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Statement on Use of AWS Standards. ]

All standards fcodes. specificarions, recommended practices. methods. classitications. and guides) of the
American Welding Soctety are voluntary consensus standards that have bheen developed in acgordance with
the rules of the American National Standards fnstitute. When AWS standards are oither ingorporated in, or
made part of, documents that are included in federal or state {aws end regulations. or the regulations of
other governmental bodies. their provisions carry the tull legal authority of the statute. In such gases. any R
changes in those AWS standards must be approved by the governmental body having statutory jurisdiction ‘
betore they can become a part of those taws and regulations. In alt ¢cases. these standards carry the full legal

authority of the contract or other docurnent that invokes the AWS standards. Where this contractual rela-

tionship exists, changes in or deviations from requirements of an AWS standard must be by agreement )
between the contracting parties.

[nternational Standard Book Number: 0-87171-378-0 i

American Welding Society, 350 N.W, LeJeune Road. P. O. Box 351040. Miami. Florida 33133

£ 1992 by American Welding Society. All rights reserved
Printed in the United States of America ‘ }

Note: The primary putpose of AWS 13 to serve and benefit its members. To this end. AWS provides a forum
for the exchange. consideration. and discussion of ideas and proposals that are relevant to the welding : o [
industry and the consensus of which forms the basis for these standards, By providing such a forum, AWS o
does not assume any duties to which a user of these standards may be required to adhere. By publishing this

standard, the American Welding Society does not insure anyone using the information it contains against o
any liability arising from that use. Publication of a standard by the American Welding Society does not carry j
with it any right to make, use, or sell any patented items. Users of the information in this standard should

make an independent investigation of the validity of that information for their particular use and the patent ‘
status of any item referred to herein. ‘ /

With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may
be rendered. However, such opinions represent only the personal opinions of the particular individuals )
giving them. These individuals do not speak on behalf of AWS, nor do these oral opinions constitute official }
or unofficial opinions or interpretations of AWS, In addition, oral opinions are informal and should not be

used as a substitute for an official interpretation. - : I

This standard is subject to revision at any time by the AWS Structural Welding Committee, It must be

reviewed every five years and if not revised, it rmust be either reapproved or withdrawn. Comments (recom- ' }
mendations, additions, or deletions) and any pertinent data that may be of use in improving this standard

are requested and should be addressed to AWS Headquarters. Such comments will receive careful ¢onsider-

ation by the AWS Structural Welding Committee and the author of the comments will be informed of the 3
Comumittee’s response to the comments, Guests are invited to attend all. meetings of the AWS Structural ;
Welding Committee to express their comments verbally. Procedures for appeal of an adverse decision con- '
cerning all such comments are provided in the Rules of Operation of the Technical Activities Committee. A :
copy of these Rules can be obtained from the American Weiding Society, 350 N.W. LeJeune Road, P. O, Box i
351040, Miami, Florida 33135, ‘ . /




! ESSO0-TECHIWT -UMBRELLA PROJECT PHONE MO.

Do+54 3489 4926859

Mar.,

Personnel

AWS Seructural Welding Committee

JoLoShides Chalriven
DL MeQGadd. Viee Cligirvan
KoK Termia, Viee Chairinian
0.0 Rager, Viee Chairman
P Cortland, Chairmon**

H. H. Cumpbell 111 Secretary
R.E. ilbrecht

WG Afexander

oA Alison*

R.L. Alley

F G Aroao

E. M. feck

F. R. Beckmann

J. T Biskup

R. D. Block

Q. Blodeen

R. Bonnegu

T J. Bosworth

J. A Bradley*

EC. Breismeister

B. M. Butler

H. 4. Chambers

L. B. Chancller*®

R. W Christie

S L. M Cole

L. E. Collins

R. B. Corbit

E. . Costello

M F Couch*

H. F. Crick*

W. F. Crozier*
M.V Davis

D. A DelSignore

R. A Dennis

‘B B. Dickerson
J. W, Dackery
J. F. Dougherry
J. D. Duncan

D. L. Finstad*
B. W Folkening
J. 5. Fortenberry
G, L. Fox

A R. Fronduti

*Advisor
*#*Deceased 1994

It

Omaha Public Power District
American Bridge Company
Foderal Flhghway Administration
Revnolds Metaly Company
Nuclear Regulatory Commission
Amgrican Welding Society

H. H. Robertson Company
Consultant

Consultant '

"TRW Nelson $tud Welding Division

Alcoa Technicat Center

Law Enginesring. Incorporated
Amerigan Institute of Steel Construction
Consultant

Diamond Power Specialty Company
The Lincoln Electric Company
Canadian Welding Bureau

Boeing Aerospace and Electronics

J. A, Bradley and Associates, Incorporated
Bechtel Corporation

Walt Disney World Company

TRW Nelson Stud Welding Division
Allied Industries

Hardesty and Hanover

P and K Pole Products

Consultant

General Public Utilities Nuclear Corporation
Boeing Acsrospace Company

Consultant

Consultant

California Department of Transportation
Consultant

Westinghouse Eiectric Corporation
Chevron Corporation

~ Consultant

Rust International

Sverdrup Corporation

Fluor Daniel

Consultant .

" FMC Corporation

Chevron USA, Incorporated

Texas Department of Highways and Public
Transportation

Trinity [ndustries

12 zZEE2 §9:35AM PS



FROM :

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.

Do+54 3489 4926859 Mar.

AWS Structural Welding Committee

JoW Odandec
[ W VA
VL (rrieen
D. P Gustalson
O Huedjer

C W Haves
O R. Hesy
FoL Hicks

G.J. Hifl

M. L. Haitomt .

E. R. Holby

C. W Holmes
W L. Jeffery

J. C Jenkins
A L Johnson
K.V Johnson
AT Julicher
J. H. Kiefer

L. 4. Kfoiber
Ing. D. Kosteas*
R. M Koran

J. K Lambert
R. A LaPointe
J. L. Larson Jr.
J.o A Lilly

W T. McGuire*
B W Marshall
E E. Masters*
WA, Milek, Jr.
DK Miller
R.C Minor

W C Minton*
R.E. Monroe™*
J. L. Munnerlyn

J. E. Myers
J. A. Nicholas
J. A Packer
F. J. Palmer
. C Pease*

" T, Pekoz®

M. L. Peterson

. W Pinkham
P Pollak

J. W Post’

"G. W Reardon
D. E. H. Reynolds

*Advisor
**Daceased 1990

Atomig bnergy of Canada. Limiated

WNTH Consultants

Massachusetts Department of Public Works

Conerete Remntoremg Stecl nsiitute

American Institure of Steel Cunstruction,
Incorporated

The Lincoin Electric Company

High Steel Structures. incorporated

Tru-Weld Division, Tru-Fit Products Corporation

G. I. Hill and Associates. [ncorporated

FL Industries. [ncorporated. Mever Industries
Division

{FR Engineering

West Virginia Department of Transportation

Martin Marietta Astronautics Group

TRW Nelson Stud Welding Division

American Iron and Steet [nstutute

Bueyrus-Erie Company

A, ). Julicher and Associates

Conoco, Incorporated

L. L. LeJeune Company

Technical University of Munich

Omaha Public Power District

Westinghouse Company. Savannah River Site

GENSYS

L. R. Willson and Sons, [ne.

Minnesota Department of Transportation

" Cornell University

Shell Oil Company

Consultant

Consultant

Lincoln Electric Company

Hapeo Division of Kearney National.
{ncorporated

Southwest Research [nstitute

Consultant

Professional Service Industries

Owen Steel Company, Incorporated

Westinghouse Electric

University of Toronto

American I[nstitute for Hollow Structural Sections

C P Metallurgical

Cornell University

Conoco, Incorporated

- 8. B. Barnes and Associates

The Aluminum Association

J. W. Post and Associates, Incorporated
Omaha Public Power District
Canadian Welding Bureau

12 2BE2 B3

I3SAM P




FROM @ ESSO-TECHINT —UMBRELLA PROJECT PHOME MO.

+54 3489 492859 Mar.

! AMWS Structural Welding Committee

Y Ringle

, 7 E Roth
! WO Suneders. Jr

FoO Soldeser®

Ao Seiders

VL Shwrp

A BT Sindel

N L Sprow

R 1 Stieve

JoR.Stin

C R, Stuart

P J Sullivan

Ho 4. Svekric

G, R, Swank

J. D Theisen

; HI A Thornten
| R H R Tide
o A Trinddad. Jr.
O L. Tsal

J E Lebele

B. D Wright

*Advisor

Texas Unhuds Cenerating Company
Jumes B Roth, Incorporared

luwie State University

Couvpar Lightimg, P und K Pole Products
Texas Department ot Transportation
Aleoa Laboratories

National Tank Company

MeDenmott incorporated

New York Depurtiment of Transportation
J. R, Sttt PE

Shell Offshore. Incorporated

Consultant

Welding Consultants, Inc

Cimarron Holding Company, Dallas, Texas

- Exxon Company, USA

Cives Corporation

Wiss, Janney. Elstrer Associntes
Andrews and Clark

The Ohio State University
Waukesha County Technical College
Brown and Root. {ncorporated

Subcommittee on Reinforcing Bars

R. A LaPointe, Chairman

[ JOE Myers, Vice Chairman
. E. M, Beck*
W F Crozier

J. W Dockery
D. P Gustafson
R. E. Monroe**

*Chairman 1984-1990
**Deceased

GENSYS

Owen Steel Company. Incorporated

Law Engineering. Incorporated
California Depariment of Transportation
Rust International. Incorporated
Concrete Reinforeing Steel Institute
Consultant

12 zEE2 §9:35AM P7



Foreword

(This Foraword ia not a part of ANSI/AWS D1.4-92, Strucrural Welding Code — Reinjorcing Stoed, but 1s
furnished for information purposes oaly.)

In 1961, the American Welding Society published its first reinforcing steel welding standard. AWS
D12.1-61., Recommended Practices for Welding Reinforcing Steel, Metal Inserts and Connections in Rein-
forced Concrete Construction. The D12 Committes was dishanded some time after publication of the | 961
code and before publication of the 1975 edtition. .

The 1961 document was replaced with a greatly revised version. AWS D12.1-75, Reinforcing Steel Weld.
ing Code. with the format patterned after the AWS D1.1-72. Struetural Welding Code. The 1975 code was
preduced by the AWS Structural Welding Commitiee but was not renumbered to refleet this committee
change. As with ANSI/AWS D11, AWS D12.1-75 was designed as a selfcontained code, including within it
the qualification of welders and procedures. and requirements for workmanship, quality. and inspection.

The listings of materials and welding processes were revised in the D12.1-75 code. ltems newly intro-
duced were the carbon equivalent method for determining preheat, the parenthetical inclusion of metric (50)
conversions, and the two different methods of joint strength determination.

The AWS [212.1-75 document was revised and the title changed to ANSIUVAWS D1 4279, Structural Held-
ing Code — Reinforcing Steel. Since the 1979 edition of ANSUVAWS D1.4-79. Structural Welding Code —
Reinforcing Steel, was issued, further use by designers, engineers, and fabricators has necessitated a number
changes to the requirements. This edition, ANSI/AWS D1.4-92, addresses these changes. Contributions of
Mr. D. L. Sprow, Former Chairman of the D! Committee, are appreciated by the membership of the
Structural Welding Committes.

Changes in Code Requirements, Where technical changes have been made in code requirements. a double
vertical line appears in the outside margin immediately adjacent to the material affected. New matenial is
also indicated in this manner. Major editorial changes in the material are indicated by a single vertical line

in the outside margin immediately adjacent to the material affected. Changes in 1ables have been so indi-
cated; changes in figures have not been indicated. Both tables and figures have been revised: only one new
table has been added to this edition, ‘

Comments and suggestions for the improvement of this standard are welcome. They should be sent 10 the
Director of Technical Standards and Publication, American Welding Society, 530 N.W. Leleune Road., PO,
Box 351040, Miami, Florida 33135, ‘

Official interpretations of any of the technical requirements of this standard may be obtained by sending
a request, in writing, to the Technical Director, American Welding Society, 550 N.W. LeJeune Read, P.O.
Box 351040, Miami, Florida 33133 (See Appendix O). ‘

vi
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Structural Welding Code

Reinforcing Steel

1. General Provisions

1.1 Scope This code shall apply to the welding of
concrete reinforging steel.

1.2 Application

1.2.1 This code shall be used in conjunction
with the prescribed general building code specifica-
tions and is applicable to all welding of reinforcing
steel, using the processes listed in 1.4, and per-

forrmed as a part of reinforced concrete construc-”

tion.! When reinforcing steel is welded to primary
structural steel members, the provisions of the lat.
est edition of ANSI/AWS DL, Structural Welding
Code — Steel shall apply to the structural stee!
component.

1.2.2 The weldments specified in this code shall
not be used where impact properties are a require-
ment of the general specification. Impact testing

1. The following applicable general specifications are
¢ited for information enly and do not constitute all gen-
eral specifications:

The American Association of State Highway and
Transportation Officials Standard Specifications for
Highway Bridges

Ameérican Concrete Institute:

Building Code Requirements jbr Rem/orced Cancrete
ACI 318, and

Recommendations for Reinforced Precast Caoncrete
Construction, AC1 324

The American Railway Engineering Association,

_ AREA Manual, Chapter &8, Masonry

Department of the Navy, Bureau of Yards and Docks
Basic Structural Engineering. TP-Te.3.

requiremnents of wetded reinforcing bars are not in-
cluded in this code,

1.2.3 Al references to the need for approval
shall be interpreted to mean approval by the Build-
ing Commtiysioner. defined as the Building Com-
missioner or the Engineer.” Hereinatter the term
Enginger will be used. and is to be construed to
mean the Building Commissioner or the Engiheer.

1.2.4 When ANSI/AWS DI1.1 base metals make
up the entire weld joint, the Engineer may select
the use of ANSI/AWS D11 procedures and quali-
fied welders to perform that weld. provided other
relevant provisions of ANSI/AWS D1 4 are consid-
ered in the decision to use ANSI/AWS D11,

1.3 Reinforcing Steel Base Metal

1.3.1 Reinforcing steel base metal in this code
shall conform to the requirements of the latest edi-
tion of one of the ASTM specifications listed be-
low.? Combinations of any of these reinforcing
steel base metals may be welded together.

(1Y ASTM AR2, Specification Jor Plain Steel Wire
For Concrere Reinforcement.

{2) ASTM ALB4/ALB34M, Specification for Fabri-
cated Deformed Sieel Bar Mais jor Conerere Rein-
Jorcement,

2, The term Buitding Commissioner refers to the official
orf bureau that enforees the local building law. or speeifi-
cations, or other construction regulations.

3. Available from American Society for Testing and Ma-
terials, 1916 Race Street, Philadelphia. Pennsylvania
19103. .

12 zZEE2 §9:38AM P12
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(3 ASTM AVKS. Specification for Welded Pluin

Steef Wire Fubric for Concrete Relnforcoment.

(4) ASTM A496, Specificadion fur Detirnied

Steel Wire for Concrete Retnliorcenent.,

(3) ASTM A48T, Specification for WWelded De-

formed Sreel THire Fabrie for Conercte Reinfiree-
HHERL.

TEY ASTM AGLIAGLEM, Specifivation for De-

Jormed and Plain Biller-Stee! Bars for Concrete Re-
inforcement.

(7Y ASTM A6lL6/A616M. Spevificaiion for Reail

Steel Detormed and Plain Bars for Conerete Rein-
farcement.

(8) ASTM ABIT/AG1TM. Specificution for 4xle-

Stee! Deformed and Plain Bars for Concrete Rein.
forcement,

(8) ASTM AT06/AT06M. Specification for Low

Alloy Stee! Deformed Bars for Concrete Reinforee-
ment,

1

Epoxy-Coated Reinforcing Steel Bars

(LGY ASTM ATE6T/ATEOTM, Specification for Zinc-

Coated (Galvanized) Ste*ez’ Bars for Concrete Rein-
Jorcement.

{11y ASTM AT775/AT75M, Specification for

Manufacture and testing requirements for mats

and fabric are covered by the respective ASTM
Specifications. For joining the mats and fabric to
other reinforcing bars or structural steels. the pro-
wisions of this Code shall apply.

1.3.2 When a reinforcing steel not listed in

3.1 is approved under the provision of the gen-

eral building ¢ode or by the Engineer. its chemical
composition and carbon equivalent shall be pre-
vided and its weldability established by qualifica-
tion in accordance with the requirements of 6.2
and all other requirements prescribed by the Engi-
neer.

1.3.3 Base metal, other than those previously

listed, shall be one of the structural steels listed in
the latest edition of ANSI/AWS D1.1, Strucrural
Welding Code — Steel.

1.3.4 The carbon equivalent (C.E, see Table 5.2)

of reinforcing steel bars shall be calculated as
shown in !'3.4.1 or 1.3.4.2, as applicable.

1.3.4.1 For all stecl bars, except those desig-

nated as ASTM A706, the carbon equivalent shall
be calculated using the chemical composition. as
shown in the mill test report by the followmg for- -
mula:

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.
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OB ="+ "uhndb (Fy. Dy

1342 For steel bars d eslunmited ASTA A 706
the carbon equivalent -hall be culeulated using the
chemieat composttion. us shown in the mill 1ot re.

port. by the following tormula:

C.E. ="C 4+ 506 + L0 A N+
I)IJCi'a 14 — "ML/ 50 = N L0 (Fq 2)

The carbon equivalent shalt not exgeed (1L33%,

L343 [f mill test reports are not available,
chernical analvsis mayv be made an bars representa-

tive of the bars to be welded. If the chemical com- |

position 15 not known or obtained;

(1} For bars number 6 or less. use a minimum
preheat of 300°F (130°C).

(2} For bars number 7 or larger. use a minimum
preheat of J00°F (200°C),

(3) For all ASTM A706 bar sizes. use Table 3.2
C.E. values of “over 0.45% to 0.55% inclusive™,

. L4 Welding Processes

1.4.1 Welding shall be performed with shislded
metal arc (SMAW). gas metal are (GMAW), or flux
cored arc (FCAW),

1.4.2 Other welding processes may be used when

approved by the Engineer, provided that any spe-
cial qualification test requirements not covered
here are met 1o ensure that welds satisfactory for
the intended application will be obtained.

1.5 Definitions. The welding terms used in this
code shall be interpreted in accordance with the
definitions given in the iatest edition of ANSI/AWS
A3.0, Standard Welding Terms and Definitions.

1.6 Welding Symbols. Welding symbols shall be
those designated in the latest edition of ANSVAWS

CA2.4, Standard Symbols for Welding and Nonde-

strictive Testing. Special conditions shall be fully
explained by additional notes or details.

1.7 Safety Precautions. Safety precautions shall
conform to the latest edition of ANSI/ASC 749.1,
Safety in Welding and Cutting, pubhshed by the
American Welding Society.

See Appendix D for additional information re-

“lating to the basic elements of safety general to arc

welding processes.

12 zZEE2 §9:39AM P13
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Nate: This code muy invofve huzardons materialds.,
vperations. and equippient, The code does not -
port to addresy all of the satoty probioms assou mfc*c!
WIS wse. Tt iy the responsibiline of the wer (0 e
rahlish approprivte safery and leabth praciices. Fhe
wwer shondd determine the applicabilioe of any resue-
faeory fimitariony prior to w,

1.8 Standard Units of Measurement The. values

stated in UL 5. customary. units are 10 be regarded -

as the standard. The metric equivalents of U. S.
customary units may be approxirate.. \lommal

‘dimensions of standard reinforcing bars are gnen
-m jLppencln( B.

“ 2 Allnwable Stresses

‘21 Base Metal Stresses. The allowable base

metal stresses shall be those specmed in the appli-

cable code or general xpec:hcatmn for remlorced ‘

concrete comtruct ion.

.2*_2 Allowable Stresses in Welds‘

22 1  Except as modlﬁe,d by Table 1, the al-

lowable stresses for complete joint pa,netratlon‘
‘bevel and V-groove welds in direct butt joints sub-

" ject to tension or compression shall be the same as

- the corfresponding allowable stresses for the rein--

. 2 3 E ffectwe Weld Areas, Lengths, Throats and

forcing steet base metal provided-the filler: metal
used has & strength classification at least équal to

the tensile strength of the basé metal being welded..

2.2.2 The allowable streases for fillet lavclds‘
and flare-bevel-, and flare-V-groove welds, shall be -

in accordance w1th Table 2.1.

Sizes

2 3 ! Cnmplete Foint Po:netmtlon Groove Welds * ~mum distance minus any convexity. between the

_Weld rc-ot d.ncl face ofthf: ﬂllet we!d

ln Dlrect Butt Jomts The effective weld area shall

be the nominal cross-sectional area of the bar being,

welded. (See Figure 3.2) If different size bars are

being welded, the weld area shall he based on the

smaller bar

2.3.2 Flare-Bevel-‘ and Flar‘e-V—Groove Welds,

The effective weld area shall be the effective weld .
length multiplied by tha ef'fecnve weld size (see . 'be made as shown in Figure 3.1 (sce Appendix B

. for bar sizes).

Figure 2. 1)

+54 3489 492859 Mar.
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3

T2 The etlective weld leneth <hall be the
weld length of the specifiod weld size. No reduction
1o etfective lengrh shall be made for cither the strt
or ninsh i the weld Tx the specitied size ot these |
lpcations.

2.3.2.2 The minimum effective weld ll.!m..{l:'l

shall be notless than two times the bar diameter for ‘

equal size hars or fwe times thc: smallLr ha.r dume-

ter for two une qual :IZE ba:s

. 2.323 Thc clchan \n_l(_l size. \\hr_n llllLd'

'.t‘labh to the solid section of the reinforcing steet h
-"b'lr 3hall be (.4 pf the bar radius for flare: bevel-

groo»e ‘welds and. @6 of the bar raﬂm«, for ﬂarev

" V-groove welds. Larger effective weld sizes may be -
used to de,h.rmme al!()wable sLIEssEs prov ided the

welding procedure qualifies the larger weld size.
When bars of ufiequal diameter are being joined.
the effective weld z,uc: shall br.. based on the radms,
of the smaller bar.

Fllllet"Welds The effective weld area shall .
be the: l-.fTCCthC weld Iength multiplied by the el‘f’cc-
tive thioat. (Stfess in a fillet weld shall be consld~-"'_:

ered as applied.to thls effective weld area, For Ay o
: d1rectmn af applled load.) e

© - -2.3.3.1 The effective weld length shall be the
overall length of the Tult size filler. Mo reduction in.
effective weld length shall be made for either the
start or fimsh, if the weld 15 the specnﬁed sxze at

those louauom

2.3.3.2 The effectlvle‘weld length of a curved

- fillet weld ah:a__l.l be measured along the weld“axis, ‘

2.3.33 The cfl'f:ctwe throat bhall be the mini-

3 Structural Deta:ls

‘31 Transition RS Bar Slze Direéct butt joints in

tension in axially aligned bars of different size shall
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4 .
Table 2.1 ‘ . ‘ ﬂ
Al!owable Stresses in Welds (see 2.2, 1) o
‘ ‘ ;
t ! Required Weld : q
Tvpe of Weld | Stress in Wald! - Allowable Streggt ‘ Strength Levelr - ‘ ~
' Tension normal to the ‘ Same as base metal ‘E \larc.hmg lllln.l' metal shall bt_ ‘ T
cffective arga ‘ 1 C | used, See Table 5.1 : i
. ‘ } Filler metal with A atrenpgth - ‘
Complete } ‘ ' oo } level cqual to orone o . Lo
~Joint Compression normal to the Same as base meral ‘ classification {10 ksi) less than, o - ]
. Penetration | | effective-area ‘ . . matching weld metal may be ‘ ‘ =
- Groove Welds [ . ‘ ‘ Cbe used ) o
' . 0.30 X nominal tensile | Fitler metal \nth a :.tre,ngth” - : j‘aj
o : strength of weld metal, except level equal to o less than L.
Shear on the effective areas shear stress on base metal matching weid metal may br, o
| shalt not exceed 0.40 X vield u:ed - o 7.
strength of base metal. o R o i Ll
‘ ot Lo 0.30 X nominal tensilg e S L ! ) ‘ o
Compression | Joint not .| strength of weld metal. except ST o e
normal o - | designed o stress on base metal shall not S - D
effective béar - 1 exceed 0.60 X vield steength
area _ | of base metal ‘ . _
| Joint desigpgd Same as base metal B I o _ o . !'T
to bear Co . ‘ - o o ‘ Coe b
Flare-Bevel ‘ ‘
and Flare-V o ‘ ] ‘ L ‘
- Groove Welds ‘ o IR Fiiler metal with a strength -
o ‘ lavel equal to or less than
.30 X nominal tensile . matehing weld metal may be
. ‘ o | strength of weld metal, except | used
‘Shear on the effective area | ‘shear stress on base metal
o shall not exceed 0.40. X yield | ‘ o L
" strength of base metal - ‘ “ ‘ ' L 1’“[
0.30 % nominal tensile ’ ;
: ‘ strength of ‘weld metai, except ‘ s e . g
Tension normal 1o effective 1 tensile stress on base metal | T I I
| area : o ‘:shall‘nolt exceed Q.G()Xyield. o o _ D
S . strength of base metal E
Fillet welds | | ' o - A
R L o o : 1 Filler metal with a strength . - © ﬂ
. Shear on effective area 0.30 X nominal tensile level equal to or less than = C e
. Co .- stréngth of weld ‘metal _ matchmg weld metal may be - R
‘ I used o ‘ ‘ D
Notes: - : ‘ - ‘ \ A o .
. For deﬁmtmn ol’ effective area, see 2 il and 2 3.3, Ny ) ' o ‘ ' ‘
2. For matching ﬁller metal, see Table 5L ‘ ' R B Lo I_J
3. For fatigue ot dynamic loading refer to the applmable construction code or specxﬁcat:on for allowable slrcss values. ' '

4. The Engmeer should be aware thit the strength of cold drawn ‘wire may be reduced when welded.
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FEECTIVE THROAT
(£} = 0.48

"= EFFECTIVE THROAT
{E) = 0.45

' —EFFECTIVE THROAT |
./(Es oss

o e : - . N EFFECTIVE THROAT—=X [
1. BINGLE . | - . K ‘ 2. DOUBLE (E} . OBS : I

' B . FLARE-V-GROOVE WELD
- NOTE: 1. RADIUS OF REINFORCING BAR : §
2. THESE ARE SECTIONAL VIEWS. BAR .

© . 'DEFORMATIONS ARE SHOWN ONLY . :
: FDFI rLLusmATNE PUHPOSES o

Figure 2.1 — Effective Weld Sizes for F!are-Gmove' Welds (See 2_-.3.2'.3)-
S ‘ R ‘ transverse remf‘orcement (sphce plate) to prf:venL
3 2 Eccentricity o N g .. splitting of the concrete caused by the tendency of‘,
s I ‘ © the Jmnt to flex’ dunng gccentric loadmg S
3.2 thre welded fap or mdnrect butt _|omts_ s : :
are used (Figuré 3.4 and Figufe 3.3, respectively),

the concreté surrounding. the joint in tha finished . 3 2.2 Welded lap Jomts shall bhe hmnted to bar .
-structure shall be sufficiently strengthened with size No. 6 and smaller. ‘
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Figure 3.1 — Direct Butt Joint Showing
- Transition Between Bars of Different
Sizes (See 3.1

- 3.3 Joint Types With the exception of 3.2.2. rein-
 forcing bars may be welded wi{hudirem‘ or indirect

butt joints, lap joints, or T-joints (Figures 3.2, 3.3,
3 3 4, and 3.5); however, direct butt joints are prefen
able for bars greater than No. 6.

3 4 Direct Butt Juihts

341 A dlrect butt joint shall be smgle welded

or double wetded and shall have complete joint -

-penetration and compiete fusion,

34,2 ‘Elxcept as pmvided in 3.4.4, a direct butt
joint with both axes horizontal, shall be made. as,
either a single- or double-V-groove weld. The weld

shall be backgouged to sound metal before welding

the second side. See Figu.res"S._E(A) and 3.2(B).

3.4.3 Except as provided in 3.4.4, a direct butt
joint with the bar axes vertical shall be made as. .
either a single- or double-bevel-groove weld The

weld shall be. backgouged to sound metal before

weldmg the second side: See F1gures 3 2(D) and

3.AE).

3.4.4 Direct buit joints in bars of the same size,

where the bar size is No. 8 (1 in. diameter) or

smaller; should be made with split pipe backing.
Such joints with the bar axis vertical should. be

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.

made as a single bevelygroove weld with the bevel

tn the upper bar. Such joints with the bar axis hori-
zontal should be made as a single Vogroove weld.
Asan alternate to the provisions of 3.4, 2ang 3.4.3,
bars of the same size, where the bar size i3 greater
than No. 8, may be welded in the same manner as

hars with a sire of No, & or :mdllu ‘:n.r: Fluure‘

3.2(0.

3.5 Indirect Butt Joints

©3.5.1' An indirect butt joint shall be made with
either single-or double-flare-groove weids between .

the bars ’md the splice member. See Figure 3. 3

3. 6 Lap Jmnls ‘

3:6.1 A lap joint shall be made with double-
flare-V-groove welds fsee Figure 3.4(A)], except
that single-flare-V-groove welds may be used when

" the'joint 15 accessible from only one Sldf: and ap—

proved bv the Engmeer

362 An indircet lap. Jomt shall be made with

single-flare-| bevel groove welds between the bars
and the splice plate with the barts’ bemg separated

See Flgure 3.4(B).

o

. A7 Intércohnectionf of Pi-ecast :Vle'm'bere

3.7.1 Precast members may he mterconnected

by welding remforemg bars that praject- through

the ends of the precast members or by welding to-

gether insert plates which Have been cast into the .
precast members. The heat of welding may cause -

lc)caliz'ed damage to the 'c:on‘c:rete

3.7 2 Joints of projecting reinforcing bars shall’
- confprm to 3.3 through 3.6, as ‘applicable.

3 7.3 Insert. plate joints may be made using ei-

ther a direct or indireet welded butt joint,.or may
be madé with either direct or indirect welded lap

joints. Either type joint may be exposed of re-

cessed

o 3 '74 When weldmg msert plate JOlnts requ:re—‘-
ments for weld size and [cngth shall be 'in accor-
- dance with this code.

375 Anchors, reds, and dowels shall be welded

o anchorage, base plates, and itiserts by peripheral

fillet welds at their ends, by compiete joint penetra-
tion. groove. welds, or in the case of lap. Jmnts by

- ﬂare-groove welds

Do+54 3489 492659 Mar., 12 2BE2 E9:41AM P17
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"] . DIRECT BUTT JOINT USED FOR BARS
; . o WHOSE AXES ARE HORIZONTAL :
_ DIRECT BUTT JOINT USED RoR 8RS
IN VERTICAL POSITION .
1 ‘ ‘ IEW 1-1 : ' ‘ R SR .
‘ ‘ - |8ARS BEFORE WELDING) . ‘ o L o
1 o 1 \;j'_&?ﬂ'\/ C ‘ 1 :
‘ ' V8 |n{3 mml—"”"'“ ‘NDTE 1 .
1 . A . SINGLE- v-anoov& WELD -~ D - SINGLE-BEVEL.GROOVE WELD
l . : _ 45* 1o BO* E E
..... I o ‘ S NOTEY
L vewm@ammoJb 0y * a8 ‘;\\_ o
‘ L ‘ ‘ o ‘ foTl e NOTE
B - DOUBLE-V GROOVE WELD - —K fobe——= &
B : 3 | aput PIPE MAV'BE E - DOUBLE-BEVEL GHQOVE .WELD
o - 'SPLIT PIPE IS.TO . USED WITH BAR, o S N
: . BE TACK WELDED TO VERTICAL AND A'SINGLE. . . . . Ao
] ' BAR ON PIPE 1D. 'BEVEL [SEE 3.4.4} T NOTES : A Sl
‘ YT i T -Q‘ 3 1. BAGKGOUGE TO SOUND . .
e T o = "'b. -~ METAL BEFORE WELDING
1 0 i t° OTHER SiDE | - o
- o T } MAX D/3 2. DETAL C SHOULD'BE USED . .
. R = TMIN BYa 5 . .FOR NO.& BARS OR .
T 1/8 7O 5732 in. - - T . SMALLER AND MAY HE USED
? L o 1370 4 mml A , C ON LARGER DIAMETER.SARS.
A ¢ - BINGLE-V GROOVE WELD WITH BPLIT PIPE ‘BACKING ' '
lHGTE Zl : ‘
o Flgure 3. 2 _ Du-ect Butt Joints (See 3 4) o .
f ' - 4, .Wo‘rkmanship‘ : L ‘ versely affect’ the: quallty or strength of the weld.
I S ‘ . o o .Surf'aces to be welded and surfaces ad)acent to a
‘ 4.1 Preparation of Base Metal ‘ o ~weld shail also bc free from loos,ﬁ or thick scale;
. PR . o _. .. slag, rust, meisture, grease ﬂpoxy caatmg or other
» 4.1.1 Surfaces to be welded shali be free from . forelgn matenal that would prevent properwelding

,. | fjns,‘t‘e'ars, ‘cracks, or other déf‘e’ct_s that would ad- ar prodizee objectionable fumes. Mill scale that
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SEE NQTES -
t AND 2 - SE L A“—l / SIE) | Mo

S(E) L
v i /SEE NOTES

\ } AND 2

% ‘

'

SECTEON Ay
DOUBLE-FLAHE BEVEL GRDOVE WELLD

A - INDIRECT HUTT JOINT WITH A BPLIGE PLATE

1

. SPACING OF BAARS
' CBEFDHE WELDiNG]

{SIEl |/~

/SEE N(‘D‘TE'S

L
ETTON U N1 Al 2

. SECTION B-8 : L -
. FLARE-BEVEL-GROOVE WELDS gl

- IHINRECT BUTT JOIHT WITH A SPLIGE ANGLE

. SlEI™NY L
"SE) S L

SEE NOTE !

.‘-— SPLICE BAR
lDlAMETEH Dl

S SECT|0N c-C : -
FLARE:V-GROQVE WELDS S O

_ L El™ /7 L

NOTE 1: L - m {MiN.) ] ‘ S TsE N

NQTE 2 : VAHIATION OF THIS WELD
: L .-USING BINGLE FLARE-V .
WELDS. 15 PERMITTED PROVIDED, . .
' EOCENTHIGITY 18 OONSIDEHED IN DESIGN

 NOTE 3 . GAPS BETWEEN BARS :
. OR BARS AND PLATES WILL® wmv DEPENDING
. ON HEIGHT OF DERORMATIONS - :

 NQOTE 4 DEFOHMATIDNS SHOWN GN SEGTIC}NAL VIEWS
) -~ ARE FOR ILLUSTRATIVE PURPOSES ONLY.

~_SPLICE BAR

e ot ¢

- IHDIREGT BUTT JDINT WITH TWD SPLIGE BARS

Flgure 3 3— Indlrect Butt Jolnts (See 3.5)

R I

. f* i

sl
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DIAMETER OF

A-~—| SOLID BAR
DIAMETER OF i L
SOLFD BAR ‘ " oy

%

' hand e -

. SECTION A-A o A‘_)x

. DOUBLE FLARE-V- o . ‘ .
GROOVE WELD

5

—~ SEE NOTES 1 AND 32,

A - DIRECT LAP JOINT
WITH BARS IN GONTACT

'SEE NOTES 1 AND 3

/— SALICE PLATE

SECTION B-8

SINGLE FLARE-BEVEL- A
GAOOVEWELDS - - gl
B - INDIRECT LAP JOINTS
o .W'ITH BAR‘B BEPARATED"
NOTES -

1 THE EFFECTS OF ECCENTRICITY SHALL BE -
CONSIDERED QR RESTRAINT' PROVIDED IN
THE DESIGN OF THE JOINT -

21y, s 20D (MINI D1gD2

& L2 MIN = 2°X DIAMETER OF ‘BAR

-Q 'GARS BETWEEN BARS AND PLATES WILL VARY BASED
ON HEIGHT DF DEFDRMATIDNS

Figure 3.4 — Lap Joints (See 3.2.1)
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1)

o)

TR ANCHORAGE, BASE ‘ o S
N PLATE OR INSERT — [ /7% N ‘
% ‘ . _ NOT TO EXCEED.J

o | TR ‘ ‘ WELQ SIZE +1/8 ini3: mml

‘ ‘. INTERHAL FILLE"I' WELp

B - izx'fr;snnAl, FILLET WELQ '

‘ } fft= L Min ‘ ' L

SEE NOTE '3 ‘ :

R ZGa-T=) / QECIZ‘QEQ-?E .QA?'_E PLATE o “

CA .

SEE ‘ L_ j_)

‘ ‘ NOTE 1 Ly

. Ry - & L ‘

| ’W ” - 4

/n/" /5 o

D - couPl..F.TE .lonn' PENETRATION ' D
. GROOVE WELD - T-JOINT

NOTE 1 : BACKGOUGE TO SOUND METAL O]
BEFORE WELDING OTHER. SIDE o
NOTE 2 : FOR BAR SIZES 8 OR SMALLER, THE . A : . Lo
~ . SINGLE-BEVEL WELD WITH BACKGOUGING . | SECTION A-A o Y
AND BACK WELDING IS RECOMMENDED . E - LAP JOINTS IN AN ANCHORAGE - o ﬂ

NOTE 2+ Ly = 2 X BAR DIAMETER UBING FLARE-BEVEL-GROOVE WELDS

Figure 3.5 — Details of J oints of Anchorages, Base Plates, and Inserts (See 3.7.4)
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withstands vigorous wire brushing, a thin rus( in-
tibitive coating, or antispatter compound may
refnaim.

4.1.2 The ends of reintorcing bacs in direct butt
joints shall be shaped to form the wdld groove
by oxyegen cutting, aic carbon are cutting, sawing,

©or other mechanical means. Roughness of oxvgen

cut surfaces shall ke ne greater than the 2000 gin.

(30 um) limit detined in ANSI B46.1. Surfice Tex-

ture. Roughness exceeding this value and occa-

| sienal notches or gouges not more than 3/16 in.

(3 mm)} deep. on otherwise satistactory surfaces,

“shall be removed by machining or grinding. Bars

tor direct butt joints that have sheared ends shall
be mmmed hack bevend the area detormed by
shearmg

4.2 Assembly

4.2.1 Joints shall be arranged to provide the -
most favorable position for welding:

4.2.2 Fach jéiﬁt shatl have adequate clearance
and’ accessxblhty for weldmg 1o smt the process be—

mg used.

" 4.2.3 The joint members shall be ahgned 50 a5 to
minimize eccentricities. After welding, bars in. dit
rect butt joints shall not be offset at the joint by

more than the following: ‘
Bar sizes No. 10 or smaller .. . .
Bar sizes No. 11 and No. 14 .. .. ... 3/16 in,
, ' (5 mm)
Barsize No. 18.. ... ... ... o
174 in. (6 mm)

4.2,4 For indirect butt joints withi splice plates,
the maximum joint clearance between the bars

shall be not more than 3/4 in, (19 mm). See Figure
T3 B

'4.2.5 For dn'ect iap joints, if the bar deviates by

more, than one half of the bar dxameter or by no -

more than 1/4 in. (6.4 mm) from each other while

the bars rémain in approximately thedsame plane,

the joint shall be made through 'a splice bar or

plate, and‘the requirements for an mdirect lap Jomt

shall apply (see 3.7.2 and 4.2.6):

- 4.2.6° For i‘ridirject‘la\p‘joints [see Fig.ﬁfe‘3.4(B)],

I‘I-.thc"maximum‘separation between the bar and the
" splice plate shall be no more than one-guarfer of

+54 3489 492859 Mar.

1/8 m (3 rnm)_‘

L

the bar diameter.
(3 mam),

but not more than 216 1.

4.2.7 Welding of bars which ¢ross ~hall not be
permiticd unfess authorized by the Engincer.

4.3 Coatrol of Distrotion, Shrinknge :md Hcat

431 In d\wv..[‘ﬂhlm\.z and _|o|n|r|ﬂ parts of & strucs

ture of precast member, tie pIULLdeL and se-
guenee followed shall rmmm;n dwtomon and
1rmk\15e ‘

g

£3.2 When \uldma B - pertormcd on bars or’
“other structersl components that are already em-
bedded in concrete. allowance shall be' mude for -
_ thermal expansion of the steel 10 prevent spalling

or cracking of the concrete or significant destrue-

‘tion of the bond between the congrete and the steel,

*{Q@myﬁnmm

441 Thé filet we

able pmf’lles exmblted in Flgure 4, l(C)

4.4 2 Welds shall havu no Cracks EIY enther the -
Cweld metai or heat-affected zone: o

4:4.3 There shall be :homugh f‘txsion bLtweu :

12 zZEE2 §9:44AM P22

‘ let f'dces shail br: xlnghtlv con: '
vex or slightly. concave as shown in Figires 3. L(A)-
and 4. 1(B) or flat, and with-none of the unaceept-

weld metal and base metal and betwee-n successive, .

passes in the weld

.

4.4.4 All Lraters sh‘all be ﬁlied to the mu Cross

. sectlon ofthe weld

44.5 Welds Sha“ be free from overlap. -

4.4.6 Undercut depth greater than 1/32.in.-
- (1. mm) in the solid section of the bar or stmctural‘

member shall not be alloWEd

-4.4.7 The sum ot‘ dlameterq of mpmg porosny'
in flare-groove, and fillat welds shall not exceed!
3/8 in. (10 mm) in any. lmear inch (25 mm) ofweld.

and shall not exceed 9/16 in. (14 mrm} | in any 6 in.

- (150.mm) length Df" weld

4.4.8 When ra,_di-t;ngraphic inspection of diréct

butt joints is required, the maximum diménsion of

any single porcsity or fusion type discontinuity, or
the sum of the maximum dimensions of all poros-.

" ity or fusion-type discontinuities, shail not exceed
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' (A) DESIRABLE FILLET WELD PROFILES
NATE :
OF THE FDLLOWENG TAELE

MEASURED LEG 8IZE OR WIDTH
CJ!'—' INDIVIDUAL SUF!FACE EEAD l

L2 5716 in (8mm] |
5/16'In < L < 1in, (25mm)
L i

PHOME MO.
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(B) ACCEPTABLE ‘FlLLET'WELb PROFILES

CONVEXITY, G, OF A WELD OR INDIVIDUAL SURFACE BEAD SHALL NOT EXCEED THE VALUE . ]

MAX, CONVEXITY
1716 In, (1.6mem}-
178 In. (3mm}

"0 3716 In. (Smm)

i'.és:,zEJ :l*mz-e—--
INSUFFICIENT EXCESSIVE
THROAT ° CONVEXITY .

EXCESSIVE
UNDEHCUT

“the' hrnm; glven in Table 4 1. For radmgraphm in-
‘spcctmn see 7.7.3. . . ‘ -

4.4;9 Ultrasonic inspection of direct butt joints
in dcformedreinforcing bars is not considered fea-
sible except by hxghly spec:ahzed techmques and is
not recommended =

4.4:10 _‘We'lds: which do not meet the quality ré-
“quirements of 4.4.1 through 4.4.8, inclusive, shall .
"be repaired by removal of unacceptablé pottions or

by rewelding, whichever is applicable. :

_4:4.11 Repairs to welds made with the shielded
metal are, gas metal are, or flux cored arc processes

oed Lamd Lo

DVEF\'LAP
(C) UNACCEPTABLE FILLET WELD PROFILES

Figure 4.1 — Acceptable and Unnccept_‘able‘ Weld Profiles (See 4.4).

' 5.1 Fi'llerReqhirements'

S lap Jomts and anchmage base plate and msert

. binations, or. classnﬁcanon of, filler metal shall bein

L-»s‘:zE-—-I‘
INCOMPLETE
. FUSION |

ENSUFFICIENT
LEG

S

shall He made in accordance Wlth an approved pro-
cedure spec:ﬁcatmn apphcable to these processes.

5. Te'chn-iqhe -

5.1.1 Fm‘ chre'ct butt _;omts mdlrect butt _jOH’.‘.tS . D
connections, the filler metal, ﬁller metal—gas ¢om-

accordance with. Table X1,

the f'illcr metal. shall be selected fbr the lower

'5.1.2° When joining different grades of steels, H S
strength base metal,
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i3
Table 4.1
Radiographic Acceptance Criteria’
(See 4.4.9)
Surm of " Single

Discontinuity

Drisconvnuity

Bar Size Dimensions Dimension
- in.‘ o mm in N ©mm
g V16 5 1y 3
9 316 5 [/8 3
10 o4 6 H8 3
I'l 174 6 Mla 3
14 ‘ 5114 g e 3
1% : Aty 11 14 &
- Note:

1. ACCGDtanCC‘ Lrlterta for bar 51zés less than ‘\Io 3 v.hall be L:tdbllshz.d by thx-: Eﬂglnc..t..f '

5.2 ;\{iinimum Preheat and lnterpass Temperature
Requirements

5.2.1 Minimum preheat and mterpasb tempera-‘

tures shall be-in accordance with Table 5.2 using
the hlghest carbon equxvalf:nt rnumber of the base

““metal as determined in accordance with 1:3.4,.

522 Welding shall net be done when ainbient

! temperature is lower than 0°F (-18°C); when SUr-

wind velocities greater than five mlles per hour

faces to be welded are exposed to rain, snow, or

: (elght kilometérs perhour), or when welders are ex-

posed 1o inclement condltlons

5.3 Arc Strikes. Arc stnkcs 0ut51dc, the area of‘

. permanent welds shall bc avoided, espeeizally on re-
~ inforcing bars: Cracks or blemishes resulting from

arc strikes shail be ground to a smooth contour and

:checked to ensure soundness.

5.4 ,Tack‘Welds. Tack welds that do not become a

- part of permanent welds are prohibited unless au-
. thorized by the Engineer, Tack welds shall be made

‘using prehear and welded with eléctrodes meeting
| the requirements of final welds. They shall be thoe-
oughly cleaned and subjected to the same quah[y E

rcqmrcrnents as the final welds.

5.5 Progression of Weldmg Welds made in the

. vertical position [Figure 6;1{C), Position 3G or
- Figure 6.2(C), Poslnon 3(3] shall use vertlcal—up

prOgression..

' 5.6 Welding of Coated Bas‘e'_Metal

|

5.6.1 Preparaiion for wel‘ding‘nn‘éqated base

metal shall preferably be made after-coating. After

we‘iding 1o a qualiﬂed prdeure suitablL coaling
‘protection shall be"applied to the finished joint 1o |
" restore the corrosion resistant properties of the‘

coateéd bhars.

5.6.2 When weldmg gal»amzed baqe metal one ¥

of the followmg opuons shall be met:

5.6.2.1 Option l Weidmg of. galv’xmzed basc:

mietal. without prior removal of the coatihg. shail

be performe,d in accordame. with a welding proce-. ‘

‘dure qualifted to the reqmremants of thig Cade.
Note that the welding procedure will- normally in-
volve larger root ¢penings in joints, electrodes with
lower sﬂu:on content, and slower weldmg speeds

5.6.2.2 Optmn 2, Weidmg of galvanlzed base- :

metal-may be done after removing all coating from
within 2 in (50 mm) of the weld joint.
option, the weldmg shall be performed using-a

~welding procedure for uncoated reinforcing bar "

" qualified in accordance with this code. The galva-
‘nized coating may be removed with' oxyfuel gas

means

In this -

f{ame abraswe shot blamng or mhbr sultable )

. 5.6.3 When. weldmg galvannzed smf‘aces suit-

able ventilation shall be provided to prevent the

. concentration of fumes. See ANSI/ASC Z490.1, -

_ Safety in We[dfrzg and,Cutting,‘and Ap.pendix D".‘ .

8.6.4 When weldmg or pl‘tl‘i'lt.,dlll'lg epoxy
o coated base metal, the epoxy coating shall be re-
: moved from the surfaces to be heated.
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: Table 5.2 L’

Minimum Preheat and Interpass Temperature'? . ‘ o

(see 5.2.1) : ‘ ‘ ‘
Shiclded Metal Are Welding with foer
‘ Low Hyvdrogen Electrodes. Gas _
Carbon Equivalent™* Size of Metat Are ‘Welding, or Flux Cored ‘
_ (C.E.) Range..% ' Reinforcing Bar . Are Welding _ P
. ‘ ‘ R . Minimum Temperatute

Up to 0.40 y ‘ up to L1 inclusive ‘ none’d “ . - noned L

R ‘ 14 and 1% ’ .50 1o o :
Over 0.40 10 0.45 up to 11 inclusive ‘ C o nemet none® N
inclusive ' ‘I4 and 18 S o e Loo-o4n ] L
Over 0.43 to 0.53 ‘ o up 'to'6 inclusive R noned . ) ' none? _‘ B
inclusive 7 to 11 inclusive - ‘ 50 ‘ C ) ‘ T
‘ ) 14to 18 o 00 . . ‘ 90 .| A
QverQ.55 0065 ~ up to 6 inclusive ‘ o100 ‘ ‘ ‘ 40
‘inclusive” 7to 11 inclusive C 200 S ! : N
o o 1410 18 : . o300 R r

| Over0.65100.75 o © up to 6 intlusive ‘ ‘ 300 ‘ : 150

o : 7 t0 1% inclusive S 400 o ) 200 .
Over075 ‘ S ‘ 7to 18 inclusive . . o 560 0 o 260 | o l

1. Whert remforcmg steel is 1o be wckded to main structural sieel, the preheat requ:remrntsb“ he stmctural steel shall
also be considered (see ANSI/AWS D1.t, table titled “Minimum Preheat and Interpass empe:ature * The fmiti- ‘
mum. pn:heat requirement to apply in thls sitaation shall be the. h:gher requiremmcht of: wo tables, Howéver,
cxtreme caution shall be exercised in‘the case of welding remt’orcmg steel to; quenched am;f tempered steels, and such
measun:b shall be taken as to satmfy the preheat requnremtnts for both. It not DQSSlbIL. Weldmg shall not be uséd to
join the two base mctals :

2. Wcldmg shall not be done when the ambiant temperature is lower than 0°‘F( lS Cy. When the’ baqe me:tal is below the
temperature listed for the we!dmg process being used and the size’and carbon equwaient range of the bar being |
welded, it shall be preheated (except as otherwise provided) in such a mariner that the cfoss sgetion of the bar for not
less than 6-in. (150 mm) on cach side of the joint shall be at or above the spc,mhed mmlmum temperature PrEheat

- and interpass temperatires shatl be sufficient to prevent crack formation., S

3. After welding is compiete bars shall be allowed to cool naturally to aH'Iblfmt temperaturt, Accelera:cd coolmg is .
prohibited. o r

4. Where it is ;mpractlcal 10 obtain chem:cal analys:s, Lhe carbon equwalent shall be assumed tc be abuve 0.75%, Set: ’
-also 1.3.4,

5. When the basc metal is bclow 32°F (0° C) the base metal shal! be prahcated ta at Icas; 10°F (20 C), or above. and
maintained at this minimum temiperature during weldmg . 3 ‘ .

ol
I§
.

5.7 Electrodes for Shielded Metal Arc Welding - Low Hydmgen Electrode Storage Condi- . ‘ f
" T R .. tions. AN electrodes in Tablé 5.1 have low hydro- IR,
‘ © " gen coatings. Those electrodes conforming to |

5.7, 1 Electrodes for shleldcd metal arc Weldmg} o ANSVAWS A5.1 and A5.5 shall be purchased in

shall conform to the requirements of the latest edi- hermetxcally sealed ‘Containers: or shall be dried in ‘ | {_
tion of ANSI/AWS A5.1, Specification for Covered accordance to manufacturer’s instructions. Elee- |-
Carbon Steel Arc Weldmg Electrodes, o to the re-  trodes shall be dried prior to use if the hermetically -

quirements of ANSI/AWS AS/S, Specification for . sealed container shows évidence of damage. Imme- | [ ,rc
Low Alloy Szee! Covered Arc Weldmg Eler.zrodes o du:itely after opening of the hermetlcally sealed‘- ' :
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BARS HORIZOMT AL

A - TEST POSITION 1G

¢ - TEST POSITION 3G
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BARS VERT\.CAL

B. TEST POSITION 2G

BARS HORIZONTAL,

© - TEST POS!TIDN.'QG‘

" NOTE: SEE FIGUHE 33 FDF‘\‘ DEFINITEON DF POSITIDNS FOFI

GHGOVE WELDS. .

" Figure 6.1 — Direct Butt Joint Test Positions for Groove Welds (See 6.2.4.1)

container or removal.of the electrodes from drying -

ovens, electrades shall be stored im ovens held at a

temperature of at least 250°F (120 C).. After the
opening of hermetlcally sealed comamers or. re-
moval from drying or 5torage ovens, electrode ex-
posure to the atmosphere shall not exce_ed the-

rcqmremf:nts of uther 3.7.2.1 or 5. 7 2.2,

-y 2.1 Appmved Atmosphenc Expnsure Time :
Permds. After Wermetically seaied contamers are

‘opened or after electrodes are removed from dry-| |
' ing or storage ovens, the electrode exposuré to the [

atmosphere shal[ ot exceed the values shows in

- Column A, Table 5 3, for thc t‘-pccnf'c electrodé
‘ classxﬁcatlon

‘.5_.7.2.2 A.lternhfive' Atmosphére Exposure ¥

Hours Established by Tests, The alternative expo- | |
. -sure time values shown in Column B in Table 3. I
" may be used prowded testmg establishes the maxl- >
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‘ Figuré 6.2 — Indirect

D - TEST PO

AXIS OF WELD
HORIZONTAL

AXIS OF WELD - ..
: HDRIZDNTAL '

AXIS OF WELD
 VERTIGAL o

C - TEGT POSITION : VERTICAL

AXIS OF WELD
HORIZONT AL

SITION : OVERHEAD -

' NOTE: SEE FIGURES 8.3 AND B.4 FOR DEFINITIONS OF
.U PDSITIONS FOR FLARE-GROOVE AND FILLET WELDS,

or ‘Fillet Welds' (See 6,2;4.2)

Butt Joint Test Fﬁsit_io’ns for Flare-Groove Welds

Do+54 3489 492659 Mar., 12 ZBEZ2 E9:480M P29
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A ‘ Table 5.3 ‘
& Permissible Atmospheric Exposure of Low-Hydrogen Electrodes
(See 5.7.2.1)
‘ Column A Column B
~ Electrode  {hours) _ . (hours)
t ' A3l ‘ ‘
‘ E?(JX.‘( ‘ 4 max Coover 4t lO\n‘[ax
i 1 - S AS.3 ‘
E70XX-X ’ ] 4 max over 4 1o 10 max
. ‘ - E80OXX-X ‘ © Imax over 2 1o 10 max
‘ ‘ . EFOXX-X - -+ Pmax over L 1o 5 max
C ELCOXX-X. ‘ . 1/2 max dver 1/2 1o 4 max
EIIOXX-X . - l/2max over-1/21o 4 max
l : . Notes: . ‘
‘ Column A Electrodes expmcd to the atmosphere for longer pertods than shown :.hall‘

" be.redried before use,

_-I . ‘2. Column B: Elcctrode exposure to the atmosphere for !onger px:r:ods than thosc esmbl .

lished by test shall be redried betorc use:

' 3. Entire Table: Elec;trodes shall be l‘:but’.‘d and held in quwers or Othcr :.mail contalneri‘“.'

+54 3489 492859 Mar., 12 ZBE2 E9:490M P38

mum allowable lime. The testing shall be per-
farmcd in accordance with ANSI/AWS A3:3, sub-

|| seetion 3.10, for zach electrode classification and:
 each electrode manufacturer, Such tests shall estab-

lish that the maximum moisture content values of
ANSI/AWS A5.5 (table titled “*Coating Moisture
Content Requirerents™) are not exceeded. Addi-
tionally, EF0XX or ETOXX-X: (ANS[/AWS A5.l or
A5.5) low hjrdrogen electrode coverings shall be
hmlted to a maximum mqlsture Lontemt not 2X-

| ceeding 0. 4% by weight.

‘Those electrodes. that are used t‘or Column B
hours shall not be used at relative. humidity —

{ temperature combinations. that exceed either the
{ relative humld:ty or moisturé content in the air
.that‘preyalled dunng the testmg pmgram,‘?

5 7 2 3 Electmdes EXPOSCd to the atmosphere
| for permds less than those permmed by Table 5.3

4, Fdlf pf@;;ar application of this proyisidn’, see the latc:St :
edition of ANS/AWS DI, 1, appendix titled “Tempera-

tire-Moisture Content Requirements” for the tempera-
ture-moisture content char and its examples. The chart,
shown in the latest edition of ANSI/AWS Dl.1, in the

aforementmned appendix, or-any standard pbychro—‘

.metric chart, should be used in the dcu:rmmatlon of tem-

perature-relatwe humidity limits. ‘

. may be returned to 2 holding oven maintained: at

- quested by the Engifeer, the contractor shall fur-

class1ﬁcatmn

’ } ‘ © which may be’ open Heated containers are not mdndamw

250°F (121° C)-ririn; after a m1mmum holdmg pe-|
riod of four Hours at 750 E'min the Electrodﬁs may.“ '
be rexssued : ‘

5.7.3 Electrode Restrictions for ASTM AS14 or
AS517 Steels. When used for welding ASTM A514
or AS17 steels; slectrodes: of, any. classification
lower, than E100%X-X shall be dried at least one |
hour st temperatares between. 700°F and 800°F.
(370°C and 430°C) before being used, whether.fur- |
nished in hermeueally sealed contamers o1 other—;ﬂ
wisé. - ¥ : :

574 Redrymg Electmdes E!ectrodes that con-
form to the provisions of 5.7.2 Shall bubscquently_
be redried no more than one time. Electrodes that -
have been wet shall not be used ‘ ‘

5.7.5 Manufécture.rfs Cerliﬁ(:a_,_tiﬁn. When re-

nish an electrode manufacturer’s certification that 11
thre- c:lcctmde with meet the rgqurrf:mt.‘:nts of thc:

.'5.8 Electrodes and Shleldmg Gas for Gas Metal
. Arc and Flux Cored Arc Weldmg
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5.8.1 Electrodes

5.8.1.1 The electrodes and the shielding for
GMAW or FCAW, for producing weld metal with
minimum specified yield strengths of 60 ksi

(415 MPa) or less, shall conform to the require-

ments of the latest edition of ANSI/AWS AS5.18,
Specification for Carbon Sieel Filler Metals for Gas
Shielded Arc Welding, or ANSI/AWS A5.20. Speci-
fication Jor Carbon Steel Electrodes for Flux Cored
Are Welding, as appllcable

5812 Weld metal havmg # minimum speci-
fied yield strengthr greater than 60 ksi (415 MPa)
shall conform 16 the following requirements:

(1) The electrodes and shielding for gas metal arc
welding for produmng weld metal with a minimum
specified, yield strength greater than 60 ksi
{415 MPa) shall ¢onform with the late'-;t edition of

- ANSI/AWS A5,28, SpeczfcanonforLon Alloy Seeel
Filler Metals Jor Gas Shielded Are Welding.

(2) The electrodes and’ shielding gas for flux
cored arc welding for producing weld metal with a
minimum specified yield strength greater than

. 60 ksi (415 MPa) shall conform to the latest edition
of ANSI/AWS 'A5.29, Specification for Low Alley
‘ Stee! Electrodes for Flux Cored Are Welding.

(3) When requested by the Engineér, the eontrac-
tor shall furnish the electrode manufactirer’s certi-
flcatlon that the electrode will meet the above
requrrements of classrﬁcauon ‘

5 8.2 Shrelﬂmg Gas When a gas or gas mlxture
is used. for shielding in gas metal arc or flux cored
ar¢ welding, ir‘shall be of 2 welding grade having a
dew ‘point -of -40° F-(-40°C) or lower. When ré-
Guested by the Engineer, the gas manufacturer shall
furnish certification that the gas or gas mlxtqre will
meet the dew pomt reqmremem :

6. Quahﬁcatmn
6. 1 Generat
6 l 1 Responsrbrllty

C&LLL All weldmg performed to contracts
involving ANSIVAWS [31:4 shall ‘utilize written

welding procedure specifications that meet the re-’

quirements’ of this code.

6.1.1. 2 Each contractor shall conduct the tests :
‘ tequrred by section 6 to quahfy the Weldmg proce-

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.
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dures and the welders whe will upply these proces
dures,

6.4.1.3 At the Engineer's discretion, evidence
of previous qualification of the welding procedures
and welders to be employed rhay be accepted,
6.1.2 Welding Procedures

6.1.2.1 Welding procedures for reinforcing bar
jomts, anchorage, base plate, .and- insert ¢onnec-

. tions that are to. be ernplowed in'executing gontraet

work under this section shall be established in a
procedure specification and. shall be quahfled prior
o use by tests as prescnbcd in 6 Z'to the satl:,f'dc—
tion of the Engmeer :

6.1.2.2 Subject to. t'h'e' approval of the Engi- .

neer, we[dmg procedures meetmg the, requnrements
of this code may be used forwork being performed
under the provisions ot‘ prewous editions of thn.

code and AWS D121,

6.1.2.3°
be required for compléte joint penétration groeve

-welds and flare-groove welds for eaeh wr,ldmg posl«

tion ( see Frgur‘es 6. l and 6. 2. )

C6:1.2.4 Weldmg procedurﬁes for fﬂlet weld,s
~which conform t6 the appticable.provisions of sec-
toms 1 through 5 of 1hvs code 1

quallﬁcatron

6.1.2. 5 Each Jomt weldmg prpcedure shall be
prepared by the contractor. 48 d’procedure speeifi-
cation and shatl be available'to those authorized to

examine. them. A suggested form showing the in-
formation required in the'’ procedure specnﬁeatron‘

is grven in Appendax A

' 6. 1 2. 6 Weldmg procedure quahf‘rcat:ons

. performed priar to, pubhcatron of this edition of |
the code may be updated to the requirements of 1

this gode,. provrded the varigbles required by this

: edmon of the code were previif:usly recorded

6. 1 3 Welders

_ 6 1 3 l All welders Io be Employed under this ‘
code shall have been qualrﬁed by tests as pre-
scnoed in 6.3. - ; S

C6,1.3.2 Welders who suocessf‘ully complete a

: procedure quahﬁcatron for. ¢ither complete joint
_penetration groove welds o ftare-groove welds

Weldmg procedure quallhc.auon shall |

12 ZEE2 @9:49A8M P31
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shall be considered qualified for welding the tvpe

of weld joint used in the procedure qualification

and other joint types as permitted in 6.3.3.2. The
position of welding may be cvhanged to the extent
purmitted by 6.3. 4

6.1.3.3 SubJECt to the approval of the Engi-

cneer, welders who qualify to the reguirements of

this edition of the code may be tised for work being

performed under provisions of previous editions of

this éode.

6.2 Weldmg Procedure Quahﬁcatmn ‘

6 2 1 leltanon of Vanables |

62.1.1 The largest bar size to be pruduulon

‘welded shail be used for qualification. Qualifica-

ton:for each specmcatlon and grade of remforcmg

'bar lS nc:t rEqulred

6 2.1. 2 Procedure: qual:fuanon shall be per— |
formed using a steel that has a carbon equivalent
(C.E.) at least equal to the highest C.E, to be en- -

counterad in production” The procedure is then

qualified for the h1ghest C. E valu¢ quahﬁed and all ‘

lower valueb

1 6.2. 1.3 A change from’ uncoatéd bars of steel -
‘to.coated bars or steet where the coating lies within

2 in. (50 mmy of the weld joint preparatxan, shall
I‘R’:C]LIII‘L requahﬁcatlon 5

6.2, l 4 Changcs in 6 l .5 through 6 2.1.7
shall be considered chang;:s in essential vanables
Joint welding procedures mcludmg such changes
shall require, requahﬁcatmn :

~6.2.1.5 Preheat and lnterpass Temperamre A
decrease of more than 25°F (14° C) in the mini-
mum spec:if":ed preheat or mterpass temperature

‘shall require r¢quahﬁcatmn

 62.1.6 Shiglded Metal Arc Welding -

(1) A change increasing filler metal strenigth
level, e.g., achange from E70XX to ESOXX X, but
not vice versa . -

(2) An mr:rease in the dlameter of the electrode‘

used over that reqmred by the weldmg pmcedurc
Spemf' catlon . ‘ ‘

5. The 2 in, ii;‘ni! should keep any coating from mclf:ng

and. contammatmg the weld where the bars are m the .

vertical pline.

Do+54 3489 492659 Mar., 12 2BE2 E9:500M P32
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{3) A change of electrode amperage and voliage
viatues that are not within the ranges rcmmmcndm
by the electrode manufacturer ‘

(4) A change in position in which welding is per-
formed as defined tn 6,241 and 6.2.3.2

(3) A change inthe iype of groove. eg..a Lhang:_

~from a tlare-V-groove 1o flare-bevel- groow I
(8) A change 1n the shape m any one Ly pe ut :

groove involving:

{a) A deerease in the 1m_1ude.d cmglt_ of zhe
groove exceeding 57

{b) A decrease in_the rcmt openmg c)t the
groove ucce,dmg i/16 in. {1.6 mm)

{c) An- mcrease ‘in-the roet tacc: ot lhe grooue”
. éxcedding 1/16 in. (L6 mm) .
‘ (d) The crrmssmn but not mclusnon‘ Qt bauklng

matenal

[

‘ 6207 Gas Metal Are Weldmg -.‘md Huw'
Cored Arc Welding -~

(1) A change in electrode or mcthod Of shleldmg B
not covered by ANSI/AWS ‘-\5_18 (GMawy,
ANSI/AWS A3.20 (FCAW), ANS!/AWS A5.28
- (GMAW), or ANSIAWS AS. 29 (FCaw) ™ :

"(2) A change increasing filler metal stfength

level; e.g.. E70S 10 E80S, or E70T to ESOT, respx:c- .

t:vely, but not vice versa

(3) A change in elﬁ:c:trode dlnamcter n GMAW or L

" an increase. in the diameter-of-the: electrode uscd

over that required by the weldmg tﬁro;,ee:dure spcm-

~fication for FCAW .. - | ‘ :
(4) Change fromi a $1ngle gas to. any other smgle

gas or fo'a miXture of gat.cs or a ‘change of niore
than 25% in any of-the minor elements of the gas

.mixture; or ¢change from a gas mixture 102 single
gas; or change from external shielding gas to self“
_ sh:eldmg, L.e., nosexternal’ shielding gas

(5) A chiange of more than 1% above or belo'W
thc specified mean: amperag& for edc,h 512& elec—

" trode used

(6 A change of more than 7% above or below the

‘specified mean arc voltage for each S128 electmde
oused

(7) A change of more.than 10% dtove or be!ow

- the spectﬁecl méan, tkavél speed

(8 An increase of 25% ar more or a decreasa of

' 10% or more.in lhe rate of flow of shu:ldmg £as or

m1xture
(9) A change in the position in whmh welding is
perf‘ormed as deﬁned in 6.2.4.1 and 6 4.2 '
(10} A change in the type of £ grcove eg. a change

from a flare-V- o flare-bevel- -groove
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{11) A change in the ‘\thE of any onge type of
sroove involving:
{a) A decrease in the included angle of the

groove e‘cceedmg 5°

(hy A deurease n the root opc.mna of the
groove cxceeding 1416 in. (1.6 mm). or
{e) An increase in the root face of the groove
exceeding 1/16 in. {1.6 mm), or
(d) The omission, but not inclusion, ofbaukmg
materml
(12) A change in the type DF welding current (AC

or DC). polarity, of mode of metal transrer GG
i the arc. i

- 6:2.2 Types of Tests and Their Purposes. The ;
‘tests listed below are to determine the tensile
strength and degree of soundness of welded joints’

made.under a given procedure specification:

(1).Full section tension test (for tenmlc @chngth) '

(2) Macroetch test (for SOundness)

6. 2 ) Ba;e Metal and Its Preparatmn The base
metal and its prtparatlon for weldmg shalt comply

with the weldmg procedure spemf’catlon

: .6 2. 4 Pc)s:tion of Test Welds

. 6 2. 4 I Al dlrect butt Jomts and T-joints shall,

be classified in ‘accordance with définitions of

welding positions for greove welds and shall be.

welded in the position for which the procedure is to
be qualified (s¢e Figures 6.1 and 6.3).

6.2:4 ‘2 All indigect butt joints, lap joints, and
lap joints. in.connections involving either flare-

. groove or fillet welds shall be classified in accor-

" 'dance with definitions of weldmg positions for

‘ flarf:-gromre welds, and shall be welded in the posi-

~tton for which the procedure is to be. qua!;fied {see
Figures 6. 2, 6.3, and 6.4). .

6.2.5 Test Assemblies Number Type and P‘repa-

. ratmn

6.2.5.1 Numbrer and Type of Test Assemblies.
The number and type of assémblies that shali be

tested to quahfy a wcldmg prucedure are shcwvn in
Table 6:.1:- ‘

62.5 2 Test assemblies for groove w:’:lc[s in
T-joints may be either direct butt joints, havmg the
same groove conﬁgurat:on as the T-Jmnt to be used

in construction, or the TJomt assembly shown in .

Figure 6. S(B)

ESSO-TECHIMT —UMBRELLA PROJECT PHOME MO, @ +34 3489 492559

'th\‘.. lesser of the [wo valm.s 5hdl! be used

Mar.,

6.2.5.3 Tenston Test Assemblies. The size and
length of tension test assemblies shall be as follows:
(1) Direct Butt Joint and T-Joint, Unless a gredter
length is required for testing. welded test assemblias

for direct hutt joints shail have a minimum. length

of at least 16 times the diameter of the bar, with

the weld located centrally Tsee Figurcs; 6.5(A) and -
6. S(B) as appropriatg], . g
(2} Indirect Butt Joint. For indirect butt JC.HHK‘

welded test dssemblies, [l“lL mirimum- length i (1)

_ above shall be increased by the length of the: _;Dmt T

[see Figure 6.3(C)). The lenglh of the «.onm:utmg

Y

welds shall be such that the total shear capacity is |

equal to. 0.6 tumes the rnmlmum :.pecmed tensnl:-.r ‘
strerigth times the nominal ared-of the’ ;ohd bar.”

Note that for two-bars.of. unegual tensile L-.Lren.gthq :

6.254 \Iacroetch Speclmens The macrm.u,h..'
tcst specxmen may be remo»ed from the remonant
of‘ the tension test assembly and shall be p;:pared -

as follows::

(1) D¥irect Butt Jomt&‘r and T-Jomts The welded -
test assembly shali be mechanically cut at one loca- .
tion patpendlcular o the diregtion, of weldmg ;The
test specimen shall show the full iongntudmal £ross o

“section of the weldment the root of the weld. and

12 zZEE2 §9:51AM P33

|

any remforcement [See Flguresﬁ 5\(A) or6.5(B)as

appmpnate}

(2) Indirect Butt Jomnts The welded test assembly

shall be. mechanically cut at two-locations rransverse :

1o the direction of welding, These specimens shall
show the full transverse cross section of'the weld-

/.;

6 2. 6 Method of Testmg Speclmens

6. 2 6 1 Full Section Tens:on Test. The miini-

mum distance between' the jaws ofthe t65tmg ma—' o

chine shall be equal to:

(1) At least eight times-the' dlameter of‘ thc bars"

" for direct butt joints

(2) At least eight umés the dxameter ol" the bar,

' p[us the length of the joint for md:rem butt joints, B
- The test specimen shall be ruptured under ten-

sion load, and the maximum load shall bé' deter:
mined. The [ensxle strength’ shall be" obtaited by

6. ?. 6 2 Macroetch Test. All CTOSS Sectlons

. shall:be polished and etched with a suitable solu-
“tion to give a- c}ear definition of the weld.

. ment in each of the welded bars. [See Flgure . 5((:)] L

-~ dividing the maximum load by the nommal cross- -+
. sectional area of the bar,

——

ol

—
Y
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LY .
. TABULATION OF POSITIONS OF GROOVE WELOS
FOSITION, DIAGARAM - INCLINATION 'HOTAT\ON
"I ‘ : REFERENCE OF AXIS OF FACE
FLAT ’ A 0% to 159 4500 1g 210 0
- ’ : 809 tg 1500
. . . =] a
] . . HDHIZDNTAL 2 09 tg 15 3109 tn 280 ° .
‘ pe 1o 8Q° o e -
Gy o : . | - . -
OVERHEAD v 0% to 80 2809 to 1608 v T~ S
: .. VERTICAL o 15 10 80° B80° to A0S i .H"H‘“-—{ o
o 1S 809 tg 909 0% 1o 360° | ‘Bow gpe e
- - | Voaxs l ‘ H',‘-.,A' i
LiIKAITS | " (.' ‘
|_.
. b
- !
| } [
‘ o
TAXIS LIMITS fOR G : ‘
_ AXIS LIMITS FQR D sl
. ) O
I
b
. | "
T .- VERTICAL |
:) : 1. . PLANE | .
il AL
. e A
- . l .
. P o
"1 " 5
- i R R
e UAXIS LIMITS T ]
- = C[FOR AR B S
. A b
l ST o Gt
0‘*"‘“:" T =TT
‘‘‘‘‘ l ) Lo ~ . . .. - — .
T —_—
e T -
- . S = R
Notes: :
N P - t. . The horizontdl refersnce piansg iz Always takan m lie baiow tha wald undar consldgrahon.
1 o .2 The Inclimatioh of axiz is mauurud frcm ‘the harizontal Jetarance plane toward: the
o varfleal raferenca plans. ‘
3. .The angie of ratation af’ tho tace is. dotarminsd by a fina perpend:cular ta the
. ) thearatical faee of tha .wald whlch ‘passas through the axis of the wald, The. rafaranca
{ positian [Dl of rotatian of tha face invaflably pointa 'in tha direction npposfre 10
_ that in whieh the axis angla increases. When rnokmg at point P, tne angle of rotation
of the face of the wald is maagured In g clonkwlse dfract}on \'rom thg rafarense positlon
oY, .
Figure 6.3 — Positions of Groove Welds
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2100 ty 2350 .
0o to 1259

24
¢
fAEULATnow OF POSITIONS OF FILLET WELDs
POSITION DIAGRAM INCLINATION ROTATION
REFERENGE  OQF AXIS OF FAGE
CUELAT A . 0% to 15° 1509 t4 2100
HORIZONTAL B 00 to 150 a5 oto 1800

o

. OVERHEAD 0% 10 80% 5350 10 350°

VERTICAL . | 9] 15910 808 1259 tp 2359

a ‘ E a0e tp 90° © DY ta 360°
P
g |
| “n-‘_“ R
| T
3 -
i TN

AXIS LIMITS FOR G

1259

XI5 LIMITS FOR D
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Table 6.1
Number and type of tests for procedure qualification
(See 6.2.5.1) ‘
o Production .
' Tvpe of Min, No. Tension’ Muacro- L Jaints
ﬂ ‘ ‘ : Toinat ol Test o Tusts steh Tests - Qualified
i (Figure} Assemblios - 6233 R T 0 (Figwre)
‘ ' Dircet Buit 2 . ! ARE R oY
"} o [6.3(A)) . ' : )
| . T-Joint 2 ) Rl 2 313 50y
. “(6.5(8)] : : R o o
L Indirect Butt . - - 2 2 S L
‘»“_i R 5 ()| - - S e T BMEY

* GROQVE CONFIGURATION: ch:wu“: o .. ... MACROETCH SPEC’M.EN .':
18 FOR ILLUSTRATION ONLY: THE - ) , L. 7 OF WELDED JOINT
GROOVE USED SHALL CONFORM . ' el : ‘

TD THAT BEING QUALIFEED

A ¢OMPLETE JDINT PENETRATIDN GRQQVE WELD-
' DIHEGT BUTT JOINT o

Lmin = 160 -

I " GROOVE CONFIGURATION SHOWN M AGREET L i
.~ IS FOR ILLUSTRATION ONLY. THE - MAGROBTCH SPECIMEN
. . - ' GROOVE USED SHALL CONFORM - 5 © OF WELDED JONT
. ’ . TO THAT BENG QUALFED. - - |
[ . g ﬁ ALTERHATE ‘COMPLETE- Jam'r PENETRAT'C’N

: GHBOVE WELD T-JDINT

} ‘ o - Fi lgure 6.5 -~ Full Sectmn Tensmn Test Spec:mens for
Procedure Quallﬁcatum Tests (See 6.2.5) ‘
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 strength shall be no less than 125% of the mini- -.

min =

LUl - 0y
[H}]D -

sE~ U/ ew
SEl A Ny | {SEE NOTE 2

"NOTE 2: Ly = 24E ggl
: T Fyn)
ISEF 6.2.5.3)

Flgure 6.5 (cuntmued) — Full

6.2.7 Test Results Reqﬁi,rgd

6.2.7.1 Full Sectioli Tension Test. The 'teﬁ'sile

. mum spemﬁed yield strength of the type and grade

of bars to be joined, unless etherw:se snpulated by

the general specnﬁcanon

I

6.2.7. 2 Macroetch Test. The spemrnens :-,hall'f

be examined for discontinuities, and any that have
discontinuities prohibited-by 4.4 shall be consid-

ered as falled The etched cross sectlons shiall have E

complete penetratmn and complete fusmn with the

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.

2y el8D + B ] 8

o1
403,40 2Ly + B ‘
. (SEE hore 2) ‘
AV o
. i il
K] ! ‘

C FLAI-'IE GROOVE - IHDIREGT BUTT JOINT |

CWITH By = MINIMUM SPEGIFIED TENSILE STRENGTH DF THE
~ BAR [FOR BARS OF UNEQUAL.F,,
CFyyis MINIMUM SPECIFIED TENSILE §
D= DlAMETER OF. SOLID BAR .
fn = NUMBER OF CONNEGTING FLARE- BEVEL GF!OGVE
WELDS BETWEEN ONE BAR AND TWO. F'LATES
loR ONE ANGLE) o

Sectmn Tenslon Test Spemmens for- Pmcedure
Quahficatmn Tests (See 6 2 5)

,ignat'ed We‘ld size shalt be obtained.
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MOTE 1 B = SEPARATION
BETWEEN ENDS QF
BARS. MAXIMUM
374 In, 19 mm}
TYPRICAL
TWO

LDCAT|DNS>5TE) [ ““-‘-1

. MACROETGH
. ‘SPECIMEN

. USE LESSER. DF THE, Twa;‘

ENGTH: OF WE:'LD METAL-

For flare-bevel- and flare V. groove welds, the des- ||

base,m‘e'ta-l for single—\(?‘ etrdeuble-v#gmeve welds, '

6. 3 Welder Quahﬁcatmnt ‘

6 3.1 The quahﬁcatmn tests descnbed here are

. espemally devised to detérmine the welder's ability .
" ‘to. produce sound welds. It is not mtended that the

quallﬁcatmn tests be used as a guide for ‘welding
during actual construction, The latter shall be per-

.-for’med in accordance with the requxremcnts of the
‘ “ pmcedure epemﬁcatmn

1
)
—

=0

[

‘ .

H

i
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6.3.2 Limitation of Variables

6.3.2.1 Qualification with a particular provyss
and with any of the steels permitted by this code
shali be considered as qualification to weid any ol

‘the other approved steels with that process €xgept
' that qualitication for galvanized steel shail be per-

formed using gabvanized steel, Qualification tor

| galvanized stul shall be \\uh galvanized steel.

63 22 f\ welder shall be quaiified for é’l(.h
proceb:, 1o be used in tabrxcatlon

6.3.2.3 A welder quahhed with an appm\'ed
electrode and shielding medium combination shall
be-considerad qualified to weld ‘with any other ap-
proved electrode and shielding medium combina-

tign (see Table 5.1) ior the pl’OCt‘bb ‘used in the’

quahf’manon test.

6.3.2. 4 A changé in the position of weldmg to. .
one for whlch the welder is not qualified requires

quahﬁcauon in that position. -
6 3 3 Quallﬁt.atmn Tests Requlred

6330 A welder mayalso be quahﬁed for fil-

1 let ‘w,eldmg of anchorage. basé plate and insert plate
| | connections (Figure 3.5) by welding a satifactory
| test in accc)rdance With the p'mvisions of 6.3.3.3(2).

- 6.3.3.2 Qualification tests for welders shall be
as follows:
H Dnrect butt joint groove weld test made usmg

SMAW, GMAW, or FCAW processes qualifies for -

complete joint’ penetratlon grmve welds and f'm'
fillet welds,

(2) Indirect butt joint ﬂarc -groove weld test

|| made using SMAW, GMAW or FCAW . processes. .
_ This test qualifies. welders for wc..ldmg indirect butt
'Jomts, lap joints, and for fillet welds.

(3) Complete. joint penetration groove weld
T -joint made using SMAW,  GMAW, or FCAW pro-
cesses quahﬁes welders for welding. complete joint

{ penetration groove welds (both d:rect butt. joints
‘and ijOll‘ltS) and fillet ws:lds ‘

63 3.3 The quahﬁcat:on test aésembly shall
have joint details as follows:

(l) The direct butt joint groove weld test assem-‘ '

bly shall bé a complete joint penetratmn groove

| weld made by SMAW, GMAW, or FCAW progesses.
See Figure 6.6(A). The smailest bar size to be fabrk-'

cated shall be used

Do+54 3489 4926859 Mar.

(2) The indirect batt joint Hare-groose weld test
shall be oo indiregt butt juint made by SMAW,
GMVAW, or FOAW processes using o doueble-Mare-
bevel-groove and flat bar. a3 shown in Figure
&.6(8), :

(3) The comptete joint anctmlu)n T-joint nudc

by SMAW, GMAW, or FCAW plows‘ﬁ.s shdll be a3
shown in Figure 6. 6(C)

" 6.3.4- Position of Test Wi clds and Relaied Validity

. Olelalerdtlﬂn L

6.3.4.1 Dlrect Butt Joint Grome \\eld I'est

12 zZEE2 §9:54AM P38

1) Qualmcatlon in the IG (flan) position quah- :

. fies for dirgct butt joints'in the 1G5 flat pesition. and
‘for fillet welds-in.the'IF (flat) and. ’F (honzomal)

. positions. (see Fagure 6.1y, c
4 Quahﬁmnun in"the 206G (honzonml) position
qualifies for direct butt joints in the TG (flat) and

2G (horizontal) positions and for fillet welds in IF

“{flat} and 2F (horizontal) positions (see Figure 6.1).

(3) Qualification in the 3G (»erncal) DObI[lOl‘l

‘ qualifies for ditect ‘butt joints in the 1G (flat) . 2G
{hortzontal), and 3G (\nemcal) posrtlons. and for

fillet wetds in the iF (f1ab), 2F (b anontal) and IF

: ‘(vertxcai) positiens (saa anun._ 6.1

{4y Quahﬁcatxon in the 4G (mcrhead) posmﬂn' Y

(fAaty, 2F (honzontal) and 4F (Dverhead) DOSLHDHS
(see. Flgure 6.1y _ , ‘

"

6.3.4.2 Indirect Butf .joint Flare-Grmwe Weld

. ‘ Test

(1 Quahﬁcatmn in the G (ﬁat) position quali-
fies for indirect butt joints and lap _)mnts in the IG
(flat) position, and for fillet wetds in IF (flat), and
2F (horizontal) posatmns (see Figure 6.2).

(2) Qualification in the 3G (horizonial) pOSLtLGn

' qualifies for indirect butt joinis and lap joints in
the 1G (flat) and 2G- (honzmtal) posiiions and for.

fillet welds in IF (flat), and 2F (hormontal) posn—

. tions (scé Figure 6.2)..

quahfies for- dll‘(‘:Ct butt joinits in the 1G (flat), and ‘
" 4G (overhead) posmons and for fillet welds in IF

(3) Qualification in the 3G (vemcal) DOSltmn SR

quahﬁcs for indirect butt joints and lap jeints in

- .the |G (flat), 2G (horizental), and 3G (vertical) po-
~sitions and for fillet welds in the IF (ftat), 2F (hori-

‘zontal), and 3F (vertical) positions {see Figure 6:2).
(4) Quahﬁcatmn in the 4G (overhead) position
qualifies for indirect butt joints and lap joints in

the 1G (flat) and 4G {overhead) positions and for -

fillet . welds in lF (ﬂat), 2F horizontal), and 4F -

. l(overhead) positions (see Figiire 6. 7)
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Lmin 160
e
JAW & JAW

"

ROOVE CONFIGURATION SHOWN MACROETCH SPECIMEN
1S FOR ILLUSTRATION ONLY. THE OF WELDED JONT
GROOVE SHAPE SHALL CONFORM . " S

NOTES: TO THAT BEING QUALIFIED

1. FOR EIARS NO.8 OR LAHGEF@ USE SINGLE v OR SINGLE-BEVEL- GRDQVE WELDS [@=458"% - -
2. FOR BARS NO& OR SMALLER, USE SINGLE-V WITH SPLIT PIPE BACKING
© 0380% AS N FIGURE 3.2(CH Co

A - GQMPLETE JOINT PENETRATION GROOVE WELD - DIREGT BUTT JOINT l

S.(El' "—l_.-l e B8 NOTE 3)
o\ ,
ma—

1_——-{, - A : C - : l Coe i |__

A | - o MIN.~=1—T25 miml. | -
‘ T _ o -~ .0R 20, WHIGHEVER IS LESS .
NOTE % B - SEPARATION BETWEEN ENDS OF BARS. © 0 BECTION.AA -

MAXIMUM B = 3/4 in.(19 mm}

B - FLARE-BEVEL GRODVE ~ INDIRECT
‘ T BUTT JOINT :

BACKGOUGE

T-JONT - " MAGROETCH. SPECIMEN
" ;  OF WELDED JOINT
G GDHPLETE JOINT PENETHA'“OH GROOVE
’ WELD T-JOl“T .

Flgure 6 6 — Folt Sectmn Tension Test and Macmetch Test Spemmens for Welder :
Quallf cation: Tests (See 6.3.3. 3) : .

S s = |

[ R

s

i
f
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i
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65.3.4.3 T-Joint Groove Weld Test. The posi-
tlan requiremants for groove welds shall govern the
weld position qualified by the welder (see Figure
6.1

3.5 Qualified Bar Sizes. The smailest bar size
Gsed in qualification shall qualify the welder for

‘ welding that bur size and any larger size.

6.3.6 Base \letal The base metal used shall
comply with 1.2 or the procedure specification.
The base metal may be um.oated or galvanized. as
required by 6.3.2.1

.6, 3 7 Weidmg Procedure The welder shall fol:
1ow the welding procedure specified by the proc.c-' ‘

. dure speuﬁcat:on

Preparation ‘

6. 3 8 Test Specimens — Number. Type, and :

6 38.1 The number and type of test assem—'

* blies that sha.ll be tested to qualify a welder are

shown in Table 6.2 7. Two test assemblies welded n

‘ "accordanu: with 6:3.3.3 are réquired to quahfv
- welders. : ‘

+54 3489 492859 Mar., 12 2BE2 E9:55AM P4E
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6.3.8.2 Direct Burt Joints. [Direct bull joins
welded test wssemblies made by GMAW (exeept
“hort ciceuiting transfer), SMAW, or FCAW, shall
be tested by radivgraphy. of one test assembly shall ‘
be subjectad to the full section tension tost and the
other test assembly to thy macrgeteh test. Rddmg-‘
raphy shall not be Lmd on )omts uhu,rc :;.pht pipe

ba«.klng 15 u:ed

6.3.8.3 Direct Butt Joints By GMAW.S,

Dircét butt joint welded test assemblies made by - '
GMAW using: short, c1rgu1t1ng trapsfer shall, ha-.e S

one test assembly :.ubjgcted to the full section ten- -
ston test and the othef to the macroetch test o

6. 3 8. 4. [ndlrect Butt. .Iomt‘i Both mdlrect o
butt joint welded test assemblxes 5hall be bUb_ft‘.’C[Ed o

to the macroet(_h test.

6.3.8.5 T- Jomt Test. Assemblw The two

- welded T-joint test assemblles shall both be sub-
jected to the macrouch test. :

6.3.8.6 Tensi’od Test Specimens. Unless a
greater leng[h is: requued for testing, -the- full sec- -
tion tensien test spammeﬂ for direet butt joints

shall have'a minimum length of at lf:ast 16 hmes; .
" Table 6 2
Numher and Type of Tests and Weld Qualified. for Welder Ouallflcaﬁon
__ (See.38.) | S
o ‘Number chest Welds " . Numbeér and Typeuof Tests. Required
' Qualification Assemblies Qualified - Radiography = Tension- = - Macroeich
. Test Assembly” ‘ quu;red o for {6382y (6.3.9.1) (6 3.9, zy
 Diceet Buit 2 4 Fig3l . N U
joint L ) o . Fig. 3.2 * B .
Fig. 6.6(A) S and
N o © Fig 3.5(D) o
 Indiréet bugt 2 ' Fig. 3.3 - — 2
“joint . ‘ - Fig. 3.4~
Fig: 6.6(B) : L Fig. 3.5(A)
o o BNOE
-Complete joint 2, .. Fgllor - - 2
‘penetration . S . Fig, 3.5 ‘
| THoint ‘ R o
Fig 6.6(C)°
Notes:

" a. Radiography not permmed for welds madl.. by GMAW using ‘short cnrcumng transfcr
E b -Required for welds made by GMAW using short circuiting
of radmgraphy for all ather weldmg processes, al contractor’s optmn

transfer, Tensmn and macroctch tests may be used in: heu
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the diameter of the bar with the weld centrally lo-
cated 1see Figure 6.6(A)].

6.3.8.7 Tension Test Specimen With Split Pipe
Backing. The split pipe backing need not be re-
moved for teasion testing.

6.3.8.8 Macroetch Test Specimens. Macro-
etch test specimens shall be prepared as follows
(see Figure 6.3%

(1) Direct Butr and T-Joints. The test assembly
shall be mechanically cut at one location transverse
to the direction of welding. The test specimen shall
show the full longitudinal cross section of the weld,
the root of the weld, and any reinforcement [see
Figures 6.5(A) and 6.5(B)].

(2) Indirect Butt Joint, Each test assemblv shall
be cut mechanically at one location to provide a
‘transverse cross section of each welded dssembly -
[see Figure 6.3(C)].

6.3.9 Method of Testing Specimens

6.3.9.1 Full Seumn Tension Test; The mini-
mum distance between jaws of the testing machme

. shall Be equal to at least eight times the dlameter of

‘the bar for direct butt joints. The test specimen

shail be ruptured under tensile load. and the maxi-

mum load shall be dctermmed The tensile strength
- shall be obtained by dividing the maximum ioad
by the nommal cross—sectronal area of the bar.

6.3.9.2 Macroetch Test, All cross sectmns

shall be: polxshed and etched with a suitable solu-

tion’ to gwe a clear definition of the weld.
6.3.10 Test Results Required

' 6.3.10.1 Radiographic Test. For acceptable
quahﬁcation the weld as revealed by the radio-

graph shall conform to the rcqutrements of 442

and448

6. 3 10.2 F‘ull Section Tensmn Test. The ten-

éile strength shall not be less than 125% of the min-

imum specified yield strength of the type and grade
of bars Jmned unless otherwise: stlpulated by the
general spemﬁcat:on

6.3, 10‘3 Macmetch Test. The specimen shall
be examined for discontinuities and if any are

found that are prohibited by 4.4, it shall be consid-

ered as fallr.d The etched cross sectmn shall show

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.
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complete fusion for the direet buttjoints or the des-

tgnated effective weld size for the tlare groove (95t

asyemblivs.

6.4 Restests, In case a welder tnls to meet the re-

quirements of one or more test welds, a retest may
be allowed under thy tollowmg Lundttmns

6.4.1 Immediate Retest. An immediate retest

. may be made consisting of two welds OF each type
and position that the welder failed. All retest speei-

mens shall mect all of '(hL speutu,d rr,qmr:.mems

6.4.2 Retest After Further Tra;mng or Practice.
A retest may be made. provided there is evidence

. that the welder has had further trmnmg or practice,

A complete retest of the t»pes and’ posmons tailed
shall be made. : .

6.5 Period of Effectiveness. The welder's qualiti-

cation as epecttled in this Code shall be Lomtdt.rcd .
as remaining in sffect indefinitely unless (1) the

welder is not engaged in a given process of weldmg
for which the welder i$ qualified for a period ex-

ceedmg 51% months or uniess {2) therc is soime spie-

cific reason to questmn a welder § ab1lttv

6.6 Rec‘drds.‘ Records of the test_results shall 'be
kept by the manufacturer or contractor and shall be
available to those authorized to examing them.

7. Inspection

7.1 General Reqmrements ‘

7 1.1 The mspect@r shali ascertam ‘that all. t'ab~
rication by welding is.performed in accatdance

‘ w1th the requlrements of this code

‘ 7..1.2 lnspectors rc-:aponsrble for acceptance or
rejection of material and workmanship shall be

. quallﬁed The basis of Tnspector qualification shall- “
. be documented. If the Engineer elects to specify the
‘basis of inspector quahﬁcauon it shall be 50 stated :

in contract documentg

. The following are acceptabie quahﬁcauon bases :
(1) Current or prevmus certification as an. AWS -

Cemﬁed Weldmg Inspector (CWI) in accordarite

..with the provisions of AWS QC1, Standard and

Guide for Qualifi feation and’ Certgfrcauon of Weld-
mg Inspectors

(2) Currem or prevtous quahﬁcatlon by the Ca— [




FROM :

)

- tion in accordance with 6.3. .
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nadian Welding Bureau (CWB) 1o the requirements
of the Canadian Standard Association (€5A) Stan-
dard W178.3, Certfication of Welding {nspeciors
{3} An Engineer or techrician who, by training.
or experienge.or both, in metals fabrication, in-
spection and testing, is competent to perform in-

1 spection of the work

7.1.3 The Iaspector shall be t‘ufnished with com-

" plete detail drawings showing the size. length, tvpe,
and loeation at all welds to be made.

7. 1 4 The !nspeemr :hall be l’lCltlﬂt.d in-ad-

vance, of the start of any weldmg operatmns

7. 2 [nspectmn of Base '\rletals The mspeetor shall‘ .
make certain that only hase metals are used that
‘ eonf‘orm to the xeqmrements of [hIS code.

l 7.3 Inspectmn of Welding Procedure Quahﬁcatlon ,
.and Equipment The lnspeetor shall verify the

weldmg and Subsequent testing of anv. procedure
quahﬁeatlon specimens that are required. The 1no-
spector shall inspect the welding equlpment to be
‘uséd for the work to midke certain that it is in such

- condition as to emable qualified welders to apply -
“qualified’ procedures and attain results prescnbed_ ‘
elsewhere in this code ;

7. 4 lnspectmn ‘of Welder Quallﬁeatmns

N 74 1 The !nspector shall pefmit welding to be -

: performed only by welders who are qualified in ac-

- cordance with the requirements of this-code. The

. [nspectbr shali witness the weldmg and teslmg of
quahﬁeatmn specimens for each welder; or shall ™

. make certain that each welder has previously dem-

-onstrated. those quahf‘ cations under other aceept-
able superv131on

7.4.2 When the quality of the welder's work ap-

pears to be below ihe requirements of this code, the.
- Inspector may requlre testitig of a welder’s qualifi-

cation by medns of pamal ofr complete requallﬁca—

l 7.3 Inspection of Work am.i‘Reco.'rd‘s :

_ 7.5.1 The [nspector shall verify that the size,
length, and location of all welds conform. to the re-”
‘guirements of this code and to the detail drawings,

that no specified welds are ommed and -that no

+54 3489 492859 Mar.

. cordance with the requ:rements “of: 5ect1

i

unspedificd welds have been added without ap-
proval,

7.5.2 The Inspector shall verify, thmt the webding
meLdum, wsed et lhc provisions of [hm Lodx.

" 753 The [lh[_‘)h’.(,l(_)l’ shall verify that electrodes
are used only in the positions and with [hL type of
welding current and poldrlt\ for \.\hth thay Jl'c_ ‘
classified. ‘

7.5.4 The Inspector shall, at suitdbleﬁnteri-ala .
ohserve the technique and pertormam.e of-each.

welder to verify that the appllcable requlrements of BRI

thlS ‘code are rnu

7 5.5. The In':.pector shall examine the woek o '
verify-that it meets the. requirements of this code.

* Size and length of welds shall be measured with

suitable gages. Visual mspechon trJr_LraLk-. and

“other discontinuities in the welds and;base metal

should- be aided by a strong llght nmgmtlers or’
other helpfui dev1ces as necessary

7 56 [nspeemrs shall 1dent1t ‘
gulshmg mark or othet recordmg methqu al!. parts )
or joints that they have inspected and accépted.’
Any recording method which is mmuallv agreeable o

-may be gsed.- Di¢ stamping. of dvnamically'loaded

members is not: permltted w1th0ut the apprm al of
the Engmeer. e -

757 The Inspector shall keep a, record of' qualt-
ﬂcatlons of all welders, all. proeedure quahﬁcatmns
or-other tests that are made, and other such mfor—u -

matlon as may be. requlrcd

7 6 Obhgauons of the Contractor ‘

7.6.1° The contractor shall be respons:ble Forl“
visual mspect:gn and Necessary. Gorection:, DF all -
defigiencies in matcnals and W rkmanshnp- m ac—‘

and 4.4 or other parts of the eode as appheable

7 62 The eontractor shavll enmply with all re-:
quasts of the Inspector(s) to correct deficiencies in.
materials and workmanship as provided in the
contract documents

"~ 7.6.3 In the event that fauity welding or its re-
maval for rewelding damages the base metal so

" that in the judgment of the Engineer its retention is

12 zZEE2 §9:56AM P42

with A clzsun—f_‘;




FROM :

ESSO-TECHINT —UMBRELLA PROJECT PHOME HO.

32

not in accordance with the intent of the contract
dochments, the contractor shail remove and re-
place the damaged buse metal or shall compensate
for the deficieticy in a manner approved by the En-
gineer.

7.6.4 When nondestructive testing other than.
visual inspection is specified in the information
furnished to bidders. it shall be the contractor’s re-
sponsibility to.ensure that all specificd welds meet
the quality requirements of 4.4,

| 7.6.5 If nondestructive testing other than visual
inspection is not specified in the original contract

- agreement but is subsequently requested. by the

- owner, the contractor shall perform any requested

testing or'shall permit any testing to be performed

in accordance with 7.7, The owner shall Be respon-
sible’ for all ae.somated costs including handling,
surface prebaration, nondestructive testing, and re-

" pair “of discantinuities other than those listed in

4.4.1.to 4.4.7 iriclusive, at rates mutually agreeable
between owner and contractor, However, if such
testmg should disclose an attempt to defraud or
gross nonconformance to this cu)cte Tepair work
shall be donﬂ at the contractor § expense,

7.7 Nnndestructlve Testmg ‘

7 7 1 Whén nondestruchve testmg Othe:r than

v1sual is reqmred it shall be so'stated in the infor- -

matmn turmshﬁd to the bldders ThlS mfarmatmn
shall desngnate l:he welds (o be exammed the ex-

tent of the gxamination of‘ each weld and method
"ot testmg ' ‘ :

772 We!ds tested nondestructwely that do not

‘meet the requirements of this Code shall ‘be re-

palred usmg the apphcablc pmwsmns of thns code

7 7 3 When radmgraphlc testmg 13 used, thc pro-
cedure and techmque shall ‘be in accordance with
standard mdustry practlceﬁ See ANS!/AWS D1, 1

6 ‘Inspecticn of flare-V- and ﬂare bevel-groove welds or -

ﬁIlet welds by the rad:ographlc testmg me:hod 15, in gen-

+54 3489 492859 Mar.

section 6. except for 6,10, radiceraphic procedure.

for an example of such practice. The standards of

aceeptance shall be in accordance with 44,2 and
4.4.8 of this code.

7.7.4 When magnetic particle testing is used. the

12 ZEE2 §9:57AM P43

provedure and technique shall be in acéordance

- with ASTM E709. Standard Pni( tice fnr \[cu.{ngu(_
Particle Fuunma!wrz and the standard of accep-

ERS

7.7.5 For detecting discontinuities that are operr.
to. the Surface. [iquid penetrant mspecnou may be
used. The standard methods set forth in. ASTM
Specification E165; Standard Practice for Liquid
Penétrant [n_spef[mm shall be used for llqund pene-

::.lmll be in accordance with 4.4 of this code ‘
7.7.6 Persc‘m‘né‘l‘ Qunliﬁcatibn

1.7.6.1
testifig other than visual shall be gualified jmaccor:-

dance with the current edition thhc‘Ameficah So- |

ciety. for Nondestructive Testing's Regommended
Praclice No. SNT-TC-14? Only mdlvnduals quall—

- fied for NDT LEVEL | and working under the

NDT LEVEL H or individuals-qualified "-tfm_:; NDT

, LEVEL I may'perform nondéstructivé‘tés-ti'ng.

7 7.6.2 C¢rtxf‘canon of‘Level [ and Levei ITin=§

dividuals shall be perfbrmed by a Level ITL individ-
ual who has been’ cert:f’xe;d by (l) The American
Soc:cty for Nondcstruchve Testmg, or {2y has the |
education, training, experience, and ‘Has siccess- |

“fully passed.the wnttcn exammatmn prescnbed in|

SNT- TC-lA

eral, nm cOnSIdered feasnble exc¢pt by hlghly spec:ahzcd
techniques, and is not recommended

" 7. Available from the American Socxely f‘dr Nondcstmc-

tive Testing, 4153 Arlmgate Plaza. Columbus Dhib
43228 ’

Personnel performing nondestructive. |

tanee shall be in'accordance with 4.4 of this code, i,

trant inspection. and the standards of acc;ptame .

1
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1 Appendix A
- Sample Welding Procedure Form
; (Nonmandatory Information)

(This Appendix is not a-part of ANSI/. AWS D1 492, Strumtm/ Hc/dum Code — Reintorcing Steel, but is
l . included for information purposes only. y

{ - Welding Procedure Specification, Procedure Quatification Record, and Welder Qualification Test Record
‘ ’ ‘ Specification No,
Ty ‘ : ' S ‘ - Welder
l o PROCEDURE SPECIFICATION o \
T Material spetifivation _ : S Test Results
- ‘ Rebar size : : o : . ‘ - ! Tensile Strength, psi .
1 ‘! Rcbar coating tvpe . : ‘ ‘ ‘ L -
Backing material : - : : i ~ ‘ CL2 :
] Backing size W . ‘ . .. Macroeteh Tests
""" P Welding process _ ‘ L : : . 1. LR
’ Carbon équivalent : o ‘ o . B
} Manual or, maching - ‘ o ‘ Visual Tnspection
" Position of welding : S —_— . Appeardnee
) 0 Filler-metal specification : - o ' Underout
_J .| Fillér metad clasmfcatmn : ‘ B . L " Porosity ___
Shielding gas ‘ : : b : ! | NDT
— . Gas flow rate C ‘ ‘ I . Type .
Y GCE Single or. muitiple pass : ‘ ‘ SV Y. Results .-
b I Single.or multiple arg __ I : N i R :
" |, Welding current ‘ . S . : ‘

- . Polarity

’ ‘ Root. treatment

- I Prebeat and interpass temperature i e _

} | S .. . WELDING PROCEDURE

47 Pass ' | ‘Elect,  Welding Cusfent | -0 ,
No. " Size Amperes | - Voltage ‘ . Joint Detail

6.2.1. We the undersigned certify that the statements made in this record -are gorrect and that the tests were prepared,
~walded, and tested in accorclance with the requirements qi 6.2 DFANSIIAWS D1, 4
Reinforcing Steel.

. } ] This procedure may vary due o fabncanon sequence, fit-up, pass size, etc. Within the Liryitations of‘ Variables gwen m

- Structurai Welding Code -

J Procedure No. : - : _ ‘- Manufacturcr or contracmr
’ ' Revision No, — ‘ - - Authonzed by

. ‘ ' ‘ " Date
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Nominal Dimensions of Standard Remforcmg Bars

(This Appendix 15 not & part DFANS[AWS D1.1-92. Smuluru! Hclc:’m" nch -— Rmz/mww Steel. but i
1m,luded for information purposes onl» }

‘ : Unit Weight . Diameter Cross-Bectional Area
Barsizet Ib/ft © kg/m in. mm in? mm?
3 C . 0.376 0.56 0.375 §.52 R CTH0
4. 0668 S 100 0.500 12,70 0:20 119.0
3 : ’ 1.043 1.55 0.625- 15.88 0.3 2000 .
[ 1.502 2.26 0.750 19.03 0.44 1839
7 : 2.044 3.64 0.873 3332 S 060 3R7.1
8 - 2,670 3198 1.000 25.40° © 0,79 300.7
9 ‘ 3,400 5.07 1128 28.65 T L0 BA5 2.
10 C4.303 6.41 1.270 3226 1.27 T 8194,
11 o 5.313 7.92 1.410 3581 1.36 1006.3
14 ] 7.65 H 40 - . 1.693 43.00 25 145107
18 o 13.60 20.26 2257 . 57.33 4.00 ’580 3

*The nommal dlmensmm of a deformed Bar are equivalent to those ofa pldm round bar havmg the same Wﬂght Der g

foot as the deformed bar.

- #The bar snze number is based on the number of‘ eighths of an’ :nch in the nommal dmmﬂer of the bar..
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Appendlx C

Guudelmes for Preparatmn of Techmcal Inqunrnes for the
‘Structural Welding Committee

(Nonmandatory Informatlon)

(Thls Appendix is not a part of ANSI/AWS D1.4-92, Stmclural He'!a’mg Cude - anlomm: Sree'f but 1:,

included for mFormauon purposes only )

Cl Intruductmn

Thc AWS Board ot Directors has adopted a pol-

“iey whereby all official mterprutatxons of‘ AWS

-standards will be handled in a formal manner. Un-

- der that policy, all mterprctatmns are made by the
. comrmittee that is responsible for the standard. of
" ficial comimunication’ ¢oncerning an interpretation’
is through the AWS staff member who works with'
ihat committee. The policy requires that alt ré-

quests far an interpretation be submitted in writ-
ing, Such requests will be handled as expedltiously
as possnble but dué to the complekity of the work

- and the procedures that must be followed, some in-.
‘ terpretatmns may require c0n51derable tlme

C2.. Pro(:edure
Ail mqumcs must be dlrected to:

Technical Dtrector ‘
Arfierican Weldmg Society
550 M. W LeJeune Road .
Post Office Box 351040
Miami, FL 33135 '

' All mqumes must contam the name, address and

afﬁhanon of the mqulrer and they must provide

enough mformauon for Lhe Commmae to rully un-

‘derstand the point of concern in the aguiry. .|
~ Where that poifit is not clearty defined: the inquiry. |

will be returned for clarification. For efficient han- §.
~dling, alt mqumcs should be thewmtten am:i‘ |
" should also be m the format used hue B

-C2 1 Scope, Each mqunry MAUS. address prig smgl‘e‘ |
' prcwlsmn of the Code, unless the point of the.in- | °
" quiry involves tweror more interrelated pmvlslons ,

That prowsmn must be 1dennﬁed in, the, Scope of |
“the mquzry, ‘along with the edition of the code-that .|,
‘contains the' prowsxons or that the [nqulrer is ad- ‘

dressmg

C2 2 Purpose uf the Inqmry The purpose. of the‘ g

inquiry must hé stated in this portion of the in-

" quiry. The purpose can be either to obtain an inter-
‘pretation of a code wqulrement or to request the
L rev:sxon ofa partncular provmon in thc code. -

C23 Cnntent of the hlquu'y The inquiry. \should
© be concise, yet complete to enable the Committes

to quickly and fully understand the point of the in-. |

' quiry: Sketches should be used when appropriate

and all paragraphs, figures, and tables (or the -ap- .
pendix), which bear on the inquiry st be cited. If
the. pomt of the mquxry is to obtain a revision of
the code, the inquiry ‘ust provxde techmcal Justi-

" fication for that revlsmn :
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C2.4 Proposed Reply. The inguirer should, as a
proposed reply. state an interpretation of the provi-
sion that is the point of the inquiry or the wording
for a propmcd revision, if that is what inquirer
‘Sdbkb

- C3. Interpretatmn of Code ‘
‘Pmnsmns

Interpretatmns of code provisions are made by.
the Structural We!dmg Committee. The secretary
of the committee refers all mqumes to the chair-
man of the particular subcommittee that has | juris-
diction over the portion of the code addressed by
the inquiry. The subcommittes reviews the inquiry
and the proposed re-plv to determine what the re-

. sponse to the inquiry should be. Following the sub-

committae's development of the response. the

[inquiry.and the response are presented to the entire

Structural Welding Committee for review and ap-

proval. Upon appmval by the committee, the inter-

" pretation. will be an official interpretation of the -

American Weldmg Soclety, and the secretary will
jransmyit the response (o the inquirer and to the
Weldmg Joumal for pubhcatlon

. C4 Publlcatmn of Interpretatmns

Au ofﬁcnal mterpretatmns will. appear in the

We!dmg Jouma[

Do+54 3489 4926859 Mar.

C5. Telephone Inquiries

Telephone inguiries 1o AWS Headguarters con-
verning the Serucoral Welding Code should be lim.
ited to questions of a general nature or to matters
directly related to the use of the code. The Board
of Directors’ Policy requires that all szatf members
tespond {o.4 tetyphone request tor an Ofticia) In-

terpretatlon of any A\NS standdrd ‘with thein o=
- mation that such, an mh,rprctanon ¢an be obtained

only through a writien request. AWS Hcadquarum

‘Staffcan not prowde, Loﬂsult!ng services. The staff

can. however. refer a calér 1o any of those consuls

“tants whose names are an trlc at AWS Headquar— .

ters.

. C6 The Structural Weldmg

Commlttee

The, Strua.tural Welding Commiittee's activities,
in regard to interpretations, are hrmted strictly to

“ther lnterpn:tauon of mdc, provisions of to consid-
" eration of revisions to existing provisions on the
basis of néw data or technolog\( Neither the dom-,

mittee nor the staff is in 2 posﬂ it 1o offet inter-

. pretive o consulting sepvices on: (1) spscific
- engineering problems or. (2) cude requxremems ap-
plied to f'abrlcanons outSLde the scope of the’ code

o pmnts noet. snectﬁcally coverﬁd by the codg. In

‘such cases, the tnquirer, Sheuld seek’ ass:stancc]

from a competent engmeer expenenced in the par-
txcular ﬁeld of mterest

12 zZEE2 §9:59AM P47
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Appendix D
~ Safe Practices

‘? . (This Appcndl'( is not a part of A'\I‘SI/-\WS DI, -l 92 Snucuum‘ Hclqu Covele mm Runfmu»w Stecl. hu; s
m(.lude.d for information purpoucs only.) .

g

This appendix covers many ot‘the basic elemehts K
~ of safety general to arc welding procésses, It in--

cludes many. but not all, of the safety aspects re-
lated to structural welding. The hazards that may
be encountered and the practices that will mini-

" mize persohal injury and propertv damage are re-'.

‘ v1ewed here

DI. ‘Ele'ct.ri-.cal‘ Hazards

. Electric shock can kil However. it can be

avoided. Live electrical parts should not be touched.
Read and understand the manufacturer's. instruc-

-~ tions and recommended safe practices. Faulty-in- -

stallation, improper grounding, and ingorrect
Operatmn and mamtenancc of clectncal eguipment
are all sources of danger.

Al electrmal equipment and the workpxcce
should be" gmunded ‘A separate connection is re-

‘quired to ground the workpiece. The work lead :

shouid not be mistaken for a ground connection.
To prevent shock the work area, eqmpment and
- clothing should be kept dry at all times. Dry gloves

© and rubber-soled shoes should be worn. The welder. .

shoyld stand-on a dry board or insulated platform.
_ Cables and ‘connectors should be kept in good
‘ condltlon Worh, damaged or bare ¢ables should

not be used. It case’of electric shock, -the' power’ .

.should be turned off immediately. If the rescuer

| ‘r"nuls‘t_ resort to pulling the victim from the live con-
- “tagt, fionconducting mdterials should be used, A .

physician should be called and CPR continued uri-

til breathmg has beex restored, or unnl a ph»sm.m‘

" has '1rrntd “Sel Referencm 8 9. :md T,

4

- D2. Fumés._a'ﬁdcases |

Many weldmg auttmg dnd alhed processes pro-" '}
duce fumes and gases whlch may be Harmful to
ones health, Fumes originate from welding con-.

_sumables, the. base: metal and any coatings present |,
on’ tht. base metal GaSes are prcrduced dunng thig 7

weldmg process or may be praduced by the effects

. of process radlanon on, the surroundmg environ-
“ment. Evervone assd iated with the wélding opera-

tion should acquamt themselves wuh thc ¢fﬁ,cts of_ '
these fumes and gases.
. The posstbie efFﬁ:cts of over- éxposure to fvmcs

' am:l gases range from irritation of eyes. sk ancl;"

respiratory system 'to. fiore severe comphcanons .
Effects may occur 1mmedtatcly or at some later
time. Fumes can’ cause symptoms such as nausea .y

‘ headache's, d:zzmess ‘and métal furme Fé-:ver

Sufficient ventilation, exhaustat the arc. of both .

should be used to keep fumes and gases frem -} )

breathmg zones and the. general work area. ) ]
- For. more detailed mformatmn on. fumes and

. gases produced by, the vancms welding processcs ey
see References l, 5 and 15

D_3. 'Ndise

- Excessive noise is a known health hazard. Expo-

- sure to exqessive nioise can calse a.1oss of hearing:

37
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This loss of hearing can be vither full or partml and
remporary ot permanent. Excessive noise ad-
varselv affects heariag L:xpabﬂuv In addition.
there i evidence that excessive noise affects other
hodily functions and behavior,
Personal protective devices such as gar muffs or
Ceat plugs may be employed. Generally. these de-
vices dre only accepted when engineering controls
are not” tullv effective, For more mtormanon s
Rt.ferc-.'nce&, 1 and 135

D4 Burh Protection

- Molten metal, sparks. slag, and hot work surfaces

are prodiced by, weldmg cutting. and allied pro--
‘cesses, These can cause bums if ‘precautionary
measures are not used.

'Workers should wear protective clothmg made of
fire retardant material. Pant cuftfs or clothing with
open pockets or other places on clothing that can
catch and retain molten metal or sparks should not -
bﬂ worn. High-top shoes or leather leggings and fire
retardant gloves should be worn. Pant legs’ should

be worn over the outside of high- top boots. Hel-

mets or. hand shields that provide protection for-
the face, neck, and ears should be'worr, a8 wellasa’
head covering 1o protest the head; Clothmg shiculd

be kept. frée of grease and oil. Combustible materi- -

"als'should not be carried in pockets. [fany ¢ombus:
tible substance is spilled on c:lothmg, it should be

teplaced with clean fire retardant clothmg béfore

working with open arcs ¢r, flame..

Appropriate eye proteéction should be used at all
times. Goggles or equivalent also a.hould be wormn to

give added eye protection.
Insulated gloves should be worn at all. times

whe in contact with hot 1tem3 or handhng électn-' '

“cal equipment..

For more: detanlo:d informauon on per::onal pro— o
tectién, Referenccs 1, 6 8 and 15 should be con— .

sulted.

' D5. ‘Fii"e ' Pi‘eVe‘nﬁfm

‘ Molten metal, sparks, slag, arid hot work surfaces.
are produc:ed by ‘welding, cutting, and allled pro-
cesses. These can cause fire or explosmn 1f precau-.

tionary measures are not used.
Explosions have occurred where weldmg or

cutting. has been performed in spaces containing -

flammable gases, vapors, liquids, or dust. Al
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combustible material showld be removed from the
work area. Where possible. mave the work to a lo-
cation well away from gombostible materials, 1
neither action 1% possible, gumbustiples should be
protected with a cover of fire retardant material,
All combustible muterials should be removed or:
safely protecied within a radius of 'h fr (11, m)
around the work area.

Welding or cutting should not e, donc. in atmo-
spheres vontaining dangqmusl» reactive. ot tlam-
mable gases, vapors. 11qu1ds or du:st Hedt slwuld

not be applied to a Lontamr:r that has held am LTt- '

known substance or 2 combustible material and
whose contents; when heated can produce flamma-
ble or explosive vapors, Adequate \.entllatmn
should be provided in work areas to prevent accu-

‘mulation of flammable gases, vapors or dusts. Con- " |.
tainers should be cleaned and purged beforL s
.applying heat,

For more detailed information on fire hazards

from’ we{dmg and cutting opc:ralmns. see Reﬂ,r- '

enc«,s 2.8, and 15

Vi

Do6. Radiatlon

Welding, cutting. and athed operanons may pro-

duce radiant energy (radnatnon) harmfulto health

" Everyone associated with the welding opemtlon
should acquamt themqeh es wnth the effecta Df thls; ‘

radiant energy.

'Radiant energy may be mmzmg (such as X ravs) ‘
or nonionizing (such as-ultraviolet. visible llght or

infrared). Radiation can. produce a variety of ef-
fects such-as skin burns and eye damage, If exces-
sive exposure OCCurs. )

Some processes such as resmtante welding and 1
cold: preSSurf: welding ordmanly pmducc neghglble ‘

quantities of radiant energy. However, most are
welding and cutting processes. (except submerged

arc when used properly), laser welding and torch -
weldmg, cuttmg brazing, or. soldermg can produce.
quantitics of nonionizing radiation such ‘that pre-.

‘cautmnary Measures are. ﬂCCﬂSSﬂ[’y

. Protection from possible . harmful rad:atlon efﬁ‘
‘ fccts include the following: TR o
(1) Welding arcs should: not be. v1ewed except

through welding filter plates (see Referencc 3)

Transparent weltding curtains are not mtended as
weldmg, filter plates, but rather are mtendud to pro— N

tect passersby from incidental exposure. .

(2) Exposed skin shonld be protected with ade-
quate gloves and c!othmg as specnﬁed See Refer- _
ence 8

[
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D N {3) The casual passerby 1o wetding operations American, Welding 'Souim _[_'mmw w:r/ AT
Y shoutd be prmeu\.d by the use of serdens.curtains. in r/u welding ummmmnt |
© or adequate’ distance from. alsles, walkways. ete, Flonda: Amerieun Welding ‘Sou
() Sately glasses with Uilrm Talet prc)tutn:, side 6. Vet /nr sourted len
shiclds hm; bggn shiown o provide =ome beneli- el are ua/c/w '-cmc/ o
, © b clal protection Frum ultmvml;t mdmtmn produud OANSIAWS Fﬁ.l
FJ ) m.[dmg ares. L ing QOCM)
[ R P o o SO T ‘R(“L"(H‘ i,

‘ '-‘.;mupcnuurm /r -

tig; 'c:ondi Qf!S’. DR o :
e complete, nfmmdtmn the wser should‘ I
reter tcv Ref‘ emcséi lO ll 12. and 16 :
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