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Conversions and Calculations

The International System of Units (SI) makes use of conversion factors and metric prefixes. Use the foliowing tables:

Table of SI Conversions

PROPERTY U.S. CUSTOMARY UNITS SEUNITS
To convert from To Multiply by
force pound-force (ibf) newton {N) 4.5
kip (1000 ibf) newton 4450
linear dimension inch {in) millimeter (mim) 254
tensile strength pounds per square inch (psi) | pascal (Pa) 6895
(psi) kilopascai {(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 feset per hour {ft%/hr) liters per minute (L/min) 0.472
heat input joules per inch (J/fin) joules per meter {J/m) 384
travel speed, wire inches per minuie (in/min) millimeter per second (mmy/s) 0.423
temperature degree Fahrenheit (°F) degree Celsius (°C) °C=("F-32)/1.8
Table of Sl Prefixes
109 1 000 000 000 " giga G
108 | 1 000 000 mega M-
103 1000 kilo k
10-3 0.001 milli m
107% 0.000 001 micro 1]
10-° 0.000 €00 001 nano n
Formulas
PROPERTY FORMULA

ultimate tensile strength {uts)

uts = maximum load/original cross-sectional area

cross-sectional area (csa)

csa = nD%/4 (for circle)

csa = width x thickness (for square or rectangle)

temperature

degree Fahrenheit (°F)

degree Celsius (°C)

°C = (°F — 32)/1.8

degree Celsius (°C)

degree Fahrenheit (°F)

‘F=18x°C+32
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This book is for examination purposes only.
It is not a working set of specifications nor a code.
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The information contained herein may not match
the current editions of the referenced documents.
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Do not write in this book.
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APPENDIX |

WELDING PROCEDURE QUALIFICATION RECORD {PQR)

PROCEDURE SPECIFICATION

e " A
Material specification *Ar ‘ij”? Afi\: :}?1@ Cﬁ‘ {5
Welding process [2]
Manual, semiautomatic, automatic: [3]
Paosition of welding : [4]
Filler metal specification {5]
Filler metal classification 6] #
Weld metal analysis [7]
Shielding gas [8]
Flow rate [9]
Single or muttiple pass [10]
Single or multiple arc [11]
Welding current [12]
Welding progression [13}
Preheat temperature [143
Welders D [151
Welder's name [16]

VISUAL INSPECTION RESULTS

GROOVE WELD TEST RESULTS

Tensile Strength, psi

- P A
A A
i & gw a1

RO 7 5
Guided-Bend Tests (2 root-, 2 face-, or 4 side-bends}

Root Face Side

1. [26] 1. [28] 1. [30]

2. [27] 2. [291 2. 131]
3__ 3]
4, £33

Radiographic-Ultrasonic Examination

AT Beport No: [341
UT Report No: [35}

FILLET WELD TEST RESULTS

Minimum size multiple pass  Maximum size singte pass

Macroetch - Macroetch
Appearance [17 1. [36] i [39]
Undercut [18] 2, [37] 2. [40]
Piping porosity 191 3. [38] 3. [411
ALL-WELD-METAL TENSION TEST RESULTS
Tensile strength, psi [201
Yield point/strength, psi [21]
Elongationin 2 in, % [22] Test Date [421
Laboratory Test No: [23] Witnessed by [43]
WELDING PROCEDURE
Welding Current
Pass | Electrode
No. Size Amperes Volts Speed of Travel Joint Detait
f44] [45] f46] [471 {48} [49]
We, the undersigned, cettify that the statements in this record are correct.
Procedure No. [50] Manufacturer or Contractor I51]
Revision No. (52] Authorized by (53]
Date [54]
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APPENDIX [I-A

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

Welder U Welding Operator U

Test Joint Sketch

Name ]

1.D. No. [2] WPS Used [3]
Process(es) {3] Transfer Mode (GMAW) _[5
Test Base Metal Specification [6] o [7]
Material Number (8] to [9]

Fuel Gas (OFW)

[10]

AWS Filler Metal Classification{s) ___[11]
Double Side L single Side L
Current Polarity ACL ] pcepl 1 DCENL]

Backing Yes O o L

F No. 12]

Consumabie Insert  Yes £ No [ Backing Gas Yes U no
Test Weldment Position Tested Width (W) Thickness (T)
Groove Pipe 1G 2G 5G 6G Thickness Diameter
Plate 1G 2G 3G 4G Thickness

Fillet Pipe 1F 2F 2FR 4F 5F Thickness Diameter
Plate iF 2F 3F 4F Thickness

Cladding 1C 2C 3C 4C 5C 6C Thickness

Hardfacing 1C 2C 3c 4C 5C 6C Thickness

Progression Vertical Up 1 vertical Down [

TEST RESULTS REMARKS

Visual Test Pass ] Faill] nall [13]

Macro Test Pass| 1 Faill ] nall [14]

Break Test Pass| | rFaill ] nal] [15]

Bend Test Pass ] Faill] nall [186]

Radiographic Test Pass b oranld wald [17]

QUALIFICATION LIMITS

Process(es)

Weldment " Position Deposited Thickness

Groove Pipe F H A% 0] All | tmin £ max. Bia. min.
Plate H Vv 0] All | tmin. tmax.

Cladding F H Y 0 All | tmin. tmax.

Hardfacing F H O All t min. tmax.

Weidment Position Base Metal Thickness

Fillet Pipe F H vV O All T min. T max. Dia, min.
Plate F A O All T min. Tmax.

Progression Vertical Up L1 vertical Down L

Base Metal M No(s). [18] Fuel Gas {OFW) i19]

Filier Metat F No(s). [20] Backing Yes[1 Nobl

Current Polarity AC [} pcepl] pceni Consumable Insert Yes[ ] No[l

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

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

Date tested {231 Qualifier signature [24]
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APPENDIX 1I-B

Spectec, Inc.
905 Ridge Way, Eastern, Somewhere 84328, xxx-yyy-zzzz, FAX XXX-yyy-zzzz
WELDER PERFORMANCE QUALIFICATION RECORD

Welder's Name C. W, Practical ID No. 222-33-4444 Date 11-08-00
WPS No. pl.1-36-U-CJP-B-307 o
Welding Process FCAW Type Manial
Specification or Code " AWS D1.1:2000, Structural Welding Code—Steel
Base Metal
Material Spec/Type/Grade A 36 To: Material Spec/Type/Grade _ A 36
Thickness 1 in Thickness Range Qualified 1/8 in-Unlimited
Base Metal Preparation Base metal shall be clean and free of meoisture, cil, dirt,

paint, coatings, rust, scale. etc. Cleaning shall leave no residue.
Joint Welded Single V-Groove with steel backing
Type of Weld Joint {See Figure 4.21, Test Plate for Unlimited Thickness)
Bevel Angle 22.5° Root Face 0 Root Opening__1/4 in
Backing Yes E No [l Backing Type _ 1/4 x 1 in Steel Strap
Electrode E L
F No. 4 Specification & 5.18 Classification  E71T-1  Size Range _ 1/16th
Filler Metal
F No. 4 Specification _& 5.18 Classification E71T-1 Size Range 1/16th
Preheat _ '
Preheat 50°F min. Interpass Temperature Max. 400°F
Postition
Position 3G Progression Up

TEST RESULTS
Visual Bends Radiographic Metallographic

Pass B Faild | nAl PassE Fail N/A B Pass [ Fail O NAE pass O Fail L

Test conducted by Laboratory test no.
per Test date

QUALIFIED FOR

Base Metal Group No. Type Weld Current Backing Penetration [ Vertical
I(a) (Carbon and Low-Alloy | Single Side B Ac [ With Complete [ Down [
Steel) Double Side 1 pcend | Type _____ | Partiat [ up B
pcep B | open Root

t,in : 0D, in
Position Min. Max. Min. Max.

Plate—Groove 1GE | ocE | aglE | 4] 1/8 Unlimited

Pipe/Tube—Groove 16E | oo | 560 | s 1/8 Unlimited Over 24 Unlimited

Plate—Fillet iE B | oF sF® | 4F0 | ws Unlimited

Pipe/Tube—Fillet B | oFlE ¢ 50 | epLd 1/8 Unlimited

The above individual is qualified to the above limits in accordance with AWS D1.1:2000, Structural Welding Code—Steel.
Qualified By____fokn Switk Position Weld Supervisor Date 11-10-00

{signature)
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APPENDIX Il

PREQUALIFIED COMPLETE JOINT PENETRATION GROQVE WEILDED JOINTS

Single-V-groove weld (2)

&

T, &
Butt joint (B) — :
PN AN
i
T
Base Metal Groove Preparation
Thickness (U =
uniimited} Root Opening Telerances Allowed Gas
Welding Joint Root Face Welding | Shielding
Process | Designation T Tz | Groove Angle | As Detailed As Fitup Positions |-for FCAW | Notes
R=0to 1/8 +1/16, -0 +1/16, -1/8
SMAW B-u2 u Vo f=0t01/8 +1/16, -0 Mot limited All — b, ¢, d
o =B0° +10°, —0° +10°, —5°
R=01t01/8 +1/16, -0 +1/18, -1/8
SMAY | Bu2GF U — | t=01%1/8 | +1MB.—-0 | Notlimited Al oot | abd
o = 60° +10°, —0° +10°, -5° q
R=0
Qver12to1 —_ f= 1/4 max.
o= 60°
R=0 R==x0 +1/16, -0
SAW B-I 2¢-S Over 1to 1-12| — f=1/2 max. f=+0, +1/16 F — b, d
o= 60° a=+10°, 0° +10°, -5°
R=0
Qver 1-12t02; — f=5/8 max.
o= 60°
Single-V-groove weld {2) Tolerances
Butt joint (B
. u; ® As Detailed As Fitup
R =+1/16,—0 +1/4, —1/18
o =+10°,0° +10°, —5°
o ?
;‘:/
pase f\fetall_Thitcl;ness v Groove Preparati Allowed Gas
Welding Joint = unfimited) eparation Welding | Shisiding
Process Designation Tt Tz Root Opening Groove Angle Positions | for FCAW | Notes
R=1/4 o = 45° All — c,d
SMAW B-U2a U — R=23/8 o = 30° F,V, OH — c, d
R=1/2 o =20° F, V,CH — c, d
GMAW R=3/16 o = 30° F,V.OH | Required [ a,d
FCAW B-U2a-GF U — R=3/8 o= 30° F, Vv, QH Not req. a, d
R=1/4 o =45° F,V, OH Not req. a, d
SAW B-t 2a-8 2 max. — R=1/4 a=30° F — d
e ). SAW B8-U42-5 ") — R =5/8 o =20° F — d

#Not prequalified for GMAW-S nor GTAW.
°Backgouge root to sound metal before welding second side.
© SMAW detailed joints may be used for prequalified GMAW (except GMAW-S) and FCAW.

#The orientation of the two members in the joints may vary from 135° to 180° for butt joints, or 45° to 135° for comer

Tioints.
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APPENDIX IV

PIPE SCHEDULES
Pipe | O.D. 40s 80s & Dble.
Size | (in) 5s 5 i0s 10 20 30 Sid. 40 60 EH. 80 100 | 120 140 | 160 | EH.
18 | o.a0s 0.035 |0.048 |0.049 0.068 | 0.088 0.095 |0.095
) 0.1383 | 0.1863 | 0.1863 0.2447 | 02447 0.3145 | 0.3145
14 | 0540 0049 (0065 |0.065 6.088 |0.088 0.119 | 0.119
. 0.2570 | 0.3207 | 0.3287 0.4248 [ 0.4248 0.5351 | 6.5351
s | ogs 0048 | 0.085 |0.085 0.081 {0091 0.126 10126
- 0.3276 | 0.4285 | 0.4235 0.5676 | 0.5676 0.7388 | 0.7388
12 | o.gap |0085 | 0065 [0.083 |0.083 0.108 |0.108 0.147 |0.47 0.188 | 0.294
) 0.5383 | 0.5383 | 0.6710 | 0.6710 0.8510 | 0.8510 1.088 |1.088 1.304 | 1.714
ag | 1.080 [ 0085 |C.085 | 0083 [0.083 0.113 {0113 0.154 |0.154 0.219 | 0.308
. 0.6838 | 0.6838 | 0.8572 | 0.8572 1131 [ 1431 1474 | 1.474 1.937 | 2441
i .15 | 0085 10085 10409 |0.108 0.133. }0.133 0170 | 0.17¢ 0.250 | 0.358
. 0.8678 | 0.8678 | 1.404 | 1404 1879 i1.679 2172 2172 2844 | 3.650
1474 | 1.66p | 0065 | 0065 |0.109 | 0109 0.140 |0.140 0.191 | 0.181 0250 | 0.382
) ) 1107 | 1.107 | 1.805 |1.806 2273|2273 2997 |2997 3765 | 5214
112 | 1900 10085 10085 [0109 |0.108 0.145 10.145 0.200 | 0.200 0.281 { 0400
) : 1274 | 1274 |2.085 |2.085 2718 | 2718 36581 | 3631 4.859 | 6.408
2 | agps [0065 10065 [0.108 |0.109 0.154 | 0.154 0.218 |0.218 0.344 | 0.438
- 1804 [1604 {2638 |2.638 3663|3653 5.022 |5.022 7.444 | 9.029
s | 2875 | 0083 [0083 [0420 {0920 0203 (0203 0276 10276 6.375 | 0552
] - 2475 |2475 15531 [ 3531 5793 |5.793 7.661 | 7.661 10.01 | 1370
3 | asgp |0083 0083|0120 |0.420 0218 {0216 0.300 | 0.300 0.438 | 0.600
) 3028 [3.029 |4332 |4.332 7576 | 7576 1025 11025 14.32 | 1858
34/ | 4000 0083 [CO083 0120 |0.120 0226 | 0.226 0318 | 0318 0.636
A 3472 13472 14973 | 49073 9.108 }9.109 1251 | 12.51 22.85
4 | 4500 | 0083 [0.083}[ 0420 |20 0237 | 0237 [ 0.281 | G387 0337 0.438 0.531 | 0874
i 3015 |34i5 | 5613 {5613 10.78 | 10.79 | 1266 [14.98 [ 1498 19.01 22,61 | 2754
0247 0.355 0.710
41/2 { 5.000 1253 17.61 3253
5 | 55gy | 0108 0108 0134 0134 0238 | 0258 0.375 |0.375 0500 0.625 | 0750
- 6349 |6349 [7.770 |7.770 1462 |14.62 2078 |2078 27.04 32.96 | 38.55
‘6 | ggos (0109 0309 10184 | 0134 0.280 {0.280 0432 |0.432 0.562 0.718 | 0.864
: 7.585 17.585 19.200 |g289 18.97 | 1887 28.57 {2857 26.39 4530 | 43.18
0.301 0.500 0.875
7| 7625 23.57 38.05 63.08
g | geos 0108 10108 10145 | 0148 | 0250 | 0.277 {322 | 0322 | 0406 |0.500 | 0500 | 0.584 | 0.71¢ | 0.812 | 0.006 | 0.875
- 8.914 19.914 | 1340 | 1340 | 22.36 | 2470 | 2855 [28.55 | 3564 |43.30 |43.39 | 50.87 | 80.93 | 67.76 | 7a.60 | 7242
0.342 0.500
§ |96 33.90 4872
10 y0750 0134 |0.134 |0185 1cies | 0250 | 0307 [0.365 |0.365 | 0500 |0.500° |0594 | 0.7t | 0844 | 1000 | 1125
: 1519 |15.19 | 1865 | 1870 | 28.04 | 34.24 | 4048 4048 | 54.74 {5474 [6433 | 7693 | s0.20 | w041 { 1157
0.375 0.500
11| 11.750 gl 50.07
12 |12.750 (0156 {0165 (0180 {0.180 | 0.250 | 0.330 |0.375 0405 | 0.562 | 0500 |0688 | 0.844 | 1000 | 1125 | 1.342
2107 2218 2416 | 2420 | 3338 | 4377 | 4956 15333 | 73.16 6542 |8851 | 1072 | 1255 | 1397 | 1603
14 |14.000 (0158 0188 ;0250 | 0.312 | 0.375 | 0.375 (0438 | 0594 |0500 | 0.750 | 0.938 | 1.094 | 1.250 | 1.408
: 23.07 2773 13871 | 4568 | 54.57 (5457 |68.37 | 84.91 |72.08 | 1061 | 1307 | 1507 | 170.2 | 188.1
16 | 16.000 0165 0.188 (0.250 [ 0.312 | 0.375 | 6.375 {0500 | 0.656 | 0.500 | 0.844 | 1.031 | 0.120 | 1.438 | 1504
S iere0 3175 |4205 | 5236 | 62.58 {6258 |8277 | 107.5 | 8277 | 1365 | 1648 | 1923 | 2235 | 245.1
18 | 18.000 | 0165 0188 10250 | 0.312 | 0438 | 0.376 |0562 | 0750 |0.500 | 0.938 | 1.156 | 1.375 | 1.562 | 1.781
) 3143 3576 |47.39 | 59.03 | 8206 |70.59 {1048 | 1382 [93.45 | 170.8 | 208.0 | 2441 | 2742 | 3085
20 |20.000 0188 0218 | 0250 | 0.375 | 0.500 | 0.375 |0.594 | 0.812 |0.500 § 1.031 | 1.281 | 1500 | 1.750 | 1.969
- 38.78 46.06 | 5273 | 7860 | 1041 [ 7860 |122.¢ | 166.4 |104.1 | 208.9 | 256.1 | 206.4 | 3411 | 379.0
21 |24.00g ) 0218 0.250 [0.250 | 0.375 | 0562 (0375 |0.688 | 0.969 ;0500 | 1.219 | 1.531 | 1812 | 2082 | 2343
55T 63.41 | 6341 | 9462 ; 1408 [9462 {1712 | 2381 [ 1255 | 2964 | 3674 | 4204 | 4831 | 5419
UPPER FIGURES DIMENSIONS AND WEIGHTS OF LOWER FIGURES
Wall Thickness ;
Pt SEAMLESS AND WELDED STEEL PIPE e e
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APPENDIX V

ACCEPTABLE AND UNACCEPTABLE WELD PROFILES

i

18] DESIRABLE FILLET WELD PROFILES (R a@@a‘?mauamggr WELD PROFILES

Eorveily O, of & weld o it surdace bent vith Smeasion O shad net e the valee of the Sasdlowng tabsie:

WD CFWELD FALE OB
OIVIDURL SURFRDE BEAGL W AN, GOSVE

Fog TR
thin TOWatin Tl
1 G

i
| sizs

b

UNDIERSEE ERLEREIVE  EXIESENE LAERLAP HEERREZE  INCOWRLERTE
WELD CONVENITY  UNDEROUT WeLD FUSIDN

AR

{CIUNACCERTARLE FRUEY WELD PROBILES |

A

BT ST BUTT JOHT (TRAnS Vb — .
ELAIAL THIDMNERS PLATE B THICKKES 8 PoaTE

Uisiptarrenant 1 shal nol exsEes 18 B,
i) BLCEPTABLE GROUVE WELD PROFILE i BUTY J2NY

UMDERFEL EXCESSNE CVERLAF
UHDERLIN

{Ej @ﬁ&ﬁﬁﬁ?%ﬁiﬁ GROCAE WELD PROFILES IN BUTT JOINTE
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