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The International System of Units (S]) makes use of conversion factors and metric prefives. Use the following tables:

Conversions and Calculations

Table of S| Conversions

PROPERTY U.S. CUSTOMARY UNITS SIUNITS
To convert from To Multiphy by
force pound-force (Ikbf) newton (M) 4.5
kip (1000 lbf) newton 4450
linear dirmension inch {in) millimeter (mrm) 25.4
tensile strength pounds per square inch (pzi) | pascal (Pa) 6895
(psi) kilopascal (kPa) 6.89
(psi) megapascal (MPa) 0.00689
mass pound mass (avdp) kilogram 0.454
angle, plane degree (angular) (%) radian (rad) 0.0175
flow rate cubic feet per hour (#3hr) liters per minute (L/min) 0.472
heat input joules per inch (J/in) joules per meter (Jim) 39.4
travel speed, wire inches per minute (infmin) millimeter per second (mm/'s) 0.423
temperature degree Fahrenheit (°F) degree Celsius (°C) “C=("F-32)1.8
Table of Sl Prefixes
SR | I | mex | owe
109 1 000 000 000 giga G
108 1000 000 mega M
102 1 000 kil k
1072 0.001 rnilli m
1078 0,000 001 micro W
e 0,000 000 001 nano n
Formulas
PROPERTY FORMULA
ultimate tensile strength (uts) | uta = maximum load/original cross-sectional area
crose-sectional area (csa) cza = 1024 (for circle)
csa = width = thickness for square or rectangle)
temperature degree Fahrenheit (°F) degree Celsius (°C) *C=("F-32)1.8
degree Celsius (*C) degree Fahrenheit (°F) *F=1.8=°C+32
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BENITE
AHBAS)ERRRRUMNAHTR. EATHIRSE:

DB NRESR
=4 EZEERREN NG
M.. Bt =3 () BN
5 B 41 45
FiE 41 4450
SKMRS ) 2K 254
EREYHEYT [T 6895
P58 E RESFAEYT F i 6.89
RESFAEYT JK 1A 0.00689
RE RER Fi 0.454
A, ¥| 3 E 0.0175
RE ABFRENE HES® 0.472
A EREHEY EREX 394
BIEEE, By HI B ZEXREDH 0.423
BE LRE BEKE °C = (°F — 32)/1.8
NEIBVIREK
B 4 B ®E5
10° 1 000 000 000 = G
10° 1 000 000 Ik M
10° 1000 F k
107 0.001 = m
10° 0.000 001 M i
10° 0.000 000 001 i n
o
2% N

MHsRE (uts)

uts = RARE/RBEBER

BHHEM (csa)

csa = nD’/4 (X EF)

csa= WEXEBE WIELFHER)

BE

EEE

REKE

°C=(F-32)11.8

BREE

REE

°F=1.8X°C+32
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This book is for examination purposes only.
It is not a working set of specifications nor a code.

HHRXATEHANEN.
BAR—BIFEANRARERBFR - MEARHE.

The information contained herein may not match
the current editions of the referenced documents.

FHAZNERRE
AREMIA TS E X HTHEA.

Do not write in this book.

BAEERBEHRE.
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APPENDIX |

WELDING PROCEDURE QUALIFICATION RECORD (PQR)

PROCEDURE SPECIFICATION GROOVE WELD TEST RESULTS

Material specification (11 Tenslle Strength, psl
Welding process [
Manual, semiautomatic, automatic: (8l 1. [24]
Position of walding (4] 2. [25]
Filler metal specification (5] Gulded-Bend Tests (2 root-, 2 face-, or 4 side-bends)
Filler metal classification (6]
Weld metal analysis [7] Root Face Side
Shielding gas (8] 1. [26] 1, [28] 1, [30]
Flow rate [ 2. [27] 2. [29] 2 [31]
Single or multiple pass [19] 3 [32]
Single or multiple arc [11] 4 [39]
Welding current [12]
Welding progression [19] Radlographlc-Ulirasonic Examination
Preheat temperature [14]
Weldar's ID [15] RT Report No: [34]
Welder's name [16] UT Report No: [35]

FILLET WELD TEST RESULTS

VISUAL INSPECTION RESULTS Minimum size multiple pass  Maximum size single pass
Macroetch Macroetch
Appearance [17] 1. [36] 1, [29]
Undercut (18] 2. [37] 2. [40]
Piping porosity [19] a. [38] 3. [41]
ALL-WELD-METAL TENSION TEST RESULTS

Tensile strength, psi [20]
Yield point/strength, psi [21]
Elongation in 2 in, % [22] Test Date [42]
Laboratory Test No: [23] Witnessed by [43]

WELDING PROCEDURE

Welding Current
Pass | Electrode

Na. Size Amperes Volts Speed of Travel Joint Detall

[44] [45] [4€] [47] [48] [49]

We, the undearsigned, cartify that the statements in this record are corract.

Procedure No. [50] Manufacturer or Contractor [51]
Revision No. [52] Authorized by [53]
Date [54]
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BETZTEREIZR (POR)

IZHE WORGRBER
MRHE [1] RIEE, psi
BERE [2] 1. [24]
FI, ¥E%, BF [3] 2. [25]
BENE [4]
SEAEHEE CAEE 21/EE, R4 MIB)
EREENE [5] 5 mE iz
EREEDH [6] 1. [26] 1. [28] 1. [30]
BEESE DT [7] 2. [27] 2. [29] 2. [31]
RipS& [8] 3. [32]
HE [9] 4. [33]
BERZE [10]
BRZ [11] TR - P A
JRIZHBR [12] RT &S [34]
JBERmE [13] UT &5 [35]
AR [14]
B IIRGF [15]
BIHE [16] ARGRBER
ZEEKPRT BEERARY
BURRER g =2l by =R
A [17] 1. [36] 1. [39]
1Rif [18] 2. [37] 2. [40]
BRRA [19] 3. [38] 3. [41]
LIRESRMUMRR
MABRE, psi [20]
BRR/FRE, psi [21]
2 BT HIEMHRER, % [22] B A [42]
REEREES [23] RNIN [43]
BEIY
s BIEER N ol s
BES | BERRY payes yree: BERE BELiFER
[44] [45] [46] [47] [48] [49]
RINETHEEHA)ERERIZEPHFEHZERD.
Izs [50] HisEERAIE [51]
MRS [52] BRA [53]
B [54]
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Name

APPENDIX 1I-A

PERFORMANCE QUALIFICATION TEST RECORD
(SMAW, GMAW, GTAW, FCAW, SAW, OFW, PAW)

1.D. No.

Test Joint Sketch

Process(es)

Test Base Metal Specification

Material Number
Fuel Gas (OFW)

Welder[ ] Welding Operator[_]
WPS Used (2]
Transfer Mode (GMAW) (5]

(6] to (71
(8] to 9]
[19]

AWS Filler Metal Classification(s) [11]
Backing Yes[ ] No[]
Current Polarity AC[ | DCEP[] DCEN[]
Consumable Insert Yes[ ] MNo[]

Double Side[ ]  Single Side [ ]

Fho._ [

Backing Gas Yes[] MNo[]

Test Weldment Position Tested Width (W) Thickness (T)

Groove Pipe 1G 2G 5G BG Thickness Diameter
Plate 1G 2G G 4G Thickness

Fillet Pipe 1F 2F 2FR 4F 5F Thickness Diameter
Plate 1F 2F aF 4F Thickness

Cladding 1C 2C ac 4C 5C 6C | Thickness

Hardfacing 1C 2C ac 4C 5C 6C | Thickness

Progression Vertical Up[] Vertical Down [

TEST RESULTS REMARKS

Visual Test Pass[ ] Fail[] NAa[] [19]

Macro Test Pass[ ] Fail[] N/A[] [14]

Break Test Pass[ ] Fail[ ] n/a[] [15]

Bend Test Pass[] Fail( ] N/Aa[] [16]

Radiographic Test Pass[ | Fail[] NA[] [17]

QUALIFICATION LIMITS

Process(es)

Weldment Position Deposited Thickness

Groove Pipe F H \ (@] All |t min. t max. Dia. min.
Plate H V' @] All | tmin. t max.

Cladding F H \ o All |t min. t max.

Hardfacing F H @] All | tmin. t max.

Weldment Position Base Metal Thickness

Fillet Pipe F H i @] All T min. T max. Dia. min.
Plate F Vi @] All T min. T max.

Progression Vertical Up[] Vertical Down [

Base Metal M Nojs). (8 Fuel Gas (OFW) [19]

Filler Matal F Na(s). [20] Backing Yes[ ] No[]

Current Polarity AC[ ] DCEP[] DCEN[] Consumable Insert Yes[ | No[]

Backing Gas [21] Transfer Mode (GMAW) [22]

We, the undersigned, certify that the statements in this record are correct.

Date tested [23] Qualifier signature [24]

Permission fo reproduce granted by the American Welding Society
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Bt % 11-A
FATEIRBIDF

(SMAW, GMAW, GTAW, FCAW, SAW, OFW, PAW)

o] [1] BT O BERfe O REELER

RE5 [2] FRABEIZESH WPS [3]

BiErEE 41 & 5E 77 X (GMAW) [5]

I B A H M RHE [6] # [7]

MHES [8] # [9]

SEBREL(OFW) [10]

AWS EFx S E 7% [11] F& [12]

w g 0% O REAE O 2Ee O

EREE R O 'nkE O BEREE O

EEHRE A [ %F O EESA B[ %A QO

REEH BBy E TE(W) EET)

W OE =L 1G 2G 5G 6G BE B
Rt 1G 2G 3G 4G EE

peped B 1F 2F 2FR 4F 5F EBEE ER
xRt 1F 2F 3F 4F EE

SEEEHR 1C 2C 3C 4C 5C 6C | BE

BERESHE 1C 2C 3C 4C 5C 6C | EE

BEAE v o I = I v 1 N

BBLR £

BEURE &% O 76 0O 7&8 O [13]

S ST &% O 76% O F&H8 O [14]

it e &% O 76% O F&A O [15]

Eiidk &% O 7&% O &R U [16]

SRR &% O 76% O F&A8 O [17]

WEsE

BRIk

24 fuE RELEEE

#OE B FiE e vl iy FFE | tmin. tmax. Dia. min.
Rt iy uIE iz A | tmin. tmax.

SEEHE TR iR IR iz FRE | tmin. tmax.

BRESHE TR e iy FrE | tmin. tmax.

24 E B EE

AR =) 7 -y vl {48 FFE | Tmin. Tmax. Dia. min.
Rt iR v {48 FiE | Tmin. Tmax.

B vmt O x@mT O

BHME [18] SAEBRELOFW) [19]

BEREEFS [20] wa F0O0%8F O

BRkE R O ERkE O EREE O AMERE B O %E O

EESHE [21] B A R (GMAW) [22]

RINNETEHEEMNAN)IERFELIZZRPHFHILERN.

R A [23] HEAZS [24]
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APPENDIX II-B

Spectec, Inc.
005 Ridge Way, Eastern, Somewhere 84328, xxx-yvv-zzzz, FAX xxx-vyy-zzzz

WELDER PERFORMANCE QUALIFICATION RECORD

Walder's Name C. W. Practical IDNo, 222-33-4444 Date 11-08-00
WPS No. Dl.1-3@-U-CcJP-B-307
Welding Process FCAW Type Manual
Specification or Code AWS D1.1:2000, Structural Welding Code—Stesal
Base Metal
Material Spec/Type/Grade A 36 To: Material Spec/Type/Grade A 36
Thickness 1l in Thickness Range Qualified _1/8 in-Unlimited
Base Metal Preparation__Base metal shall be clean and free of moisture, oil, dirt,
paint, coatings, rust, scale. etc. Cleaning shall lesave no residue.
Joint Welded Single V-Groove with steel backing
Type of Weld Joint__{S8ee Figure 4.21, Test Plate for Unlimited Thickness)
Bevel Angle 22.50 Root Face 0 Roat Opening 1/4 in
Backing Yes[X No[] Backing Type 1/4 x 1 in Steel Strap
Electrode
F No. 4 Specification___ A _5.18  Classification __E71T-1  gjze Range___1/16th
Filler Metal
F No. 4 Specification__ & 5.18  Classification _ E71T-1  sSijze Range_ 1/16th
Preheat
Preheat 50°F min. Interpass Temperature Max. 400°F
Positlon
Position 3G Progression Up
TEST RESULTS
Visual Bends Radlographic Metallographic
Pass[X] Fail[ | N/A[] Pass[X] Fail[ ] N/AX] Pass[ | Fail[] N/ATX] Pass[] Fail[ ]
Test conducted by Laboratory test no.
per Test date
QUALIFIED FOR
Base Metal Group No. Type Weld Current Backing Penetration Vertical
l{a) (Carbon and Low-Alloy | Single Side [X] Ac[] With [X] Complete [X] Down[]
Steal) Double Side [] DCEN[] Type Stesl Partial [ ] up [x]
DCEP [X] Open Root [
1, in oD, in
Position Min. Max. Min. Max.
Plate—Groove 1GE | 26X | 36X | 4G[] 1/8 Unlimited
Pipe/Tube—Groove 1GXE | 2G| 5G] 8G LI 1/8 Unlimitad Over 24 Unlimitac
Plate—Fillet 1F[X] | 2F[x] | aF[x] | 4F[] 1/8 Unlimited
Pipe/Tube—Fillet 1F[X] | oF[x] | sF | eFI 1/8 Unlimited

The above individual is qualified to the above limits in accordance with AWS D1.1:2000, Structural Welding Code—Sieel.

Qualified By

Dol Swith

Position _Weld Supervisor pate

(signature)
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Bt % 11-B
Spectec 227
HEihZRER 84328, IUER 905 5, xxx-yyy-zzz, EE xxx-yyy-zzz

BIRKETERABIDR
BIHE C. W. Practical bl 222-33-4444 HE _ 11-08-00
BEIZ(WPS)HES D1.1-3G-U-CJP-B-307
RSk 78R % Bl (FCAW) il FI
BEARERIEMR AWS D1.1 2000 R EERTE
1527
MRHE/E B H B A36 N FRRSEZR /R A36
EE 1 =~ TENEEREE 1/8 J~t — FEBRHI

R SHMYLREREEFHAREME, WS, RE, WFE RE %8 SEE FERMIUREREYEE.

1Rk HRERNRE VRO

o2 il (LE 4.21, BEETRHIAIHIR)
BIHFEOAE 22.5° bl 0 R EBE R 1/4 B~
w3 EXEE O E g sic) 1/4 X1 &~ W
33
F& 4 BARER A5.18 3 E71T-1 REE 1/16th
Ex&R
F& 4 BARER A5.18 25l E71T-1 RYEE 1/16th
R
Tk S1E 50°F RERERE 400°F
BEuE
BENE 3G RS E .t
BRER
BElRE 1 Lips4 &8
ai X 7a% O FEROA X Te 0O | FEA XK A& O F6% 0O | FEA X &% O 76% O
RIEIRHE WA
WEEE
BH4Es o g Bl RERER Ha SRR MRS ME
I(a) (BNFAEES S M) BE X x5 O E=( TLEE X mT O
XmE O BERERE O EKH W HoEE O mE X
BERRE X BEBEIFR (]
BE, ® AR, B
BEME =N BX &/h BX
WOR - R 1G[X 2G| | 3GX | 4G 1/8 TR
WOR - BN 16X 2GKX | 561 | 6Gc 1/8 7o BR i KF 24 o BRI
AR - WM 1FX 2FX | 3FX | 4F[1 1/8 TR i
AR - M 1FX 2FK | 5F[1 | 6F[] 1/8 7o R i

ERB T AWS D1.1 2000 NEWERMTITESHE, TEBEM L.

TEA Yobin Senith B BEnE B 11-10-00
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APPENDIX 1l
PREQUALIFIED COMPLETE JOINT PENETRATION GROOVE WELDED JOINTS

Single-V-groowe weld (2)
Butt joint (B) E_E <
‘ﬁ-_ i __,f" J
=
£H] f
LT
Bl |
B Metal Thicknesa Groowe Preparation
(L) = unlimited) Root Opening Tolerances Allowed Gas
Welding Juint Rt Facs Welding | Shislding
Process | Designation Ty Tz | Groowe Angle | As Datailed Az Fitup Positions | for FCAW | Notes
R=01t1% +1M&, -0 +g, -8
SMAW B-L2 L — f=01 18 +11&, -0 Mait limited All — by &, d
a= G0" +10°, 0" +0", 5"
R=01t1% +1M&, -0 +g, -8
GMa | BuzcF u — | f=owi® | +HE -0 | Notlimited &l et | s by d
= 60° +100, 00 e, g 4
A=0
Craer121to 1 — f=1/4 rrax.
a= G0"
A=0 R=s0 +1/18, -0
SAW B-L2e-5 Cweritoi42| — f=1/2 rax f=+0,4 ES -] F — b, d
o= G0° o =+100 0 +0", &
A=10
Creri-A2to2| — f= 5% max
o= G0°
Single-V-groove weld (2) Tolkerances
But joint (B) - -
b G As Detailed Az Fitup
'.'I‘ ] R=+116, -0 +1/4, —Al1E
Vo =AF, - 107, &
‘:____;/ o=+ +
T W S
L Ts
2/
- R
Bazs Metal Thicknesa
U = unlimited) Giroove Preparath Allowed | Gas
Welding Joint (U = wnlimitad) ? reparation Welding | Shisiding
Process | Designation Ty Tz Rt Opening Giroowve Angle Positions | for FCAW | Notes
FR=14 o=45 All — c,d
SMAW B-LI2a L — R=23% o= 3" F W OH — c,d
R=1/72 o =2 F W OH — c,d
. F=318 o= 3 FV.OH | Required | &, d
Foay | BU2a-GF U — GEET o= 3 EV.OH | Wotreq | a.d
FR=14 a=45 F W OH Nait e, a,d
SAW B-L2a-5 EE — FR=14 o =30 F — d
SAW B-LJ2-58 [N} — F="5% o= 20" F — d

8 Mok prequalified for GMAW-S nor GTAW.,

b Backgouge root to sound metal before wekding second side,

© SMAW detailed joints may be ussd for prequalified GMAW (encept GMAW-5) and FCAW.

9The crientation of the teo members in the joints may vary from 135° to 180° for butt joints, or 45° to 1352 for comer joints, or 45° to 20° for
T-jointz,
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B 11
SRR S REH O REEL

BE -VERORE (2)

Mgk (B) /—§Q_<
-

| 1 LT1
Rl |=
BHEE WOHES
R N (U= FR#&) I RFH FCAW R
Fx | BXNER RANR nE BENE | SaRp | F
T T, WOR/E EHAR FHAE
R=0 Z 1/8 +1/16, -0 +1/16, -1/8
SMAW | B-U2 U - =0 E 1/8 +1/16, -0 FBR 4l il - b, c, d
a=60° +10°,-0° +10°, -5°
GMAW R=0 £ 1/8 +1/16, -0 +1/16, -1/8
FoAW | BU2-GF u - =0 = 1/8 +1/16, -0 FoBR i FER ab,d
a=60° +10°, -0° +10°, -5°
R=0
KF 12 31 - f=1/4 &K
a=60°
R=0 R=10 +1/16, -0
SAW B-L2¢-S | KF1& 112 | - =12 &K f=+0, -f +1/16 P2 - b, d
a=60° a=+10°, -5° +10°, -5°
R=0
KF1-12%82 | - =5/8 A
a=60°
BE -V EEORFE (2) N
XEEL (B) ;
EHAE ERAR
R=+1/16,-0 | +1/4,-1/16
a=+10° -0° +10°, -5°
BHEE N
B ELEH (U= FRH) ROESE A FCAW .
o BEME SERP
T4 T, AREPIE PR BO/E
R=1/4 a=45" 25 - c.d
SMAW B-U2a u - R=3/8 a=30° FiE, MR, MR - ¢, d
R=1/2 a=20° FIE, MR, R - c.d
R=3/16 a=30° TR, M, =R a, d
GMAW B-U2a-GF U - R=3/8 =30° w2, uE, me FER d
FCAW - o= il : a
R=1/4 a=45° TR, AR, IR FER a, d
SAW B-L2a-S 8K 2 - R=1/4 a=30° T2 - d
SAW B-U2-S U - R=5/8 a=20° T2 - d

# GMAW-S #l GTAW TRESR BRiTE.
P REEHERANEREZTEE.
° SMAW HY$ZL 4015 AT AR F R BRIEE R GMAW(BR GMAW-S EASA)H FCAW.

4 s Ah R ER AR 5 AL AT 1E RSB AL, ik 1350 — 180°, ML 457 — 1350, T BgsL: 45° - 90°
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APPENDIX IV

PIPE SCHEDULES
Pips= | Q.0 40s Sl & Dible.
Size {in} Ca g 10 10 20 an S, 40 (=4 EH. an 100 120 140 1&0 E.H.
i 0.405 Q05 (0048 | 0048 0o eS| 00eEs
) . 01383 (010863 | 01062 02447 02145 | 02145
174 0.540 e | 00ES | 00Es QLoesR 0119 [ 0119
) . Q2570 | 02267 | 02287 04248 DAE51 | 05251
2g 0,675 e [00Es | 00ES 0ioeE 0128 | 0428
B 02276 | 04285 | 04285 DAETE 07a0e | 07202
152 0,840 00Es | 0SS | 0082 | 0083 oA 0147 | 0,147 oae | G2l
) . 05363 | 05383 | 0710 [ 06710 0asin 1088 | 10840 1.3 | 1.714
24 1.050 00Es | 0SS | 0082 | 0083 0112 0154 | 0154 D=y E= ke 0
- 0.FA28 | 0.6A23 | 08572 | 08572 113 1.474 1.474 1807 | 2441
1 1,518 00Es | 00Es | 0108 [ 008 (il =2} L0 It = I W = 0250 | Gase
A1 ppaTe | oeeTa | 1.404 1.404 1.679 2472 | 2472 2844 | 2859
14104 1.880 O0Es | 0SS | 0108 [ a08 0140 0 E=) I W =) 0250 | e
o . 1107 (1407 [1.806 |1.806 2273 2047 | 2aa7 aTes | 5214
142 1.900 0Es | 0Es | 0108 [ 008 0145 0200 | 0200 0201 | G40
- . 1.274 [1.274 2045 | 2045 a7ia 2ea1 | asn 4850 | G408
2 2975 OGS | 00Es | 008 [0 10e o154 0218 [ 02148 0344 | 0456
- 1.604 (1604 |2638 |2638 2683 e | B2 Td44 | 9029
2452 2875 00as | 00E2 0420 [04120 0203 027E | 027E 0a7Es | G552
) ) 2ATE | 2475 |2.51 (28N 57683 TEE1 | TEE1 1004 | 1870
3 2.500 00as | 00E2 0420 [0120 0218 0AGD | 0200 0428 | a0
. A02e | 202e 432 (4202 7576 1025 | 10.25 1422 | 18.58
a4 4.000 0as | 00E2 0420 [0.420 0226 0218 | 0214 CLEEE
: : 2472 | 2472 |4.872 (4873 a8 12.51 12.51 2265
4 4.500 00as | 00E2 0420 [9120 0287 0.2 | 02387 | 0237 0,428 0N | GETd
) amE |28 |5612 |[5612 10.78 12,66 | 14.80 | 14,80 1841 2251 | 2784
0AsS ke L]
4152 5.000 1761 a8 £
- 5.562 0408 10408 | 0134 [ 0124 0258 0ATS | 0475 0500 OE2E | TS
® - BB | &ME | TTT0 | 7970 14,62 2078 | 3074 27 aA206 | 2855
& B.895 0408 10408 | 0134 [ 04124 0260 0452 | 0452 0552 071e | Gasd
. T.EAS | 7.585 |9.200 [9.209 18.87 2ET | 25T elage o] 4590 | 4318
- DA DATS
T T.625 206 3.0
2 0.895 0408 0408 | 0148 |04 0250 | 0277 0az 0405 | 0500 [ 0500 [ 0594 | 0718 | Qe12 | DalE | 0aTs
B8 poid [omd 1240 1240 2206 | M4.70 2:ES 2564 | 43250 49280 5047 | a0A3 | ETT6 | T4E8 | T242
- DA
=] 0.825 4972
10 10.750 0134 10434 | 085 | 01ES D250 | 0307 DAES 0EDD | 0500 | 0504 718 | oedd | 1000 | 1125
. 1518 (1518 [1@85 |1e70 ;g | M 4049 G474 | 5474 | 643 | TEO2 | 8820 | 141 | 15T
0a00
1 11.750 B0.07
12 12.750 A58 | 0485 | 0180 [ 0180 D250 | 0230 0408 0562 | 0500 | 0520 Oedd | 1000 | 1125 [ 1.2
) 2107 |Z218 |2416 |[2420 Z3m | 4377 a8 TANG | 6542 | 8851 107.2 | 1255 | 1227 | 1603
14 14.000 0156 o188 | 0250 02 | 0ATS 0428 084 | 0500 | 0750 [ 0938 | 1084 | 1.250 | 1406
) 2207 ar7e |23.m 4568 | 45T ==y 24,81 | 7208 1061 1207 | 1507 | 1702 | 1284
16 16.000 0185 0188 | 0250 02 | 0ATS DA QESS | 0500 | ORdd [ 1.0 | 0129 | 1432 | 15894
: 27.80 MTE (4205 g2 | e2.58 eTT 175 | 277 1265 | 16d.e | 1822 | 2235 | 2451
18 10.000 0185 o188 | 0250 02 | D428 nAaE2 0750 | 0500 | 0838 | 1156 | 1.875 | 1.882 | 1.7
. a4z A5TE | 4728 00a | s 104.8 1282 | 2345 17008 | 2080 | 2441 | 274.2 | Q0AE
20 20.000 oiag 0218 |0.250 0avs | 0500 (Rt 0|2 | G500 1.0 1.2 16800 | 1.750 | 1.9889
. 2.TE 4606|5273 TEED | 1041 1224 1664 | 1041 HNEo | 2561 | 2864 | 2411 | 2790
24 24,000 02e 0250 | 0250 0AaTs | DaE2 naea 0.8 | G500 1.218 | 1.81 1.812 | 2082 | 2243
) 5597 241 | &2 E2 | 1408 171.2 a1 | 1285 2064 | ETA | 4204 | 4231 | 5419
LIPPER FIGLIRES DIMENSIONS AND WEIGHTS OF LOWER FIGURES
Wiall Thickress Wislght per fol
iy SEAMLESS AND WELDED STEEL PIPE I pounds
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fs% 1V

EMLHER
Bt | B 40s 80s e
R | &) | 5s 5 10s 10 20 30 Std 40 60 | EH. | 80 | 100 | 120 | 140 | 160 | E.H.
us | 0.05 0.035 | 0.049 | 0.049 0.068 | 0.068 0.095 | 0.095
0.1383 | 0.1863 | 0.1863 0.2447 | 0.2447 0.3145 | 0.3145
va | 0540 0.049 | 0.065 | 0.065 0.088 | 0.088 0.119 | 0.119
0.2570 | 0.3297 | 0.3297 0.4248 | 0.4248 0.5351 | 0.5351
a8 | 0675 0.049 | 0.065 | 0.065 0.091 | 0.091 0.126 | 0.126
0.3276 | 0.4235 | 0.4235 0.5676 | 0.5676 0.7388 | 0.7388
12 | 0sao | 0065 | 0.065 [ 0.083 | 0.083 0.109 | 0.109 0.147 | 0.147 0.188 | 0.294
0.5383 | 0.5383 | 0.6710 | 0.6710 0.8510 | 0.8510 1.088 | 1.088 1.304 | 1.714
a4 | 1050 | 0085 | 0.065 | 0.083 | 0.083 0.113 | 0.113 0.154 | 0.154 0.219 | 0.308
0.6838 | 0.6838 | 0.8572 | 0.8572 1131 | 1131 1.474 | 1.474 1.937 | 2.441
1 | 1315 | 0085 | 0.065 | 0109 | 0.109 0.113 | 0.113 0.179 | 0.179 0.250 | 0.358
0.8678 | 0.8678 | 1.404 | 1.404 1.679 | 1679 2172 | 2172 2.844 | 3.659
14 | 1660 | 0065 | 0065 | 0.109 | 0.109 0.140 | 0.140 0.191 | 0.191 0.250 | 0.382
1.107 | 1.107 | 1.806 | 1.806 2.273 | 2.273 2.997 | 2.997 3.765 | 5.214
1172 | 1.900 | 0065 | 0065 [ 0.109 | 0.109 0.145 | 0.145 0.200 | 0.200 0.281 | 0.400
1.274 | 1.274 | 2.085 | 2.085 2.718 | 2.718 3.631 | 3.631 4.859 | 6.408
» | 2375 | 0065 | 0.065 | 0109 | 0.109 0.154 | 0.154 0.218 | 0.218 0.344 | 0.436
1.604 | 1.604 | 2.638 | 2.638 3.653 | 3.653 5.022 | 5.022 7.444 | 9.029
21/2 | 2875 | 0083 | 0083 [ 0.120 | 0.120 0.203 | 0.203 0.276 | 0.276 0.375 | 0.552
2.475 | 2475 | 3531 | 3531 5.793 | 5.793 7.661 | 7.661 10.01 | 13.70
3 | 3500 | 0083 | 0.083 | 0120 | 0.120 0.216 | 0.216 0.300 | 0.300 0.438 | 0.600
3.029 | 3.029 | 4332 | 4332 7.576 | 7.576 10.25 | 10.25 14.32 | 1858
31/2 | a000 | 0083 | 0.083 [ 0.120 | 0.120 0.226 | 0.226 0.318 | 0.318 0.636
3.472 | 3472 | 4973 | 4973 9.109 | 9.109 12.51 | 1251 22.85
4 | as00 | 0083 | 0.083 | 0120 | 0.120 0.237 | 0.237 | 0.281 | 0.337 | 0.337 0.438 0.531 | 0.674
3.915 | 3.915 | 5.613 | 5.613 10.79 | 1079 | 12.66 | 14.98 | 14.98 19.01 22.51 | 27.54
0.247 0.355 0.710
4-1/2 | 5.000 12.53 17.61 32.53
5 | 5563 | 0109 | 0109 [ 0134 [ 0134 0.238 | 0.238 0.375 | 0.375 0.500 0.625 | 0.750
6.349 | 6.349 | 7.770 | 7.770 14.62 | 14.62 20.78 | 20.78 27.04 32.96 | 3855
6 | 6oos | 0109 | 0109 | 0.134 | 0.134 0.280 | 0.280 0.432 | 0.432 0.562 0.719 | 0.864
7.585 | 7.585 | 9.290 | 9.290 18.97 | 18.97 28.57 | 28.57 36.39 45.30 | 43.16
0.301 0.500 0.875
e 23.57 38.05 63.08
s | geos | 0109 | 0109 | 0148 | 0.148 | 0250 | 0.277 | 0.322 | 0.322 | 0.406 | 0.500 | 0500 |0.594 | 0.719 | 0.812 | 0.960 | 0.875
9.914 | 9.914 | 13.40 | 13.40 | 22.36 | 24.70 | 28.55 | 28.55 | 35.64 | 43.39 | 43.39 |50.87 | 60.93 | 67.76 | 74.69 | 72.42
0.342 0.500
i 33.90 48.72
10 | 10750 | 0134 | 0.134 | 0.165 | 0.165 | 0.250 | 0.307 | 0.365 | 0.365 | 0.500 | 0500 | 0.594 |0.719| 0.844 | 1.000 | 1.125
15.19 | 15.19 | 18.65 | 18.65 | 28.04 | 34.24 | 40.48 | 40.48 | 54.74 | 54.74 | 64.33 |76.93| 89.20 | 104.1 | 1157
0.375 0.500
111780 45.55 60.07
12 |12750| 0156 | 0.165 | 0.180 | 0.180 | 0.250 | 0.330 | 0.375 | 0.406 | 0.562 | 0.500 | 0.688 |0.844| 1.000 | 1.125 | 1312
21.07 | 22.18 | 24.16 | 24.16 | 33.38 | 43.77 | 49.56 | 53.33 | 73.16 | 65.42 | 8851 |107.2| 1255 | 139.7 | 160.3
14 | 14.000| 0156 0.188 | 0.250 | 0.312 | 0.375 | 0.375 | 0.438 | 0.594 | 0.500 | 0.750 |0.938 | 1.094 | 1.250 | 1.406
23.07 27.73 | 36.71 | 45.68 | 54.57 | 54.57 | 63.37 | 84.91 | 72.09 | 106.1 |130.7| 150.7 | 170.2 | 189.1
16 | 16.000| 0165 0.188 | 0.250 | 0.312 | 0.375 | 0.375 | 0.500 | 0.656 | 0.500 | 0.844 [1.031| 1.129 | 1.438 | 1.594
27.90 31.75 | 42.05 | 52.36 | 62.58 | 62.58 | 82.77 | 107.5 | 82.77 | 136.5 |164.8| 192.3 | 223.5 | 245.1
18 | 18.000 | 0165 0.188 | 0.250 | 0.312 | 0.438 | 0.375 | 0.562 | 0.750 | 0.500 | 0.938 [1.156 | 1.375 | 1.562 | 1.781
31.43 35.76 | 47.39 | 59.03 | 82.06 | 70.59 | 104.8 | 138.2 | 93.45 | 170.8 |208.0 | 244.1 | 274.2 | 308.5
20 | 20,000 | 0188 0.218 | 0.250 | 0.375 | 0.500 | 0.375 | 0.594 | 0.812 | 0.500 | 1.031 |1.281| 1.500 | 1.750 | 1.969
39.78 46.05 | 52.73 | 78.60 | 104.1 | 78.60 | 122.9 | 166.4 | 104.1 | 208.9 |256.1| 296.4 | 341.1 | 379.0
24 | 24.000 | 0218 0.250 | 0.250 | 0.375 | 0.562 | 0.375 | 0.688 | 0.969 | 0.500 | 1.219 [1.531| 1.812 | 2.062 | 2.343
55.37 63.41 | 63.41 | 94.62 | 140.8 | 94.62 | 171.2 | 238.1 | 1255 | 296.4 |367.4| 429.4 | 483.1 | 541.9
; e
L EpsIE D p—— TEBE
=B RYMER .
e = BIXR
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APPENDIX V
ACCEPTABLE AND UNACCEPTABLE WELD PROFILES

Eﬂ
1 f w
S FE
sizE SIZE SIZE
|-— EIZE |— 5|z~ ~— sIZE —-— }-— SIZE \(
(A} DESIRABLE FILLET WELD PROFILES (B} ACCEPTABLE FILLET WELD PROFILES

"Comvexity, G, of a weld or individual surlace bead with dimension W shall not exceed the value of Ihe Tollowing tasle:

WIDTH OF WELD FACE OR

INDIVIDUAL SURFACE BEAD, W B, CONVEXITY, G

W 516 in 116 in

We516in TOW=<1in 18 in

W=1in 318 In
= SIZE =~ = SIZE—= |--— SIEE = SIZE =} P SIZE—+= = SIZE—=
UNDERSIZE EXCESSIVE EXCESSIVE OVERLAP UNDERSIZE  INCOMPLETE

WELD CONVEXITY UNDERCUT WELD FUSION
(C) UNACCEPTABLE FILLET WELD PROFILES Rb

. " )’i

1~ :.r * i
:: =5 :: T1 “_,,r"',' ;
! Y + Y z

o S T
L
BUTT JOINT BUTT JOINT [TRAMSITION)
EQUAL THICKNESS PLATE UNEQUAL THICKNESS PLATE

*Reinforcement A shall not exceed 1/8 in.

(D)} ACCEPTABLE GROOVE WELD PROFILE IN BUTT JOINT

B ERS-ERICRD €

EXCESSIVE WELD LUINDERFILL EXCESSIVE COVERLAP
REINFORCEMENT UNDERCUT

(E) UNACCEPTABLE GRDOVE WELD PROFILES IN BUTT JOINTS
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% Vv

ERNTERNRENT

| N >

SIZE

T /l
|-— SIZE |— 5|2~

(A) BRENARGAT

S.l?>

/Q\

= SIZE =

(B) AR ARLEINY

RERNWHRASENRERENNE C TEEE TRAENRE:

BRURENIREEENRE, W  BKMLE, C
W < 5/16 & 116 Z&~F
516 & < W < 1 &~ 1/8 &t
W =1 &Y 316 T~
—S8IZE~ |=—SIZE—- l——sz —8IZE~  =—SIZE—~— = SIZE—
REgEETRE MEZX B SR " RERE RBE

(C) FEBMNAREINE

gL REERSE gL REETHESE
b £E R FEBT 1/8 H

(D) FIEEEKM S ORI

*u--

RIZTH B R
(E) MEELNTERRORENAT

:In}

'=T
l—_|
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APPENDIX VI
WELD PROFILE ACCEPTANCE DESCRIPTION

(1) The faces of fillet welds may be slightly convex, flat, or slightly concave as shown in Appendix V (A)
and (B), with none of the unacceptable profiles shown in (C). Except at outside corner joints, the
convexity, C, of a weld or individual surface bead with dimension W shall not exceed the values noted
in the table in Appendix V.

(2) Groove welds shall preferably be made with slight or minimum reinforcement except as may be
otherwise provided. In the case of butt and corner joints, the reinforcement shall not exceed 1/8 in [3.2
mm] in height and shall have gradual transition to the plane of the base metal surface. See Appendix
V. They shall be free of the discontinuities shown for butt joints in (E).

(3) Surfaces of groove welds required to be flush shall be finished so as not to reduce the thickness of the
thinner base metal or weld metal by more than 1/32 in [0.8 mm] or 5% of the thickness, whichever is
smaller, nor leave reinforcement that exceeds 1/32 in [0.8 mm]. However, all reinforcement must be
removed where the weld forms part of a faying or contact surface. Any reinforcement must blend
smoothly into the plate surfaces with transition areas free from weld undercut. Chipping may be used
provided it is followed by grinding. Where surface finishing is required, its roughness value shall not
exceed 250 pin [6.3 ym]. Surfaces finished to values of over 125 pin [3.2 um] through 250 yin [6.3 um]
shall be finished so that the grinding marks are parallel to the direction of primary stress. Surfaces
finished to values of 125 pin [3.2 uym] or less may be finished in any direction.

(4) Ends of groove welds required to be flush shall be finished so as not to reduce the width beyond the
detailed width or the actual width furnished, whichever is greater, by more than 1/8 in [3.2 mm] or so
as not to leave reinforcement at each end that exceeds 1/8 in [3.2 mm]. Ends of welds in butt joints
shall be faired to adjacent plate or shape edges at a slope not to exceed 1 in 10.

(5) Welds shall be free from overlap.

i VI
EREEAENER

(1) ARGEREALENF V (A)MB)PAREHO, FHEMY, FAFEC)AROTERELNT. BRENNL
AR, TENWHERESENMRARBENOE C FHEIMRV RPAENRE.

(2) REBERN, ROBRBNBARSRERPHRE. X TXRHEMSEEL, KRETHREET 1/8 HY[3.2mm],
FERMMBMREFBLE, TREE)FIROXEELNIELSE SHHFV.

() NTFREZEFMNHKOIELE, TEENEERDTRET 1/32 (0.8 mmBREZMRIEELSBEEEN
5%(MERR/NME), BFRREE THREET 1/32 X~[0.8 mm], BEEEEBIEMENEERSSLINLEE
R EARSMXANMBMREAEDE, HEETEXEREERE. AAUAXRAETEBITBNGE MR
EXEEAERNELE, BEERNBES 250 pin [6.3 um]. REXEEE 125 pin [3.2 pm]# 250 pin [6.3
umzBEf, BRAAFTTENNNGE. REXEENTET 125 pin [3.2 pm]it, HERWATEREE
R.

4) XTFRHDEEFHWHROEL, HEENEETETNFREREERESGRREEFERNRABE)RLESY 1/8 ®
3.2 mm], B RBEE FTHREET 1/8 (3.2 mm]. FMIRSLE 10 SAEEAXT 2L ISR EFBT
1:10 BRI E.

(5) RETARTHEE.
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APPENDIX VII
VISUAL WELD INSPECTION ACCEPTANCE CRITERIA

Slag shall be removed from all completed welds. All welds and the adjacent base metal shall be cleaned
by brushing or by any other suitable means prior to visual inspection. All welds shall meet the following
visual acceptance criteria prior to any nondestructive or destructive testing. To be visually acceptable, a
weld shall meet the following criteria:

(1) The weld shall have no cracks.

(2) Thorough fusion shall exist between adjacent layers of weld metal and between weld metal and base
metal.

(3) All craters shall be filled to the full cross section of the weld.
(4) Weld profiles shall be in accordance with Appendices V and VI.

(5) When the weld is transverse to the primary tensile stress in the part that is undercut, the undercut
shall be no more than 0.010 in [0.25 mm] deep.

(6) When the weld is parallel to the primary tensile stress in the part that is undercut, the undercut shall
be no more than 1/32 in [0.80 mm] deep.

(7) The sum of the diameters of visible porosity shall not exceed 3/8 in [9.5 mm] in any linear inch of weld
nor shall the sum exceed 3/4 in [19.0 mm] in any 12 in [305 mm] length of weld.

(8) Any single continuous fillet weld shall be permitted to underrun the nominal fillet weld size specified by
1/16 in [1.6 mm].

(9) Visual inspections of welds in all steels may begin immediately after the completed welds have cooled
to ambient temperature. Final visual inspection for ASTM A 514 and A 517 steel welds shall be
performed not less than 48 hours after completion of the weld and removal of preheat.

(10) Arc strikes outside the weld groove or area are prohibited.
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i VI
1248 B MR H1 WUR

TLEREXTERIEE BUREE, FIERENEHSIMSARARFRIZAREMEENS LEFET S EEM
TR BEA IR 251, AIERESIHEETIEURBNBEIRE BURKEESRNERLAREUTH
HE:

(1) BEFTRLL

(2 REZHAREREESBIMZAXNTLEE.

(3) FIBEMMAIIEZEEMNEHEBE

(4) BEALFEHFEV R VI

(5) HELAFEETERMHN, REREFRTEY 0.010 in [0.25 mm).

(6) HEHAFTTERRMIN, BRIRERTEN 1/32 in [0.8 mm].

(7) TEET1 ZETHEER, TRSAERZMAAEN 3/8in[9.5 mm], FBMEEM 12in [305 mm]EHIELE N
ARSAERZMATEY 3/4 in [19.0 mm).

(8) FMBBEELAFREAVLEAENAERLER /N 1/16 in [1.6 mm].

9) WFEANA, TTEESNEXREBEEFANTIEHTEARE. 3 ASTM A514 F1 A517 TRIHVIELE, &
K E MBI NIRRT TR ERTM 48 /PETEHEAT.

(10)F 1L 2483 O MR X 2 SR Al 4.
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APPENDIX VI
TEST RESULTS REQUIRED, GUIDED BENDS

All Guided Bend Tests. The convex surface of the bend test specimen shall be visually examined for
surface discontinuities. For acceptance, the surface shall meet the following criteria:

(1) No single discontinuity shall exceed 1/8 in [3.2 mm] measured in any direction.

(2) The sum of the greatest dimensions of all discontinuities exceeding 1/32 in [0.8 mm] but less than or
equal to 1/8 in [3.2 mm] shall not exceed 3/8 in [9.5 mm].

(3) Corner cracks shall not exceed 1/4 in [6.4 mm] unless the crack results from a visible slag inclusion or
other fusion type discontinuity, then the 1/8 in [3.2 mm] maximum shall apply.

The specimens with corner cracks exceeding 1/4 in [6.4 mm] with no evidence of slag inclusions or other
fusion type discontinuities shall be disregarded, and a replacement test specimen from the original
weldment shall be tested.

Btz Vil
SHEHIRRBRER

FENSAEHIRE. SNEHEEANALKREANTELHTEARE. AREAHENRELAFTE T HR KR
AE:

(1) EEMAEEL, EAENTEEZNKEREET 1/8 in [3.2 mm].
(2) FAEKRT 1/32in [0.8 mmHE/NFETF 1/8 in [3.2 mm]BI FELNF AR T Z2MAaEEE 3/8 in [9.5 mm].

(3) AMARYTRERET 1/4 in [6.4 mm]. BEMRABRYRHATARESHMB S TERMY, NABRYR
RFEEET 1/8 in [3.2 mm].

ARNRGET 1/4in [6.4 mmELETRRELEMBSUTEENHARNEF, FHNMREEMS £ SEUAFRIT
k.
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APPENDIX IX

WELD METAL ANALYSIS
A-NUMBERS
Classification of Ferrous Weld Metal Analysis for Procedure Qualification
Analysis, 2
A-Mo Types of Weld Daposit c cr Mo Mi M Si

1 |Mild Staeal 0145 — — — 1.60 1.00

2 |CGarbor-Molybdenum 0.15 0.50 0.40-0.65 — 1.60 1.00

3 [Chrome (0.4% to 2%-Molybdenum 015 0.40-2.00 0.40-0.65 — 1.60 1.0

4 [Chrome (2% to 6%)-Molybdanum 0.15 2.00-5.00 0.40-1.50 — 1.60 2.0

5 |Chrome (6% to 10.5%)-Molbdenum | 015 6004050 | 0.40-1.50 — 1.20 200

6 | Chrome—Martensitic 015 | 11.004500 0.70 — 2.00 1.00

7 [Chrome—Fearritic 0.15 11.00-30.00 1.00 — 1.00 3.00

8  [Chromium—Hickel 0.15 14.50-30.00 4.00 7.50-15.00 2.50 1.00

9 [Chromium—Hickel 0.30 25.00-30.00 4.00 15.00-37.00 2.50 1.00

10 |Mickel to 4% 0.15 — 0.55 0.80-4.00 1.70 1.0

11 Manganese—Molybdenum 047 — 0.25-0.75 0.85 125225 | 1.00

12 |Micke-Chrome—Malybdenum 015 1.50 0.25-0.80 1.25-2.80 75-2.25 [ 1.00

AZingle values shown above ara maximum.
B3R IX
RESEDNT
A5
RTREIZIENGERGSEFRS 9%
A% i3 ey ES] fLms, %
C Cr Mo Ni Mn Si
1 BN 0.15 - - - 1.60 1.00
2 x—4H 0.15 0.50 0.40-0.65 - 1.60 1.00
3 £%(0.4% - 2%)—4H 0.15 0.40-2.00 0.40-0.65 - 1.60 1.00
4 £8(2% - 6%)—4H 0.15 2.00-6.00 0.40-1.50 - 1.60 2.00
5 #%(6% - 10.5%)—%H 0.15 6.00-10.50 0.40-1.50 - 1.20 2.00
6 BT KA 0.15 11.00-15.00 0.70 - 2.00 1.00
7 BRI 0.15 11.00-30.00 1.00 - 1.00 3.00
8 ®R 0.15 14.50-30.00 4.00 7.50-15.00 2.50 1.00
9 B4R 0.30 25.00-30.00 4.00 15.00-37.00 2.50 1.00
10 B/ NTET 4% 0.15 - 0.55 0.80-4.00 1.70 1.00
1 -4 0.17 - 0.25-0.75 0.85 1.25-2.25 1.00
12 R4 0.15 1.50 0.25-0.80 1.25-2.80 0.75-2.25 1.00
P ERPBENBEHNRKE.
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APPENDIX X

ELECTRODE GROUPS

F-MUMBERS
Grouping of Electrodes and Welding Rods for Qualification
F-Mo, AWS Specification AWS Classification
Steel

1 |A5A EXX20, EXX22, EXX24, EXX27, EXX28

1 |A54 EXOOKIAH)-25, EXMXI(X)-26

1 |ABE EXO(20-30(, EXX2T-X

2 |Aasd ExA2, EXX13, EXX14, EXX19

2 |A5E E(X)XX¥18-xX

3 |A5A ExXA0, EXXiA

3 |A5E E(X)XXA0-XX, EQHx11-XX

4 |A5A EXA5, EXX16, EXX18, EXX18M, EXX48

4 [A5.4 other than austenitic | BEXOOX(X)-15, EXXXX 6, EXXXX)1T

and duplex

4 |A5E Eixx 520K, EQCM16-20K, E(X)HKA18-XX, EiX)XX18M, EQXXX]1 861
5 | A5.4 austenific and duplex | EXXKUX)-15, EXXX(X1 6, EXXX(X)-17

6 |A52 Rx

6 |A50 ERXHK), ECHIK( M), ECMC )

6 |ASAT FRO0-BEXK, FXH-ECK

6 |A518 ERXXS-X, EXXC-X, EXXC-XX

6 |A5.20 EXXT-X, EXXT-XM

6 |A522 ESOOTH-X, RMXTA-5

6 |A5.23 FRO-EXOCE-K, PIOC-ECHN-X

6 |A5.23 FROC-BXOCE- KN, FRO-ECHK-XN

6 |A5.25 FESKX-EX, FESXK-EWXK

6 |A5.26 EGHHS-X, EGXXT-X

6 |A5.28 ERXHS-3K, EXXC-3K

6 |A5.20 EXNTH-X

6 |A5.30 IO

Aluminum and Aluminum Alloys
2 |Aas52 E1100, E2003
291 [ASAD ER1100, R1100, ER1188, R1188
22 |ASAD ER5183, R5183, ER52356, R5356, ERS554, RE554, ERSESE, R5556, ERSE54, RoES4
23 |A5A E4043
23 |A5AD ER4000, R4000, ER4010, R4011, R4010, ER4043, R4043, ER4(47, R4047, ER4145,
R4145, ER4843, R4543

24 [ASAD R206.0, B-C355.0, R-A35E.0, R357.0, R-A357.0
25 [A5AD ER22314, R2319
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% X

BHod
F-&
WERABRSAELSE
F-5 AWS BARHE AWS 251
W
1 A5.1 EXX20, EXX22, EXX24, EXX27, EXX28
1 A5.4 EXXX(X)-25, EXXX(X)-26
1 A5.5 EXX20-XX, EXX27-XX
2 | A5 EXX12, EXX13, EXX14, EXX19
2 | A55 E(X)XX13-XX
3 | A51 EXX10, EXX11
3 |A55 E(X)XX10-XX, E(X)XX11-XX
4 | A5.1 EXX15, EXX16, EXX18, EXX18M, EXX48
4 Ab.4 BRELECHRH XA EXXX(X)-15, EXXX(X)-16, EXXX(X)-17
4 |A55 E(X)XX15-XX, E(X)XX16-XX, E(X)XX18-XX, E(X)XX18M, E(X)XX18M1
5 | A5.4 BEARFIXNAH EXXX(X)-15, EXXX(X)-16, EXXX(X)-17
6 | A52 RX
6 |A59 ERXXX(XXX), ECXXX(XXX), EQXXX(XXX)
6 | A5.17 FXXX-EXX, FXXX-ECX
6 | A5.18 ERXXS-X, EXXC-X, EXXC-XX
6 | A5.20 EXXT-X, EXXT-XM
6 | A5.22 EXXXTX-X, RXXXT1-5
6 | A5.23 FXXX-EXXX-X, FXXX-ECXXX-X
6 | A5.23 FXXX-EXXX-XN, FXXX-ECXXX-XN
6 | A5.25 FESXX-EXXX, FESXX-EWXX
6 | A5.26 EGXXS-X, EGXXT-X
6 | A5.28 ERXXS-XXX, EXXC-XXX
6 | A5.29 EXXTX-X
6 | A5.30 INXXX
BRELE
21 | A5.3 E1100, E3003
21 | A5.10 ER1100, R1100, ER1188, R1188
2 | As10 ER5183, R5183, ER5356, R5356, ER5554, R5554, ER5556, R5556, ER5654,
R5654
23 | A5.3 E4043
25 | As10 ER4009, R4009, ER4010, R4011, R4010, ER4043, R4043, ER4047, R4047,
ER4145, R4145, ER4643, R4643
24 | A5.10 R206.0, R-C355.0, R-A356.0, R357.0, R-A357.0
25 | A5.10 ER2319, R2319
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APPENDIX X (Continued)
ELECTRODE GROUPS

F-MUMBERS
Grouping of Electrodes and Welding Rods for Qualification
F-Mo. AWS Specification AWS Classification
Copper and Copper Alloys
21 |AS.Gand AS.T RCu, ECu
32 |ASE ECuSi and ERCuSi-A
33 |ALsGand AST ECuSn-A, ECuSn-C, ERCuSn-A
34 | A5G, AST, and AS.30 ECuNi, ERCuNi, IN&T
a5 |A58 RBCuZn-A, RBCUZn-B, RCuZn-C, RECuZn-D
35 | AS.Gand AS.T ERGCuAl-A1, ERCuAl-A2, ERCuAl-A3, ECuAl-A2, ECuAl-B
a7 | A5G and AS.T RCuMNial, ECubniial, ERCuMial, ERCulnMial
Nickel and Mickel Alleys
44 |A511, A544, and A5.30 | EMi-1, ERNi-1, ING1
42 | A5 A1, ASA4, and AS.30 | EMiCu-7, ERMICU-7, ERMICU-8, INGD
43 |ASN EMIiCrFe-, 2,3, 4,7, 9, and 10; ENiCrMo-2, 3, 6, and 12; EMIiCrZoMo-1
43 |ASA14 ERMICr-3, 4, and &; ERNICrFe-5, 6,7, 8, and 11; ERNICrCoMa-1; ERMICrMo-2 and 3
43 [A530 IMEA, ING2, IN32
44 A5 EMiMo-1, 3,7, 8,9, and 10; EMiCio-4, 5,7, 10,13, and 14
44 |A514 ERMiMo-1, 2,3, 7(B2), &, 9, and 10; ERMICrMo-4, 7 (alloy &4), 10, 12, 14; ERMICriAMo-1
45 |As1d EMICo-1, O, and 11
45 |AS14 ERMiCrMo-1, 8, 9, and 11; ERNiFaCr-1
Titanium and Titanium Alloys
51 [ASA6 ERTi-1, ERTi-2, ERTI-3, ERTi-4
52 |ASAE ERTi-7
53 |ASA6 ERTi-9, ERTI-9ELI
5 |ASAE ERTi-12
55 (A58 ERTi-5, ERTi-5ELI, ERTI-&, ERTI-SELI, ERTi-15
Zirconium and Zirconium Alloys
61 [A5.24 |ERZ12, ERZr3, ERZr4
Hardfacing Weld Metal Overlay
71 |A5.13 and AS.21 | Fo0OCX, EXXX-X
Magnesium Alloys
91 [A5A19 ER AZ61A, ER A792A ER EZ33A ER AZ101A,
R AZE 1A, A AZC2A, B AZI01A, A EZ334
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"M aa
F-8
WERARZMELSE
F-5 AWS EARME AWS 5|
AREES
31 A5.6 1 A5.7 RCu, ECu
32 A5.6 ECuSi and ERCuUSI-A
33 A5.6 1 A5.7 ECuSn-A, ECuSn-C, ERCuSn-A
34 A5.6,A5.7 F A5.30 ECuNi, ERCuNi, IN67
35 | A5.8 RBCuZn-A, RBCuZn-B, RCuZn-C, RBCuZn-D
36 A5.6 1 A5.7 ERCuAI-A1, ERCuAI-A2, ERCuAI-A3, ECuAI-A2, ECuUAI-B
37 | A5.6 M A5.7 RCuNiAl, ECuMnNiAl, ERCuNiAl, ERCuMnNiAl
BRESS
41 A5.11,A5.14 1 A5.30 ENi-1, ERNi-1, IN61
42 A5.11,A5.14 F A5.30 ENiCu-7, ERNiCu-7, ERNiCu-8, IN60
43 A5.11 ENiCrFe-1, 2, 3,4, 7,9, and 10; ENiCrMo-2, 3, 6, and 12; ENiCrCoMo-1
43 A5.14 ERNICr-3, 4, and 6; ERNiCrFe-5, 6, 7, 8, and 11; ERNiCrCoMo-1;
ERNiCrMo-2 and 3
43 | A5.30 INGA, IN62, IN82
44 A5.11 ENiMo-1, 3,7, 8, 9, and 10; ENiCrMo-4, 5, 7, 10, 13, and 14
e | 514 ERNiMo-1, 2, 3, 7 (B2), 8, 9, and 10; ERNiCrMo-4, 7 (C4 &%), 10, 13, 14;
ERNiCrWMo-1
45 AS5.11 ENiCrMo-1, 9, and 11
46 A5.14 ERNiCrMo-1, 8, 9, and 11; ERNiFeCr-1
HRHKEE
51 A5.16 ERTi-1, ERTi-2, ERTi-3, ERTi-4
52 A5.16 ERTi-7
53 | A5.16 ERTi-9, ERTI-9ELI
54 A5.16 ERTi-12
55 A5.16 ERTi-5, ERTi-5ELI, ERTi-6, ERTi-6ELI, ERTi-15
HRES
61 ‘ A5.24 ‘ ERZr2, ERZr3, ERZr4
MER#RE
71 ‘ A5.13 1 A5.21 ‘ RXXX-X, EXXX-X
%#e%
91 A5.19 ER AZ61A, ER AZ92A, ER EZ33A, ER AZ101A,
R AZ61A, R AZ92A, R AZ101A, R EZ33A
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APPENDIX Xl
WELDER QUALIFICATION TEST REQUIREMENTS

1. Tests on plate
MNumber of Specimeans

Thicknass of

Test Plate (T) Band Tests Plata

As Walded, Visual T-Jaint Macrogtch Thickneszs
Type of Weald in Inspaction Faca Rt Sida Break Tast Qualified, in
Groove 28 Yes 1 1 — — — 34 max.n
Groove =T <1 Yes — — 2 — — 1/8-2T
Groove 1 ar over Yes — — 2 — — Unlimited=
Fillet Option Mo, 1 12 Yes — — — 1 1 Unlirnited
Fillet Option Mo, 2 a8 Yes — 2 — — — Unlirnited

aplso qualifies for welding fillet welds on material of unlimited thickness.

2. Tests on pipe or tubing
Pipe or Tubing
Size, As Weldad Number of Specimans
Plata, Pipe, or Tuba
All Positions Except 5G and 65 Wall Thicknass
5G and 6G Positions Only Pipe or Cualified, in
Tube Size
Type of Mominal Visual Face | Root | Side | Face | Root | Side | Qualifiad,
Weld | Diam | Thickness | Inspection | Bend | Bend | Bend | Bend | Bend | Bend in Min. Max.?
2in Sch. 80 4o
ar Yoz 1 1 — 2 2 — 1/8 248
Groove | 2in | Sch.40 smaller
Gin | Sch. 120 4or
ar Yo — — 2 — — 4 | 316 | Unlimiteds
Groove | 8in | Sch. 80 arger

#Also qualifies for welding fillet welds on material of unlimited thickness.
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B XI

BEIFEREER
1. AR E
HEKE
SRR AR B EE R AR
j¥s EFiil Z it TREL | ENidR
EEMin. | B EEBE in.
mE 5= mz it e
W OELE 3/8 = 1 1 - - - BE 3/4°
O IEsE 3/8<T<1 E:d - - 2 - - 1/8-2T @
b gupl] >1 = - - 2 - - FTBRE °
AR 1/2 = - - - 1 1 TRl
IR R 3/8 = - 2 - - - ToBR
CHBETHEEENA RS,
2. BEHRE
BERERY HEHE
WEENRM, EH
B 5G # 6G S\ HEM
y B# X 5G # 6G & EE in.
j¥o £ %) FrENE M
BER | AREE | &%
1] T | M| @ | % | W | RYin
&/ BX®
2in.
Sch. 80
$OELE = = 1 1 - 2 2 - <4 1/8 3/4 2
Sch. 40
3in.
6in.
Sch. 120
b gmp ety = = - - 2 - - 4 24 3/16 | FTBR#&°
. Sch. 80
n.

B TAEENARNE.
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APPENDIX XI (Continued)

Welder Qualification—Type and Position Limitations

Type of Wald and Posifion of Welding Qualified
Cualification Test Plate Pipe
Plate or Pipa
Wald Pasitions Groove Fill=t Groove Fillet
Plate-Groove 1G F FH Fa FH
2G FH FH F H® FH
aG FEHWV FHV F H, Ve FH
4G F, OH F H, OH F
3G and 4G All All FH
Plate-Fillatt 1F F F
2F FH FH
aF FHV FEHV
4F F H, OH F H, CH
3F and 4F All All
Pipe-Groove 1G F FH F FH
2G FH FH FH FH
5G F V. OH F WV, OH FE W, OH F WV, OH
GG MNote ¢ Mote ¢ MNote ¢ Mote
2G and 5G Note ¢ Mota ¢ MNote o Mite ¢
BGR All All All All
Pipe-Fillet 1F F F
2F FH FEH
2F Rolled FH FH
4F F H, OH F H, CH
4F and 5F All All

aWaldars qualified to weld tubulars over 24 in [500 mm)] in diametar with backing or backgouging, for the test poeition indicated.
BMat applicable for fillst welds between parts having a dihedral angle (y) of 80° or lass.
=Qualified for all except groove welds for T-, Y-, and K-connections.
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18 T TR 7 A4 i Y PR 461

. REERBANEENENITETE
ERE
ARt =)
et ] WRENE Ermpety AR prmpa 1R
-3 O R4 1G F F, H F? F H
2G F, H F, H FH? F, H
3G FHV FHV F,HV? F, H
4G F, OH F, H, OH F
3G M 4G K] ZiE=] F, H
R-A 124 ° 1F F £
2F F, H F, H
3F F HV FHV
4F F, H, OH F, H, OH
3F 1 4F B ZiEs]
B ORLE 1G F F, H F F, H
2G F, H F, H F, H F, H
5G F,V, OH F,V, OH F,V, OH F,V, OH
6G e e X e
2G M1 5G Eec e Ec e
6GR i) e B ZiE:]
E-AR% 1F F F
2F F, H F, H
2F ¥3h FH F.H
4F F, H, OH F, H, OH
4F %0 5F e ZiEs]

d ETENEEMETERN, EITMEETRRKEEERAERKT 24 in. [600 mm]iIEH.
P FEATHARAFES W) N TET 60°HEE%.
CHETAAENESEBNERME, BRT T Y MK RO ELS.
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APPENDIX Xl
FILLET PROCEDURE QUALIFICATION REQUIREMENTS

Test Spacimans Requirad Sizes Qualified
All-Weld-
Test Murnbar of Wealds Metal Side- Plate
Spacimen Fillet Siza per Procadure | Macroetch | Tension Bend Thickness Fillzt Siza
Single-pass, max. | 1ineach position 3 faces —_ —_ Unlirited Max. tested
siza to be used in | to be used single-pass
caonstruction and smaller
Plate T-test
Muttiple-pass, min. |1 ineach position 3 faces — — Unlirnited Min. testad
siza to be used in | to be used muliple-pass
construction and larger
Bz Xl
ARBTZW¥EER
PR WER RS
IZERNE | &N £)R5
B ARERN HHE Bt | EEEMH | B | KE BRERSN
BER, HERE - . .
BMIB14 | 3@ - - TRE | FTESHREAZALER
At ARWmEARS
THHAR | 28R, flE$eE X
BNMIBE1A | 3@ - - | ZR& | FOAFRENSNZER
A& R
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APPENDIX Xl
GROOVE PROCEDURE QUALIFICATION REQUIREMENTS

1. Tests on plate

Test Spacimans Requirad

Murnbsar of
Sample Reducad- M u:um_inal
Plate Thickness Walds par Saction _ Flate Thickness
(T} Testad, in Position MDTa Tension Root-Bend | Face-Bend | Side-Bend | Qualified, T inb
1/2=T=38 1 Yo 2 2 2 — 1810 2T
8 1 Yas 2 2 2 — 18to 34
AB=T=1 1 Yas 2 — — 4 1/8t0 2T
1 and owver 1 Yas 2 — — 4 Unlimitad

B4 minimum of & in of effective wald length shall be tested by radiographic or ultrasonic testing prior to mechanical testing.
BEor squara groove walds, the maximum thickness qualifisd shall be limited to thicknass testad.

Mate: Al weldad test plates shall ba visually inspactad,

2. Tests on pipe or tubing
Test S pacimens Required Thickneszs
Pipe Size of Sample Weld | Mumbsr of Qualifiad, in
Sample Reducad-
Wall Walds par Saction | Root- | Face- | Side- Diarnetar
Driam. Thickness, T Position | WOT2 [ Temsion | Bend | Bend | Bend Cualified, in Kin. e
2in Sch. 80
ar s 2 2 2 — 34 through 4 1/8 a4
3in Sch. 40
Gin Sch. 120
ar Yo 2 — — 4 4 and over 316 | Unlimited
2in Sch. 80
Job Size Pipa or Tubing
Diam. Wall Thickness,
T
18=T=%8in s 2 2 2 — 1/8 2T
=24in | 3 =T =34in Yo 2 — — 4 Testdiam. and over| T/2 2T
Tz=34in e 2 — — 4 X8 [ Unlimitad
12 =T=%8in Yo 2 2 2 — | Testdiam. and over| 1/8 2T
224in | 3B =T =34in Yo 2 — — 4 24 and over T2 2T
T=34in e 2 — — 4 24 and over X8 [ Unlimited

aFor pipe or tubing, the full circumference of the complated weald shall be tested by RT or UT prior to mechanical testing.
Mote: Al weldad test pipes shall be visually inspectad.
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B Xl

WORIZFEER
1. AR E
BMIERN it WM AHEER
WAREE(T) in. NDT @ . R
HiRBE B E P BZE mE iz PFESEE, Tin.
1/8<T<3/8 1 EE 2 2 2 - 1/8 = 2T
3/8 1 EE 2 2 - 1/8 — 3/4
3/8<T<1 1 EE 2 - - 1/8 - 2T
>1 1 EE 2 - - >1/8
@ EYHMERERRE, 24 6 BRI KN ERERERTHERBF BIRG
b WP ORYE FANITIEEESE N AIREE.
i FFARERRATHTEARE.
2. EMRE
RERY FMu PR EETEEE in.
TENER
Efi | NDT? | G8H | & m |
B BE T in. &/ BX
EHE hr {8 = E | B
2in.
Sch. 80
a}a Sch. 40 2 ZE 2 2 2 - 34F4 1/8 3/4
3in
21n. Sch. 120
=® SCCH a0 1 EE 2 — — 4 >4 3/16 FoBR I
3in '
IHEMRYT
B BE T
1/8<T<3/8 in. 1 2 2 2 - 1/8 2T
<24in. | 3/8<T<3/4in. 1 ZE 2 - - 4 I EER T2 2T
T=3/4 in. 1 2 - - 4 3/8 FoPR &l
1/8<T<3/8 in. 1 2 2 2 - X EER 1/8 2T
224 in. 3/8<T<3/4 in. 1 EE 2 - - 4 224 in. T/2 2T
T23/4 in. 1 2 - - 4 224 in. 3/8 FBRHI

P ENMMERERRE, ENBENMIRESKRTHEARES KRR
F: RERERELAHETEARE.
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APPENDIX XIV

PREQUALIFIED BASE METAL—FILLER METAL COMBINATIONS FOR MATCHING STRENGTH

Steal Specification Fequiraments

Filler Maral Feguiremants

]
: et
n : = = Electrods
P Steel Specification®® k=i IiPa ksi LPa Process Specification® Electrode Classification®
ASTM A 364 EL] 250 583-B0 400-330 ShIAW A5l B0, ETOXX
ASTM A 53 ASS 35 240 G0 min. 415 min.
ASTM A 106  GradeB 35 240 G0min 415 min As ET0XX-X
ASTH A 131 Grades A B C5 DL D5 E 34 135 58-T1 200490
ASTHM A 139 Grade B 35 24 G0 min. 414 min. © AT AS1T FEXY-EXXX, FEXY-ECXXY,
ASTM A 381 Grade Y35 35 240 G0 min. 415 min. F730{-E300, FTaCL-BCHIX
ASTM A 500 Grade A EE] 2 45 mim. 310 mm.
Grade B 42 290 53 min. 400 min. As523! FraC-EXO0 -
ASTM A 501 38 2130 S3min 400 min FTHOL-BCHIN-HX
ASTM A 516 Grade 35 30 205 55-T5 380-3135
Grade 60 32 220 G0-80 215-330 GMAW AS1E ERT053 ET0C-XC
ASTMA S Gmdel 3B M0 60-Es 2l E70C-XM (Electrodes with the
Grada IT 30 05 5580 330-530 -5 suffix are excluded)
I ASTM A 5280 42 00 G0-85 415-385
ASTM A 570 Grade 30 30 205 A9 min. 340 mm. A%l ERTOS-30NY ETOC-NWN
Grade 33 33 230 52 min. 360 mm.
Grrade 36 el 250 S3min. 365 mm.
Grade 40 40 275 55min 380 min FCAW AS20 ?ﬁi Egll:i:
Grade 43 a5 310 G min. 413 mim. (Electrodes with the -2,
-InIL -3, 210, <13, <145
ASTM A 573 Grade 65 35 240 G577 450-330 and -G% suffix are
Grade 38 32 220 55-T1 2004820 excludad)
ASTM A T0D Grade 364 EL] 230 58-B0 400-330
APT 5L Grads B 35 240 &0 415 As g ESXTX-X, E6XT-3M,
Grade 342 42 W0 60 415 BTRTY-X, BTXTX-NM
ABS Grades A B D, C5 D5 58-T1 4004820
Grads E* 5B-T1 4004820
IMote: ASTM A 370 Grade 30 has been deleted from Group Iand added to Group 1T
(Contnnad)
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RERITEN M- HTEMAEECEER

i X1V

M FERER ExEBER
il BNERSGRE RAREEE
WA > P ksi MPa ksi MPa BERE  AWS EHHAE° BAR O
ASTM A36° 36 250 58-80 400-550 SMAW A5.1 E60XX, E70XX
ASTM A53 A5.5 35 240 /60 B/ 415
ASTM A106 B & 35 240 /60 B/ 415 A5.5f E70XX-X
ASTM A131 A, B, CS,D,DS, E% 34 235 58-71 400-490
ASTM A139 B & 35 241 5/ 60 B/ 414
ASTM A381 Y35 4 35 240 /60 B/ 415 SAW A5.17 FBXX-EXXX, F6XX-ECXXX,
ASTM A500 A% 33 228 B/h45 /1310 F7XX-EXXX, F7XX-ECXXX
B & 42 290 B/ 58 /)N 400
ASTM A501 36 250 B/ 58 /)N 400 A5.23' F7XX-EXXX-XX,
ASTM A516 55 4 30 205 55-75 380-515 F7XX-ECXXX-XX
60 & 32 220 60-80 415-550
ASTM A524 I % 35 240 60-85 415-586
| I 4 30 205 55-80 380-550 GMAW A5.18 ER70S-X, E70C-XC,
ASTM A529 42 290 60-85 415-585 E70C-XM (R 2F#-GS RRMNIEL)
ASTM A570 30 &% 30 205 B/ 49 B/ 340
334 33 230 /)52 &) 360 A5.28' ER70S-XXX, E70C-XXX
36 & 36 250 8/ 53 B/) 365
40 4% 40 275 /M55 /) 380
45 4% 45 310 &/ 60 B/ 415 FCAW A5.20 E6XT-X, E6XT-XM, E7XT-X, E7XT-XM
ASTM A573 65 & 35 240 65-77 450-530 (Ra$EH-2, -2M, -3, -10, -13, -14X, -GS /&
58 & 32 220 58-71 400-490 FHIEL)
ASTM A709 36 4 ° 36 250 58-80 400-550
API 5L B & 35 240 60 415 A5.29' E6XTX-X, EBXT-XM, E7XTX-X, EZXTX-XM
X42 & 42 290 60 415
ABS A, B, D, CS,DS & 58-71 400-490
EL® 58-71 400-490
SE: ASTM A570 50 REMA | FRRHBRFHNZIA 11 .
($£2)
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APPENDIX XIV (Continued)

G Steel Specificaton Fequirements Filler Metal Fequiremsants
i Mimmirmim Yield Tensile AWS
1 Point'Strength Range Electrods
B Sreel Specification™® k=i MPa kst KPa Process Specification” Elecrrode Classification®
ASTM A 13] Grades AH32 DH32, EH32 45 315 G5-85 470385 SMAW A5l ET015, ET016, ETOL18, ETO28
Grades AH34, DH36, EH34 51 350 7180 280420
ASTM A 441 4050 275-345 60-T0 415485 Ass ET015-X, ET016-X, ET018-X
ASTM A S1S  Grade 65 35 240 G5-5F 450383
Grade 70 38 260 T0-80  435-620
ASTM A 537 Class 1 43-50  310-325 6590 450-620 SAW AS517 FINX-EX¥Y. FINYX-ECYXYXX
ASTM A ST Grade 50 50 345 63 450 '
e | OradeS 33 /0 70 480 A5.23 FTHX-EXNX-XX.
ASTM A 572 Grade 4l 4 280 v.‘,'._- min. 4:'_\ min. FTa-ECX-30K
ASTM A 572 Grade 50 50 345 G5 min. 450 min.
ASTM A SEE®  (4in [100 mm] and under) 50 345 70 min. 485 min.
ASTM A 595 {rrade_.-‘L 55 33-:‘_- vfj m:.u. 459 |.u_1_ AW A58 ER705-X, ETOC-XC,
Grades Band C &0 415 T0min. 430 min. o e e .
ASTM A 6046 4550 310-340 65min 450 min ET0C-XM (Electrodes with
ASTMA 607 Grade 43 45 30 G0min 410 min the -GS suffix are excluded)
Grade 50 50 345 G5 min. 450 min.
Grade 55 55 330 TOmin 480 min. Aszg! ERTOS-3008 ETOC-200K
ASTM A 618 Grades b, IT, IIT 46-50  315-345 63min 450 mn
I ASTRL A 633 Grade A 42 200 G3-B3 430370 _ i . ) i
Grades C. D 50 145 T0—00 485-620 FCAW A3 ETXT-X, ETXT-3M
(2-1/2 in [65 mm] smd undar) (Electrodes with the -2,
ASTM A 708 Grade 50 50 345 §5min 430 min -IM, -3, -10, <13, -14,
Grade S0W 50 345 T0min. 485 min. and -GS suffix are
ASTMATI0 GradeA Class2=2m[30mm] 55 380 S5min 450 min excluded)
ASTRL A 808 (2-1/2 in [65 mm] and under) 42 200 S0min 415 min
ASTM A 813 Grade 50 50 345 G5 min. 430 min. A5 20l ETHTX-X, ETXTH-XM
ASTM A 982 0-65 345250 &5 450 '
APIIH Grade 42 42 290 G2-80 430-350
Grade 50 50 345 T0min. 485 min.
API W Grade 42 42-67 20042 S2min 427 min
Grade 50 50-T5  345-517 45 min. 445 mim.
Grade 50T 50-80 345552 T0min. 483 mm.
APIIY Grade 42 4267 20042 S2min 427 min
Grade 50 F0-75  345-517 &5 min. 448 min.
Grade 50T 50-80 345-552 TOmin 453 min.
APISLX Grade 332 52 360 G6-T2 455403
ABS Grades AH32, DH32, E 455 315 7180 280-420
Grades AH34, DH36, EH36° 51 350 T1-80 480420
(Continmed)
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WHERER ERXEEER
4 BNERSFRE nHEESEE
PRIsE > ° ksi MPa ksi MPa BIEAE AWS BMHE © B 9
ASTMA131  AH32, DH32, EH32 &% 46 315 68-85 470-585 SMAW A5.1 E7015, E7016, E7018, E7028
AH36, DH36, EH36 4 51 350 71-90 490-620
ASTM Ad41 40-50  275-345 60-70 415-485 A5.5' E7015-X, E7016-X, E7018-X
ASTMA516 65 & 35 240 65-85 450-585
70 & 38 260 70-90 485-620
ASTMA537 13 4550  310-345 65-90 450-620 SAW A5.17 F7XX-EXXX, F7XX-ECXXX
ASTMA570 50 4% 50 345 65 450
55 4% 55 380 70 480 A5.23 F7XX-EXXX-XX
ASTMA572 42 4 42 290 5/ 60 8/ 415 F7XX-ECXXX-XX
ASTMA572 50 & 50 345 5/ 65 5/ 450
ASTMA588° < 4in.[100mm] 50 345 /N 70 5/ 485
ASTMASes A% 55 380 £/ 65 8/ 450 GMAW A5.18 ER70S-X, E70C-XC, E70C-XM
BH C & 60 415 &/ 70 5/ 485 (FaiEH-GS BENERY)
ASTM AB06° 45-50  310-340 5/ 65 5/ 450
ASTMABO7 454 45 310 5/ 60 £/ 410 A5.28' ER70S-XXX, E70C-XXX
50 & 50 345 &/ 65 &/ 450
55 4 55 380 /N 70 5/ 480
ASTMA618  Ib, II, Il & 46-50  315-345 5/ 65 8/ 450 FCAW A5.20 E7XT-X, E7XT-XM
| ASTMA633 A% 42 290 63-83 430-570 (FaE#H-2, -2M, -3, -10, -13, -14X, #-GS 5
C,D& 50 345 70-90 485-620 BiyEy)
< 2-1/2in.[65mm]
ASTMA709 50 4 50 345 8/ 65 5/ 450 A5.29f E7XTX-X, E7XTX-XM
50W & 50 345 &/ 70 5/ 485
ASTMA710 A%, 22 >2in.[50mm] 55 380 5/ 65 5/ 450
ASTMA808 < 2-1/2in.[65mm] 42 290 5/ 60 5/ 415
ASTMA913 50 4 50 345 &/ 65 5/ 450
ASTM A992 50-65  345-450 65 450
API 2H 425 42 290 62-80 430-550
50 & 50 345 &/N70 5/ 485
APl 2W 2% 42-67  290-462 /62 5/ 427
50 & 50-75  345-517 &/ 65 5/ 448
50T & 50-80  345-552 /70 5/ 483
API 2Y 2% 42-67  290-462 /62 5/ 427
50 & 50-75  345-517 /65 5/ 448
50T 4 50-80  345-552 /70 5/ 483
API 5L X52 4 52 360 66-72 455-495
ABS AH32, DH32, EH32 4 455 315 71-90 490-620
AH36, DH36, EH36 4 © 51 350 71-90 490-620
(F£)

Part B Book of Specs 2008-12-02 English-Chinese Body 35



APPENDIX XIV (Continued)

o Seel Specificadon Feguirements Filler Metal Fequirements
; Minitmn Yield Tensils we
1 Polne Smranzth Fange Electrode
P Steel Specification®® ksl MEPa k=i MPa Process Specification”® Electrade Classification®
APTIW CGrade 60 G000 414-621 Timinp. 317 min, SMAW AsE E8013-X, ES016-3, ES018-X
APIIY Grade 60 G000 414-621 Timin. 317 min,
ASTMASTZ  Grade 60 6 415 75min. 515 min, AW A5 FEXI-EXNH-XX,
Grads 65 65 450 B0min 550 min. FECL-ECIDOGIE
537 2e 4660 315415 B0-100 3$30-820 1r - - .
qp  ASTMASST - Class F60 31413 80-100 530 GMAW 45280 ERB05-XXX,
ASTM A 833 Grads E* 55-60 3B0-415 T5-100 F15-820 ES0C-300%
ASTM A TIO Grade A, Class 22 2 m [$0mm]  §0-65 415-450 TImin. 495 min.
ASTM A TIO Grade A, Clazss 3= 2in [$0mm]  &§0-63 415-430 TOmin. 485 min. FCAW Asagf ESNTH-X,
ASTM A 2134  Grade 60 i 415 Timin 520 min. ESXTH-EM
Grade 63 G5 450 B0min. 530 min,
SMAW AS ST EQQ13-3, E9018-3,
EQQ1E-3, ERO1E-M
_ ] _— . _ o o SAW A533T PR A-EX003-30,
I ASTH A 709 Grads TOW 70 485 90-110 620-T80 O T-ECINY
ASTM A 852 T 485 90-110 620-T60
GAAW As ot ERS05-233, ER0C-300K
FCAW Az EOXTH-X, EONTX-XM

® In jalnts mvelving bass metals of different sroups, sither of the followice filler metals may be nsed: (1) that which matches the higher smength base metal, or (2) that wiich masches the lower soenzth base
mefal apd produces a low-hydrogen depestt. Prebeating shall be in conformance with the requirements applicable o the higher strength group

b March API standard 1B (fabricated rubes) according 1o steel usad

= When walds are 1o be stress-relieved, the deposited weld metal shall not exceed 0.05% vanadim

0mly low-hivdrogsn elecmodes shall be used when welding ASTM A 36 or ASTM A 709 Grade 34 stee] mare than 1 e [25 mm] thick for cyclically leaded smacmares.

& Special welding materials and WES (2.g., ES0HN-X low-alloy alectrodes) may be reguired to match the motch toughness of base menal {for applicatiens involving impact loading or low tempetatare], o
for ammosphern: commosion apd weatheripg characteristics (see 3.7.3).

! Filler metals of altoy group B3, B3L, B4, B4L, B, B5L, BS, B6L, B7, B7L, B2, BSL, BO, or any EXNH grade in AWS AS5.3, A523, A528, or AS.20 are not pregualified for use in the as-welded condition:

& AWE AM (51 Units) electrodas of the same classification may be used in lisu of the AWS AS (U5, Customary Units) electreds classification.

& The heat input lmmitations of 3.7 shall not apply to ASTM A 913 Grade £0 or 45
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B XIV (£8)

WHHFEARER EREEER
48 BPNERRRE RhsEEEE
PFAE > ° ksi MPa ksi MPa BiERE  AWS EHHE° JEFR 5]
AP 2W 60 4 60-90  414-621 B/h75 B/ 517 SMAW A5.5' E8015-X, E8016-X, E8018-X
API 2Y 60 4% 60-90  414-621 B/N75 B/ 517
ASTMA572 60 & 60 415 B/N75 B/ 515 SAW A5.23 F8XX-EXXX-XX, F8XX-ECXXX-XX
65 4 65 450 &/ 80 B/ 550
i ASTMAS537 2 E 46-60  315-415 80-100 550-690 GMAW A5.28' ER80S-XXX, E80C-XXX
ASTMA633 E4°© 55-60  380-415 75-100 515-690
ASTMA710 A%, 23 <2in. [50mm]  60-65  415-450 B/NT2 B/ 495 FCAW A5.291 E8XTX-X, EBXTX-XM
ASTMA710 A%, 33 >2in. [50mm]  60-65  415-450 BN 70 &/ 485
ASTMA913" 60 & 60 415 B/N75 &) 520
65 & 65 450 &) 80 &) 550
SMAW A5.5' E9015-X, E9016-X, E9018-X, E9018-M
SAW A5.23f FOXX-EXXX-XX, FOXX-ECXXX-XX
y ASTMA709  70W P 70 485 90-110 620-760
ASTM A852 70 485 90-110 620-760 GMAW A5.28 ER90S-XXX, E90C-XXX
FCAW A5.29" E9XTX-X, E9XTX-XM

* YUY RTEARNFMAELR, TRATIHERSERN—F: (1) ERERENSHEER, 5 2) SERENSHEERFEXABERIBES L. MASARBREEEATNNHHER.
° IRIEFRANAM, TE API bR 2B(INTHEM).

¢ HIRBTFEHITHEBRNDLEN, BEBHSENHEETARET 0.05%.

4 MiEEERE AT in. [25 mm)H BB F ARSI ASTMA36 = ASTM A709 36 R EY, REERAREIESR.

¢ UEFHREBERM N THEIMPRODYE, RH THRIAMASBRARNCHER, THEERAEHRNZEMBN WPS(HI EBOXX-X &£ 12%). (W 3.7.3)

" /2T, AWS A5.5, A5.23, A5.28, or A5.29 FI# B3, B3L, B4, B4L, B5, B5L, B6, B6L, B7, B7L, B8, BSL, B9, H{F{7 BXH RASHAMNEXLERFHEKRITEN.

9 MR BIH AWS ASM(E FR 2 41 ) E AR T LB AWS A5(=E1R A 8240 ) W9 I AT R

"5.7 FMERBMARSTERT ASTMA913 60 5 65 H4RH.
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APPENDIX XV

MINIMUM PREHEAT AND INTERPASS TEMPERATURE®*

C Thickness of Thickest Pam Wlmnnurn Preheat and
: at Pomnt of Welding Interpass Temperature
3
E
o
I
¥ Steel Specificadion Weldinz Process in mm “F =
ASTM A 36b ASTM A 516 Grades 55 & 60 Up to 3/4 mcl. Up to 19 incl. Mone*
ASTM A S  Gmde B ASTM A 524 GradesT&II
ASTM A 106 Grade B ASTM A 520 Crver 304 Orver 18
ASTM A 131 Grades & B, ASTM A §70  All zrades Shielded metal arc thmi 1-1/2 inel. thru 38 incl. 150 (T3]
A C5,D,D5 E ASTM A 573 Grade 45 welding with other
ASTM A 139 Grade B ASTM A T09  Grade 38° than low-hydragzen Orver 1-1/2 Orver 38
ASTM A 381 Grade Y35 API 5L Grade B electradas thr 2-1/2 incl. thru &4 incl. 225 107
ASTM A 500 Grade & APISLXE Grade 342
Grade B ABS Grades A B, D, C5, DS
ASTM A 301 Grade E Ower 2-1/2 Ower &4 300 30
ASTM A 36Y ASTM A 570 All zrades
ASTM A SS GradeB ASTM A 572 Grades 22, 50
ASTM A 106 Grade B ASTM A 573 Grade §5
ASTM A 131 Grades A B, ASTM A 588
C5,D,D5, E ASTM A 593 Grades A B, C Up to 3/4 mcl. Up to 19 mcl. Tone®
AH 32 & 34 ASTH A 806
DH 32 & 36 ASTM A 807 Grades 45, 30, 55 Shieldad metal src
EH 32 & 38 ASTM A 818 weldine with low-
ASTM A 139 Grade B ASTM A 833 Grades A B h,r.mg;ue-_eﬂrm!s_
p | ASTM A 542 . ) Grades ':E D- o submerged arc 1;.‘-1'&1'3 4 ':;?"'.'EI‘].:. .
ig?ﬁ i ﬁ_. Grade Y35 j:gl"'i-fILA o9 gra:eal; &, 30, 50% welding b zas maral thama 1-1/2 mel. thru 38 incl. 50 10
By 1 APLS rade e T
ASTM A 500 Grade A APISLY Grade X47 arc welding, flux
Grade B API Spec. 2H corsdarcweldig | aoery1 Over 38
ASTM A 301 ABS Grades AH 32 & 3§ thr 2-1/2 mel. thru &4 incl. 150 G
ASTHM A 516  Grades 35, 80, DH 32 & 36
55, & 70 EH 32 & 36
ASTM A 524 GradesI& 1D ABS Grades A B, D,
ASTM A 520 C5,D5 Orver 2-1/2 Orver &4 223 107
ASTM A 537 Classes L & 2 Grade E
(Contomad)
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BREMANEZEERE ¢
BELSEIANEE RIEFANE BRE
%35 WIS fRiE in. mm °F °c
ASTM A36° ASTM A516 55 M 60 &
ASTM A53 B & ASTM A524 I F0 1R <3/4 <19 TRz
ASTM A106 B & ASTM A529
ASTM A131 A, B ASTM A570 FrE% 5! >3/4, E<1-1/2 >19, £<38 150 66
CS,D,DS,E4% | ASTMA573 65 & )
A | ASTMA139 B & ASTM A709 36 4K ° FEERRTF TRIR >1-1/2, £<2-1/2 >38, £<64 225 107
ASTM A381 Y35 API 5L B &
ASTM A500 AR API 5LX X42 & >2-1/2 >64 300 150
B & ABS A, B, D, CS, DS &
ASTM A501 ER
ASTM A36° ASTM A570 FrE& 5!
ASTM A53 B 4 ASTM A572 42,50 4
ASTM A106 B & ASTM A573 65 & a
ASTM A131 A, B & ASTM A588 <3/4 <19 THRE
CS,D,DS,E% | ASTMA595 A B, C%&
AH32 71 36 4% ASTM A606
DH32 # 36 4% ASTM A607 45, 50, 55 &
EH32 1 36 & ASTM A618 >3/4, B<1-1/2 >19, <38 50 10
ASTM A139 B 4 ASTM A633 A B& BEEXFILE
B | ASTMA242 C,D% bEf
ASTM A381 Y35 § ASTM A709 36, 50, 50W & B SEARIIE
ASTM A441 API 5L B & LR RLEIE >1-1/2, E£<2-1/2 >38, £<64 150 66
ASTM A500 A% API 5LX X42 &
B & API| 5 2H
ASTM A501 ABS AH32 # 36 &
ASTM A516 55 # 66 & DH32 # 36 >2-1/2 >64 225 107
65 M 70 & EH32 # 36 &
ASTM A524 15014 ABS A B D%
ASTM A529 CS, DS %
ASTM A537 15023 E&
(5£)
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APPENDIX XV (Continued)

C Thickwess of Thickest Part lmnuoum Preheat and
: at Foint of Welding Interpass Temperamre
&
g
o
I
¥ Steel Specification Welding Process in T B L
Up to 34 incl Up to 19 incl. 50 10
Over 5304 Crver 19
ASTM A 572 Grades 80, 65 Shielded metal arc welding with low kydrogen thry 1-1/2 decl thra 38 mel 150 68
C | ASTM A 633  Grade E elacmodes, submerged arc welding, g3z metal arc
APT5LY Grade 332 welding, or flux cored arc welding Ovwer 1-112 Over 38
thru 2-1/2 incl thra §4 mcl 225 a7
Ower 2-112 Orver 64 30 150
Up to 34 incl Up to 19 incl. 50 10
Orver 3/4 Crver 19
ASTM A 514 Shielded metal arc welding with low kydrogen . |3—11_1. 3 incl " -Erig el 125 cn
e em ) R electrodes, submerged arc welding with carbon or S de s ek 28 ek = -
D | ASTM A '_1' Grades 100 & 100W alloy steel wire, neutral flux, gas metal arc welding, ) )
ASTM A 709 fhux cored arc welding Ower 1-1/2 Crer 3
B thru 2-1/2 incld thm §4 ncl 175 g0
Orer 2-1/2 Crver G4 225 107

* Whea the base metal temperaiure is below 32°F [0°C], the base metal shall be prebeated fo at least 70°F [10°C] and this minimum temperamre mainfaived during weldics.

¥ Omly low hydrogen elecirodes shall be used when welding A 36 or A 709 Grade 36 steel more than | m [23 mm] thick for bridgss.

= Walding shall not be dona when the ambéan: temperanie is lower thar 0°F [-18°C). A temperarare of 0°F [-15°C] doas not mean the ambisnt epvirapmental temperanare bur the temperanrs in the immadiare
vicinity of the weld. The ambieat snvirormental temperatare may be balow 0°F [-1250]. bt 2 heated strucnoe or shelter around the area ez welded could mamiain the femperature adjacent to the weld-
ment af §°F [-15°C] or ki
When the ':ln[s.a metal is t-e]%ﬁ'?:ta remperature listed for the welding process bems wied and the thickeess of marerial being weldsd. it shall be preheated (except as stherwize provided) in such mammer that
the surfaces of the parts oo which weld metal is beig degpostted are at or above the specified micimam femperanre for a distance equal to the thickness of the part being welded, but oot less than 3 m
[78 mm) m all directions fom the pomt of walding.
Prebeat and inferpass temperatares st be sufficient to prevent crack formation. Temperanme above the miniroum shown may be -eq1u=:1 for highly resmamed walds. For ASTM A 514, A 517, and A 700
Grades L00 and 100TW steel, the maxmmm preheat and interpass temperaare shall not exceed 400°F [205°C] for thickness up to 1-1/2 in [38 mm] inclusive, and 450°F [230°C] for greater thickness Heat
imput when welding ASTM A 314, A 517, and A 709 Grades 100 and 100 steal chall not exceed the steel producer's recommendations. ASTM A 514 and A 517 materials are pot recommendad to be
post weld heat ireated

“In jomis involving combications of base metals, preheat shall be as specified for the higher sirength steel being welded.
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RN SETHNERE SETARNEEEE

%3 WA BT in. mm °F °c
<3/4 <19 50 10
ASTM A572 60, 65 4% ﬁﬁ:}g%?j:%%i% >3/4, £<1-1/2 >19, £<38 150 66

C ASTM A633 E 4 E?&g,ﬁwﬁyﬁﬁ

4] _ -
API 5LX X52 4 =, g aye >1-1/2, £<2-1/2 >38, £<64 225 107
>2-1/2 >64 300 150
<3/4 <19 50 10
ASTM A514 1&§E%i1%?m¢§ f >3/4, £<1-1/2 >19, F£<38 125 50
BNRIES SMIZL, hiEREIe

D ASTM A517 100 1 100W 4% RS A R4 2
ASTM A709 S ] >1-1/2, £<2-1/2 >38, £<64 175 80
>2-1/2 >64 225 107

MprE, B AT WA HIER AV HEEE. ASTM A514 F AS17 MBI HFEMIEERLE.
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LRHEEET 32°F0°Clet, BMSFE LTI 70°F[20°C), # HiX M RIEEEE RSN X FERE.
HEEBE 1in. [25 mm]#I ASTM A36 1 ASTM A709 36 REVNH A FHREZ, REXAERSESR.
YEEBEET 0°F[-18°Clet, BETH#T. BE OF-8 CITREABNERE, MREMIREXENEE. AREREEETHET 0°F[18°C], BESLHERKEN MAEERRERY
BEB B BABE BB B EREE O°F8 CIRES.

HE/MMRERTARANERES ZNHEEMBEEERNBER, SMHXTURNTHARXTMARESFER) ERERMEFALETE4AEERETNT 3in. [75 mmBBERNNETHS
FERNREEBE.

HANERRESAEB U LERIN=E. N TFZARSARENELTHEZTEL LRFTIREBRESHEE. T ASTMA514, A517 & A709 100 Fl 100W K EI4MH, XUEE<1-1/2in.
[38 mm]et, &&TRANEERETALHET 400°F[205°C], HEE>1-1/2in. [38 mm]at, &&FHAME B2 E T HERT 450°F[230°C]. %124 ASTM A514, A517 & A709 100 1 100W &



APPENDIX XVI
RADIOGRAPHIC TESTING

1. Welding Procedure Qualification

1.1 After meeting visual inspection acceptance criteria and before preparing mechanical test specimens,
the procedure qualification test specimens, the qualification test plate, pipe, or tubing shall be
nondestructively tested for soundness.

1.2 Either radiographic or ultrasonic testing shall be used. The entire length of the weld in the test plates,
except the discard lengths at each end, shall be examined.

1.3 For acceptable qualification, the weld, as revealed by radiographic or ultrasonic testing, shall conform
to the requirements of paragraph 3.

2. Welder Performance Qualification

2.1 Except for joints welded by GMAW-S, radiographic examination of a welder or welding operator
qualification test plate or test pipe may be made in lieu of guided bend tests.

2.1 1 If RT is used in lieu of the prescribed bend tests, the weld reinforcement need not be ground or
otherwise smoothed for inspection unless its surface irregularities or juncture with the base
metal would cause objectionable weld discontinuities to be obscured in the radiograph. If the
backing is removed for radiography, the root shall be ground flush with the base metal.

2.1.2 For welder qualification, exclude 1-1/4 in [32 mm] at each end of the weld from evaluation in the
plate test; for welding operator qualification exclude 3 in [75 mm] at each end of the test plate
length. Welded test pipe or tubing 4 in [100 mm] in diameter or larger shall be examined for a
minimum of one-half of the weld perimeter selected to include a sample of all positions welded.

2.1.3 For acceptable qualification, the weld, as revealed by the radiograph, shall conform to the
requirements of 3.1.

3. Radiographic Inspection

Discontinuities other than cracks shall be evaluated on the basis of being either elongated or rounded.
Regardless of the type of discontinuity, an elongated discontinuity is one in which its length exceeds
three times its width. A rounded discontinuity is one in which its length is three times its width or less
and may be round or irregular and may have tails.

3.1 Acceptance Criteria for Cyclically Loaded Nontubular Connections. Welds that are subject to
radiographic testing in addition to visual inspection shall have no cracks and shall be unacceptable if
the radiographic testing shows any of the types of discontinuities listed in 3.1.1 and 3.1.2.

3.1.1 For welds subjected to tensile stress under any condition of loading, the greatest dimension of
any porosity or fusion-type discontinuity that is 1/16 in [2 mm] or larger in greatest dimension
shall not exceed the size B indicated in Figure 6.4 for the weld size involved. The distance from
any porosity or fusion-type discontinuity described above to another such discontinuity, to an
edge, or to the toe or root of any intersecting flange-to-web weld shall be not less than the
minimum clearance allowed, C, indicated in Figure 6.4 (see page 3-49), for the size of
discontinuity under examination.

3.1.2 Independent of the requirements of 3.1.1, discontinuities having a greatest dimension of less

than 1/16 in [2 mm] shall be unacceptable if the sum of their greatest dimensions exceeds 3/8 in
[10 mm] in any linear inch [25.4 mm] of weld.
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O &2 30

1. BEIZEE

1.1 EEVREERFEENMMEERENIZE, TZTERBRNRRNAEXRNERTERRGUBET T
3

1.2 MABXAFERBEREN. REBRFRNSHEREN, RN EZE S KSAHERN.
1.3 WFABNITE, 2HFERBFERIFMNEZSIAFTEEITHER
2. BIHERE

2.1 RT RAEBEENBRSERTEGVMAW-S)RZRELA, AMITERIHEREREINNRIAE
AURASFLRNERS O E XK.

211 MEARTEAAENSAEHAR, RERSTRENERAEMAXNMIFE, RIF/EREHT
AN ERENBHNEESXEEH KRR LEREPERANTESBBES. NRNFLRG T EER
TRB, WEERHLAITEESSMEF.

21.2 WEIWITE, ARMKFELSE 1-1/4 in. [32 mm]KAETRE; XEZRETNITE, HRMREFEES
3in. [75 mmIEREITRE. ERARTET 4in [100 mm]iAEXRNED RN SEEREVLEN R
SRR

213 N TERNITE, EHELRINBEXTFEE 31 THER
3. HEm=E

BRESUNN T ERLTRFRBETLRITE. TRAZRTERNRE, KEBINE=FHNFTELZREFRT
ELE KENMTSTAEZGNTELRAFRAES, TAUREN, TANNIFEREREE.

3.1 AZFMRFAWIEEMEZNBIUEN. BURREFTEFLRMNEETAERY. NRFLRMH RN
EAEEBHGTF 3.1.1 M 312 NFEL, NZRERTERN

311 EEMBRARGT, NTEAZRNANERE, FAKARIATET 1/16in 2 mmNSARBSET
EENBARTTABEIRFERIER64FMRHRYTB. EREMSARBERTELEES -1
XEFNTES, R5RE, AEERVNERFLNFEUTERNEETENTHE 6.4(A 3-49 )P HIXY
IR NES R A A VFHY R /MEVEE C.

3.12 BT 3.1.1 (BRI, R 1inch [25.4 mm[EKREESSERN, |RART/NF 1/16 in [2 mm]l T
EEPRARTEFET 3/8in [10 mm], MZTELITEEN.
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APPENDIX XVI (Continued)
HOLE-TYPE IMAGE QUALITY INDICATOR (IQl) REQUIREMENTS

Hominal Mominal Source Sida Film Side®
Matarial Thickness? Material Thicknasss

Range, in Range, mm Designation Ezsantial Hola Dasignation Eszenfial Hole
Up to 0.25 incl. Up to & incl. 10 AT 7 AT
Owar 0.25 10 0.375 Cwer 6 through 10 12 AT 10 4T
Ower 0,875 to 0.50 Cwer 10 through 12 15 4T iz 4T
Owear 0.50 to 0,625 Cwer 12 through 16 15 AT 12 4T
Owver 062510 0.75 Cwer 16 through 20 17 AT 15 4T
Owver 0.75 10 0.875 Cwer 20 through 22 a0 4T 17 AT
Ower 0,875 t01.00 Cwer 22 through 25 a0 AT 17 4T
Ovar1.00 to 1.25 Crwer 25 through 22 25 4T 20 4T
Cwvar .25 to 1.50 Ower 32 through 28 an oaT 28 aT
Cwear .50 to 2,00 Crver 38 through 50 a5 2T a0 2T
Crar 2,00 to 2,50 Crver 50 through 65 40 2T a5 a7
Owear 2,50 10 3.00 Cwer 65 through 75 45 aT 40 aT
Owver 3,00 10 4.00 Cwer 75 through 100 50 aT 45 aT
Ovar 4.00 to 6.00 Crver 100 through 150 ) aT 50 aT
Owar 6.00 o 8.00 Cwer 150 through 200 20 T &0 aT

8 Single-wall radiographic thickness (for tubulars).

b Applicable to tubular sfructures only.

WIRE IMAGE QUALITY INDICATOR (IQ1) REQUIREMENTS

MNaminal Maminal ) Snurcg Sidfa . Film .Sideb.
Matsrial Thickness® Material Thicknasas Maximum Wire Diarnetar Maximum Wire Diameter
Range, in Range, mm in mm in mm
Up to 0.25 incl. Up to & incl. 0040 0.25 0.008 0.20
Chvar 0.25 10 0.375 Crver 6 to 10 noia 0,23 0.010 0.25
Crvar 0,375 1o 0.625 Crver 10 1o 16 0016 0.4 0.013 032
Crver 0.625 10 0.75 Cwer 16 to 20 0.020 0.51 0.016 0.4
Crver 0.75 10 1.50 Cwer 20 to 38 0.025 063 0.020 0.5
Crvar 1.50 10 2.00 Crwer 38 to 50 0032 .84 0.025 0E3
Crar 2.00 10 2.50 Cwer 50 to 65 0.040 1.2 0.0as 0.8
Crvar 2.50 to 4.00 Cwver 65 to 100 0.050 1.27 0.040 1.02
Crvar 4.00 to 6.00 Crver 100 1o 150 0.063 .60 0.050 127
Crvar 6.00 to 8.00 Crver 150 to 200 0400 2,54 0.063 1.60

8 Single-wall radiographic thickness (for tubulars).

b applicable to tubular sfructures only.
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ABBRIT(IQMER
MBAHEE ® MBRAKEE ® SR B °

SEE, in. S, mm RiRS HARH RiRS BRI
<0.25 <6 10 4T 7 4T
>0.25, £<0.375 >6, £<10 12 4T 10 4T
>0.375, £<0.50 >10, £<12 15 4T 12 4T
>0.50, £<0.625 >12, £<16 15 4T 12 4T
>0.625, £<0.75 >16, £<20 17 4T 15 4T
>0.75, £<0.875 >20, £<22 20 4T 17 4T
>0.875, £<1.00 >22, £<25 20 4T 17 4T
>1.00, £<1.25 >25, £<32 25 4T 20 4T
>1.25, £<1.50 >32, £<38 30 2T 25 2T
>1.50, £<2.00 >38, £<50 35 2T 30 2T
>2.00, £<2.50 >50, £<65 40 2T 35 2T
>2.50, £<3.00 >65, £<75 45 2T 40 2T
>3.00, £<4.00 >75, £<100 50 2T 45 2T
>4.00, £<6.00 >100, £<150 60 2T 50 2T
>6.00, £<8.00 >150, £<200 80 2T 60 2T
P REREREEIEM).
® UERTEMEN.

SBH{RIT(QNWER
MBAKEE ® MBAKEE ® RN R KREE BRAM P ZALE

B, in. SEE, mm in. mm in. mm
<0.25 <6 0.010 0.25 0.008 0.20
>0.25, £<0.375 >6, £<10 0.013 0.33 0.010 0.25
>0.375, £<0.625 >10, £<16 0.016 0.41 0.013 0.33
>0.625, £<0.75 >16, £<20 0.020 0.51 0.016 0.41
>0.75, £<1.50 >20, £<38 0.025 0.63 0.020 0.51
>1.50, £<2.00 >38, £<50 0.032 0.81 0.025 0.63
>2.00, £<2.50 >50, £<65 0.040 1.02 0.032 0.81
>2.50, £<4.00 >65, £<100 0.050 1.27 0.040 1.02
>4.00, £<6.00 >100, £<150 0.063 1.60 0.050 1.27
>6.00, £<8.00 >150, £<200 0.100 2.54 0.063 1.60

? REEREE(EM).
" NEATEMEN.
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APPENDIX XVI (Continued)
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CIN MILLIMETERS

Motes:

1. T determine the maximum size of dizcontinuity allowed inary joint or weld gize, project E horizontally 1o B.

2, T detarmine the minimum clearance allxwed between sdges of discontinuitiss of any size, project B vertically to
3. See Legend bekow for definiticns.

Figure 6.4—Weld Quality Requirements for Dizcontinuities Occurring in Cyclically Loaded
Nontubular Tenszion Welds (Limitations of Porosity and Fusion Discontinuities)
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4142

RAX 12
12 MAX.

OR GREATER

LD SIZE, mm

E- BURY, =X
v

E=W

G IN MILLIMETERS
Cc ZEX

1. KPRFE EB, UBEEMEARBERTHATFHERTELER Y
2. EERYBEC, MBEEMRITHANTELD L B RFHR/NHEEE.
3. ZATHNMNSENA.

6.4 - EEHEAMRFRARENTERNFETEER
(RANBEBRTERNBEH)
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APPENDIX XVI (Continued)

Legend

Dimensicens of Discontinuities

E = Maximum allowed dimension of a radiographed discont-
nwlity.

L = Largest dimenzion of a radiographed discontinuity.

L' = Largest dmension of adjacent discontinuities.

C = Minimum clearance measured along the longitudinal
axis of the weld between edges of porosity or fusion-
type discontinuities (larger of adjacent discontinuities
govarns), or to an edge or an end of an intersacting
weld.

Gy = Minimurn allowed distance between the nearest dis-
continuity to the free edge of a plate or tubular, or the
intersaction of a longitudinal weld with a girth weld,
measured parallal to the longitudinal weld axis.

W = Smallest dimension of either of adjacant discontinuities.

Material Dimensions
E = Weald siza.
T = Plate or pipe thickness for CJP groove welds,

Definitions of Discontinuities

* An elongated disconfinuity shall have the largest
dimansion (L) excead 2 times the smallest dimansion.
A rounded discontinuity shall have the largest dimen-
gion (L) less than or equal to 3 times the smalest
dimension.

A cluster shall be defined as a group of nonaligned,
acceptably-sized, individual adjacent discontinuities
with spacing less than the minimum allowed (&) for the
largest individual adjacent discontinuity (L), but with
the sum of the greatest dimensions (L) of all discon-
tinuties in the cluster equal to or less than the
maximurn allowable individual discontinuity size (B).
Such clusters shall be considered as individual dis-
continuities of size L for the purposa of assessing
minimum spacing.

Aligned disconinuities shall have the major axes of
each disconfinuity approximataly aligned.
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5 Ui B

FTEEHRY

TEENEL
B= SLBMETERNEAATRYT

o SRARTLEBIZNMRI=FBHFIEZRFRT
L= SERETEENZEARY.

ELE.

L'= HPBTEZNZEARY.

o BRARTLITETHRIRIN=ZETELZRE

C = SAHBE T ELRILD 5 B (LA LBR KT ELE
REE), I — MR D AR, BIREHN
LU= b= N i

Ci= NEIEMFEZIRNERN B Hiw, REPSEFLER
KR4, FATTHNOELE RN B &/ R VFEEE

W= FERMIBTESZZANKRNRY.

MHERY
E= R&RY

T= 2FECIPRABRENRRIENEE

FETEL.

BEMTELERE - AFLUDIHH, BUER
RYH, BAHENMEBRERL)SENBEFR
ELNEENTRDAEC), BRERENETE
ZNRARTL)ZNETHDHTENTELEN TR
RAWRN(B). EWERDEERN, XHEEM
TEZNWERART N L HENTESR

ZHEITHTIELERES M TESN EHEIEL
B—E&D .
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APPENDIX XVII

FACE AND ROOT BEND SPECIMENS

38 in | 3/8 in - 3/8 in
NEE [ NN
| ! [
1-1/2 in 4 !
I 1 r=
)«76 in MIN. | ——| |-—FACE - |——HDOT
BENMD BEND
3/8 in TEST PLATE TEST PLATE OVER
3/8 in THICK
{1) LONGITUDINAL BEND SPECIMEN
& in MIN® BADIUS 1/8 in MAX,
_*— bl T
\ W . ,
1 1
| 3
Nole by Note ¢ |'_:3'fa in \,
ya (3R AT
L L T - f—amin
L MATERIAL TO BE REMOVED 38 i"j (PLATE) [PIPE)

FOR CLEANUP

FACE BEND SPECIMEN

}-*7 6 in MIN.‘4F-|

Note b —‘l‘/

MATERIAL TO BE REMOVED
E FOR CLEAMNUP

\ ¥

RADIUS 1/8 in

MAX,

I

| k

L
W8 in | -

. T
j' 3/8 in =—

(PLATE) (PIPE)

,f 1
Notec—/

3/8 inJ

ROOT BEND SPECIMEN
(2) TRANSVERSE BEND SPECIMEN

Dimensions

Test Weldment

Test Specimen Width, W
in

Plate
Test pipe or tube
<4 inches in diameter

Test pipe or lube
> 4 inches in diameter

1-1/2
1

1142

a4 longer specimen length may be necessary when using a wraparound type bending fixture or when testing steel with a yield strength of 90 ksi

[820 MPa] or more.
b These edges may be thermal-cut and may or may not be machined.

¢The weld reinforcement and backing, if any, shall be removed flush with the surface of the specimen. If a recessed backing is used, this surface
may be machined to a depth not exceeding the depth of the recess to remove the backing; in such a case, the thickness of the finished specimen

shall be that specifiec above. Cut surfaces shall be smooth and parallel.

Motes:
1. T = plate or pipe thickness.

2. When the thickness of the test plate is less than /8 in [10 mm], the nominal thickness shall be used for face and root bends.
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HENMEEdH

38 in—"'| r
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¥
& in MIN. |
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k ¥
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SEb _'rf

MATERIAL TO BE REMOVED EFEERHNME

—'-I |-—3.I’B in I—'—Su'ﬂ in
b o] |
J L
~ e e
mZE vz
EE R KT 3/8 I KR

B AEEREA1/8 &
RADIUS 1/8 in MAX.

1
1
|
1

—~ |-— 38 in

—l--T--l—

(PLATE)
($R#)

{PIPE)
(B M)

B ERA 1/8 KT

Ril
4 ksxe n

A8 in—= -—

!

\
‘\ A__.

,.v’*

MAX,

_f_FDH CLEANUP + ¥
T
T _:«/ Z J IR (PLATE) (PIPE)
Ec 38 in (AR #1) (BE#)
BT
(2) WL it
R~
R HWEETIE, W, in.
® 1-1/2
HEER<4 in. 1
HEEE>4in. 1-1/2

XD G R ARGNE], HAETUNMT, A AF#THMT.
BRARSNABRMRETR)AANERESIAERETE.
DI TEREI R MERRE; £1X
17,

E:

T= MM REMNEE
HiAREE/NT 3/8in. [10 mm]et, HEMEZNRALHTEE.
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