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Table 1 Definition of weldability group and carbon equivalent calculation Formula for P No.1 (carbon steel, LTCS)

P No Rm/MPa R
P No.1-1 < 485 A106 Gr. B, A516-65, 20
P No.1-2 = 485~< 550 A106 Gr.C, A105, A516-70, X65, Q345, 16Mn
P No.1-3 = 550~ < 620 L485, X70
P No.1-4 = 620 P4 (Q+T) B{ TMCP L555, X80

CEIIW =C + Mn/6 + (Cr+Mo +V) /5+ (Ni+Cu) /15

CEPcm =C + Si/30 + Mn/20 + Cu/20 +Ni/60 +Cr/20 + Mo/15 +V/10 +5B (API 5L C <X 0.12%)
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Table 2 Typical pressure equipment and pipeline specifications at home and abroad PWHT insulation temperature and main
exemption terms

FRUERLE PWHT f{ )% /C PUEANRJE /°C PWHT 6 25 (Fali {4k T 00
Pz Y il o
ASME B31.3—2020 10 (< 25 mm) TP BRI, JTA 5 PWHT
ASME B31.1—2022 595650 () 95 (> 25mm) SCC %M, AR oL E
' ORI TH - AKV =20J
10 (<25 mm)
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595~650 (= 20 mm)
GB/T 20801—2020

10 (<25 mm)

FETRPVEES, < 20 mm #34: PWHT
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Table 3 Recommended post-weld heat treatment process parameters for controlling stress corrosion cracking in P No.1 carbon steel

welded joints under stress cracking usage environment

eI TAEFEABRIERING (e ik PWHT {i i /'C
P No.1 4% NACE MRO103 A AbJkIH Tolk b7 1 Ak 7 i 480 bt 2R 620~650
P No.1 4R API RP 941 =3 i FE AU AR 620~650
P No.1 B4 NACE SP0403 e i -5 4 1t s - B 7 77 4 1 2415 13 620~650
: NACE 34108-07 fis i B £ I 7 85 1l 122405 ik Je 15 e 2
P No.1 4 NACE 0472 FRANIEGERT 1A BN, der QRmifb s, e, M, BREREL) f55 620~650
0 API RP 945 BRANIEEER) 1L ) 440
P No.1 B NACE 0472 AR5 IR 112880 Qi s, e, B, fkmREh) 5/ 650~675
0 NACE TG347 BANIRLER; (BB ER N 12480
NACE 5A171 SRR FITC/K AL Z A
P No.1 4 API 582 6.2 TS mIR HAt 620~650
P No.1 4% NACE SP0590—2007 B4 a5 T 2L 1 i 620~650
P No.1 s API 939D, API 939E 2,13 1 Ji ih 2450 iy i 5 620~650
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API 582 #4714 1Cr-0.5Mo, 1.25 Cr-0.5Mo, 2.25 Cr-
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Ab BRI S AT e PR AR

%4 1.0Cr-0.5Mo, 1.25 Cr-0.5Mo (P No.4-1) $RAIESHAIERE
Table 4 Post-weld heat treatment temperature of 1.0Cr-0.5Mo, 1.25 Cr-0.5Mo (P No.4-1) steel
TR /°C PLRISRE /MPa  JRJE / HIMS /mm  PWHT f#iREE /°C UEpI[IES i
< 490 <13 — —
ASME B31.3-2012
< ~ <
150 490 > 13 705~745 HB < 225 =330.1.1, 3 33111
> 490 23 705~745 HB < 225
120 <16 - C <0.15% ; ASME B31.3-2020
120 > 16 650~705 ESEr 2330.1.1, F331.1.1, ¥£331.1.3
120 <16 — ;
O 5 ASME VI -1
120 > 16 = 650 & UCS 56-3
< 114X7 — —
EN 13480.4,
= ax 630~700 (EN) R
630~690 (BS)
690~720 API 582 (BEAS KSR )
675~705 API 582 (L&, Wk, 5@/E)
@) AP1934-C, E

IR EURERE R A, [T




2024 % 8 A

VI, FERNEEIAEPH RREE S AER T K AN (2D - 105 -

%5 2.25Cr-1Mo (P No.5A-1) fREYIESHLAL TR

Table 5 Post-weld heat treatment temperature of 2.25Cr-1IMo (P No.5A-1) steel

AR /°C PLRERE /MPa JEJ / HIMS /mm  PWHT f#iRIEE /°C [HAPIIEZSIS Frife
175 s - ASME B31.3-2012
175 > 13 705~760 HB < 225 #330.1.1, & 33111
150 <415 <16 —
C<0.15% ; ASME B31.3-2020
< < = ’
150 =415 =16 675~760 ESiEre % 330.1.1, #331.1.1, %£331.1.3
200 > 415 > 16
<16 — ASME VIl -1
150 C < 0.15%
> 16 > 675 ’ 2% UCS56-4
< 114X7
EN 13480.4
670~730 (EN)
> 114X 7 BS PD5500
670~720 (BS)
705~730 API 582 (WGAS K5 )
690~720 API 582 (PLsl, Wk, )
API 934-A
675~705 (G EUREREFE F1 588, Tl M)
* 6 PFHREEVHEEMEEHRLETZ R
Table 6 List of welding and post-weld heat treatment processes for special metal materials
P-No pp eS| TAEMREE AR (Soci) ik PWHT filiE / C
ASME VIl -1 32 UHA-32-3. UHA-44 (& [C{R4H725 5 o ffgfh) [ AR
API 582- [ff 5% C
DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
SUPPLEMENTS TO API 582)
RN N | Mt E
BBS doc.04002030 Best Welding practices 12 %
AWS D10.4 B GRS E 1%
8 AWS DI8.1. D18.2 BN R B CRIbE)
il ASME VI -1 Fff 5% UHA-A-4 (R JTFASBEALE0) eI
’ API 582- [ff 53¢ C (= ZHiiR N 1 280
DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
SUPPLEMENTS TO API 582)
6Mo s E
TIP 0402-20 6Mo H [CIAN G NI IH GTAW K%
FPERER ARG H)  BBS doc.04002030 Best Welding practices 13 %

9A, 9B

1.5%~2.5%Ni
3.5% Ni 704

ASME VIl -1 % UCS 56-5 ; UCS 56-6 (3.5% Ni)

ASME B31.3 3 331.1.1 595~635

EN13480.4 % 9.14.1-1
EN13445.4 £ 10.1-1 530~580
BS PD5500 3 4.4-1

DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
SUPPLEMENTS TO API 582)
k5% F

1.5%~9%Ni [t 4341

BBS doc.04002030 Best Welding practices 11 &

10H

XU A4

ASME VI -1 & UHA-32-4 S31803 1020~11007C ;
ASME B31.3 % 331.1.1 S32550 1040~11207C ;
API 582- [ff3% D S32750 1025~1125°C

DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
SUPPLEMENTS TO API 582)
K5 B
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P-No ALIEAL TAEAREARRHERLE (B R4 PWHT {5 / C
BBS doc.04002030 Best Welding practices 14 %
AWS D10.18 RUHH N T 1%
ASME B31.3 % 331.1.1
ASME B31.1 % 132.1.1-1 el
ASME VIl -1 £ UCS 56-11
API TR938-B
API 582- [t 5% F (RS
15E 9Cr-1Mo-V EN 13480 730~770
DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
SUPPLEMENTS TO API 582)
k5% D
EPRI 1012748 Guideline for Welding Creep Strength-Enhanced Ferritic
Alloys
42, 43 Monel 400, M35-1  NACE 5A171 SR AKX AL S 690~720
incolloy 800, -
45 AUTEL FOOET ASME VI -1 UNF-56 (d) = 885
DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
SUPPLEMENTS TO API 582)
k5% G
BT 5 BBS doc.04002030 Best Welding practices 16 &
NIDI 11012 #3Efi i & 4 M4
STANDARD SUPPLEMENT SUP-12 NICKEL & HIGH NICKEL ALLOYS
AWS D10.6 (Ti £4). AWS D10.7 (AL &4 45114
AL &4 DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
43, 45 < P SUPPLEMENTS TO API 582)
ﬁzg BE T AL &40 BE% H (Cu &4 Bk T (Ti 44D
a4
BBS doc.04002030 Best Welding practices 19 & (AL 54:) 20 & (Cu &
4. 21 E(Ti 54,
API 582-6.3 fif5¢ AL B, C. D\ E
DEP 30106018 (2012) WELDING OF METALS (AMENDMENTS/
RN R AR SUPPLEMENTS TO API 582)

Mt B, BifsR K

BBS doc.04002030 Best Welding practices 17 . 8 &
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Fig.1 Positions of soaking zones , heating zones and adiabatic
(insulated) zones during heat treatment of pipeline ring joints
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Fig.2 Positions of soaking zones, heating zones and adiabatic
(insulated) zones during the heat treatment process of
connecting pipeline branches
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Table 7 Localized heat treatment zone, heating zone, insulation (insulation) zone, and thermocoupl position after welding
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Fig.3 Hardness testing of product welds
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Analysis of Many Misunderstandings and Blind Spots in Welding in Pressure
Pipeline Engineering (3) -Post-weld Heat Treatment and Hardness Testing

Ying Daoyan', Tang Xiaoying’, You Zihan’, Yu Xinping’

(1. National Technology Center of Process Equipment, Shanghai 200040, China, 2. Shanghai Institute of Special Equipment
Inspection and Technical, Shanghai 200333, China; 3. SINOPEC Shanghai Engineering Co. Ltd., Shanghai 200120, China)

Abstract: The cooling rate of heat affected zone (HAZ) in the process of electrofusion welding of ferritic steel is the key factor that
leads to the change of microstructure and residual stress in the near weld zone. Post-weld heat treatment has a positive effect on
reducing residual stress, forming tempered martensite structure and reducing hardness, but for the construction of on-site pipeline
system, it increases the cost of pipeline construction. There are great differences in the insulation temperature and exemption
thickness of PWHT, the standard specification for pressure equipment and pipelines, GB/T 20801.4—2020 also stipulates the relevant
provisions of PWHT.

Keywords: ferritic steel; residual stress; hardness; quenched structure; PWHT, exemption conditions; holding temperature; local

PWHT; hardness testing
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