



T B\ﬂ INSPECTION AND TEST PLAN STANDARD SPECIFICATION Ha.
SETE miAcs W NDIA LMITED : FOR 6-81-0002 Rav. 6
(TSI AT ol U WELDED PIPES Page 2 of 6
Abbrevistions:
CEEL : Certification Engineets International Limiled MRT Mechanical Run Test
CIMFR : Central Institute of Mining & Fuel Research MDT MNon Destructive Testing
CE : Carbont Equivalent MNPEH Wet Positive Suction Head
DFT : Dry Film Thickness PC: Purchase Crder
DFT ool Drve Penetrant Testing PESD Petrolenm Explosive Safety Orpanization
DHT ; Dre-hydrogen Heat Treatment PR Procedure Cuabfication Record
ERTL : Electronics Regional Test Laboratory PR Purchase Reguisition
FCRI : Fluid Contrel Research Institute Pl Positive Material [dentification
HT : Heat Treatment RT Radiography Testing
HIC : Hydregen Induced Cracking 58CC Sulphide Stress Corresion Cracking
ITP : Inspection and Test Flan TC Test Certificate
Ir : Ingress Protection TFI or TFlA Third Party Inspection Agency
HTr : Intermediate Heat Treastment uT Ultrazonte Tesling
I 1 Inspection Certificate VDR Vendor Drala Requirement
IGC : Inter Granular Corrosien WPS Welding Procedure Specification
MPI/MT : Magnetic Particle Testing WP Welders Performance Qualification
MTC : Material Test Certificate

Inspection Standards Committee

Cenvenor:  Mr. Rajeev Kumar
Members:
Mr. Rajesh Sinha
Mr. Chandrashekhar
Mr. Mahendra Mittal

Mr. Himangshu Pal
Mr. Avdhesh Agrawal

Mr. R. Muthuramatingam (RPQ Representative)
Mr. PV Sabvanarayana (Engg. Representative)

Fomet Mo, B-D-KID-FF Rew, O
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INSPECTION AND TEST PLAN

ETANDARD SFECIFICATION No.,

ENCINEERS
@ew_m FOR 6-81-0002 Rev. &
e WELDED PIPES Page 3 of 6
1.0 SCOPE
This Inspection and Test Plan covers the minimum testing requirements for Welded Pipes.
2.0 REFERENCE DOCUMENTS
PO/PR/Stndards referred therein/ Job specifications fApproved docwnents.
3.0 INSPECTION AND TEST REQUIREMENTS
: SCOPE OF INSPECTION
SL QUANTUM
STAGE! ACTIVITY CHARACTERISTI
NO. STICS OFCHECK | NPCORD | SUB | surPLER | EmsTPIA
L0 Procedure
Hydrostatic Test, Heat o
1.1 Treatment, NDT and Documented Procedures 10054 Procedure - H R
Other Procedures Documents
W- New
WPE,PQR & WPQ - Existine
1.2 (Approved under Welding Parametets & 100% WPS.POR - H Y
’ Cualification Record &WPQ { Qualified
EIL/Reputed TPIA) under reputed
TPIA)
2.0 Material Inspection
. . Review of MTC for Chemical & Test
2.1 1 Raw Material Inspection Mechanical Propertics 100% Certificates . H R

Format Mo, B-D0-K01-F7 Ren. 0
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|N5FECTIGN- AMND TEST PLAN STANDARD SPECIFICATION No.
ﬁﬂmm‘m@ﬁmh ,_ﬁifm FOR 6-81-0002 Rev. 6
WELDEL PIPES Page 4 of 6
SCOPE OF INSPECTION
SL QUANTUM
NO. STAGE/ ACTIVITY CHARACTERISTICE OF CHECK RECORD SR SHPPLIER EIL/TPIA
SUPILIER
30 In Frocess Inspection
. Welding Parameters as per WPS / o Inspection
3.1 Welding POR 10025 Renorts H
Siress Relieving, Normalizing,
Heat Treatment Tempering, Selution Annealing,
+2 Stabilization Heat Treatment etc. 100% HT chart - H R
as applicable
Fetrite Check of 55 Pipes Inspecticn
3.3 | {as Applicable) Before 5, Rerrite Check Random On Report . H R
it Weld
UT/RT p ET Films, R
34 As applicable Surface & Intemnal hoperfections ];R:ciﬁcazisrf Reports & UT - H (Film review for
P Reports ] RT)
TPM Product analyais, Tensle,
. : y Lol as per - H
35 {Mdentification of Test Hardness, Impaet, iGC and {ther Fcatt I'est Reports H
Samples) Lest as applicable spectiication.
. . o PR/ Purchase
36 Product Analysis Chemical Composition Specification Test Reports - H R
Tensile (0.2 Offset’0. 3%
Destmictive Tesling extension under loady, Hardness, Lot as per H
37 Impact, IGC and Other test as speci fcation. Test Reports H
apphcable

Format Mo, 8-00-0001-F7 Rew. 0
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AR INSPECTION AND TEST PLAN STANDARD SPECIFICATION Mo.
=271 vt W N LIMITED FOR 6-81-0002 Rev. &
T e dAsiaowh of dcha Urciedesagy
WELDED PIPES Page 5 of §
SCOPE OF INSPECTION
5L ~ - - - QUANTUM
NO. STAGE ACTIVITY CHARACTERISTICS OF CHECK RECORD < SUEIER SUPPLIER EIL/TFIA
.. : Inspection
Galvanizing . . . ) -
32 (if Applicable) Integnity OFf Galvanized Coating 100%% Report H R
4.0 Final Inspection
. . ; W
LU -
4.1 Hydroestatic Testing l.eak Check H0% Test Report H (Min.5%)
Surface Condition, Straighiness,
. . . End Finish, Bevel Angle, -
42 V“']"H“I a“d.D'm,;",’;f]m"“I Raot Face, Outer Dia, Prafile 100% Inspection ] H {MI‘W;‘V}
spection (VDI) Thickness, Length, °Pt .2
End Finish, Marking £t
Weight Checking as - Inspection )
a3  pficablc Weight 100% Repart I .
As Per EIL .
44 FMI Check Chemical Check Spec. ]I“;]’“""’lf't““ - H RW
6-81-000 P
Stamping of
. - . - Pipas which are Inspection
4.5 Final Stamping Stamping of Accepted Pipes witnessed by R - H H
EIL/TPIA.

Fomat Mo, 8-00-0001-F7 Rew. O
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ETANDARD SPECIFICATION No.
ﬁgﬁﬁg_s mﬁ. LIMITEDY FOR 6-31-DD02 Rev. &
L WELDED PIPES Paga 6 of &
SCOPE OF INSPECTION
SL QUANTLUM
NO. STAGES ACTIVITY CHARACTERISTICS OF CHECK RECORD suB SUPPLIER EILTPIA
SUPPLIER
5.0 FPaintinp
Ruzat Preventive Coating . . .
51 | & Color Coding (As Visual & C;?'“bf“dmg as 100% ‘“;{Pe““"“ ; 3 .
applicable} applicable eport
6.1} Documentation & IC
Documentation & Review of Stage Inspection Manyfacturer

6.1 Inspection Certificate (IC) Reports [ Test Ffzpm'ts & Issue of 10084 TC & IC - I H
Legend: H- Hold {Do not proceed without approval), P-Perform, RW - Random Witness (As specified or 1184 ( min.1 no. of each size and type of Bulk item}),
R-Review, W-Witness (Give dug notice, work may proceed after scheduled date).

NOTES (As applicable):

L.

This document describes the generic test requirements, Any additional test or Inspection scope if specified in contract documents shall also be applicable
{Unless ctherwise agreed npon).

Acceptance Norms for all the activities shall be as per PO/PR/STANDARDS referred therein Job Specification /Approved Documents,
For orders placed on stockist, items shall be accepted based on mannfacturer’s T< with EN10204 type 3.2 certification from EIL approved suppliers.

Fomat No. 8-00-0001-F T Rew. 0
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INSPECTION AND TEST PLAN STANDARD SPECIFICATION No.

Slfctered ks, CNCINEERS FOR At
sgﬂ@ﬁeﬁ@ INDIA LIMITED SEAMLESS PIPES 8 BL:M Rev. 6
ge 1 of 6
e asat & fow
L
fadieror va qdiator AT
INSPECTION AND TEST PLAN
FOR
SEAMLESS PIPES
: ~ .
L] 23122021 REVISED AND RE-ISSLIED HEM c 214 5 Mgurmndar
L) . 19.08. 2016 REVISED AMD RE-ISSUED ) TEK HP RKS RN
4 1706, 2013 ) REVISED AMD RE-ISSUED ) TKK RKS . S5CG oM
3 15,07 2011 REVISED AMD RE-ISSUED TKK SCG ANC oM
2 3006 2010 REVISED AND RE-ISSUED RK Vi SKP ND
o ;_ Standards Committes Standards Bureau .
NB:. Data Purpose Pr“ﬁ“’d Ch:;::gd Convenor C hairman
Approved By
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INSPECTION AND TEST PLAN

STANDARD 5PECIFICATION Na,

%ﬂﬁﬂtﬁem& LINITED FOR 6-81-0003 Rev. 6
ke e e SEAMLESS PIPES Page 2 of 6

Abbreviations:

CEIL Cenification Engineers hnternatipnal Limited MRT bechanical Run Test

CIMFR Centrzl Institute of Mining & Fuel Research NOT Non Destructive Testing

CE Carbon Equivalent NPSH Net Positive Suction Head

DFT Dy Film Thickness ra Purchase Order

DI'T Drye Penetrant Testing PESO Petrolenm Explosive Safety {rganization

DHT De-hydrogen 1eat Trezment POR Procedure CQualification Record

ERTL Eleetronics Keglonal Test Laboratory FR Purchase Reguisition

FCR1 Fluid Control Research Institute I'nl Positive Material 1dentification

HT Heal Treatment RT Radiography Testing

1IC Hydrogen Induced Cracking S8CC Sulphide Stress Corrosion Cracking

ITP Inspection and Test Flan TC Test Certificate

Ir Ingress Protection TF1 ar TPLA Third Party Inspection Agency

IHT Intermediate Heat Treatment uT Ulirazonic Testing

IC Inspection Certificate VDR Wendor Data Requirement

IGC Inter Granular Corrosion WPS Welding Procedure Specification

MPT/MT Magnetic Particle Testing WPQ Weldets Performance Cualification

MTC Material Test Cernficate

lnspection Standards Commitice

Convenor ;

Members:

Bir. Rajesh Sinha
Mr. Chandrashekhar
Mr., Mahendra Mittal

&r. Rajeev Kumar

Mr. Himangshu Pal
Mr. Avdhesh Agrawal

Mr. R. Muthuramalingan {RPO Representative)
Mr. P ¥ Satvanaravana (Engg. Representative)

Format Mo, 3-00-0001-F7 Reaw. 4
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INSPECTION AND TEST PLAN
S FNCINERS
NOWA IMITED FOR
BT s W hUIA LIMITH SEAMLESS PIPES

STANDARD SPECIFICATION Neo.

6-81-0003 Rev. &
Page 3 of &

140 SCOPE

This Inspection and Test Plan covers the minimym testing requiremenits of Seamless Pipes.
pA REFERENCE DOCUMENTS

PO/FR/Standards relerred therein/ Job specifications fApproved documenits.

340 INSPECTION AND TEST REQUIREMENTS

SCOPE OF INSPECTION
SL. . QUANTLUM (3F
NG, | STAGEACTIVITY CHARACTERISTICS CHECK RECORD SUB SUPPLIER | EIL/TPIA
SUPPLIER
1.4 Procedure
Hydroatatic Test, Fleat
1. Treatment, NDT and Documented Procedores 1002, S:J:z:ndmm; - H R
Oiher Procedures
240 Matcrial 1nspection
Review of MTC for Chemical, Test
21 Raw Matetial Inspection Mechanical Properties, size & 100% - - H R
. Certificates
steel making process, etc.
30 In Process Inspection

Format Mo, 8-00-0001-F7 Rev,

Copynght EIL — All righits ressesyid



INSPECTION AND TEST FLAN STANDARD SFECIFICATION Mo.
@uﬁ’ﬁés@l‘ﬂh LWAITED FOR §-B1-0003 Rav. &
TS R iy Ui SEAMILESS PIPES Page 4 of 6
SCOPE OF INSPECTION
SL. QUANTLUM OF
NO. STAGE/ACTIVITY CHARACTERISTICS CHECK RECORD sUB SUPPLIER FIL/ TPIA
SUPPLIER
Normalizing, Tempering, Solution
31 Heat Treatment Annealing, Stabilization Heat 106 HT chart - H R
Treatment tc, a5 applicable
W . PR/ Purchase
32 As applicable Surface & Internal hmperfections $pecification NDT Reporis - H E
TEM Product analveis, Tensile {(0.2 _
; N - Ofser 43"y extension under Lot as per H
33 {Idenhg;?:'ﬁ; fTest loady,}, Hardness, Impact, [GC specification Test Reports i A {Note-1}
P and Cther test a5 applicable
. . .- Lol as per -
34 Product Analysis Chemical Composition speification I'est Reports - H R
35 Destructive Testing Tensile, Hardness, Impact, LGC Lol as per Test Renotis ) H H
) and (ther test as applicable speci fication i {Mote-1)
Galvanizing . . . - a Inspection
3.6 (If Applicable) Integrity of Gulvanised Coating, 100% Repott - H R
4.0 ¥inal Inspection
. . EwW

4.1 Hydrostatie Testing Leak Check 1050 Test Report - H (Note 1)

Formial Mo. B-O0-KID1-F7 Rev. O
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STANDARD SPECIFICATION No.

INSPECTION AND TEST PLAN
EMCINEERS
@zﬁﬂ%@mﬁa LIMITED FOR 6-81-0003 Rev. 6
T P i | LELTIRTE ) 1
L SEAMLESS PIPES Page 5 of 6
SCOFE OF INSFECTION
SL. . QUANTUM OF .
NG STAGE/ACTIVITY CHARACTERISTICS CHECK RECORD ] SUB SUPPLIER EIL/ TPIA
SUPPLIER
Surface Condition,
Straighiness,
End Finish,
Bevel Angle,
. . ; Rool Face, " ;
17 V:s:lli ﬂndi?;l?%si j:m:i] Outer Dia,, 100%4 inspactll:n ) U mRﬂ:: )
pect Thickness, I
Length,
End Finish,
Marking,
End Caps elc
Weight Checking as - B . Inspection . i}
43 wplicable Weight 100%: By Supplier Report H
. As Per EIL Spec. nspection RW
4.4 PMI Check Chemical Check 6-810001 repott - H
Stamping of Pipes
which are
witnessed by Inspection
4.5 Final Stampmg Stemping of Accepted Fipes FIL/TPIA . Oiher P - H H
pipes to have !
sepphicrs
wdentifeation

Format Mo, 8-00-0001-F7 Rev. 0
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HArws |N$PECT|0H AND TEST PLAN STANDARD SPECIFICATION Ne.,

ENCI
ENCIN FOR - 8-81-0003 Rev. 6
2 e o 44 @ ol ks et SEAMLESS PIPES Papafiof G

sL SCOPE OF INSPECTION

QUANTUM OF

NO. STAGE/ACTIVITY CHARACTERISTICS CHECK RECORD sUB SUPPLIER FIL/ TPTA
SUPFLIER
5.0 Fainting
Eust Preventive Coating . \ . .
5] & Color Coding WVisunal & L{flor Coding as 1005 Inspection ) W
applicable Report

{A= applicable)

&.0 Bocumentation & IC

. Review of Stage Inspeclion .
Documentation & ) Supplier TC
6.1 Inspection Certificatc([C) Reports / Test RIEpurls & [35ue of 100%% & IC - H H

Eegend: H- Hold (Do net proceed without approval), P-Perferm, RW - Random Witness (As specified or 10% { min.1 no. of each size and type of Bulk itam}),
R-Review, W-Wimness {Give due natice, work may proceed after scheduled date),

NOTES (As applicable):

1. Carbon Steel Pipes (Other than LTCS & Pipes for special services like NACE, H2, HIC, etc.) up to size 12* will be accepted on review of Supplier Test
Certificates. Supplier Test Certificate to be reviewsed by EIL/TPTA.

2. This decument describes 1he genenic test requirements. Any additional test or Inspection scope i specified in contract dﬂcuments shall also be applicable
{Unless otherwise agreed upon).

3. Acceplance Nomms for all the aclivities shall be as per PO/PR/STANDARDS referred therein /Job Specification /Approved Documents,
4. For orders placed on stockist, items shall be accepted based on manuficterer’s TC with EN10204 type 3.2 certi feation from EIL approved suppliers.

Formzt Mo, 8-00-0001-FF Rev. 0 Copyright EIL — A rights reserved
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INSPECTION AND TEST PLAN

FOR
VALVES

STANDARD SPECIFICATION NO.

6-81-0004 Rev. 7
Page 1 of 8

areal & QT
Adretor va gdaror AT

INSPECTION AND TEST PLAN

FOR
VALVES

T 08.05..2023

REWVISED AND RE-ISSUED

a2\

M AR RK SM
6 14112018 REVISED AND RE-ISSUED KC NM AKS RKT
5 17.06.2013 REVISED AND RE-ISSUED TKK RKS SCG oM
4 15.07.2011 REVISED AND RE-ISSUED THK SCG AKC D
3 30.06.2010 REVISED AND RE-ISSUED RKB VK SKP WD
2 31.01.2008 REVISED AND RE-ISSUED Cs 85 MWK wC

) Standards Committee  Standards Bureau
T:::' Date Bifoans F"E:"d chﬁ:gd Convenor Chairman
4 Approved by

Farmat Mo, B-00-0001-F7 Rev, O
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STANDARD SPECIFICATION NO.

sﬁﬁm ENCINEERS INSPECTION AND TEST PLAN
gi8an ﬁﬁﬁgelhﬂh LIMITED FOR 6-81-0004 Rev. 7
T e VALVES

Page 2 of 8

Abbreviations:

CEIL : Certification Engineers Intermational Limited MRT Mechanical Run Test

CIMFR :  Central Institute of Mining & Fuel Research NDT Non Destructive Testing

CE : Carbon Equivalent NPSH Net Positive Suction Head

DFT ¢ Dry Film Thickness PO Purchase Order

DPT : Dye Penetrant Testing PESO Petroleum Explosive Safety Organization
DHT ¢ De-hydrogen Heat Treatment POR Procedure Qualification Record
ERTL ¢ Electronics Regional Test Laboratory PR Purchase Requisition

FCRI ¢ Fluid Control Research Institute PMI Positive Matenal Identification

HT :  Heat Treatment RT Radiography Testing

HIC : Hydrogen Induced Cracking SSCC Sulphide Stress Corrosion Cracking
ITP :  Inspection and Test Plan TC Test Certificate

P : Ingress Protection TPI or TPIA Third Party Inspection Agency

IHT . Intermediate Heat Treatment uT Ultrasonic Testing

Ic : Inspection Certificate VDR Vendor Data Requirement

1GC : Inter Granular Corrosion WPS Welding Procedure Specification
MPT/MT : Magnetic Particle Testing WPO Welders Performance Qualification
MTC 1 Material Test Certificate

Inspection Standards Committee
Convenor :  Mr. Rajeev Kumar

Members:

Mr. Chandrashekhar
Ms Sulakshna Hundekar

(Piping)

Mr. Rajesh Sinha
Mr. Avdhesh Agrawal

Mr. Himangshu Pal Mr. B Muthu Ramalingam (RPO Rep.)

Mr, Mahendra Mittal

Format Nao. B-D0-D001-F7 Rev.0 Copyright EIL = All rights resarved
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INSPECTION AND TEST PLAN

STANDARD SPECIFICATION NO.

gigan Elgﬁtg@ﬁﬂﬁ. LIMITED FOR 6-81-0004 Rev. 7
ik e e e N L VALVES Page 3of B
1.0 SCOPE

This Inspection and Test Plan covers the minimum testing requirements of Valves.
2.0 REFERENCE DOCUMENTS

PO/PR/Standards referred therein/ Job specifications /Approved documents.

3.0 INSPECTION AND TEST REQUIREMENTS

UANTUM SCOPE OF INSPECTION
s STAGE / ACTIVITY cHARACTERISTICS | PNV RECORD ST
Rt SUPPLIER | EIL/TPIA
SUPPLIER
i 1.0 Procedure '
' Hwvdrostatic Test,
Heat Treatment, NDT,
Helium Leak Test, Fugitive Emission NDT Level 111 NDT Level 111
1.1 Test, Internal/ External Coating Approved Documented 100% Approved Procedure - H R
Procedures & Procedures Documents
Other Procedures (Wherever applicable,
as per MR/ PR)
WPS, POR & WPQ and NDT operator Welding Parameters & i W W ) H W- New
L% Qualification Record Qualification Record 100% R PSR K- Bxisting

Format No, B-00-0001-F7 Rev.0
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STANDARD SPECIFICATION NO.

ENGINEERS INSPECTION AND TEST PLAN
gfdan @Ir{m LIMITED FOR 6-81-0004 Rev. 7
P T T Lt O T Lo hR L VAL'#ES FI
age 4 of B
I :
: SCOPE OF INSPECTION
S STAGE / ACTIVITY CHARACTERISTICS | QUANTUM RECORD =
NG QFCHECK suppLigr | SUPPLIER | EIL/TPIA
! Fire safe,
' Cryogenic, Fugitive ) f
1.3 | Pre-Qualification Tests Ronskion Tex; loternal AI:UI:'?I;ESF::I Acceptance Report H H
N o g Epoxy Coating, Glass s . P = (If new)
Iined Coating & Other:| Poorneation
Test as applicable
2.0 Material Inspection
Chemical, Mechanical
| {Tensile, Hardness,
_ Castings & Forgings Impact Test etc. ), Heat v e
1 {Body, Bonnet, Disc, Stem, Body ring) | Treatment, NDT, 1GC & S kot Caortiicaics H R i
i Other Properties as
' applicable
2.2 | Swsags Forgings . Visual & Dimension 100%, Inspection Report H H
= {Body, Bonnet, Disc, Stem, Body ring)
Radiography As per PR/ .
23 Body and Bonnet Castings Examination after Heat Purchase Ak F1I:ns‘:1:: NDT H R R
Treatment Specification .
24 Bars for Trim material Chemical Analysis Each Heat THILEEH I{:x:-fs = H R

Format No. 8-00-D001-F7 Rev.0
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STANDARD SPECIFICATION NO.

S5fateIe @ ENCINEERS INSPECTION AND TEST PLAN
gBan Eﬁe;@m& LIMITED FOR 6-81-0004 Rev. 7
== VALVES Page 5af 8
.. : : SCOPE OF INSPECTION
o STAGE / ACTIVITY CHARACTERISTICS | QUATEEN RECORD —
SUPPLIER | EIL/TPIA
_ SUPPLIER
,5 Gaskets, Gear units, Fasteners, Gland, Physical / Chemical 100% Test Certificates & H R .
= Packings, etc. Properties G Lab Report
Performance,
; Statutory Centificates Test Certificates,
2 . &, 3
2.6 Actuators as applicable etc, As per EIL ITP. 100% Trispection report H H 13
f-81-109]
3.0 In Process Inspection
|
Welding, Weld Overlay, Stelliting, Welding Parameters as _ . |
3 b - -
i Hardfacing (As applicable) per WPS/ PQR il Inspection Repons H
32 Machining of components Wisual / Dimension 100% Inspection Reports - H
DP Test for all weld joints, Bevel Ends n
33 & Bypass (as applicable) Dye Penetrant Test 100% NDT Repon - H RW
Heat Treat Castings,
34 Hardness Check Weld Joints, Grove 100% Inspection Reports . H R
Joints ete. .
4.0 Final Inspection
Format No. 8-00-0001-F7 Rev.0 . Copyright EIL = All rights reserved
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STANDARD SPECIFICATION NO.

a5ty NEERS INSPECTION AND TEST PLAN
22 @E[hﬁ,q LIMITED FOR 6-81-0004 Rev. 7
: i 0 i PR ‘."A.LVES Pag& Gof8
SCOPE OF INSPECTION
ol STAGE / ACTIVITY CHARACTERISTICS | QUARTUM RECORD o8
NO OF CHECK SUPPLIER | EIL/TPIA
SUPFPLIER
a. Shell Hydrotest
b, Seat Hydro Test (Both Sides) Préssire Test Re '
. port, RW
4.1 c. g?::ze% E::}m:esz (Gate & Leak Check 100% Wates quality epo H (Note 1)
d. Seat Pneumatic/ Air Test
. ' . As per PR/ RW
| Menlslies replaie Leak Check Purchase Test Report = H I
appliesdie) Specification '
. Surface Verification & RW
[ 43 Visual & Dimensional Check Dimension 100% Test Report - H (Note 1)
Measurement
| 4.4 Functional Test for Motor/ Actuator Satisfactory 100% Test Report H RW
| Operated Valves Performance
! Verification of Marking, o ; RW
4.5 | Marking Verification Valve Tagging & Name 100% Markmﬁ%eizngaggmg H (Note-1)
Plate Checking
As per EIL
4.6 PMI Check Chemical Check Spec. PMI Report - H RW
6-81-0001

Format No. 8-00-0001-F7 Rev.0
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STANDARD SPECIFICATION NO.

INSPECTION AND TEST PLAN
: ﬁfaﬂaﬁ ) F'\NQEELFRSr S0 FOR 6-81-0004 Rev. 7
' VoL VALVES Page 7 of 8
. SCOPE OF INSPECTION
6 STAGE / ACTIVITY CHARACTERISTICS | 2P0 0 RECORD ST S—
| SUPPLIER SUPPLIER I

Verify Components for

wear, damage , harmful As per PR/ RW
4.7 Strip Check (As applicable) defects & Purchase Inspection Report H (Note-1)

Differential hardness as Specification

applicable
Stamping of
- . Stamping of Accepted Valves which ; i H
4.8 | Final Stamping sl 57 voitnesed BY Inspection Report H (Note-1)
EIL/TPIA,
S0 Painting L
Pamnting’ Pickling & Passivation and . ; 00% 0 on R i H i

5.1 Color coding 4 applicable Visual / DFT Check 100% nspection Report
6.0 PACKING & PROTECTION

Dispatch Instructions as .

e Report :
6.1 | Packing & Protection per Tech‘gz:lii ﬂ?ules for 100% Cﬁﬂ}f’;‘f;tfy;fﬁs H RW
7.0 Documentation & Inspection
; Certificate

Format No. B-00-0001-FT Rev.0
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STANDARD SPECIFICATION NO.

%@m INSPECTION AND TEST PLAN
@q_mw -1 mﬁ LIMITED FOR 6-81-0004 Rev. 7
VALVES .
m _ SCOPE OF INSPECTION
;B STAGE / ACTIVITY CHARACTERISTICS gﬁ‘ggﬂ RECORD =6
SUPPLIER EIL/TPIA
SUPPLIER
Review of Stage
Documentation & Inspection Certificate Inspection Reports / :
7 b
| (1C) Test Répiorts & lssue of 100% Supplier TC & IC H H
IC

| Legend: H- Hold (Do not proceed without approval), P-Perform, RW - Random Witness (As specified or 10% ( min.| no. of each size and type of Bulk item)),
R-Review, W-Witness (Give due notice, work may proceed after scheduled date).

NOTES (As applicable):

L

(%]

Non NACE & Non Hydrogen service Carbon Steel Cast Valves up to size 12"-300ANSI Class and Carbon Steel Forged Valves up to size 1.57- 800 ANSI Class will

be accepted on review of Supplier Test Certificates.

Supplier Test Certificate along with back up reports to be reviewed by EIL/TPIA.
This document describes the generic test requirements. Any additional test or Inspection scope if specified in contract documents shall also be applicable. (Unless

otherwise agreed upon)

Acceptance Norms for all the activities shall be as per PO/PR/STANDARDS referred therein /Job Specification /Approved Documents.

Format No. 8-00-0001-F7 Rev.0
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INSPECTION AND TEST PLAN STANDARD SPECIFICATION No,
gSillctaed f ENGINFERS
5&1&%&5@ INDIA LIMITED FOR 6-81-0005 Rev. 9

s 18 G of waien Limatie i o b

[ .4 FORGED, SEAMLESS & WELDED FITTINGS Page 1 of 3

& fog
fadieTor 9 gdetor AT
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| INSPECTION AND TEST PLAN STANDARD SPECIFICATION Nao.
ﬁ%ﬁ@ INDIA LIMITED FOR 6-81-0005 Rev. 9

FORGED, SEAMLESS & WELDED FITTINGS Page 2 of 7
Abbreviations:
CEIL - Certification Engineers International Limited MRT : Mechanical Run Test
CIMFR : Central Institute of Mining & Fuel Research NDT - Non Destructive Testing
CE : Carbon Equivalent NPSH : Net Positive Suction Head
DFT - Dry Film Thickness PO : Purchase Order
DPT : Dye Penetrant Testing FESO : Petrolenm Explosive Safety Organization
DHT : De-hydrogen Heat Treatment POR : Procedure Qualification Record
ERTL 2 Electronics Regional Test Laboratory PR : Purchase Requisition
FCRI : Fluid Control Research Institute PMI - Positive Material [dentification
T : Heat Treatment RT : Radiography Testing
HIC : Hydrogen Induced Cracking S8SCC : Sulphide Stress Corrosion Cracking
ITP . Inspection and Test Plan TC - Test Certificate
1P : Ingress Protection TPl or TPLA - Third Party Inspection Agency
IHT - Intermediate Heat Treatment uT ; Ultrasonic Testing
IC : Inspection Certificate VDR - Vendor Data Requirement
IGC : Inter Granular Corrosion WPS : Welding Procedure Specification
MPT/MT : Magnetic Particle Testing WPQ : Welders Performance Qualification
MTC A Material Test Certificate

Inspection Standards Committee

Convener; Mr. Rajeev Kumar
Members:
Mr. Suresh G Mr. Himangshu Pal Mr. Chandrashekhar
Mr, Muthuramalingam Mr. Avdhesh Agrawal Mr. Anil Kumar
Mr. Mahendra Mittal Ms. Sulakshana Hundeikari
Format No. 8-00-0001-F7 Rev.0 Copyright EIL — All rights reserved
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INSPECTION AND TEST PLAN
FOR
FORGED, SEAMLESS & WELDED FITTINGS

STANDARD SPECIFICATION No.

6-81-0005 Rev. 9

Page 3 of 7
1.0 SCOPE
This Inspection and Test Plan covers the minimum teiting requirements of Forged, Seamless & Welded Fittings.
2.0 REFERENCE DOCUMENTS
PO/PR/Standards referred therein/ Job specifications /Approved documents.
3.0 INSPECTION AND TEST REQUIREMENTS
SCOPE OF INSPECTION
{ 4 SL STAGE/ ACTIVITY CHARACTERISTICS QUANTUMOF | record 5t
) NO. CHECK SUPPLIER | EIL/TPIA
R SUPPLIER

L

1.0 Procedure

Procedure
1.1 Heat Treatment / NDT Documented Procedures 100% Documseists - H R
*Welding Parameters & WPS, POR W- New
12 WPS, PQR, WPQ Welding & 100% EWPO . H Sl
NDE Operator Qualification records & | NDE operator qualification NDE &
1.3 Calibration records of measuring certificates & calibration ‘ 100% Calibration - H R
instruments & testing equipment certificates summery

2.0 Material Inspection I

Format No. 8-00-0001-F7 Rev.0 Copyrighl EIL = ANl rights reserved
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INSPECTION AND TEST PLAN

STANDARD SPECIFICATION No.

sSifatered @ ENGINEFRS
Mﬁ%@ m_w FOR 6-81-0005 Rev. 9
FORGED, SEAMLESS & WELDED FITTINGS Page 4 of 7
) SCOPE OF INSPECTION |
TEE STAGE/ ACTIVITY CHARACTERISTICS QU?:E%NI:‘ OF RECORD SUB SUP
) SUPPLIER | ° PLIER | EIL/TPIA
Raw Material Identification
(Billets, Rounds, Pipes, Coil, Plates, Mill test
elc.) Chemical and Mechanical certificate, |
2.1 (*For pipes, coils & plates of Alloy Properties, Size & Steel 100% Supplier's - H W* /R
steels and Special services like NACE, making practice etc. Inspection
H2, HIC, Wet H25, LTCS, UOP, Report
AXEN eic.) |
3.0 In Process Inspection
; — — -
a i g Forming & Welding Supplier’s .
31 Forming &Welding P 100% G - H |
i 2 Inspection
Ferrite Check of SS Welds g
. ) b -
32 (If Applicable) % Ferrite Check 100% Report H R
Stress Reliving, Normalizing,
- Heat Treatment Tempering, Solution HT chart /
1 B .
== Annealing, Stabilization Heat H Report B R'
- Treatment etc. as applicable
i NDT-RT Surfice & Internal As per PR/Purchase | RT Films ) e {Fi']"ms
’ As Applicable lmperfections Specification & Reports Review)

Format No. 8-00-0001-F7 Rev.0
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INSPECTION AND TEST PLAN

STANDARD SPECIFICATION No.
sGilfalare @ 8 ENGINFERS
B bis @ RO LMITD FoR S
FORGED, SEAMLESS & WELDED FITTINGS Page 5 of 7
_ ~ SCOPEOF INSPECTION |
s STAGE/ ACTIVITY CHARACTERISTICS QA OF | RECORD [—5uB |
SUPPLIER f| SUPPLIER | EIL/TPIA
NDT-UT Surface & Internal As per PR/Purchase
{ ! A (as applicable) Imperfections Specification UT Report = H R
f .
NDT - DPT/MPT on Bevel Ends . Surface & Internal
A% (as applicable) Imperfections T Test Report . H RW
Product Chemical
g ; ; ’ Per heat, per heat Test
| 3.7 Identification of Test Samples Mechanical, Impact, IGC and : - H H
| stother test &8 spplicable treatment lot (Note-4) R'.":purts ,
i
. . o As per PR/Purchase Test |
3.8 Product Analysis Chemical Composition Specification Reoorts - H R
. . Mechanical, Impact, IGC,
3.9 Destrostive Tosting Hardness and Other test as 100% 4 - H H
applicable Reports
- = : Inspection
Galvanizing Integrity Of Galvanized
3.10 (If Applicable) Coating 100% Report - H R
4.0 Final Inspection
b | Size, Thickness / Schedule, | .
! 4.1 Visual and Dimension Dimensions, Surface quality, 100% 1“;"“‘;“" . H B
' Marking, etc. i
Formal Mo. 8-00-0001-F7 Rev.0 Copyright EIL = All rights reserved
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INSPECTION AND TEST PLAN STANDARD SPECIFICATION No.

ENGINEERS
53;%% @m umhm FOR 6-81-0005 Rev. 9
FORGED, SEAMLESS & WELDED FITTINGS Page 6 of 7
SCOPE OF INSPECTION
SL ’ QUANTUM OF
CHARACTERISTICS % RECORD
NO. STAGE/ ACTIVITY | CHECK - ;EEE . T i
Hardness testing on finished fittings of
Alloy steels and Special services (like i o
! 42 | NACE, H2, HIC, Wet H2s, UOP, | Fiardness value of Base metal Random 10% | Test Report ; i RW
(i ’L & Welds/HAZ,
AXEN etc.) & any other services as
applicable. | | _
|
PMI Check . . As Per EIL Spec. Inspection .
43 Chemical Check 6-81-0001 feport H RW
L3 Stamping of Fittings :
44 Final Stamping S“““P‘“Iﬁr?f""m“““’d which arc witnessed | '"SPeCtion : H H
a2 by EIL/TPIA. PO
5.0 Painting
5 Rust Preventive Coating & Color Visual & Color Coding as 160% Inspection . W .
3 Coding applicable Report
6.0 Documentation & 1C
3 ; Review of Stage Inspection .
Documentation & Inspection Supplier
6.1 o . Reports / Test Reports & 10025 | - H H
- Certificate (IC) lssue of IC TC &1C
Legend: H- Hold (Do not proceed without approval), P-Perform, RW - Random Witness (As specified or 10% (min.1 no. of each size and type of Bulk item)), R-
Review. W-Witness (Give due notice, work may proceed after scheduled date).
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ST EEs WO IMIED e 6-81-0005 Rev. 9
FORGED, SEAMLESS & WELDED FITTINGS Page 7 of 7
NOTES (As applicable):
1. This document describes the generic test requirements. Any additional test or Inspection scope if specified in contract documents shall also be applicable
(unless otherwise agreed upon).
2. Acceptance Norms for all the activities shall be as per PO/PR/STANDARDS referred there in /Job Specification /Approved Documents.
3. For orders placed on stockiest, items shall be accepted based on manufacturer’s TC with EN10204 type 3.2 certification from EIL approved suppliers.
4. Test piece marking shall be carried out from the product for each heat of raw material and for each heat treatment batch at shop floor.
| 4!
("
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INSPECTION AND TEST PLAN

FLANGES, SPECTACLE BLINDS & DRIP RINGS

STANDARD SPECIFICATION Mo.

6-81-0006 Rev. 6
Page 1 ol J
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STANDARD SPECIFICATION No.
6-81-0006 Rev. 6

gﬁ%ﬁ.% INSPECTION AND TEST PLAN

14 o o b P FLANGES, SPECTACLE BLINDS & DRIP RINGS

Page 2 of 7

Abbreviations:

CEIL ¢ Cenification Engineers International Limited MRT Mechanical Run Test

CIMFR ¢ Central Institute of Mining & Fuel Research NDT Non Destructive Testing

CE :  Carbon Equivalent NPSH Wet Positive Suction Head

DFT : Dry Film Thickness PO Purchase Order

DPT 1 Dye Penetrant Testing PESO Petroleum Explosive Safery Organization

DHT ¢ De-hydrogen Heat Treatment POQR Procedure Qualification Record

ERTL . Electronics Regional Test Laboratory PR Purchase Requisition

FCRI ¢ Fluid Control Research Institute PMI Positive Material Identification

HT ¢ Heat Treatment RT Radiography Testing

HIC : Hydrogen Induced Cracking S8CC Sulphide Stress Corrosion Cracking

ITP ¢ Inspection and Test Plan TC Test Certificale

P : Ingress Protection TPI or TPIA Third Party Inspection Agency

IHT ¢ Intermediate Heat Treatment uT Ultrasonic Testing

Ic : Inspection Certificate VDR Vendor Data Requirement

1GC ¢ Inter Granular Corrosion WPS Welding Procedure Specification

MPT/MT : Magnetic Particle Testing WP Welders Performance Qualification

MTC i Matenal Test Certificate

Inspection Standards Committee
Convenor:  Mr. Rajeev Kumar

Members:

Mr. Chandrashekar Mr. G Suresh
Mr. Avdhesh Agrawal Mr. Mahendra Mittal

Mr. Himangshu Pal
Ms. Sulakshna Hundekari

(Engg.)

Mr. R Muthu Ramalingam (RPO Rep.)
Mr. Anil Kumar
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INSPECTION AND TEST PLAN

FOR

FLANGES, SPECTACLE BLINDS & DRIP RINGS

STANDARD SPECIFICATION No.

6-81-0006 Rev. 6
Page 3of 7

L0 SCOPE

This Inspection and Test Plan covers the minimum testing requirements of Flanges, Spectacle Blinds & Drip Rings.

2.0 REFERENCE DOCUMENTS

PO/PR/Standards referred therein/ Job specifications /Approved documents.

30 INSPECTION AND TEST REQUIREMENTS

SCOPE OF INSPECTION
SL | STAGE/ACTIVITY | CHARACTERisTICS | QUANTUMOF RECORD
NO. CHECK SUB . :
SUPPLIER SUPPLIER EIL/TPIA
1.0 Procedure
Heat Treatment, NDT,
PMI | IGC, Mechanical, Procedure
1.1 Chemical testing and Other Documented Procedures 100% Documents i H R
Procedures
Welding Parameters & W- New
1.2 W’PS. P‘QR & WP‘Q’ Q!.lﬂliﬁcaﬁﬂﬁ Record 100% WPS' PQR & WPQ ) H R- Existi.ng
0 Material Inspection
; d Chemical & Mechanical ;
2.1 Raw Material Inspection Properties 100% Test Certificates - H R

Format Mo. 8-00-0001-F7 Rev. 0
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STANDARD SPECIFICATION No.

INSPECTION AND TEST PLAN
@éﬁ'% FOR 6-81-0006 Rev. 6
i U8 T o L FLANGES, SPECTACLE BLINDS & DRIP RINGS Page dof 7
SCOPE OF INSPECTION
SL | SraGE/ACTIVITY | CHARACTERISTICS | QUANTUMOF RECORD
NO. CHECK SUB
SUPPLIER SUPPLIER EIL/TPIA
30 In Process Inspection
s , Forging /Weldi .
31 Welding / Forging mlg’a E ;ﬁdmg 100% Inspection Reports - H -
Stress Relieving, '
Normalising, Tempering,
Solution Annealing,
32 Heat Treatment Stabilization Heat 100% HT chart - H R
Treatment etc., as
applicable
Product Chemical,
. . Mechanical, Impact, 1GC
13 ”‘““f;‘i’r‘:;]’;:f Test | (Per heat/ Heat Treatment 100% Test Reports : H i
lot) and Other tests, as
applicable
) As per
34 Praduet Frnalysm Chemical Composition PR/Purchase Test Reports - H R
{As applicable) Specification
Mechanical, Impact, IGC H
35 Destructive Testing and Other tests, as 100% Test Reports - H
applicable
As per
36 NDT as applicable s Edoni PR/Purchase NDT Reports : H R
_ L pe Specification

Formal Mo, 8-00-0001

-FT Rev. 0
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% .% INSPECTION ;:: TEST PLAN STANDARD SPECIFICATION Mo.
gBan 6-81-0006 Rev. &
o ra priveergeficharplideddien FLANGES, SPECTACLE BLINDS & DRIP RINGS R

SCOPE OF INSPECTION
SL | STAGE/ACTIVITY | CHARACTERISTICS | QUANTUMOF RECORD
NO. CHECK sSuB
SUPPLIER SUPPLIER EIL/TPIA
Galvanizing Integrity of Galvanised . i
37 (If Applicable) Costing 100% Inspection Report H R
4.0 Final Inspection
1. Visual

; ; 2. D 1ons . H

4.1 Final Inspection 3 m“:'dj“r::s 100% Inspection Report . H Aot id
4. Marking etc.,
; As Per EIL Spec. s
42 PMI Check Chemical Check 6-81-0001 Inspection report - H RW
Summary of Calibration

. N Reports of all Equipments,

4.3 R{:vmea{‘Ca]llhrauun tools and instruments used 100% Calibration Reports - H R
during mspection and
testing

NDE Operator ASNT / ISNT Level V11 R

A4 Cualification records certifications 1007 Summery H H
Stamping of Items

; . Stamping of Accepted which are ; ) H

4.5 Final Stamping st witnessed by Inspection Report H (Note-1.2)
EIL/TPIA.

Format No. B-00-0001-F7 Rev. 0
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INSPECTION AND TEST PLAN STANDARD SPECIFICATION No.

ﬁuﬁ Wﬁm FOR 6-81-0006 Rev. 6
.-----—-...m = reka L FLANGES, SPECTACLE BLINDS & DRIP RINGS Page 6ol 7
SCOPE OF INSPECTION
SL | STAGE/ACTIVITY | CHARACTERISTICS | QUANTUMOF RECORD
e i Ciri SUPPLIER | EIL/TPIA
SUPPLIER
5.0 Painting
Rust Preventive Coating & | Visual & Color Coding as - ., 2
3.1 Color Coding applicable 100% Inspection Report H
6.0 Documentation & IC
. Review of Stage Inspection
Documentation & .
6.1 . : Reports / Test Reports & 100% Supplier TC & IC - H I H
Inspection Certificate (1C) Hasuonf 10 |
Legend: H- Hold (Do not proceed without approval), P-Perform, RW - Random Witness (As specified or 10% (min.1 no. of each size and type of Bulk item})),
R-Review, W-Witness (Give due notice, work may proceed after scheduled date).

NOTES (As applicable):

1. Non-NACE/HIC, Non-Hydrogen service & Non-LTCS, Carbon Steel (CS) Flanges, Spectacle Blinds and drip Rings up to size 24"-300 ANSI Class will be accepted
based on the review of the Manufacturer's Test Certificates. Manufacturer's Test Certificate shall be as per EN 10204 Type 3.1, MTC along with backup reports to be

reviewed by EIL/TPLA.

2, For cases apart from Note-1, Manufacturer's Test Certificate shall be as per EN 10204 Type 3.2 Centification, unless otherwise specified.
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