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CLASSIFICATION OF WELDS, THEIR INSPECTION,
TESTING AND ACCEPTANCE

1.0 SCOPE

1.1 This standard defines four grades of welds in steels viz. grade-I, grade-II, grade-III and
grade-IV that are carried out in BHEL. It also covers the inspection requirements, testing
and acceptance standards for these grades of welds to ensure that quality welds are
produced.

1.2 Welds occurring on products manufactured to any particular code of practice by
contractual or statutory obligations shall follow welding, inspection, testing acceptance
etc. as per the relevant codes.

1.3 The grade of welds shall be chosen and specified in the drawings based on considerations
of weld joint efficiency and the type of joints.

2.0 CLASSIFICATION

2.1 GRADE-I
Grade-I shall apply to full penetration butt welds, full throat welds and corner welds for
following applications.

a) Welds subjected to stresses more than 60% of yield point of the welded metal at
working temperature.
OR
b) Structures subjected to highly dynamic or severe alternating stresses.
OR
¢) Structures operating above 250°C or below 0°C

2.2 Grade-I1

2.2.1 Grade-II shall apply to full penetration or partial penetration butt welds for following
applications
a) Welds subjected to stresses between 40 to 60% of yield point of the welded metal at

working temperature
OR
b) Structures subjected to dynamic or alternating stresses of medium intensity or severe
static stresses.
OR
¢) Structures operating above 150° C to 250° C
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2.2.2 Grade-II partial penetration welds are not desirable and shall only be used where stress
concentration at the root of welds is not of in significance.
2.3 GRADE-III
2.3.1 Grade-III shall apply to full penetration or partial penetration butt welds and fillet welds
for following applications
a) Welds subjected to stresses below 40% of yield point of the welded metal at working
temperature.
OR
b) Structures subjected to light to medium static stresses and no dynamic loading is
involved.
OR
¢) Weld seams which are not possible to be checked for leaks by conventional methods of
testing such as hydraulic testing etc.
2.4  Grade-IV
2.4.1 Grade-IV shall be specified for all general production welding of lightly stressed nature
and for weld seams which can be checked by hydraulic testing for leaks.
2.5 Qualified welding procedure and welders shall be used for all grades of welds.
2.5.1 For the purpose of classification of welds a compound weld i.e. a combination of butt and
fillet welds, shall be considered as butt weld.
2.5.2 Type of joints not covered in the standard shall be decided by the designer in consultation
with welding technologist.
3.0 INSPECTION REQUIREMENTS
3.1 Table-1 indicates the inspection requirements during various stages of welding for each

grade of weld.




AA0622101
Rev. No. 02
PAGE 3of 12

109}9p Ss[eanal uondadsul uenauad
akp Jo [ensin a8yl Ji ‘uoneredaid
abpa ay) Buoje desp ww G/ eale ue
ul uonebalbas |njwrey pue uoneulwel
Joy  Ajeoluosenin  suiwexy  (9)

‘Buimelp jueas|al ul payoads
se paydeiboipes aq 01 YIpIm ww 00T
"019 1S8y) % SJapullAD auigqiny] wesls
Jo 8sed u| ‘dn 1y Joj uoneulwexs
‘dn ‘dnifensin pue Bunsal swensuad aAp

‘dn 14 pue uoneledaid pjam|uy Joj pue uonesedaid pjam(ny o) pue uoneredasd pjam|wopuel Aq pajuswsalddns ‘uonesedald
JO uoneulwexs [ensiA (g)[Jo uoneuiwexa |ensiA (g)|Jo uoneuiwexa [ensiA (Q)|pjem  Jo uoneulwexa |ensiA ()

"aoe} Yloows 1ybliq
196 01 ww g'T noge 0] punoib aq

CORPORATE STANDARD

Buipunb ‘Buipunb pue ‘Buipunb pue||jeys uonesedaid 1no sweyly ayl Bip ul Buipjam ai0jaq
Jo Bumno aweyy Ag spew aq|bumno awely Aq spew aq|bBumnd swe) Ag apew aq|loj pajed se Bumno sweyy /Buluiyoew uolnesedald abp3
[leys uoneredaid piapn (e)|jreys uoneredaud papn (B)|jreys uoneredaid plapn (B)|Aq spew aq |reys uoneledaid piapn () eTE
(Ajuo splam
nnq uonensuad
G50 0.0 G8°0 00'T lIn} 1o} a|qesl|ddy)
Aouaioyy3 juiof plam
AN
"apIsS U0 10 SapIs ay)
Uiog W.oj} papiam ‘spjam ‘apIs "apIs auo
nng Jo 19| uonensuad | BUO JO SIPIS BYl Yl0g | JO SIpIS Yiog WOl papam
Ny ‘renyed  J0j}  pasn | woJy paplam ‘spiam 19y | swuol  ung  uonesnsuad "apIs auo
ag ue) 'spjam uononpoid | 10 spjam nNng uonensuad | renyed 10 uonenauad | Jo SapIS 8yl Y1oq woll papjam siol uiol Jo adA L
[erjouab jo sadAy v | rensed Jo uonensuad N4 | [y panallal ssallS | 1ng uonenauad |n} panslal SSaNS TT€
AlI- °opery I11-9peIy) I1-°opeI1y [-operyH Juowaarinbay

U 5 U]
affe

SuIp[om Jo sage)s snorIeA SuLInp sjuswalinbay uonoadsuy 1-9[qe,




o U7 5 U7

Bffe

CORPORATE STANDARD

‘Bunsal s[onued
onaubewnuenauad
aAp 01 pardalgns aq
Aew 1gnop Jo sauoz

‘'spaau

1onpoud/iawoisng Ag pailoads
ssajun paJinbai s1 bunsal
olydesboipel 1o awwosenn (q)

‘paisal

so|onued onsubewuensuad
a/p aq |[eys eare

plam 1ng alius ayl ‘papus|q
pue punolb aq |jeys % sabnob
® S)oe] ‘S1es|d ‘sinasapun

‘sydeiboipel ay) Ul panlasqo

3 01 S199)9p p|om a|geuondalgo
asned p|noo [e1awW aseq

3yl yum uonounl o sanuenbal
aoelNs s)l ssajun 1sa1 olydeiboipel
Jo asodind ay) 1o} pauayloows
3SIMIaY10 Jo punolb aq

jou paau paydeiboipel aq 01 p|aM
‘Juswalinbal Jawolsna 7% 10npoud
ay) uo Buipuadap s1sa) dluoSeAN
Joiydelboipes Aq pauiwexa

aq |leys ybus| pjam 4o %0T (d)

‘paisal saoied
onaubewnuensuad akp aq |reys
au0z pajoaye Jeay % Bale pjam ung
2I1Ud 3y 'papualq pue punoib

aq |leys 7 sabnob 7 syoe) ‘sjes|d

‘sydesbolpel ay) Ul PaAISqo S109)ap
plam jo uonelaidiaul syl Ylim alapsiul
pinom [elaw aseq yum uonaunl

10 sanuenballl aoeuNs S SSajun

1591 a1ydelboipel Jo asodind ayy

10} pauUayIo0WS 3SIMIBYI0 Jo punolb
aq 10U paau paydelboipes aq 01 P9
"Jaubisap

ay1 Ag Buimesp ay1 uo payoads

a( |reys bunsal Jo abejusaiad

JO 1U81X3 ‘Juswalinbal Jawolsnd

pue 1onpoid ay} uodn Buipuadap si1s9)
oluosenn/oiydelbolpes Aq paulwexa
aq leys yibus| pjam 4o 9%00T 01 G2 (a)

‘paisal sgpoiued onaubew/uensuad
9Ap aq |[eys auoz paloaye 1eay
® vaJe pjam 1INg aJiua ay | "papualq

AA0622101

Rev. No. 02

PAGE 4 of 12

AUo ‘uoireulwexa| ‘SaXLIS JJe 10} SP|aM JO ALUIDIA ‘SINdJapun ‘SayIIs 2Je 10j SPIaM| ® SyJe] ‘S1ea|d ‘SINdJapun ‘SIaxLIS ay) Ssp|am 1ng
[ensiA 01 pajoalgns 3y} Ul IN0 palIed aq |leys JO AJUIDIA BY] Ul 1IN0 palied aq| 1o} Spiam Jo ANUIDIA 3] Ul 1IN0 paliied| Jo uonajdwod uQ
3 |leys plaM (8)|  uoneulwexa [ensia 9400T (B)| [[eys uoneuiwexa [ensiA %00T (8)| a4 |leys uopeulwexs [ensia 9400T (e) ze
1S9}
so|oiued onsubewuensuad
aAp Aq pauiwexa "1s91 s9oiued onaubew,isal "1s91 sajoiued
ag [ AIessadau palapisuod 1uenauad aAp wopuel| onaubew/sa)l Juenauad aAp wopuel
JI "(pasn ag Aew sasse|6| Aq pajuswajddns pue (pasn aq ued Aq pawswsajddns pue (pasn aq
BuiApubew) 1no pauted aq [jeys| sasse|b Buifyubew) 1no pauted aq| ued sasse|b BuiAjubew) 1no paLed SoDIS
uoneuIWEXa [ensIA 9%00T (9)| |reys uoneuiwexa [ensiA %400T (9)| 29 |reys uoneuiwexa [ensiA %00T (9) 1og Eom.cmv_m\s
‘'spjam uonesauad "Splam sjuiol ur uni
"palinbai [IN} Jo @sed ayl ul Ajluo| uonensauad [N} Jo ased ayi ul Ajuo jo Buiddiyo yoeg
1ou Buiddiyos yoeg (e)| suop ag |reys buiddiyo yoeg (e) auop aq |reys bBuiddiyo xoeg (e) "auop aq |reys buiddiyos xoeg (k) V'TE
AT- 9pern II1-°pe1y I1-epe1yH [-epeIy JuowraaInboy




AA0622101
Rev. No. 02
PAGE 5of 12

‘Bunsal
ajonued anaubewpuensuad
aAp 01 paalgns aq
Aew 1gnop Jo sauoz Ajuo
pue uoneUIWEX3 [ensIA
0} payoalgns aq |leys pldaM

"Alessadau palapisuod
J11N0 palLLe?

aq Ireys Bunsay aiy (p)
‘qnop
JO 8sed ul Ajuo 1no
palied aq |[eys plam
Jo yi1bua)| a19|dwod ay)

JO uonoadsui sajonred
onaubewnuensuad akg (2)
PI3M paysiuly syl
J0 aoueJeadde JensiA (a)

juiol ayy jo dn 4 (e)
‘JO siseq a8y} Uo passasse
ad Ireys piam jo Aurend

'SplIem ||
-ape.b Joj pasn aq 0] Jou ale
spjam 19|14 se ‘a|qealjdde 10N

"spjem [-apelB 1o} pasn aq 0}

10U aJe Sp|am 131} Se ‘s|gealjdde 10N

splem

19111 Jo uorerdurod uQ

€€

“Juswieal) 1eay Jsye pareadal ag Aew sise) dlydesBoipelsoiuosenn ‘sisubisap
a1 Aq palioads suonpuod a21AI8S 221110 0] 193[gNs SwWall 104 “Juswieal] 1eay 21048 1IN0 pallied ag |[eys 1sal alydelboipey 1o 18] dluosel|n 810N

CORPORATE STANDARD

‘Buiddiyo

Jo Buipunb Ag panowal aq 0}
saoens pjam uo sa|ddu dreys
pue sueaw dluosen|n Aq
pa1sal uaym yioows punoib
ag |reys adeuns piap (9)

‘Buiddiyo

Jo Buipunb Aq panowal

a( 0] adens pjam uo sa|ddu
dreys pue sueaw ojuosenn
Aq paisal uaym yioows

a(g [reys a2euns piam (9)

‘?oelns

a1 Yum 19e1U09 arewnul yuad

0] Se 0S 9[eds 38s00| pue UIp ‘Jeneds

plam JO 93l) 8g p|noyYs adeyns
yoJseas ay) ‘asianel; 0} sey aqoud
3y}l 8J1aym apIs Jayle uQ ‘sueawl
oluosen|n Aq paisal uaym yloows
punolib aq [jeys a2ens pjapa (9)

9A0(QE SY

Al-2pery

I1I1-°p®eL)

I1I-epeL)H

Iepery

JuowraaIinboy

U 5 U]
affe




AA0622101

Rev. No. 02 CORPORATE STANDARD THE

PAGE 6 of 12

3.3.1 JOINT EFFICIENCY

a) The joint efficiency will be less by 5% of the specified joint efficiency, if the joint is
welded from one side only.

b) The joint efficiency for un-stress relieved fabrication of grade-I and grade-II will be 5%
less than the specified joint efficiency. For the other grades joint efficiency is given on
the basis of joints without stress relieving.

3.3.2 ULTRASONIC/RADIOGRAPHIC EXAMINATION-EVALUATION AND RETESTS

a) In case the above examination reveals that the examined length of the weld is
acceptable as per the standard, the entire representative length of the weld shall be
considered acceptable.

b) In case this examination reveals that the examined weld is un-acceptable as per this
standard the quantum of length of weld inspected adjacent to the defective region
shall be doubled for radiographic/ultrasonic test. If the additional examination also
shows that the weld is unacceptable the 100% radiographic/ultrasonic examination of
all welds must follow, for acceptance or rejection.

¢) If on examination of double the length it is found acceptable then the defective portion
noticed earlier shall be rectified and retested for ultrasonic/ radiographic examination.

3.3.3 Welded joints will be subjected to hydraulic or other leak tests called for on the drawing.
3.3.4 Hydraulic tests if called for shall be carried out after stress relieving (if stress relieving is

required).

4.0 ACCEPTANCE STANDARDS

4.1 Unacceptable defects in any grade of weld are detailed below and are dependent upon
whether the joint being welded is a full penetration butt weld, partial penetration butt
weld or a fillet weld. If these defects are not present then the welds are considered
acceptable.

4.2 UNACCEPTABLE DEFECTS

Table 2, 3, 4, 5 below give unacceptable defects for grade-I, grade-II, grade-III & grade-IV
welds respectively.
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POROSITY FOR GRADE-I WELDS OF STEAM TURWINE COMPONENTS ONLY

In case of grade-I welds of Steam Turbine components eg. H.P & I.P. Cross under pipe
welds and any other primary H.P or I.P. Steam Pipe welds, the porosity shall be adjudged
as given below

a)

b)

c)

The total area of porosity which when projected radially through the weld shall not
exceed 0.025 cm?cm thickness of the weld in any square cm. of projected weld area (or
shall not exceed 0.01 sq. inch per inch thickness of the weld, in any sq. inch of
projected weld area). If it exceeds the weld is not acceptable.

Any single pore or gas hole having a diameter greater than those below shall be
unacceptable

1.6 mm for weld thickness upto and including 12 mm.

2.4 mm for weld thickness over 12 mm upto and including 25 mm.
4 mm for weld thickness over 25 mm upto and including 50mm.
4.3 mm for weld thickness over 50 mm upto and including 75 mm.
5.6 mm for weld thickness above 75 mm.

Aligned porosity shall be acceptable provided the summation of the diameters of the
pores is not more than T in a length of 12T and each pore is separated by a distance
atleast 6 times the diameter of the largest adjacent pore.

Surface defects: Welds with significant undercuts or overlaps which form a notch at the
toes of the welds or abrupt ridges or valleys or excessive weld reinforcements are not
acceptable.

Note: 'T" is the thickness of thinner plate being welded in mm.
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4.3 PERMISSIBLE DEFECTS IN PARTIAL PENETRATION AND FILLET WELDS
4.3.1 Permissible defects in Grade-II/III partial penetration Butt Welds

Defects not exceeding those permitted i.e. Table-3 for Grade-II and Table-4 for Grade-III
partial penetration butt welds and defects at the root of a weld in an area that shall not
extend further than 3 mm from the bottom of penetration, when examined by non-

destructive means.

4.3.2 Permissible defects in GRADE-III Fillet Welds

Defects not exceeding those permitted in Table-4 for grade-III fillet welds and defects at
the root of the weld not exceeding further than 1.5 mm from the junction of the plates
when examined by non-destructive testing means.

5.0 Referred Standards
1) ASME Sec VIII Div-1
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CLASSIFICATION OF WELDS, THEIR INSPECTION, TESTING AND ACCEPTANCE

SCOPE

This standard defines four grades of welds in steels viz. grade-I, grade-II, grade-III and grade-IV that are carried out in BHEL. It also covers the inspection requirements, testing and acceptance standards for these grades of welds to ensure that quality welds are produced.

Welds occurring on products manufactured to any particular code of practice by contractual or statutory obligations shall follow welding, inspection, testing acceptance etc. as per the relevant codes.

The grade of welds shall be chosen and specified in the drawings based on considerations of weld joint efficiency and the type of joints.

CLASSIFICATION

GRADE-I

Grade-I shall apply to full penetration butt welds, full throat welds and corner welds for following applications.

a) Welds subjected to stresses more than 60% of yield point of the welded metal at working temperature.

OR

b) Structures subjected to highly dynamic or severe alternating stresses.

OR

c) Structures operating above 250°C or below 0°C

Grade-II

Grade-II shall apply to full penetration or partial penetration butt welds for following applications

a) Welds subjected to stresses between 40 to 60% of yield point of the welded metal at working temperature

OR

b) Structures subjected to dynamic or alternating stresses of medium intensity or severe static stresses.

OR

c) Structures operating above 150° C to 250° C

Grade-II partial penetration welds are not desirable and shall only be used where stress concentration at the root of welds is not of in significance.

GRADE-III

Grade-III shall apply to full penetration or partial penetration butt welds and fillet welds for following applications

a) Welds subjected to stresses below 40% of yield point of the welded metal at working temperature.

OR

b) Structures subjected to light to medium static stresses and no dynamic loading is involved.

OR

c) Weld seams which are not possible to be checked for leaks by conventional methods of testing such as hydraulic testing etc.

Grade-IV

Grade-IV shall be specified for all general production welding of lightly stressed nature and for weld seams which can be checked by hydraulic testing for leaks.

Qualified welding procedure and welders shall be used for all grades of welds.

For the purpose of classification of welds a compound weld i.e. a combination of butt and     fillet welds, shall be considered as butt weld.

Type of joints not covered in the standard shall be decided by the designer in consultation with welding technologist.

INSPECTION REQUIREMENTS

Table-1 indicates the inspection requirements during various stages of welding for each       grade of weld.




		Table-1 Inspection Requirements during various stages of welding

		Grade -IV

		All types of general production welds. Can be used for partial, full penetration fillet or butt welds, welded form both the sides or one side.

		0.55

		(a) Weld preparation shall be made by flame cutting or grinding

		(b) Visual examination of weld preparation and fit up.

		



		

		Grade-III

		Full penetration or partial penetration butt welds or fillet welds, welded from both the sides or one side.

		0.70

		(a) Weld preparation shall be made by flame cutting and grinding.

		(b) Visual examination of weld preparation and for fit up.

		



		

		Grade-II

		Stress relieved full penetration or partial penetration butt joints welded from both sides or one side.

		0.85

		(a) Weld preparation shall be made by flame cutting and grinding.

		(b) Visual examination of weld preparation and for fit up.

		



		

		Grade-I

		Stress relieved full penetration butt joints welded from both the sides or one side.

		1.00

		(a) Weld preparation shall be made by machining/ flame cutting as called for in drg. The flame cut preparation shall be ground to about 1.5 mm to get bright smooth face.

		(b) Visual examination of weld preparation, supplemented by random dye penetrants testing and visual examination for fit up. In case of Steam Turbine Cylinders & Chest etc. 100 mm width to be radiographed as specified in relevant drawing.

		(c) Examine ultrasonically for lamination and harmful segregation in an area 75 mm deep along the edge preparation, if the visual or dye penetrant inspection reveals defect



		

		Requirement

		3.1.1

Type of joint

		3.1.2

Weld joint Efficiency

(Applicable for full Penetration butt Welds only)

		3.1.3

Edge preparation before welding

		

		







		
Grade -IV

		(a) Back chipping not required.

		 

		(a) Weld shall be subjected to visual examination, only zones of doubt may be subjected to dye penetrant/magnetic particle testing.

		



		Grade-III

		(a) Back chipping shall be done only in the case of full penetration welds.

		(b) 100% visual examination shall be carried out (magnifying glasses may be used). If considered necessary will be examined by dye penetrant/magnetic particles test.

		(a) 100% visual examination shall be carried out in the vicinity of welds for arc strikes, undercuts, cleats, tacks & gouges & shall be ground and blended. The entire butt weld area shall be dye penetrant/magnetic particles tested.

		(b) Ultrasonic or radiographic testing is required unless specified by customer/product needs.



		Grade-II

		(a) Back chipping shall be done only in the case of full penetration welds.

		(b) 100% visual examination shall be carried out (magnifying glasses can be used) and supplemented by random dye penetrant test/magnetic particles test.

		(a) 100% visual examination shall be carried out in the vicinity of welds for arc strikes, undercuts, cleats, tacks & gouges & shall be ground and blended. The entire butt weld area & heat affected zone shall be dye penetrant/magnetic particles tested.

		(b) 10% of weld length shall be examined by radiographic/ ultrasonic tests depending on the product & customer requirement.
Weld to be radiographed need not be ground or otherwise smoothened for the purpose of radiographic test unless its surface irregularities or junction with the base metal could cause objectionable weld defects to be observed in the radiographs.



		Grade-I

		(a) Back chipping shall be done.

		(b) 100% visual examination shall be carried out (magnifying glasses can be used) and supplemented by random dye penetrant test/magnetic particles test.

		(a) 100% visual examination shall be carried out in the vicinity of welds for the strikers, undercuts, cleats, tacks & blended. The entire butt weld area & heat affected zone shall be dye penetrant/magnetic particles tested.

		(b) 25 to 100% of weld length shall be examined by radiographic/ultrasonic tests depending upon the product and customer requirement. Extent of percentage of testing shall be specified on the drawing by the designer.
Weld to be radiographed need not be ground or otherwise smoothened for the purpose of radiographic test unless its surface irregularities or junction with base metal would interfere with the interpretation of weld defects observed in the radiographs.



		Requirement

		3.1.4

Back chipping  of run in joints welded from both sides

 

		3.2

On completion of butt welds

		



		
Grade -IV

		

		Note: Ultrasonic test or Radiographic test shall be carried out before heat treatment. For items subject to critical service conditions specified by the designers, ultrasonic/radiographic tests may be repeated after heat treatment.

		Weld shall be subjected to visual examination and only zones of doubt may be subjected to dye penetrant/magnetic particle testing.



		Grade-III

		(c) Weld surface shall be ground smooth when tested by ultrasonic means and sharp ripples on weld surfaces to be removed by grinding or chipping.

		

		Quality of weld shall be assessed on the basis of;

(a) Fit up of the joint

(b) Visual appearance of the finished weld

(c) Dye penetrant/magnetic particles inspection of the complete length of weld shall be carried out only in case of doubt. 

(d) Air testing shall be carried out if considered necessary.



		Grade-II

		(c) Weld surface shall be smooth when tested by ultrasonic means and sharp ripples on weld surface to be removed by grinding or chipping.

		

		Not applicable, as fillet welds are not to be used for grade-II welds.



		Grade-I

		(c) Weld surface shall be ground smooth when tested by ultrasonic means. On either side where the probe has to traverse, the search surface should be free of weld spatter, dirt and loose scale so as to permit intimate contact with the surface.

		

		Not applicable, as fillet welds are not to be used for grade-I welds.



		Requirement

		As above

		

		3.3

On completion of fillet welds







1.1 

1.2 

JOINT EFFICIENCY

a) The joint efficiency will be less by 5% of the specified joint efficiency, if the joint is welded from one side only.

b) The joint efficiency for un-stress relieved fabrication of grade-I and grade-II will be 5% less than the specified joint efficiency. For the other grades joint efficiency is given on the basis of joints without stress relieving.

ULTRASONIC/RADIOGRAPHIC EXAMINATION-EVALUATION AND RETESTS

a) In case the above examination reveals that the examined length of the weld is acceptable as per the standard, the entire representative length of the weld shall be considered acceptable.

b) In case this examination reveals that the examined weld is un-acceptable as per this standard the quantum of length of weld inspected adjacent to the defective region shall be doubled for radiographic/ultrasonic test. If the additional examination also shows that the weld is unacceptable the 100% radiographic/ultrasonic examination of all welds must follow, for acceptance or rejection.

c) If on examination of double the length it is found acceptable then the defective portion noticed earlier shall be rectified and retested for ultrasonic/ radiographic examination.

Welded joints will be subjected to hydraulic or other leak tests called for on the drawing.

Hydraulic tests if called for shall be carried out after stress relieving (if stress relieving is required).

ACCEPTANCE STANDARDS

Unacceptable defects in any grade of weld are detailed below and are dependent upon whether the joint being welded is a full penetration butt weld, partial penetration butt weld or a fillet weld. If these defects are not present then the welds are considered acceptable.

UNACCEPTABLE DEFECTS

Table 2, 3, 4, 5 below give unacceptable defects for grade-I, grade-II, grade-III & grade-IV welds respectively.




		TABLE-2 UNACCEPTABLE DEFECTS FOR GRADE-I WELDS

		FILLET WELDS

		



		



		

		Not applicable

		

		

		Not applicable

		



		

		BUTT WELDS

		Partial Penetration

		



		



		

		Not applicable

		

		

		Not applicable

		



		

		

		Full Penetration

		Unacceptable



		Unacceptable



		Unacceptable

		(a) If the individual slag line is greater than ⅓ T for T upto 56mm. 19mm for T above 56mm.

OR

(b) If the width of the individual slag line is greater than 1.6 mm for weld thickness upto 19mm.

2.4 mm for weld thickness from 19 mm to 56 mm.

3.2 mm for weld thickness above 56 mm.

		Any group of slag inclusions in a line with an aggregate length greater than T in a length shorter than 12T is unacceptable, except when the distance between the successive imperfections exceeds 6L where L is the length of the longest imperfection in the group.

		Porosity in excess of that shown in the ASME Sec VIII Div-1 appendix 8 is acceptable. The radial (through wall) nature of worm holes as to be considered in stringent level compared to porosity.

		Weld bead shall smoothly match the base metal. No undercut is acceptable.

		The weld reinforcement below 1.5 mm and more than 3 mm is unacceptable.



		

		Nature of defect

		Crack



		Lack of fusion



		Lack of Penetration

		





































		Group of slag inclusion

		Porosity

		Surface defects

		Weld Reinforcement










POROSITY FOR GRADE-I WELDS OF STEAM TURWINE COMPONENTS ONLY

In case of grade-I welds of Steam Turbine components eg. H.P & I.P. Cross under pipe welds and any other primary H.P or I.P. Steam Pipe welds, the porosity shall be adjudged as given below

a) The total area of porosity which when projected radially through the weld shall not exceed 0.025 cm²/cm thickness of the weld in any square cm. of projected weld area (or shall not exceed 0.01 sq. inch per inch thickness of the weld, in any sq. inch of projected weld area). If it exceeds the weld is not acceptable.

b) Any single pore or gas hole having a diameter greater than those below shall be unacceptable

1.6 mm for weld thickness upto and including 12 mm.

2.4 mm for weld thickness over 12 mm upto and including 25 mm.

4 mm for weld thickness over 25 mm upto and including 50mm.

4.3 mm for weld thickness over 50 mm upto and including 75 mm.

5.6 mm for weld thickness above 75 mm.

c) Aligned porosity shall be acceptable provided the summation of the diameters of the pores is not more than T in a length of 12T and each pore is separated by a distance atleast 6 times the diameter of the largest adjacent pore.

Surface defects: Welds with significant undercuts or overlaps which form a notch at the toes of the welds or abrupt ridges or valleys or excessive weld reinforcements are not acceptable.

Note: 'T' is the thickness of thinner plate being welded in mm.




		TABLE-3 UNACCEPTABLE DEFECTS FOR GRADE-II WELDS

		FILLET WELDS

		

		

		

		Not applicable

		

		



		

		BUTT WELDS

		Partial Penetration

		Unacceptable

		Unacceptable

		Unacceptable if the individual slag line is longer than ⅔ T. The maximum length of acceptable imperfections shall be 19 mm. Any imperfection shorter than 6 mm shall be acceptable for any plate thickness.

		Any group of slag inclusion in line with an aggregate length greater than T, in a length of 6 T (or proportionately for weld length shorter than 6 T) is unacceptable when the distance between the successive imperfections exceeds 3 L, where ‘L’ is the length of longest imperfection in the group.

		Excessive porosity is unacceptable. It shall be assessed as per porosity chart given in ASME Sec VIII Div-1 Appendix 8.

		The undercut shall not exceed 0.5 mm for the thickness of plate upto and including 20 mm and 0.8 mm beyond 20 mm. The left out thickness after undercut shall not be however less than the minimum required thickness.



		

		

		Full Penetration

		Unacceptable

		Unacceptable

		

		

		

		



		

		Nature of defect

		Crack

		Lack of fusion

		Individual slag line

		Group of slag inclusion

		Porosity

		Surface defects












		TABLE-4 UNACCEPTABLE DEFECTS FOR GRADE-III WELDS

		FILLET WELDS

		Unacceptable

		Unacceptable

		Unacceptable

		Unacceptable





		

		

		

		In case of fillet weld the variation in leg lengths shall not exceed 3 mm provided the shorter length conform to required min. leg lengths.

		Reinforcement: Reinforcement below 1.5 mm & beyond 3 mm is not acceptable



		

		BUTT WELDS

		Partial Penetration

		Unacceptable

		 Unacceptable

		Unacceptable

		Unacceptable if the individual slag line is longer than T. The maximum length of acceptable imperfection shall be 25 mm. Any imperfection shorter than 6 mm shall be acceptable for any plate thickness.

		Any group of slag inclusion in line with an aggregate length greater than T, in a length 4 T (or proportionately for weld length shorter than 4 T) is unacceptable except when the distance between the successive imperfections exceeds 3L where ‘L’ is the length of longest imperfection in the group.

		Excessive porosity is unacceptable

		Weld with pronounced undercuts, overlaps or abrupt ridges or valleys are not acceptable

		Not  applicable

		



		

		

		Full Penetration

		Unacceptable

		Unacceptable

		Unacceptable

		

		

		

		

		Not  applicable

		



		

		Nature of defect

		Crack

		Lack of fusion

		Lack of penetration

		Slag inclusion

		Group of slag inclusion

		Porosity

		Surface defects

		Leg lengths

		







		
TABLE-5 UNACCEPTABLE DEFECTS FOR GRADE-IV WELDS

		FILLET WELDS

		

		

		

		

		

		

		

		In case of fillet weld the variation in leg lengths shall not exceed 3 mm provided the shorter length conform to required min. leg lengths.

		Reinforcement: Reinforcement below 1.5 mm & beyond 3 mm is not acceptable



		

		BUTT WELDS

		Partial Penetration

		Any crack visible on the surface will not be acceptable

		Not applicable

		Not applicable

		Not applicable

		Not applicable

		Excessive porosity exposed to surface is not acceptable

		Welds with excessive amount of pronounced undercuts, abrupt ridges or valleys and spatters shall not be acceptable

		Not  applicable

		



		

		

		Full Penetration

		

		

		

		

		

		

		

		Not  applicable

		



		

		Nature of defect

		Crack

		Lack of fusion

		Lack of penetration

		Slag inclusion

		Groups of slag inclusion

		Porosity

		Surface defects

		Leg lengths

		










PERMISSIBLE DEFECTS IN PARTIAL PENETRATION AND FILLET WELDS

Permissible defects in Grade-II/III partial penetration Butt Welds

Defects not exceeding those permitted i.e. Table-3 for Grade-II and Table-4 for Grade-III partial penetration butt welds and defects at the root of a weld in an area that shall not extend further than 3 mm from the bottom of penetration, when examined by non-destructive means.

Permissible defects in GRADE-III Fillet Welds

Defects not exceeding those permitted in Table-4 for grade-III fillet welds and defects at the root of the weld not exceeding further than 1.5 mm from the junction of the plates when examined by non-destructive testing means.

Referred Standards

1) ASME Sec VIII Div-1
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