


i ga gie g (5 A g (sl yudd




" Thermal Effects " )~ sla_jil

Cloa il Cand ddlaie g (g i ) ol (5 S s 43kl Cid S e
Tl K ) dalse 43 (Heat Affected Zone 4@ S ) g

" Thermal diffusivity " < s dsdiégai o

" Heat 0SS " oad Cili &) a y ja o

Thermal conductivity " ) Jiiil cy pa o
" coefficient

" Energy intensity " Jle! s sl cud e

" Thermal capacity " ) cud b o



bsadg s slga o i) B (59w oad Ob Jol 50
o ol A il HAZ 4ibie S jiuSy b 3

HAZ i) oS (s 4SS g2 0 o _yeby 3 J3E
ffcﬂjlﬁﬁ'bfulaﬁl)/ﬂ‘ oﬁdbj/wj
i slio (5 A s 0 4Ty 2, (9630 2535 )l
A g o e GG LHAZ 4ibio Yo uilS 4 L
Pl _yab cunl iy S s gledil 5 _sdy
Ot Yo Sl jSpad bla y jl b (6 4K 5
in gl ai ea g0 HAZ 4ihis o5 55 sa Co
D gudirai ad o Soaid (g 4SS g dihria Cil b



" Heat-Sink Effects " iSs A < s

Sladad ) 5 ik (S)la s Culill adiia Cilalad o
adin Gkl 50 &) s ds py ) (T a5l 3 Sl
e R oa il gl bl 5 b daimn
S Ol i)y daiia a5 padi A ) 1l
Jga g e 4 5 B (a ) mdada Ciladad () 64
Ui AL e iy Cu 35 5l Jie 3 )5 sla 38 Gl
Cola sla il dgl iy b s )Shsa g 5l gl )
lad ekl S8 05 3 ) ge )3 IS5 8



g a flaie SIS L

mﬁwu‘é‘-&'bgjjuj&“&w DMJJC;J&MPJJ
45-4(_,&[.4.&6JJ/J&JJASC-’J{)AJLQ.U/QU%“S&/MLJ)A@M}A
(s

u):d.aﬁuasuuﬁwuabal.@_d\;ﬁm\ng_\j\_cm
4amgn ) G s godn Soa <k 5 (Incomplete fusion)
\J}J).u\méi.umum)\&)ﬁ;ﬁ&\}dﬁh@\do\ﬂm\JUAP
_JJAJJ\AJ\U\)JLEA

JJ/JJDJGAKJ}QJIJAJC;/M}M
Jjj/&ubbﬁmmwu‘fjﬁujba
Mﬁuwfjjﬁujba4545/4JJS‘UJ.SJDML_QJLJJ%J/0JL‘LM/
Wb i L s 4 02 000 Sl s e Silla Sl 2,038 5 8] S U
I i e

s de b Cophy &) s id 4S 5 sBy(TOICH) b cwsd 45l s
.J‘}-‘J %00 o
Umﬂjgj&wﬁwﬂwbﬁ/wdijwumuubﬁ/
8 0 S0 58 ) a0 e olrie e 4 Cuilia



Thermal " ali 5 5iSl ) Had 3w Glualaae jy cli gl K
Gl S e el () ja Gadi e LM Severity Number
Tl pia g 53 48 a3y Cualiin de gana s and Ll 3ae

Al oo JBle O 5om 40 Ll Gl s

I.5.N=3




Al £ s

S 2 ge Slabd 50 )8 0 8 I Gl & jle il )8 Ly o
B s Slilee £ 9 i I L

A8 el ) cilaal Gea (ile R Gl Sllee o

Ll il ule 8 Gdy Clblee rdabd (ad 3w S (JSUS
oad 4/ bl (bl g siga dali o (T s cand LS Cia ga
= S HAZ waliy isn 4l §ad 9w Cie g dagii ga
o HAZ 5 i s 4l (B g (50 5 id S Sl ol ) 1L
[ S alag) Jaistg 00 YU | (s pds ilheil 4 4b i/,
8L alS

S b ek o )8 a0 dadd 0453 S5 (5 4850a o

g 3l dxhad 0y 03 S 4 ) il 5T e sile S i codmy
(S o 8 sla T a slgdi



i s ko S8 iy el 0 (5 g b 3580 ) e LSS
LSy (Aakad lain) ko y Cii Jadad ik SS
B0 g i ] Al g 00 (s g 2453
 lai o (5 8 sln ST Olal g s
Ol S8 G b ile 8 s 7 s slediT JdalS
e (A5 Sl A o LR (LS s g TS
ol sl G Gl e Anuili )25 o dabd 1

il o 8 LS dabad iy iliy (Shay

O aSe i Ol Siley 1 g MK a Slilae ) g
g oo Ll (5 ) s 0yl e

b A il g asiuin el (o) SiS5 A ) ga i JuliT

Jl iy Cralsai b Silabd (o) 0" Glaee Yo (T s Syl
sl (5 g a2 )8 i Cillae 3 LS siadie 20




Lg\ﬁUa&kﬁm&a%ﬁuﬁﬁuﬁ@#&uadﬁ\hﬁjdﬁ;
a0 e gl by o b e £ gl

B Claiiua
g J\y b . 15\:4 ™ g‘é‘)d dg\h
3 AL GO H5) s Cala S
(mm) T3y
(31_Zgilus)

<20 20
A ST37 DS gy 2 SSIL Ay g 20 <t <40 65
ST52 (050w oS lang i) 51 ) 40 <t <65 110
t > 65 150
Do ?SJ\J‘:;‘SJJ \FPCNIAT e <20 10

S5 R Ui
ST37 T T 20<t<40 20

B s 2 i) J8 dales n (g
ST52 s fu,| 40<t<65 65
P ( . | t>65 110

EBLEETB NS

Qj)JJ:“” ;"SJ\J‘S‘S}) J}J:‘ﬁ\ L (s U:“P <20 10

B2 ) Vs

: XN E te T 20<t <40
C | Fy>4000Kg/cm? sl 35 i) OIS dales ad i sa 65
.o /Swl_\ 40<t£65 110
A ( . | t>65 150
SR s3SI bgial B




Table 3.3

Prequalified Minimum Preheat and Interpass Temperature (see 3.5)

C Thickness of Minimum Preheat
a Thickest Part at and Interpass
; Point of Welding Temperature
g
? Welding
vy Steel Specification Process in mm °F °C
ASTM A36
ASTM A53 Grade B
ASTM A106 Grade B
ASTM A131 Grades A, B, CS, D, DS, E
ASTM A139 Grade B
ASTM A381 Grade Y35
ASTM A500 Grade A
Grade B
Grade C
ASTM A501 Grade A
ASTM A516 1/8 to 3/4 3to 20 322 0?
ASTM A524 Crades I & IT incl. incl.
ASTM AS573 Grade 65
ASTM AT09 Grade 36 SMAW Over 3/4 Ovwer 20 150 65
ASTM A1008 SS Grade 30 with other thru 1-1/2 thru 38
A Grade 33 Type 1 than low- incl. incl.
Grade 40 Type 1
ASTM A1011SS  Grade 30 :ff;‘:fg:s Over1-1/2  Over 38 225 110
Grade 33 thru 2-1/2 thru 65
Grade 36 Type 1 incl. incl.
Grade 40
Grade 45 Over 2-1/2 Over 65 300 150
Grade 50
Grade 55
ASTM A1018 55 Grade 30
Grade 33
Grade 36
Grade 40
API 5L Grade B
Grade X42
ABS Grades A, B, D, CS, DS
Grade E
ASTM A36
ASTM A53 Grade B
ASTM A106 Grade B
ASTM A131 Grades A, B, 1/8 to 3/4 3to 20 32s 02
g?l- :];)2» gsé(f: incl. incl.
EDIP{I gzz g gg mﬁfw Over 3/4 Over 20 50 10
ASTM A139 Grade B hydrogen f]‘“I‘ -z .‘"3 8
B | ASTM A381 Grade Y35 electrodes, me e
ASTM A441 SAW,
¢ Over 1-1/2 Over 38 150 65
ASTM AS00 gﬁ: g E&w thru 2-1/2 thru 65
Grade C incl. incl.
ASTM A501 Grades A and B
65 & 70
ASTM A524 Grades I & II
ASTM A529 Grades 50 & 55

(Continued)




Table 3.3 (Continued)

Prequalified Minimum Preheat and Interpass Temperature (see 3.5)

C Thickness of Minimum Preheat
a Thickest Part at and Interpass
; Point of Welding Temperature
g
2 Welding
v Steel Specification Process in mm °F °C
ASTM AB3T Classes 1 & 2
ASTM ALT2 Grades 42, 50, 55
ASTM AS73 Grade 65
ASTM ALB8
ASTM A595 Grades A, B, C
ASTM AB06
ASTM AG18 Grades Ib, 11, TIT
ASTM AB33 Grades A, B
Grades C, D
ASTM ATO9 Grades 36, 50, 505, 50W,
HPS 50W
ASTM ATI10 Grade A, Class 2
(=2 in [50 mml])
ASTM ABOS
ASTM A913P Grade 50
ASTM A092
ASTM A1008 HSLAS Grade 45 Class 1
Grade 45 Class 2
Grade 50 Class 1
Grade 50 Class 2 1/8 to 3/4 3 to 20 322 0=
Grade 55 Class 1 incl. incl.
Grade 55 Class 2
ASTM A1008 HSLAS-F  Grade 50 SMAW Over 3/4 Over 20 50 10
ASTM A1011 HSLAS Grade 45 Class 1 with low- thru 1-1/2 thru 38
B Grade 45 Class 2 hydrogen incl. incl.
(Cont'd) Grade 50 Class 1 electrodes,
Grade 50 Class 2 SAW, Over 1-1/2 Over 38 150 65
Grade 55 Class 1 GMAW! thru 2-1/2 thru 65
Grade 55 Class 2 rcaw incl incl
ASTM A1011 HSLAS-F  Grade 50 ) :
ASTM A1018 HSLAS Grade 45 Class 1 Over 2-1/2 Over 65 225 110

ASTM A1018 HSLAS-F
ASTM A1018 SS

ASTM 1085
API 5L

API Spec. 2H
API 2MT1
API 2ZW

API 2Y

Grade 45 Class 2
Grade 50 Class 1
Grade 50 Class 2
Grade 55 Class 1
Grade 55 Class 2
Grade 50
Grade 30
Grade 33
Grade 36
Grade 40

Grade B

Grade X42

Grades 42, 50
Grade 50

Grades 42, 50, 50T
Grades 42, 50, 50T
Grades AH 32 & 36
Grades DH 32 & 36
Grades EH 32 & 36

(Continued)




Table 3.3 (Continued)
Prequalified Minimum Preheat and Interpass Temperature (see 3.5)

C Thickness of Minimum Preheat
a Thickest Part at and Interpass
; Point of Welding Temperature
g
o
r
¥ Steel Specification Welding Process in mm °F °C
ASTM A572 Grades 60, 65
ASTM AB33 Grade E
ASTM AQ13b Grades 60, 65, 70 1/8 to 3/4 Jto 20 20 10
ASTM ATI10 Grade A, Class 2 incl. incl.
(=2 in [50 mm])
ASTM AT10 Grade A, Class 3 Owver 3/4 Over 20 150 65
(=2 in [50 mm]) . thru 1-1/2 thru 38
C ASTM AT09¢ Grade HPS 70W ;E.Miwdmth ! incl. incl.
ASTM A852¢ ow-hydrogen electrodes,
ASTM A1018 Grade 60 Class 2 SAW, GMAW, FCAW
Owver 1-1/2 Over 38 225 110
HSLAS Grade 70 Class 2 thru 2-1/2 thru 65
ASTM A1018 Grade 60 Class 2 incl. incl.
HSLAS-F Grade 70 Class 2
APLZW Grade 60 Over 2-1/2  Over 65 300 150
API 2Y Grade 60
API 5L Grade X52
SMAW, SAW, GMAW, and
FCAW with electrodes or elec-
trode-flux combinations capa-
ASTM AT10 Grade A ble of depositing weld metal All thicknesses
D b (All classes) with a maximum diffusible = 1/8 in [3 mm] 3z 0
ASTM A913 Grades 50, 60, 65 hydrogen content of 8 ml/100 g
(H8), when tested according to
AWS A4.3.

2 When the base metal temperature is below 32°F [0°C], the base metal shall be preheated to a minimum of 70°F [20°C] and the minimum interpass
temperature shall be maintained during welding.
b The heat input limitations of 5.7 shall not apply to ASTM A913.
© For ASTM A709 Grade HPS 70W and ASTM AB52, the maximum preheat and interpass temperatures shall not exceed 400°F [200°C] for
thicknesses up to 1-1/2 in [40 mm], inclusive, and 450°F [2307C] for greater thicknesses.

Notes:

1. For modification of preheat requirements for SAW with parallel or multiple electrodes, see 3.5.2.
2. See 5.11.2 and 5.6 for ambient and base metal temperature requirements.
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