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1.0 INTRODUCTION 
 

This section covers all the piping, valves and specialties which connect the 
different equipment like the boiler, turbine, condenser, pumps, heaters etc. 
to make the power cycle complete. 

 
2.0 PERFORMANCE REQUIREMENT 

   

The piping system acts as the pressure boundary for the fluid in circulation, 
water and steam in this case, which is subject to high pressure, temperature, 
change of phase and various types of transient and steady state operation. 
All the piping systems supplied shall be designed to operate without 
replacement and with normal maintenance for a plant service life of 30 
years and shall withstand to the maximum sustained load. 

 
3.0 CODES & STANDARDS 

 
3.1 The design, manufacture, inspection and testing of the equipment covered 

under this specification shall conform, in general, to the standards and 
codes mentioned below: 

 
3.1.1  ANSI B-31.1  : Code for Pressure Piping - "Power Piping". 

3.1.2  Indian Boiler Regulations : (IBR), with latest amendment. 

3.1.3  ANSI B-16.5  : "Steel pipe flanges and flanged fittings". 

3.1.4  ANSI B-16.9 : Wrought steel Butt weld fittings. 

3.1.5  ANSI B-16.11 : "Socket Weld Fittings". 

3.1.6  ANSI B-16.25  : "Butt Welding Ends". 

3.1.7  ANSI B-16.34 : "Steel Valves - Flanged and Butt Welding 
Ends". 

 
3.2 Design, fabrication, assembly and testing of pipes, fittings shall generally 

conform to the requirements of ANSI B-31.1. But the portions, which come 
under the purview of Indian Boiler Regulations (IBR), shall completely 
comply the requirements of IBR, as a minimum.  
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 Any other internationally accepted codes and standards are also acceptable. 
However, the compliance of ANSI codes and IBR will be considered as 
minimum for acceptance of the piping and all appurtenances. 

 
4.0 SCOPE OF WORK 

 
4.1 SCOPE OF SUPPLY 

 
 Scope shall include all piping, valves & specialties as indicated in 

Annexure-I. 
 

4.1.1 In general, the equipment and materials to be supplied under this 
specification shall include, as a minimum: 

 
(a) Supply of all power cycle piping including bends, elbows, tees, 

branches, laterals, crosses, reducing union, couplings, caps, saddles, 
shoes, flanges, blank flanges, Y-pieces etc as required. 

 
(b) Matching pipes, matching pieces like reducers/enlargers etc, counter 

flanges with bolts, nuts, washers, temporary and permanent gaskets, 
threaded union etc. 

 
(c) The pipe spools shall be supplied along with necessary test 

certificates of the pipes, after necessary machining to the required 
bore, for assembly of flow nozzle element. The assembled flow 
nozzle shall be installed in the piping system. Additional length of 
pipes equal to length of all fully assembled flow nozzle & orifice 
plates pipe piece shall be supplied and the same shall also be erected 
prior to cleaning of the pipes by flushing or steam blowing or 
chemical cleaning or both. After completion of cleaning of piping, the 
assembled flow nozzles shall be erected replacing the temporary pipe 
spools. 

 
(d) All motorised valves, manually operated isolating and regulating 

valves, non- return valves, steam traps, relief/safety valves, strainers, 
pressure reducing orifices, expansion joints and other flexible 
connections, complete with the counter flanges and matching 
connecting pieces as required within the entire power cycle piping 
system.  
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 (e) Anchors, hangers and supports, vibration dampeners, restraints, 
shock absorbers etc as required.  

 
(f) Any platform necessary for maintenance and operation of valve and 

equipment located 1.5 m above any permanent floor including access 
ladders, supporting structures etc. 

 
(g) All secondary structural steel members required for pipe supports 

from building steel structures and from embedded steel including 
pipe supports in trenches. 

 
(h) Funnels, tundishes for drips and drains including all miscellaneous 

drain piping and drain piping from tundish outlet up to drain points. 
All drain and vent lines shall be conveniently terminated either in 
Blowdown tank/flash tanks or permanent drain trenches of the 
Power Station. All steam and saturated water open drains shall be 
drained through a water seal in drain funnels/tundish with a water 
connection in funnels/tundish for maintaining water seal level in 
them. All oily effluent drains shall be separately routed and 
connected to separate pit. 

 
(i) For the isolation and check valves located on the main steam, hot 

reheat, cold reheat, L.P. bypass and extraction lines, suitable line 
drains shall be provided just upstream and downstream of each of 
these valves. No drain is needed at the downstream of L.P. bypass 
isolation valve. Each of these drains shall be independently led to the 
condenser with branching off to atmosphere. 

 
Line drains from Main Steam, Hot Reheat, Cold Reheat, L.P. bypass 
& high pressure (above 40 kg/cm2) extraction lines shall be provided 
with double isolation valves in series for each branch - each located 
at the two extreme ties of the line drain route. The valve near the 
condenser shall be motorised one. The balance line drains shall be 
provided with only one isolation valve for each branch. 

   
(j) Bolts, nuts, washers, temporary and permanent gaskets, fasteners as 

required for interconnecting piping, valves & fittings. 
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 (k) Complete insulation material for piping, valves, specialties & 
auxiliary equipment specified in this specification and as called for in 
the specification for thermal insulation. 

 
(l) Painting of all piping, valves & specialties at site. Coating and 

wrapping for buried pipes. 
 

4.1.2 Bidder shall furnish his own technical details of piping, valves, specialties 
and accessories along with his offer. 

 
Following general requirements shall however be considered: 

 
(a) Instrument Connections  

 
(b) Pipe stubs and blanking plates required for chemical cleaning and 

hydro testing. 
 
(c) Flanges, spool pieces, gaskets, ring joints, jointing materials, 

aluminium and stainless steel forged marking plate and temporary 
piping for steam blowing.  

 
(d) Drain/drip pockets on steam piping as per stipulation of ASME TDP 

– Volume I and general requirement. 
 

(e) Expansion marker for high temperature steam lines.  
 

(f) Fine threaded Radiography holes with stubs and suitable matching 
plugs which shall be finally seal welded for piping, more than 25 mm 
nominal thickness. 
 
For conducting performance test of Turbo-Generator and Boiler, the 
required pressure, temperature, flow measurement points shall be 
provided. 

   
(g) Provision for creep measurement on the piping operating in creep 

region. 
 

4.1.3 Electrodes and filler wires required for stainless steel and alloy steel 
welding during shop fabrication at works and erection/installation at site. 
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 4.1.4 All temporary pipes and accessories, supporting arrangement for cleaning, 
flushing and steam blowing of the main steam, cold reheat and hot reheat 
piping including HP/LP by pass piping and auxiliary steam piping. 

 
4.2 SCOPE OF SERVICES 
 
4.2.1 The Contractor shall design the piping system and perform necessary stress 

analysis of all piping and dynamic analysis as necessary for the piping 
systems shown in Annexure-I of Section - I. 

 
4.2.2 For stress analysis purpose, individual piping systems shall be considered 

up to the anchor points (location to be decided during detail engineering). 
All anchors coming within the piping are to be designed, supplied and 
erected by the Contractor. 

 
4.2.3 Stress analysis and hanger selection for all piping specified else where, 

including piping attachment for hangers/supports, all auxiliary supporting 
structures are included in the scope of the Contractor. 

 
4.2.4 The Contractor shall submit the design calculations for pipe sizing, 

thickness with specified diameters of pipes and stress analysis data to 
Owner/Engineer for review/ reference/records. Pressure drop calculation 
for main steam, cold reheat and hot reheat piping shall be submitted by the 
Contractor to show the adequacy of pipe sizes to meet steam parameter at 
turbine inlet. 

 
4.2.5 Preparation of detailed fabrication drawings (isometric) of shop fabricated 

piping which are of size 50 NB and above should be based on the "Released 
for Construction" drawings pertaining to power cycle piping layout 
prepared by the Contractor.  

 
"As built" drawings of the power cycle piping layout shall also be prepared 
by the Contractor based on any layout modifications made at site over 
"Released for Construction Drawings". 

 
4.2.6 The Contractor shall design and detail all piping supports including 

restraints, guides, stops, snubbers, dampers etc based on the final stress 
analysis and hanger load data. The Contractor's design of all supports shall 
be submitted to the Owner/Engineer for review. 
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 4.2.7 The Contractor shall furnish separate sketches for each support, restraint, 
anchor, snubber, dampers, spring hangers etc. These sketches shall include 
the location with reference to column co-ordinates, identification number, 
bill of material, design loads, operating load, spring stiffness, amount of 
spring pre-compression etc and method of attachment to the pipe and steel 
structure.   

 
4.2.8 In order to ensure that all piping, supporting elements, anchors and 

restraints have been installed and adjusted in accordance with the drawings 
and other written instructions of the Contractor, the hangers associated 
with the main steam, hot reheat, cold reheat, HP & LP by-pass, feed water, 
auxiliary steam piping etc. shall be inspected as follows : 

 
(a) After hydro test, with the piping in the cold position, with all travel 

stops removed, with the pipe completely insulated and in all respects 
ready for start-up. 

 
(b) Piping in the hot position, with the unit operating at maximum load. 

 
(c) Piping in the hot position after 6 months of operation.  

 
(d) Piping in the cold position during first complete shutdown after at 

least 6 months of operation.  
 

The contractor shall depute his personnel for this purpose to site if 
the plant is officially handed over to the owner before such 
inspection after 6 months of operation. 

 
4.2.9 At the time of each inspection, the Contractor shall determine the necessity 

for revision, adjustment or replacement of pipe supporting elements, 
restraints and anchors. Any changes proposed shall be incorporated by the 
Contractor after Owner’s/Engineer's concurrence.  

 
4.2.10 All shop tests satisfying the requirements of Indian Boiler Regulations 

(IBR), ANSI standards, the standards enumerated herein and/or as 
specified. 

 
4.2.11 Furnishing drawings, data, design calculations, stress analysis results. 
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 4.2.12 Furnishing certified copies of test results for all tests and examinations 
specified in the specification and for the mandatory tests and analysis 
required by the ASTM material specification, for the materials used for 
piping and the pressure parts of the valves. 

 
4.2.13 Obtaining approval from Chief Inspector of Boilers as per Indian Boiler Act, 

including the following: 
 

(a) For all pipelines coming under the purview of Indian Boiler 
Regulations (IBR), necessary approval of the design and layout 
drawings shall be obtained from the Chief Inspector of Boilers and 
furnished to the Owner/Engineer. Necessary certificates of design, 
manufacture and tests in specified Form of IBR, for each fabricated 
pipe with proper identification shall be submitted.  
 

(b) For fittings and specialties, viz. valves, flanges, traps and other 
specialties etc of all pipelines coming under the purview of IBR, 
Certificate of design, manufacture and tests in specified Form of IBR 
with appropriate identification shall be furnished to the Owner/ 
Engineer. 

 
(c) Erection & testing of the pipe lines coming under the purview of IBR 

shall meet all the requirements of IBR and certificate of manufacture 
& tests in specified Form of IBR, for each of the erected pipe lines 
shall be submitted to the Owner/Engineer prior to the application of 
insulation and/or flushing the line before commissioning. 

  
4.2.14 Steam blowing or chemical cleaning of piping systems, as specified. 
 
4.2.15 Omission of specific reference to any item or material or work which is 

necessary for completion of the piping systems shall not relieve the bidder 
of the responsibility of furnishing all material and services for a complete 
installation satisfying the operational and other requirements stated in the 
specifications. 

 
4.2.16 Drawing indicating the layout of pipe work shall be prepared in line with 

the flow diagrams and shall be provided as part of the Contract. These 
drawings shall indicate the position of all supports, guides, restraints and 
anchors; all drain and vent connections and the position of all pipes. All 
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 piping systems shall be arranged to allow adequate falls in the direction of 
flow, except where otherwise approved by the Engineer. At the points of 
drainage, drain pockets of ample size and approved construction shall be 
fitted as per details indicated in the enclosed drawings. 

 
5.0 SPECIFIC DESIGN CRITERIA 

 
5.1 Design, fabrication, testing & erection of Power Cycle Piping, valves & 

specialties for critical piping system under purview of IBR - To satisfy IBR, 
ANSI/ASME B31.1 code. 
 
Design, fabrication, testing & erection of Power cycle piping, valves & 
specialties for non-critical piping system, which are not under purview of 
IBR, to satisfy ANSI/ASME B31.1 code. 

 
Design of safety valve installation shall be conformed to the Non-
mandatory rules for the design of safety valve installation of ANSI/ASME 
B31.1. Open discharge installation will be preferred. 
 
Metallic Expansion Bellow - As per EJMA 

 
5.2 PIPING FLEXIBILITY ANALYSIS 

 
5.2.1 Piping to be analysed for pipe having sizes equal to or above 50 NB & 

design temperature 1000C and more. 
 

5.2.2 ANSI/ASME B31.1 code shall be followed. 
 

5.2.3 Loading conditions to be considered combination of stresses, allowable 
stress values etc. shall be furnished by bidder for review. 

 
5.2.4 The results of stress analysis shall be submitted for approval by Engineer 

before start of Fabrication or Erection clearly confirming the following : 
 

(a) The terminal forces, movements and moments are within permissible 
limit. 

 
(b) Forces and moments on supports, anchors and restraints attached to 

building/supporting structures are within permissible limit. 
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 (c) Stresses on piping are within acceptable limit stipulated in the 
applicable codes. 

 
(d) Pipe movements are acceptable for the spacing in between adjacent 

pipes and between pipes and adjacent structures/equipment etc. 
 

(e) Stress checking for occasional loading. 
 

(f) All other stress/flexibility checking as stipulated in IBR/American 
codes whichever is stringent. 

 
 Above stress analysis results shall be used for checking the piping design. 
 

5.2.5 The finalised flexibility analysis in the form of a report indicating procedure 
of analysis, pipe sizing based on specified diameter, spring hanger 
summary, design load charts for Anchors shall be prepared. Restraints and 
hanger supporting structures delineating different loading conditions, stress 
charts, loading on terminal anchors, along with isometric drawings of 
piping for flexibility analysis shall be submitted to Owner for review. 

 
5.2.6 All high temperature lines shall be provided with expansion markers with 

scales at certain hanger locations, as decided by the Engineer. The 
Contractor shall guarantee and prove during trial run, after a few cycles of 
operation that the range of thermal movements in three directions from cold 
to hot condition at the expansion marker locations are within +_ 20% of the 
calculated values. 

 
 If the error exceeds the above limit, necessary adjustments and 

rectifications shall be carried out by him at no extra cost, till the above 
requirement is fulfilled. 

  
5.3 DESIGN PRESSURE & TEMPERATURE 

 
As per IBR, wherever not clearly stipulated in IBR, criteria stipulated in 
ASME/ANSI B 31.1 for selecting design pressure & temperature shall be 
followed. 
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 6.0 SPECIAL REQUIREMENT FOR ASTM A 335 P91 MATERIAL 

 
6.1 The material of piping employed for MS and HRH line, ASTM A 335 P91 

shall be given special consideration during cutting welding and erection.  
 

6.2 The detailed procedure for cutting, edge preparation, method of heating, 
purging, welding, PWHT, NDT and weld repair shall be submitted to 
owners review. Further, special consideration shall be given in respect of 
dissimilar metal welding (DMW) if applicable. 

 
6.3 Only welders with prior experience on P91 welding shall be engaged and 

their work shall be under close supervision throughout the entire process. 
 

7.0 DESIGN AND CONSTRUCTION 
 

7.1 GENERAL CONSIDERATIONS   
 

7.1.1 The material selection shall be carried out with dual consideration adopted 
by the industry for large sized units as follows: 
 

7.1.1.1 Primary compatibility of the material for the operating conditions (creep 
etc.) 
 

7.1.1.2 Thermal stresses during start-up/shut down and rapid load fluctuations. 
 
7.1.2 Inside diameters of piping shall first be calculated for the flow requirement 

of various systems. The velocity limits for calculating the inside diameters 
are listed below : 

 
(a)  Main Steam, hot and cold 

reheat pipes 
 

: 50-75 m/sec 

(b)  Auxiliary steam (Aux. 
steam to take care of 
various design flows) 
 

: 40-50 m/sec 

(c)  Feed Water   
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  (i) Suction : 2 -3 m/sec 

 (ii) Discharge : 3-6 m/sec 

(d) HP bypass    

 (i) Upstream : 75 m/sec 

 (ii) Downstream : 150 m/sec 

(e)  LP bypass   

 (i) Upstream : 75 m/sec. 

 (ii) Downstream : 150 m/sec 

(f)  Extraction steam    

 (i) Superheated steam : 50-60 m/sec 

 (ii) Saturated steam : 30-35 m/sec 

(g)  Condensate    

 (i) Discharge : 3-5 m/sec 

 (ii) Suction : 1.5 m/sec 

(h)  Heater Drains : 1.5 m/sec 

(i)  Heater Vents : 25 m/sec 

(j)  Other piping : As per good proven 
engineering practice. 
 

NOTE:  This standard sets the maximum limits of the flow velocity. Lower 
velocities may be selected, if found necessary. 

     
Inside diameters thus calculated shall be checked for allowable pressure 
drop for various systems. Pressure drop in main steam line shall not be 
more than 90% of the pressure differential between super heater outlet 
header and HP turbine inlet valves at BMCR. Similarly, combined pressure 
drop in cold and hot reheat piping shall not exceed 90% of the available 
pressure differential between HP turbine exhaust and IP turbine inlet valves 
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 minus the reheater drop. The available pressure differential in the complete 
reheat line from HPT exhaust to IPT inlet shall not be more than 10% of the 
pressure at HPT exhaust. Wherever possible, 3D/5D/6D radius bends shall 
be used to minimise the pressure drop in the main steam, cold & hot reheat 
piping. 

 
Pipes shall be sized for the worst (i.e. maximum flow, temperature and 
pressure values) operating condition. In case of BFP suction pipe sizing, 
"transient analysis" shall be carried out for optimum sizing of the system in 
order to establish the pipe inside diameter for trading off between pressure 
drop and residence time in the suction pipe to match with the pump NPSH 
requirements under worst operating conditions. The Boiler Feed Discharge 
pipe-work shall be designed for the maximum final feed water temperature 
and the shut-off pressure of the boiler feed pump. Lines at downstream of 
HP heaters shall be designed with respective temperature of heater outlet.  

 
7.1.3 No pipe work shall run in trenches carrying electrical cables. 

 
7.1.4 Pipes shall not be less than 20 mm bore unless authorised by the Engineer. 

 
7.1.5 Site fabricated pipes shall be installed only where they do not exceed 50 NB 

and where their use has been approved in writing and shown on a scale 
drawing. 
 

7.1.6 All piping shall be identified by means of colour strips and by adequate 
lettering, conveniently spaced and located. Identification colours and 
lettering shall be as approved. 

 
7.1.7 Air release and drain branches shall be provided wherever necessary 

depending upon the layout and arranged so that the drains and air release 
valves are located for easy operation. 

 
7.1.8 All valved drains in vacuum services shall be provided with screwed cap. 

 
7.2 METALLIC EXPANSION JOINTS 

 
The expansion joints shall be of metallic multi-bellows construction and 
shall be used to reduce the reactions (forces and moments) at the connected 
equipment terminals due to thermal expansion/contraction and/or 
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 vibration of connected equipment and piping. The design, material, 
construction, manufacture, inspection, testing and performance of the 
expansion joints shall comply with the currently applicable requirement of 
EJMA, ANSI B-31.1 and all statutes, regulations and safety codes. Metallic 
expansion bellows are used in high temperature application line to take 
care of thermal expansion and movements such as axial and rotational 
movements. 

 
7.3 FABRICATION 
 

Except where otherwise specified, all piping shall have butt-welded 
connections with a minimum of flanged joints, if necessary. All high 
pressure steam valves and accessories shall have welded connections. 
Where flanges are adjacent to welded fittings, weld neck flanges shall be 
used. 

 
Branches shall, in general, be formed by welding. Standard fittings may be 
used in positions and for sizes where approval has been given in detail 
drawings. Pipe bends and tees shall be truly cylindrical and of uniform 
section. All welded branches shall be reinforced where needed as per the 
applicable codes/regulations. 
 
Unless otherwise specified, for all welded lines with pressure above 7 kg/ 
cm2(g) and/or temperature above 2000C, branch connections for branch 
sizes upto 25% of welded mains shall be made with special forged steel 
welded fittings. 
 

7.3.1 Piping shall be fabricated in the shop in the largest transportable sections to 
minimise the number of field weld joints. The choice of field weld joints 
locations shall be based on the traverse of the pipe through walls, floors, 
sleeves or other restrictive areas. Support attachments for major piping shall 
be done at shop. 

 
7.3.2 All workmanship shall be carried out using methods and procedures of best 

recognised pipe fabrication practice and must be done in a good and 
workman like manner in accordance with ANSI standards, ASME Codes, 
PFI standards and IBR as applicable. 
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 7.3.3 All high-pressure steam valves and accessories shall have welded 
connections. 

 
7.3.4 Mitred bends and elbows will not be accepted unless otherwise specified. 

Only forged tees, 900 elbows and 450 elbows are acceptable. In case the 
Bidder wants to deviate from this requirement on the ground of 
non-availability of such forged items, he may submit his alternative offer for 
Owner's consideration with sufficient documents to justify the same. In 
such a case, the concerned fittings shall be manufactured with necessary 
reinforcing pads, bend thinning allowance etc to satisfy code requirements. 

 
7.3.5 All pipes bends shall be made true to angle with no negative tolerance and 

shall have a smooth surface free of flat spots, crease and corrugations.  
 

A cross section through any bend portion of the pipe shall be true in 
diameter. All pipe bends shall have a radius of not less than 3 times the 
nominal pipe size unless otherwise mentioned. Pipe bends shall be made 
from straight pipe pieces of sufficiently higher thickness so that after 
thinning, the minimum thickness of bends shall not be less than the 
minimum thickness required for the straight pipe. Thinning allowance shall 
be considered as per ANSI B 31.1. The ends of pipe and welded fittings shall 
be bevelled according to details shown in the relevant piping codes. 

 
7.3.6 For bends in pipes, straight piece of pipes shall be bent to required bend 

radius. However, forged bends (Bend radius = 1.5 x pipe diameter) 
wherever required shall be provided at no extra cost. 

 
7.3.7 The ends of Pipe and welded fittings shall be bevelled according to details 

shown in the relevant piping code. All welding shall be made in such a 
manner that complete fusion and penetration are obtained without an 
excessive amount of filler metal beyond root area. The reinforcement shall 
be applied in such a manner that it shall have a smooth contour merging 
gradually with the surface of adjacent pipe and welded fittings. Backing 
rings shall not be used on any pipe welds, unless otherwise approved by 
the Engineer. 
 

7.3.8 Pipes of size 50 NB and above shall be shop fabricated and of size 40 NB 
and below shall be field run. 

 

Page 154 of 659



 

 

 

 

 

CONSULTANT : PROCON ENGINEERS 

 

 

MAHARASHTRA STATE POWER GENERATION CO. LTD. Volume: III-F 

BID SPECIFICATION NO.: DG/BSL U-6/2011/T-1 Section – 1  

REV: R0 PIPING, SPECIALTIES & THERMAL INSULATION Page 26 of 158 
 

 7.3.9 All welding shall be made in such a manner that complete fusion and 
penetration are obtained without any excessive amount of filler metal 
beyond root area. The reinforcement shall be applied in such a manner that 
it shall have a smooth contour merging gradually with the surface of 
adjacent pipe and welded fittings. Backing rings shall not be used on any 
pipe welds, unless otherwise approved by the Engineer. 

 
Pipe and attachments shall be properly aligned prior to welding. If tack 
welds are used, the tacks shall be either fused into the first layer of weld or 
else chipped out. 
 
All welding for steam and feed pipe work shall be electrical welding using 
the shielded arc process and electrodes in accordance with the relevant 
code.  For pipes up to and including 100 NB, provided the pipe does not 
exceed 12.7 mm in thickness, gas welded butt joints will be accepted 
without backing rings. 

 
Welded joints in pipe work shall be pre-heated to a temperature as required 
by the agreed standard or code or to the approval of the Engineer. The 
temperature shall be maintained during the welding operation and a record 
of metal temperature shall be obtained by means of a recording 
thermometer throughout the welding operation. 

 
All welds shall be built-up by the application of multiple layers or passes. 
The thickness of metal applied for each layer or pass shall not exceed 3 mm. 
Each layer shall be cleaned and lightly peeled before the next layer is 
applied. Before being assigned to welding work, each operator shall have 
passed a qualification test as prescribed in the applicable Code/ 
Regulations. Each approved welder shall have an identification number 
which shall be indicated on all welds. 

 
7.3.10 Welded joints shall be stress relieved as per ANSI B31.1/IBR. Stress 

relieving temperature shall be measured by thermocouple pyrometers or 
other suitable equipment. Readings of temperature against time shall be 
recorded. 

 
7.3.11 Bending 
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 (a) Bend thinning allowance on straight pipe prior to bending shall be 
applied as per ANSI B 31.1. For bends of 5D or higher radius, the 
difference between maximum and minimum diameters shall not 
exceed 8 percent of average measured outside diameter of the pipe 
before bending. 

 
(b) All bends in 50 NB and larger piping shall be made hot. Bends in 40 

NB and smaller piping may be made cold only when commercially 
available bending shoes are used. Finished bends shall be smooth in 
contour and free from buckles and distortion.   

 
(c) Pipe bends may be fabricated by the incremental induction heating 

process. Circumferential butt welds or longitudinal welds (where 
seamless piping has been specified) shall not be used in the arc of the 
pipe bends, without Engineer's permission.  After bending, such 
welds, where permitted, shall be re-examined and re-inspected. 

 
(d) All piping bends are subject to heat treatment as required by the 

original material specification unless otherwise approved by the 
Engineer. 

 
(e) All pipe bends in 50 NB and larger piping shall be examined 

ultrasonically after fabrication for wall thickness conformance.  
Measurements shall be taken in accordance with PFI Standard ES-20 
using the "Pulse Echo" method.  Data reports containing information 
as recommended in PFI Standard ES-20 shall be forwarded to the 
Engineer for record purposes. 

 
(f) Where examination of pipe bends indicates that wall thinning has 

resulted in less than code required minimum wall thickness repair 
by weld deposit shall be allowed only where the affected area is 150 
mm or less as measured along the outside arc and with Engineer's 
approval. Repairs in excess of this amount shall not be permitted. 

 
7.3.12 Branch Connections 
 

(a) Branch connections shall be in accordance with ANSI B-31.1 or IBR 
whichever is applicable. All branch connection welds shall be full 
penetration except as permitted by ANSI B- 31.1/IBR. 
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 (b) Socket welding and threaded connections on pipelines shall be made 
by forged outlet fittings. The holes in pipe headers made for these 
connections shall be drilled to the same size as the fitting inside 
diameter. All burrs shall be removed and threaded fitting shall be 
repeated after welding. 

 
(c) For branch connection, additional reinforcements shall be provided 

wherever necessary by the applicable codes including supply of 
necessary material by the contractor at his own cost. 

 
(d) The design and fabrication details for the instrument stub connection 

are included in Tenderer's scope. Materials for instrument 
connection shall be the same as that of the pipe to which it is 
attached.  Fittings ratings shall be in accordance with those specified 
for the main process pipe. 

 
7.3.13 End Preparation, Cutting etc. 
 

(a) For steel pipes, end preparation for butt-welding shall be done by 
machining/flame cutting. 
 

(b) Socket weld end preparation shall be saw/machine cut 
 
(c) For tees, laterals and other irregularities details, cutting template 

shall be used for accurate cutting and cutting shall follow the outline 
of the template. 

 
 Alignment Considerations 
 
(a) The pipes joined by welding shall be aligned correctly within the 

existing tolerances on diameter, wall thickness and out of roundness, 
which shall be preserved during welding. 

 
(b) All flange facings shall be true and perpendicular to the axis of the 

pipe with boltholes being off centre. 
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 7.3.14 Welding 
 
  In addition to the requirements spelt out in Volume II, the followings shall 

be taken into consideration: 
 

7.3.14.1 Welding Process 
 

(a) Welding under this specification shall be done by one of the 
following processes  : 

 
(i) Manual oxy-acetylene welding process 
 
(ii) Manual shielded metal arc process (SMAW) 
 
(iii) Manual inert gas tungsten arc process (TIG) 
 

(b) Automatic or semi-automatic welding shall be done only with the 
specific approval of the Owner/Consultant. 
 

(c) Socket weld joint shall be done with low hydrogen type covered 
electrodes with manual shielded metal arc process. 
 

(d) Welding at any joint should be completed uninterrupted. If this 
procedure cannot be followed for some reason, the weld shall be 
insulated for slow and uniform cooling. 
 

(e) As far as possible welding shall be carried out in flat position.  If not 
possible, welding shall be done in a position as close to flat position 
as possible. 
 

(f) As a rule no backing ring shall be used for circumferential butt 
welds. 

 
7.3.14.2 Alignment and Spacing 
 

(a) Components to be welded shall be aligned and spaced.  Root 
opening shall be as under  : 
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 (i)  For wall thickness 2.5 mm or under and 
for all thickness in oxy-acetylene 
welding 

 

1.0 mm - 2.0 mm 

(ii)  For wall thickness over 2.4 mm 2.0 mm - 3.0 mm 

Special care shall be taken for fitting and alignment in case of inert 
gas tungsten arc welding. Flame heating for adjustment of ends is 
not permitted without the approval of the Owner/Consultant. 
 

7.3.14.3 A wire spacer of proper diameter may be used for the weld root opening 
but must be removed after tack welding and before application in root pass. 

 
7.3.14.4 Tack welding for the alignment of pipe joints shall be executed carefully 

and shall be free from defects since tack welds form a part of final welding. 
Defective welds shall be removed prior to the welding of joints. Electrode 
size for tack welding shall be selected depending upon the root opening. 

 
(a) Tacks should be equally spaced as follows: 

  
(i)  For 65 NB pipe and smaller 2 tacks 

(ii)  For 80 NB to 300 NB pipe 4 tacks 

(iii) For 350 NB and larger pipes 6 tacks 

 
7.3.14.5 Welding Technique 
 

(a) Root pass shall be made with respective electrodes/filler wires.  The 
size of the electrodes shall not be greater than 3.25 mm (10 SWG).  
Welding shall be done with direct current values recommended by 
the electrode manufacturers. 

 
(b) Upward technique shall be adopted for welding pipes in 

horizontally fixed position. For pipes with wall thickness less than 3 
mm, oxy-acetylene welding is recommended. 
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7.4 HANGERS, SUPPORTS, ANCHORS AND RESTRAINTS 

 
7.4.1 Hangers and supports shall be capable of carrying the sum of all 

concurrently acting loads. 
 
7.4.2 All the hangers/supports shall be of reputed make, approved/tested 

quality and shall have proven performance record for similar application. 
They shall be designed to provide the required supporting efforts and allow 
pipeline movement with thermal changes without causing overstress. The 
design shall also prevent complete release of the piping load in the event of 
spring failure or misalignment and all parts of supporting equipment shall 
be fabricated and assembled so that they will not be disengaged due to 
movement of the supported piping. Necessary guides, anchors, braces and 
structural steel to be attached to building/boiler structure as well as any 
braces and/or dampeners required to eliminate piping vibration and 
seismic loading shall be provided. 

 
7.4.3 In general, piping shall be supported in such a manner to maintain drainage 

slopes, prevent interference with structure and piping and keep flexible 
supports in proper adjustment so that they will move within their design 
operating ranges. Normally pipe supports and anchors shall be selected at 
those points in the building where provision has been made for the loads 
imposed. The cutting of floor/roof beams or the reinforcement in slabs will 
not be permitted. Piping attached to a plant item shall be supported in such 
a way that the weight of the piping is not taken by the plant item. 

 
Support spacing shall be as per good engineering practice. However, in no 
case it shall be less than support spacing stipulated in ANSI B31.1. 

 
7.4.4 The design of the pipe supports and hangers and their locations shall be 

guided by the following general principles: 
 

(a) Criteria of loading. 
 
(b) Design loads for anchors, restraints, hanger supporting structures. 

 
(c) Supports shall be adequate for extra loading due to hydrostatic tests 

and when piping system is full of water during chemical cleaning. 
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 (d) Supports for relief valve stacks shall be adequate for both the pipe 
weight and the thrust developed when the valve is open. 

 
(e) Besides vibration elimination, hangers shall ensure that the 

amplitude of oscillations in the pipe work owing to shock and 
vibration due to variation of fluid flow from zero to full capacity 
remains within approved limits. 

 
7.4.5 Attempts shall be made to use variable spring and rigid hangers as much as 

possible. Rigid hangers shall preferably be used where vertical movement 
of the pipe is negligible. 

 
Variable spring supports/hangers may be used provided the following 
conditions are met. 

 
(a) The variation in supporting effort between hot and cold condition 

does not exceed 25% of the load, which is higher of the operating 
condition and cold setting load. 

 
(b) The resulting effect of load take-up/release by a group of hangers in 

a span does not overstress the piping span or cause overloading at 
equipment terminals. 

 
(c) Thermal deflection between hot and cold conditions does not exceed 

40 mm. 
 

Otherwise, constant load type support/hangers must be used. On the other 
hand, rigid hangers can be used where possible without exceeding the 
stipulated limits of terminal forces and moments and the stress subject to 
the Owner’s/Consultant's approval. 

 
An exception may be made in the instance where the piping movement 
occurs at a hanger supporting a portion of a piping riser on which rigid 
support is also located. In this case, variable spring hangers may be used for 
any amount of expansion up to the full recommended working range of the 
spring, provided the change in the supporting effect of the variable spring is 
added to the design load of the rigid support assembly. However, the 
acceptance of such a system will be at Owner’s /Consultant's discretion. 
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 7.4.6 All design and fabrication including loading and allowable stresses shall be 
in accordance with ANSI B31.1. Note shall be taken of the requirements 
against earthquake at site. Hangers and supports for systems shall be 
completely engineered and prefabricated for all piping 50 NB and above.  
Sufficient random materials shall be furnished for field support of all lines 
of smaller diameter. 
 

7.4.7 For pipes of design temperature 1000C and more, bottom supports shall be 
avoided as far as possible and hanger type supports shall only be used. 
However, where bottom support cannot be avoided, the same shall be 
provided with suitable shoes along with balls/rollers/rockers (if movement 
is more than 50 mm) and SS/Graphite is to be used (if the movement is 
more than 20 mm) to minimise frictional resistance against thermal 
movements. The material of shoe as well as the ball/rockers/rollers shall be 
suitable for the design temperature of the supported pipe and shall be of 
sufficient hardness so as to permit a reasonably long life keeping its 
roundness and maintaining a low friction factor. Where a constant load type 
support is required, the bottom support shall also be of constant load type. 

 
7.4.8 The Contractor shall design and provide all supplementary steel required to 

properly secure and support all pipe supports, guided restraints, anchors, 
shock absorbers etc. Owner shall provide only the main steel work or 
embedded plates in the concrete. 

 
7.4.9 Accurate weight balance calculations shall be made to determine the 

required supporting force at each hanger location and the pipe weight load 
at each equipment connection. 

 
7.4.10 Provision shall be made for support of piping which may be disconnected 

during maintenance work. 
 

7.4.11 Supports shall be designed to prevent transfer of excessive loads from 
support to support as the line expands or contracts. Support components 
shall be attached in places where they will not damage other construction 
either during or after installation. Heavy piping support/Cantilever type 
support shall not be taken from brick wall. Brackets may be used where 
piping is adjacent to vertical surfaces. Brackets suitable for support use shall 
be supported from columns/RCC structures. 
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 7.4.12 All large pipes and all long pipes shall have at least two supports each 
arranged so that any length of pipe or valve may be removed without any 
additional supports being required. 

 
7.4.13 Support steel shall be of structural quality. Perforated strap, wire or chain 

shall not be used. Support components shall be connected to support steel 
by welding, by bolting or by beam clamps. Bolt holes shall be drilled, not 
burned. Support components may be bolted to concrete using approved 
concrete anchors. 
 

7.4.14 Double nuts or lock-nuts shall be used on hanger rods and bolts in all cases. 
 

7.4.15 Variable springs shall be furnished with travel stops. The travel stops shall 
be factory installed at the "cold" position. 

 
7.4.16 Spring hangers should not be loaded more than 80% of the spring travel 

range. 
 
7.4.17 Both constant load and variable spring support/hanger shall be provided 

with outside indicators for deflection and load. Provision for the site 
adjustment of load at least +_ 10% shall be incorporated. Also spring locking 
arrangement and turnbuckles of load/position adjustment shall be 
provided for all hangers. 

 
7.4.18 Constant load type spring support/hangers shall be so selected as to 

permit, for the specific load, an over-travel of at least 25 mm or 20% 
(whichever is greater) of the specified range of vertical travel. The initial 
setting of the hangers/supports shall be such that half of the "over-travel" is 
allowed in either direction. Constant support hangers shall have a support 
variation of not more than 6% throughout the total travel range. 

 
7.4.19 Rigid hangers & restraints shall be judiciously selected, without exceeding 

the stipulated limits of terminal forces & moments & stress level. Struts 
shall be considered where compressive load is expected. 

 
7.4.20 Where the piping system is subject to shock loads, such as thrust imposed 

by the actuation of safety valves (SV), hanger design shall include provision 
for shock absorbing devices of approved design. 
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 Vertical restraints near safety valves shall be preferred for taking SV 
discharge thrust, provided equipment terminal reactions remains within 
allowable limit.  

 
Attempts shall be made to avoid use of shock absorbers, dampers etc as far 
as possible to take care of occasional loading like seismic effect etc by 
proper engineering of the piping design and effective use of restraints. 
However, shock absorbers, VISCO- dampers, wherever felt necessary are to 
be supplied and erected by the bidder. 

 
7.4.21 Layout of piping shall be properly designed to avoid excessive vibration by 

effective use of restraints. However, wherever felt necessary, shock 
absorbers, VISCO- dampers may be employed. 
 

7.4.22 Hanger rods (except rigid hangers where both tension and compression 
may occur) shall be subjected to tensile loading only. At hanger locations 
where lateral movement is anticipated, suitable linkage and rocking 
washers shall be provided to permit swing. 

 
7.4.23 For all hangers, the length of suspension shall be so selected that the hanger 

rod may never make an angle of more than 40 with vertical due to 
horizontal pipe movements. If this cannot be avoided by erecting the hanger 
vertically for cold condition, it shall be suitably off set so that the above 
requirement is fulfilled in cold as well as hot conditions. Hangers shall be 
designed so that they cannot become disengaged by movements of the 
supported pipe. 

 
7.4.24 Hanger support rods of less than 10 mm diameter for supporting pipes 40 

NB and smaller and less than 13 mm diameter for supporting pipes of 50 
NB and larger, shall not be used.  

 
7.4.25 Supports, guides and anchors shall be so designed that excess heat will not 

be transmitted to the building steel. 
 

7.4.26 Tie rods/struts shall preferably be used for restraints to achieve low friction 
restraining. 

 
The Tie-rods/struts shall have proper arrangement and adequate length, so 
that, thermal movements in other directions, which are intended to be free 

Page 164 of 659




