1426 8. Polk
Dallas, Texas 75224

4 /9U6-9kl6
(CITIZENS ASSN.FOR SOUND ENERGY) /77
May 14, 1984

Docketing and service Section
Office of the Secretary

U. S. Nuclear Reguliatory Commission
Washington, D. C. 20555

Dear Sir:

Subject: In the Matter of
Application of Texas Utilities
Electric Company, et al. for
An Operating License for
Comanche Peak Steam Electric
Station, Urnits #1 and #2 (CPSES)
Docket Nos. 50-445-1 and 50-446-1

Affidavit of CASE Witness Jack Doyle

We are attaching the original signed and notarized Affidavit of CASE
Witress Jack Doyle.

Please note that Mr. Doyle has included as part of his Affidavit the
SUMMARY portion of CASE's 5/14/84 ANSWER TO APPLICANTS' MOTION FOR SUMMARY
DISPOSITION OF CERTAIN ALLEGATIONS REGARDING AWS AND ASME CODE PROVISIONS
RELATED TO WELDING ISSUES, and the entire CASE'S ANSWER TO APPLICANTS'
STATEMENT OF MATERIAL FACTS AS TO WHICH THERE IS NO GENUINE ISSUE. We are
also attaching copies of these documents.

Please also note that, as indicated in the attached letter dated 5/14/84 to
the Licensing Board and parties in the hearings, Mr. Doyle telephoned me
after our pleadings had already been typed, printed, and collated, and
stated that he wished to add one additional reference which was
inadvertently omitted. Page 9 of CASE'S 5/14/84 ANSWER TO APPLICANTS'
MOTION FOR SUMMARY DISPOSITION etc. has been revised and is attached to our
5/14/84 letter. We are also attaching a copy of our letter and the revised
page 9.

Sincerely,

CASE (Citizens Association for Sound

Energy)
el

Mrs.) Juanita Ellis
President

cc: Service List

458 840514 1
POk CADOCK 03000445
e PDR
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SECTION XI: WELD CALCULATIONS
GENERAL

This section supplements weld size requirements as addressed
in referance "C".

REFERENCES
A. Design of Welded Structures, Blodgett
B. AISC Handbook (7th Edition)

C. ASME Section III Division 1 1974 Edition with Winter 1974
Addendum.

D. American Welding Society Code D1.1
PROPERTIES OF WELDS

For analysis of a weld, the weld will be considered as a line.

Some general configuratfons tased upon this assumption with their
corresponding properties are indicated in figure 1.

Weld Size Selection

The calculated weld size is found by determining the actual re-
sultant force on the weld and comparing it to the allowable force
for that weld size.

Tzf largest loads are to be used when determining the required weld
size.

The allowable stress for linear component support welds shall be
in accordance with Table NF-3292.1-1.

The minimum weld based upon structural member thickness is as
inidcated in figure 2.

Skewed Joints

Fillet welds may be uscdozt skewed joints where the cng\a is
equal or greater than 60° but less than or equal to 135%.
(Figure 3)



3.3

3.4

R.io ‘
SECTION XI

If a member is to be joined at an anglo greater than 30° or less
than 60°, a bevel groove weld fs to be used. (See Figure 3). The
effective throat fs indicated tn parentheses.

If a member fs to be attached at an angle greater than 1359, the
member should be machined to yteld an angle less that 1359 but
greater than 60°. (See Figure 3.)

Welding of Structural Tubes 2

When two tubes of equal size are welded together, a flare beve)
::ld sh:uld be specified. The effective throat is as shown in
gure 4,

When two tubes of unequal size are welded together, a fillet
weld shall be specified in al) cases. The effective throat
is indicated in Figure 5.

For combined fillet and flare bevel welds the effective throat
is as indicated in Figure 6.

Meld Symbols

Subsection NF weld inspection procedure paragraphs must be specified
in the tail of the weld symbol using the following codes:

52
=g ~wpr—

ASME CLASS "A*  NF- 5232 | # SUPPORT TYPE "g"

] ] Y Plate & Shell 1

248 M 2 » Linear 2

3 3 N, Component Std. 3

::.Nriuold symbols are required for class § supports or for welds to
pipe.

Only welds that connect two plate and shell elements shali be desig-
nated as plate and shell,
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(_ Two Structural Tubes of Equal Size.

Effective throat “te” for

design be:
® te= 25t2 or ‘l

whichéver is less.

| NF oty
t. A

rtlur. 5

Two Structural Tubes of Unequal Size

A
/

TET\

1/8" max.

45° min., .o )\

.
IJ |
R

7.

(1=t min.)

- J D ¥
u--n--u----..1!gziii:llz!r....,......., . - o
Effective Throat = 0.707 W t = Thickness of thinner material
To be used only when the ratio Effective Throat = ¢ ,
of % < 0.8 ; To be used when the ratio of % >

0.8 or when calculations dictate an
( Effective Throat = t. Show the Mt
leg 4im. on the hgr. "dwg.
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lloy Steels 63.25

dly as pc e, cor ent with d gouging practice, &

input Gouging with an oxygen-cutti rch should not be

because of the danger of overheating quenched and tempered steel

Postweld Heat Treatment

Experier

6va )
hness of both the weld metal and heat-affected zone

extent of this impairment 15 grealer w th the slow cooling rate

stress relief. Also of concern when weldments are given =u h a heat treat

is that intergranular cracking may occur in the grain-coarsen d region

ted zone. When it does occur, this type ol cracking occurs

during the early stages of the heat treatment before the high residual stresses

from welding have been significantly reduced. The mechanism 18 one of stress

rupture. This type of cracking has been prevented from occurnng al the toes
of fillet welds by properly contouring the welds to minimize stress concentra-
tions, by peening at the toes of the welds. or by depositing weld metal whose
elevated-temperature strength 1s significantly lower than that of the base met il
heat-affected zone

Stress relief may be required for weldments that must retain dimensional
stability during machining, or where stress corrosion may be involved, although
peither of these requirements is unique 10 quenched and tempered steels The
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Table 2.314
Effective throats of flare groove welds

Flare-bevel- Flare-Vv-

groove welds groove welds  °*

All diam bars

516 R V2 ke

Noie: R = radius of bar.
*Except M8 R for GMAW 1except shont circuiting transfer)
process with bar sizes | in. (25.4 mm) diam and over.

Part C
Details of Welded Joints

2.6 Joint Qualification

2.6.1 Joints meeting the following requirements are des-
ignated as prequalified.

1) Conformance with the details specified in 2.7
through 2.10 and 10,13

(2) Use of one of the following welding processes in
accordance with the requirements of Secuions 3, 4, and 8,
9, or 10 as applicable: shielded metal arc, submerged are,
gas metal arc (except short circuiting transfer), or flux
cored ar¢ ‘velding,

2.6.1.1 Joints meeting these requirements may be used
without performing the joint welding procedure qualifi-
cation tests prescribed 10 8.2,

2.6.1.2 The joint welding procedure for all joints
welded by short circuiting transfer gas metal are welding
(see Appendiv D) shall be qualified by tests prescribed in
53

2.6.2 Joint detarls may depart from the details prescribed
in 2.9 and 2.10 and in 10.13 only if the contractor submits
to the Engineer his proposed joints and joint welding
procedures and at his own expense demonstrates their
adequacy In accordance with the requirements of 5.2 of
this Code and their conformance with applicable provi-
sions of Sections ) and 4

2.7 Details of Fillet Welds

221 The details of fillet welds made by shielded metal
arc, submerged are, gas metal are (eacept shont circuiting
tramsfer), or flux cored are welding to be used without
joint welding ure qualifications are listed in 2.7.1 1
through 2.7.1.5 and detailed in Figs. 271 and 1013 8,
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welds may

be used along
- these ends

Note: The effective area of weld 2 shall equal that of weid 1,
but its size shall be its effective size plus the thickness of the
filler T,

Fig. 2.4.2~Fillers less than 1/4 in. thick
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be uwd
along these A
endy pom— - -
1 e |
Notes

1. The effective ares of weld 2 shall saual that of weld 1. The
tength of weid 2 shall be sutfic ent 13 avaid overstreming the
filler in shear along planes x x

2. The eftective ares of we'd 3 shall ot least equal that of weid |
and there shall be no overstress of the ends of weld J resuiting
from the eccentricity of the forces acting on the filler

Fig. 2.4.3<Fillers 1/4 in. or thicker

2211 The minimum fillet weld size, exeept for fillel
welds used to reinforce groove welds, shall be as shown in
Table 27

2.7.1.2 The maximum filler weld size permitted along
edges of material shall be

(1) the thickness of the base metal, for metal less than
174 0, (6.4 mim) thick (see Fig. 271, detail A).

(2) 116 in, (1.6 mm) less than the thickness of base
metal, for metal 1/4 in. (6.4 mm) or more in thickness
(see Fig. 271, detnil 1), unless the weld is designated on
the drawing 1o be built out to obtain full throat thickness.




transfer), or flux cored arc welding processes are listed in
282 through 28.8 and 3.3.1 and may be used without
performing the joint welding procedure qualification pre-
scribed in 5.2, provided the techmique provisions ¥ 4.21
or4.22, as applicable, are complied with.

2.8.2 The minimum diameier of the hole for a plug weld
shall be no less than the thickness of the part containing it
plus 5/16 in. (8.0 mm), preferably rounded to the next
greater odd 1716 in. (1.6 mm). The maximum diameter of
the hole for a plug weld shall not be greater than 2-1/4
times the depth of filiing.

2.8.3 The minimum center-to-center spacing of plug
welds shall be four times the diameter of the hole.

2.8.4 The length of the <lot for a slot weld shall not exceed
ten times the thickness of the part containing it. The width
of the slot shall be no less than the thickness of the pant
containing it plus 5/16 in. (8.0 mm), preferably rounded
to the next greater odd 1/16 in, (1.6 mm), nor shall it be
greater than 2-1/4 times the depth of filling.

2.8.5 Plug and slot welds are not permitted in quenched
and tempered steels.

Table 2.7
Minimum fillet weld size for prequalified joints

Base metal thickness of
thickes part jointed (T)

Minimum size
of fillet weld®

in mm n. mm

T=1/4 T= 6.4 1/8°° k)
14<T&1/2 64<T=12.7 316 S { Single-pass
12<T=w}4 12727190 114 6 ( welds must
34<T 19.0<T s/i6 8 be used

*Except that the weld size need not exceed the thickness of
the thinner part joined. For this exception, particular care
should be taken to provide sufficient preheat to ensure weld
soundness,

** Minimum size for bridge applications is 3/16 in.

2.8.6 The ends of the slot shall be semicircular or shall
have the corners rounded to a radius not less than the
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thickness of the part containing it, except those ends
which extend to the edge of the part.

2.8.7 The minimum spacing of lines of siot welds in a
direction transverse to their length shall be four times the
width of the slot. The minimum center-to-center spacing
in a longitudinal direction on any line shall be two times
the length of the slot.

2.8.8 The depth of filling of plug or slot welds in metal
5/8 in. (15.9 mm) thick or less shall be equal to the thick-
ness of the material. In metal over 5/8 in. thick, it shall
be at least one-half the thickness of the matenal but no
less than 5/8 in.

Legend for Figs. 2.9.1 through 2.10.1

Symbols for joint types
B-butt joint
C~comer joint
T-Tjoint
BC~butt or comer joint
TC~T- or corner joint
BTC-butt. T-, or corner joint

Symbols for base metal thickness and penetration
L-limited thickness=complete joint penetration
U~unlimited thickness -complete joint penctration
P-partial joint penztration

Symbols for weld types

| =square-groove
2-single-V-groove
J-double-V-groove
4-single-bevel-groove
$-double-beve!l-groove
6-single-U-groove
7-double-U-groove
8-single-J-groove
9-double-)-groove

Symbols for welding processes if not shielded metal arc
S-submerged ar¢ welding
G- gas metal arc welding
F-flux cored arc welding

The lower case letters, ¢.g.. 4, b, ¢, ete., are used to differentiate
between joints that would otherwise have the same joint
designation.
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or 5% of the thickness, whichever is smaller, nor leave
reinforcement that exceeds 1/32 in. However, all rein-
forcement must be removed where the weld forms part of
a faying or contact surface. Any reinforcement must blend
smoothly into the plate surfaces with transition areas free
from edge weld undercut. Chipping may be used provided
it is followed by grinding. Where surface finishing is
required. its roughness value’ shall not exceed 250 pin.
(6.3 um). Surfaces finished to values of over 125 uin. (3.2
um) through 250 win. shall be finished paraliel to the
direction of pnmary stress. Surfaces finished to values of
125 win. or less may be finished in any direction.

3.6.3.1 Ends of butt joints required to be flush shall be
finished so as not to reduce the width beyond the detailed
width or the actual width fumished. whichever is greater,
by more than 1/8 in. (3.2 mm) or s0 as not to leave
reinforcement at each end that exceeds 1/8 in. (3.2 mm).
Ends of welds in butt joints shall be faired to adjacent
plate or shape edges at a slope not to exceed 1 in 10.

3.6.4 Welds shall be free from overlap.

3.7 Repairs

3.7.1 The removal of weld metal or portions of the base
metal may be done by machining, grinding, chipping,
oxygen gouging, or air carbon arc gouging. It shall be
done in such a manner that the remaining weld metal or
base metal is not nicked or undercut. Oxygen gouging
shall not be used in quenched and tempered steel. Unac-
ceptable portions of the weld shall be removed without
substantial removal of the base metal. Additional weld
metal to compensate for any deficiency in size shall be
deposited using an electrode preferably smaller than that
used for making the original weld, and preferably not
more than 5/32 in. (4.0 mm) in diameter. The surfaces
shall be cleaned thoroughly before welding.

3.7.2 The contractor has the option of either repairing an
unacceptable weld or removing and replacing the entire
weld, except as modified by 374. The repaired or re-
placed weld shall be retested by the method originally
used, and the same technique and quality acceptance
criteria shall be applied. If the contractor elects to repair
the weld, it shall be corrected as follows:

3721 Overlap or Excessive Convexity. Remove ex-
cess weld metal,

37.2.2 Excessive Concavity of Weld or Crater, Un-
dersize Welds, Undercutting. Prepare surfaces (see 3.11)
and deposit additional weld metal.

3.7.2.3 Excessive Weld Porosity, Excessive Slag Inclu-
sions, Incomplete Fusion. Remove unacceptable por-
tions (see 3.7.1) and reweld.

3.7.2.4 Cracks in Weld or Base Metal. Ascertain the
extent of the crack by use of acid etching, magnetic

7 ANSI B46.), Surface Texture, in microinches (win. )

Workmanship |41

particle inspection, dye penctrant inspection, or other
equally positive means; remove the crack and sound metal
2in. (508 mm) beyond each end of the crack, and reweld.

3.7.3 Members distorted by welding shall be straightened
by mechanical means or by carefully supervised applica-
tion of a limited amount of localized heat. The tempera-
ture of heated areas as measured by approved methods
shall not exceed 1100° F (590° C) for quenched and tem-
pered steel nor 1200° F (650° C) (a dull red color) for
other steels. The part to be heated for straightening shall
be substantially free of stress and from external forces,
except those stresses resulting from the mechanical
straightening method used in conjunction with the appli-
cation of heat.

3.7.4 Prior approval of the Engineer shall be obtained for
repairs to base metal (other than those required by 3.2),
repair of major or delayed cracks, repairs to electroslag
and electrogas welds with internal defects, or for a revised
design to compensate for deficiencies.

3.7.5 The Engineer shall be notified before improperly
fitted and welded meémbers are cut apart.

3.7.6 If, after an unacceptable weld has been made, work
is performed which has rendered that weld inaccessible or
has created new conditions that make correction of the
unacceptable weld dangerous or ineffectual, then the orig-
inal conditions shall be restored by removing welds or
members or both before the corrections are made. If this
1s not done, the deficiency shall be compensated for by
additional work performed according to an approved re-
vised design.

2177 Restoration of Unacceptable Holes by Welding.
When base metal with punched or drilled mislocated
holes is to be restored to jts onginal condition by welding,
the following requirements shall apply:

(1) Restoration by welding is not recommended unless
required for structural reasons,

(2) Holes in material not subject to tensile stress may
be restored by welding, provided that weld soundness is
verified by either radiographic or ultrasonic inspection to
the acceptance criteria for compressive stresses.

(3) Restoration of holes by welding in material subject
to tensile stress is prohibited, except when approved by
the Engineer and the weld soundness is verified by cither
radiographic or ultrasonic inspection to the acceptance
cntena for tensile stresses.

(4) Prior to restoration of mislocated holes in a produc-
tion member, a welding procedure specification shall be
prepared setting forth the welding procedure, technique,
materials, and representative joint geometnes to be used
for the restoration. Sample welds shall be made following
the welding procedures specification. The sample weld in
any matenal shall meet the soundness criteria of (2) or (3)
above as applicable. For restoration of mislocated holes
in quenched and tempered steel, sufficient additional
samples shall be prepared to perform the following me-
chanical tests:
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No. of tests Type of test
I Reduced section tension
test "
2 Side-bend tests '
3 Longitudinal Charpy V-

notch tests. (The Charpy V-
notch to be located in the
heat-affected zone and nor-
mal to the section or plate
surface.

(5) The welding procedure specification and all test
results shall be approved by the Engineer pnior to restora-
tion welding on a production member. Production welding
shall be done in accordance with the established welding
procedure specification and within the limitation of vari-
ables set forth in 5.5 of this Code. The Engineer should
accept documented evidence of previously satisfactonily
tested sample welds.

(6) Weld surfaces shall be finished as specified in3.6.3,

3.8 Peening

3.8.1 Peening may be used on intermediate weld layers for
control of shrinkage stresses in thick welds to prevent
cracking. No peening shall be done on the root or surface
layer of the weld or the base metal at the edges of the weld
except as provided in 10.7.5(3). Care should be taken to
prevent overlapping or cracking of the weld or base metal.

3.8.2 The use of manual slag hammers. chisels. and light-
weight vibrating tools for the removal of slag and spatter
is permitted and 1s not considered peening.

3.9 Caulking
Caulking of welds shall not be permitted.

3.10 Arc Strikes

Arc strikes outside the area of permanent welds should be
avoided on any base metal. Cracks or blemishes caused
by arc strikes shall be ground to a smooth contour and
checked to ensure soundness.

3.11 Weld Cleaning

3111 In-process Cleaning. Before welding over previ.
ously deposited metal, all slag shull be removed and the
weld and adjacent buse metal shall be brushed clean. This

requirement shall apply not only to successive layers but
also 1o successive beads and to the crater area when
welding is resumed after any interruption. It shall not,
however, restrict the welding of plug and slot welds in

_accordance with4.21 and 4.22,

3.11.2 Cleaning of Completed Welds. Slag shall be re-
moved from all corgpleted welds and the weld and adja-
cent base metal shall be cleaned by brushing or other
suttable means. Tightly adherent spatter remaining after
the cleaning operation is acceptable unless its removal is
required for the purpose of nondestructive testing. Weldad
Joints shall not be painted until after welding has been
completed and the weld accepted.

3.12 Weld Termination

3.12.1 Welds shall be terminated at the end of ajointina
manner that will ensure sound welds. Whenever neces-
sary. this shall be done by use of extension bars and runoff
plates.

3.12.2 In building construction. extension bars or runoff
plates need not be removed unless required by the
Engineer.

3.12.3 In bridge construction, extension bars and runoff
plates shall be removed upon completion and cooling of
the weld, and the ends of the weld shall be made smooth
and flush with the edges of abutting parts.

3.13 Groove Weld Backing

3.13.1 Groove welds made with the use of steel backing
shall have the weld metal thoroughly fused with the
backing.

3.13.2 Steel backing shall be made continuous for the full
length of the weld. All necessary joints in the stezl back-
ing shall be complete joint penetration welds in butt joints
meeting all the workmanship requirements of Section 3
of this code.

13.3 Bridge Structures. On bridge structures, steel
backing of welds that are transverse to the direction of
computed stress shall be removed and the jonts shall be
ground or finished smooth. Steel backing of welds that
are parallel to the direction of stress or are not subject io
computed stress need not be removed, unless so specified
by the Engineer.

Where the steel backing of longitudinal welds in bridge
struciures is externally attached to the base metal by
welding, such welding shall be continuous for the length
of the backing.

3.13.4 Buildings and Tubular Structures. Steel backing
of welds used 'n buildings or tubulur structures need not
b remoned. unless required by the Engineer
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Table 8
Equivalent fillet weld leg size factors for skewed T-joints

Dihedral angle, ¢ 60 65 70 78 R0 8S 90 98
Comparable fillet we'd
size for same strength 071 0.76 0.81 0.86 0.91 0.96 100 103

Dihedral angle, & 100 108 110 115 120 125 130 138
Comparable fillet weld
size for same strength 1.08 N 1.16 1.19 .23 1.28 1.28 1.3}

For fillet welds having equal measured legs (wy), the
distance from the root of the joint to the face of the dia-
grammatic weld (t,) may be calculated as follows:

For gaps>1/16 in. and <3/16 in.. use

lo = Wp ‘Eg

2 sin

For gaps<1/16 in., use
g =0andt'y, =1,

where the measured leg of such fillet weld (wy) is the
perpendicular distance from the surface of the joint to the
opposite toe, and (g) is the gap, if any, between parts.
See Fig. 2.7.1. Acceptable gaps are defined in 3.3.1.
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Foreword

This commentary on AWS DI 1-81, Structural Weld-
ing Code~Stecl, has been prepared (o generate better
understanding in the application of the Code to welding
in steel construction.

Since the Code is written in the form of a specification,
it cannot present back ground material or discuss the Com.
mittee’s intent; it is the function of this commentary to
fill this need.

Suggestions for application as well as clarification of
Code requirements are offered with specific emphasis on
new of revised sections that may be less famaliar to the user.
- Since the publication of the first edition of the Code,
the nature of inquiries directed to the American Welding
Society and the Structural Welding Commuttee has indi+
cated that there are some requirements in the Code that
are either difficult to understand or not sufficiently speci-
fic. and others that appear to be overly conservative.

It should be recognized that the fundamental premise
of the Code is to provide general stipulations applicable
1o ary situation and to leave sufficient latitude for the
exercise of engineering judgment.

Another point to be recognized 15 that the Code repre-
sents the collective experience of the Committee and while
some provisions may seem overly conservative, they
have been based on sound engineering pragtice,

The Commitiee, therefore, believes that a commentary
is the most suitable means to provide clurification as well
as proper interpretation of many of the Code requirements.
Obviously, the size of the commentary had to impose some
limitatio=s with respect 1o the extent of coverage.

This commentary is not intended to provide a historical
background of the development of the Code, nor is it in-

tended to provide a detailed resume of the studies and
research data reviewed by the Committee in formulating
the provisions of the Code.

nerally, the Code does not treat such design connid
erations as loading and the computation of stresses for the
purposes of proportioning the load-carrying members of
the structure and their connections. Such conniderations
are assumed 10 be covered elsewhere, in a generil build-
ing code, bridge specification, or similar document. As an
exception. the Code does provide allowable stresses in
welds, fatigue provisions for welds in and tubular
swuctures, and strength Linitations for t connections.
These provisions are related 10 particular properties of
welded connections,

The Commitiee has endeavored 1o produce & useful
docurnent suntable in language, form, and coverage for
welding in steel construction. The Code provides a means
for establishing welding standards for use in design and
construction by the owner or his designated representa:
tive. The Code incorporates provisions for regulation of
welding that are considered necessary for public safety.

The Commuttee recommends that the ow ner of owner’s
representative be guided by this commentary in appli-
cation of the Code to his welded structure, The commaen-
wary is not intended to ngrtmm Code requirements,
but only to provide a useful document for interpretation
and application of the Code; none of s provisions are

bi
C%wmmm to this commentary of
nmcwmm.mhhwnudu

Secretary, Structural Welding Comumittee, American Weld:



Preface

It is the intention of the Structural Welding Commitiee Changes in the commentary from the fin! edition have
0 revise the commentary on an annual basis so that  been indicated by & single vertical line that appears in the
commentary on the changes to the Code can be prompily margin immediciely adjacent to the paragraph affected
supplied to the user. In th's manner, the commentary Changes 10 tables and figures, as well as new tables or
will always be current with the edition of the Structural new figures, have not been so indic ated

Welding Code = Sieel with which it i« hound

: M



Commentary on
Structural Welding Code~Steel

1. General Provisions

Note: All references to numbered paragraphs, tables, and figures, unless
otherwise indicated, refer to paragraphs, tables, or figures in AWS DI.1,
Structural Welding Code = Steel. References to paragraphs, tables, or
Sigures in this commentary are prefived with a C. Hence, Fig. 8.8.5
is in AWS DI, while Fig. C8.8.5 is in this commentary.

L1 Application

The Structural Welding Code, hereinafter referred to as
the Cade, pros ides welding requirements for the construc:
ton of seel structures. 1t is intended to be complementary
with any general code or specification for designh and con-
struction of stee] structures,

This Code was specifically writien for use in the con
struction of bulldings, bridges, of tubular structures, but ity
pros isions are genarally app'icable to any stee! structure.

When using the Code for ather structures, owners,
architects, and engineens should recognize that not all of
it provisions may be applicable or suitable o their
particular structure. Howerer, any modifications of the
Code deemed necessary by thes authorities should be
clearty referenced in the contractual agreement between
the ow ner and the contractor.'

1.2 Base Metal®

The ASTM A6 and A20 specifications govemn the de+
livery requitements (or steels, provide for dimensionsl
tolgrances, delineate the quality requirements, and out-
line the type of mill condiiioning.

Material used for structural applications is usually fur.

tesponibly '
term s wsed collectively 1o mean contractorn Tabricaton eretor,
Manulacturer el

Simce all sieel specificat one approved by the Code for use
buikdings Bridges. and 1ubular sructures are listed in 10 2,

nished in the as-rolled condinon. The Engineer should
recognize that surface imperfections (seams, scabs, ¢tv.)
acceptable under A6 and AJ0 may be present on the mas
tenial received at the fabricating shop. Special surface
finish quality, when needed in as-rolled products, should
be specified 1 the information furnished 19 the idders,

1.3 Welding Processes

Certain shieldd metal are. submerged arc. gas metal
are (encluding the short circuiting mode of metal transfer
across the arg), and (lux vored are welding procedures in
conjunction with certun related types of joints have been
thoroughly tested nnd have a long record of proven satis:
factory performance These welding procedures and joints
are designated as prequahified and may be used withowt
tests or qualification (vee 8.1 and 5.2).

Prequalified provisions are given in Section 2, Pre-
qualified Joint Details. Section 1, Workmanship, and
Secvon 4, Technigue. Section 4 includes welding pro.
codures, with specific reference to preheat, filler metals,
electrode size, and other pertinent requirements. Addi
tional requirements for prequalified joints in tubular ¢con.
struction are given in Section 10,

The use of prequalified joints ar | procedures does not
necessanily guarantee sound welds, Fabrication capability
s still required together w ith ¢ifective and know led geable
welding zmm to conistently produce sound welds.

The Code does not prohibit the wse of any welding
process. It whvo imposes a0 limitation on the use of any

other type of jont; nor does it impose any -
strictions on any of the welding processes. It provides for
the of such joints, welding .
provedures on the basis of a suceessiul by the

of the Codde (e 5.0)




2. Design of Welded Connections

2.1.3 The engineer preparing contract design drawings
cannot specify the depth of groove (S) without knowing
the welding process and the position of welding. The Code
is explicit in stipulating that only the effective throat (E)
is 10 be specified on design drawings for partial joint pene-
tration groove welds (2.1.3.1). This allows the contractor
to produce the effective throat by assigning a depth of
preparation 1o grooves shown on shop drawings as related
to his choice of welding process and position of welding.

The root penetration will generally depend on the angle
subtended at the root of the groove in combination with the
root opening, the welding position, and the welding pro-
cess. For joints using bevel- and V-groove welds, these
factors determine the relationship between the depth of
preparation and the effective throat for prequalified partial
joint penetration groove welds.

2.5 Partial Joint Penetration
Groove Welds

A parnal joint penetration groove weld has an unwelded
portion at the root of the weld. This condition may also
existin joints welded from one side without backing, and,
therefore, the Code considers them partial joint penetra-
tion groove wzlds except 2s modified in Section 10
(10.12.4).

The unwelded portions are no more harmful than
those in fillet welded joints. These unwelded portions
constitute a stress raiser having significance when fatigue
loads are applied transversely to the joint. This condition
is reflected in the applicable fatigue criteria.

However, when the load is applied longitudinally, there
is no appreciable reduction in fatigue strength. Irrespec-
tive of the rules governing the service application of these
particular grooves, the eccentricity of shrinkage forces in
relation to the center of gravity of the material will result
in angular distortion on cooling after welding. This same
eccentricity will also tend to cause rotation in transfer of
axial load transversely across the joint. Therefore, means
must be applied to restrain or preclude such rotation, both
during fabrication ¢nd in service.

-
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2.7.1 Minimum Fillet Weld Sizes for Prequalified
Joints. The Code specifies the minimum fillet weld size
znd requires that this size be made in a single pass. This
provision is intended to ensure sufficient heat input in
order to reduce the possibility of cracking in either the
heat-affected zone or weld metal, especially in a restrained
joint. The minimum size applies if it is greater than the
size required to carry design stresses.

The intent of Table 2.7 is further clarified as follows:
Base metal thickness of 3/4 in. (19 mm) and under are
exempt from preheat in accordance with Table 4.2. Should
fillet weld sizes greater than the minimum sizes be re-
quired for these thicknesses, then each individual pass of
multiple-pass welds must represent the same heat input
per inch of weld length a provided by the minimum fillet
size required by Table 2.7.

2.8 Plug Welds and Slot Welds

Plug and slot welds conforming to the dimensional
requirements of 2.8, welded by techniques prescribed in
Appendix A, and using materials approved by 8.2, 9.2, or
10.2, are considered prequalified and may be used with-
out performing joint welding procedure qualification tests.

2.9.4-2.10.5 Corner Joint Details. The Code permits an
alternative option for preparation of the groove in one or
both members for ali bevel- and J-groove welds in comer
joints as shown in Fig. C2.9.4.

This provision was prompted by lamellar tearing con-
siderations permitting all or part of the preparation in the
vertical member of the joint. Such groove preparation
reduces the residual tensile stresses, arising from shrinkage
of welds on cooling, that act in the through-thickness direc-
tion in a single vertical plane, as shown in prequalified
comer joints diagrammed in Figs. 2.9.1 and 2.10.1. There-
fore, the probability of lamellar tearing can be reduced for
these joints by the groove preparation now permitted by
ths Code. However, some unprepared thickness, “a," as
shown in Fig. C2.9.4, must be maintained to prevent
melting of the top part of the vertical plate. This can easily
be done by preparing the groove in both members (angle 8).
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preferred analysis listed. Sulphur content of these steels
is usually below 0.035%, although the specification
limits permit as much as 0.050%.

Continued progress is being made in metaliurgical
control of steel. as well as in the development of weld-
ing processes, electrodes and fluxes. This tends to
broaden the range of “weldability” with respect to steel
analysis.

The six basic ASTM-specification construction
steels usually do not require special precautions or
special procedures.

However, when welding the thi er plates in even
these steels the increased rigidity .nd restraint and
the drastic quench effect makes the use of the proper
procedure vitallv important. In addition, thick plates
usually have higher carbon content.

We also have an increase in the use of higher
strength low alloy steels and the heat treated very high
vieid strength steels. These steels have some elements
n their chemistry that exceed the ideal analysis. Table

tor high speed welding.

Frequently pre-planned and proven welding pro-
cecures are required to assure the production of crock-
trec welds when joining thicker plates or the oy
steels. These procedures usually call for one or « of
the following:

1. Proper bead shape and joint configuration.

2. Minimized penetration to prevent dilution ot the
weld metal with the allov elements in the plate.

3. Preheating. controlled interpass temperature and
sometimes even controlled heat input from the
welding procedure to retard the cooling rate and
reduce shrinkage stresses.

3. BASE PROCEDURE ON ACTUAL ANALYIIS

Published standurd production welding procedures
zenerallv apply to normai welding conditions and the
more common. “preferred analvsis” miid steels.

When a steel’s specification analysis falls outside
the nreterred analvsis, the user often udopts a special
welding procedure based on the extremes of the ma-
tertal's chemical content “allowed™ by the steel's speci-
fication. However, since the chemustry of a specific heat
of steel may run far below the top limit of the “allow-
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TABLE 1—Preferred Analysis
Of Carbon Steel for Good Weldability

Steel Exceeding Any One of

Eiement R:‘:g':m"‘. ; the Following Percentages

i ¥ Will Probaoly Require Extra Care
1 '

Caroon | € 06-25 | a5

Maongonese Mn 35- 80 ' 1.40

Siiicon i Si 10 max 20

Sulphur | S 035 max 050

Paosonorus P ' 030 mox l 240

ables”. a special procedure may not be required. or
may require onlv a slight change from standard pro-
cedures and thereby mimimize any increase in welding
vost.

For optimum economy and ¢ lity, under either
favorable or adverse conditions, the weldinz procecure
for joining any tvpe of steel should be based on the
steel’s actual chemistry rather than the maximum alloy
content allowed by the specification. This 1s because a
miil's average production normaily runs considerably
under the maximum limits set by the specification.

Usuzily a Mill Test Report is available which gives
the spec e analysis of any ziven heat of steel. Once
this information is obtained. a welding procedure can
be set that will assure the production of crack-free
welds at the lowest possible cost.

4. WELD QUALITY

The main objective of any welding procedure is to join
the pieces as required with the most efficient weld pos-
sible and at the least possible cost. “As required” means
the weld’s size and quality must be consistent with
the service requirements. Excessive precautions to ob-
tain unnecessary quality. bevond that needed to meet
service requirements. serve no practical purpose and
can be expensive.

Because it greatly increases cost without any bene-
fit. nspecdon should not request the correction of
slight undercut or mmor radiographic defects such as
limited scattered porosity and slag inclusions. unless
thorough study shows such detects cannot be tolerated
because of specific service requirements.

Why Welds Crack and How to Prcvent It

5. WELD CRACKS

A crack in a weld, however, is never minor and canno’
be condoned. Good design and proper welding p o-
cedure will prevent these cracking problems:

1. weld cracks occurring during welding,

2. cracking in the heat affected zone of the base
metal,

3. welded joints failing in service.
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Factors that Affect Weld Cracking During Welding

1. Joint Restraint that causes high stresses in the
weld.

2. Bead Shape of the deposited weld. As the hot
weld cools, it tends to shrink. A convex bead has suffi-
cient material in the throat to satisfy the demands of
the biaxial pull. However, a concave bead may result
in high tensile stresses across the weld surface from
toe to toe. These stresses frequently are high enough
to rupture the surface of the weld causing a longitudinal
crack.

An excessively penetrated weld with its depth
greater than its width under conditions of high restraint
may cause internal cracks.

Both of these types of cracking are greatly aggra-
vated by high sulphur or phosphorus content in the
base plate,

3. Carbon and Alloy Content of the base metal.
The hicher the carbon and alloy content of the base
metal, the greater the possible reduction in ductility
of the weld metal throuzh admixture. This contributes
appreciably to weld cracking.

4. Hydrogen Pickup in the weld deposit from the
electrode coating, moisture in the joint. and contamin-
ants on the surface of the base metal,

5. Rapid Cooling Rate which increases the effect
of items 3 and 4.

Factors that Affect Cracking in the Heat-Affected
Zone

L. High carbon or alloy content which increases
hardenability and loss of ductility in the heat-afiected
zone. (Underbead cracking does not occur in non-
hardenable steel.)

2. Hydrogen embrittlement of the fusion zone
through migration of hvdrogen liberated from the
weld metal.

3. Rate of cooling which con*rols items 1 and 2.

Factors that Affect Welded Joints Failing in Service

Welds do not usually “crack” in service but may
“break” because the weld was of insufficient size to
tulfill service requirements. Two other factors would be:

1. Notch toughness.* which would affect the
breaking of welds or plate when subjected to high
impact loading at extremely low temperatures.

2. Fatigue cracking® due to a notch effect from
poor joint geometrv. This occurs under service con-
ditions of unusually severe stress reversals.

Items *o Control

L. Bead Shape. Deposit beads having proper bead
surtace (ie. slightly convex) and also baving the
proper width-to-depth ratio. This is most critical in the
case of single pass welds or the root pass of a multiple
pass weld.

2. Joint Restraint. Design weldments and structure
to keep restraint problems to a minimum.

3. Carbon and Alloy Content. Select the correct
grade and quality of steel for a gziven application.
through famulianty wath the mill analvsis and the cost
ot welding. This will ensure balancing weid cost and
steel price using that steel which will develop the
lowest possible overall cost. Further. this approach
will usually avoid use of inferior welding quality steels
that have excessively high percentages of those elements
that always adversely affect weld quality—sulphur and
phosphorus.

Avoid excessive admixture. This can be accom-
plished through procedure changes which reduce pene-
tration (different electrodes, lower currents, changing

* Neither notch toughness nor fatigue cracking are discussed
here. See Section 2.1, “Properties of Materials,” Section 2.8,
"Designing for Impact Loads, and Section 2.9, “Designing for
Fatigue Loads.”



polarity, or improving joint design such as replacing
a square edge butt weld with a bevel joint.)

4. Hydrogen Pickup. Select low-hydrogen welding
materials.

5. Heat Input. Control total heat input. This may
include preheat, welding heat, heating between weld
passes to cor ol interpass temperature and post heat-
ing to controi -ooling rate. Control of heat input lowers
the shrinkage stresses and retards the cooling rate
helping to prevent excessive hardening in the heat-
aifected zone, two primary causes of cracking,

6. TACK WELDS

The American Welding Society's Building Code and
Bridge Speci! cations both require any tack welds that
will be inco rated into the nal joint, to be made
under the s. ‘e quality requirements, including pre-
heat, as the nnal welds.

However, this does not recognize the deep pene-
tration characteristics of some welding processes, -or
example, submerged-arc. If the initial tack welds wce
relatively small compared to the first submerged-arc
weld pass. they will be entirely remelted along with
the adjacent heat-affected area in the plate.

In this case, no preheat should be required for
small single pass tack welds unless the plates are so
thick and restraiped that the tack welds are breaking.
See Figure 1. If the tack welds are breaking, the
corrective measures previously listed relating to bead
shape and weld throat shouid be applied with pre-
heating called for as a last resort. It is always a good
idea to use low-hvdrogen welding materials for tack
welding plates over 1 in. thick.

7. THINNER PLATE

Welds that ioin thinner plates rarelv show a tendencs
to crack. The heat input during welding and lack of
mass of the tinner plate create a relatively slow
cooling rate. This. plus the reduced internal stresses
resulting from a good weld throat to plate thickness
ratio and the fact that the thinner plate is less rigid
and can flex as the weld cools and shrinks, controls
the factors that induce cracking. Cracking is almost
never a factor on thinner plate unless unusually high
in carbon or alloy content.

8. THICK PLATES

In the steel mill, all steel plates and rolled sections
undergo a rather slow rate of cooling after being
rolled while red hot. The red hot thick sections, because
of their greater mass, cool more slowly than thin
sections. For a given carbon and alloy content, slower
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cooling from the critical temperature results in a slightly
lower strength.

For the normal thicknesses, the mill has no
difficulty in meeting the minimum vield strength re-
quired. However, in extremely thick mill sections. be-
cause of their slower cooling, the carbon or alloy
content might have to be increased slightlv in order
to meet the required vield strengtn.

Since a weld cools faster on a thick plate than c¢a

Soft wire 1 -L

b) Preset before weiding

A

A
A4

>

(c) Weld free to shrink; stress-free

FIGURE 2
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a thinner plate, and since the thicker plate will prob-
ably have a slightly higher carbon or alloy content,
welds on thick plate (because of admixture and fast
cooling) will have higher strengths but lower ductility
than those made on thinner plate. Special welding
procedures may be required for joining thick plate
(especially for the first or root pass), and preheating
may be necessary. The object is to decrease the weld’s
rate of cooling so as to increase its ductility.

In addition to improving ductility, preheating
thick plates tends to lower the shrinkage stresses that
develop because of excessive restraint.

Because of its expense, preheating should be
selectively specified, however. For example, fillet welds
joining a thin web to a thick flange plate may r t
require as much preheat as does a butt weld join
two highly restrained thick plates.

On thick plates with large welds. if there is metal-
to-metal contact prior to welc.ng, there is nu possibility
of plate movement. As the welds cool and contract.
all the shrinkage stress must Le taken up in the weid,
Figure 2(a). In cases of severe restraint. this may cause
the weld to crack, especially in the first pass on either
side of the plate.

Bv allowing a small gap between the plates, the

plates can “move in" slightly as the weld shrinks.
This reduces the transverse stresses in the weld. See
Figures 2(b) and 2(c). Heavy plates should always
have a minimum of }4." gap between them, if possible
18 ¢
This smail gap can be obtained by means of:
1. Insertion of spacers, made of soft steel wire
between the plates. The soft wire will flatten out as
the weld shrinks. If copper wire is used, care should
be taken that it does not mix with the weld metal.

2. A deliberately rough flame-cut edge. The small
peaks of the cut edge keep the plates apart. vet can
squash out as the weid shrinks.

(o) (&)

Moiten weid

FIGURE 3

3. Upsetting the edge of the plate with a heavy
center punch. This acts similar to the rough flame-cut
edge.

The plates will usually be tight together after
the weld has cooled.

Fillet Welds

The above discussion of metal-to-metal contact and
shrinkage stresses especially applies to fillet welds. A
slight gap between piates will help ussure crack-free
fillet welds.

Bead shape is another important factor that affects
fillet weld cracking. Freezing of the molten weld.
Figure 3.a), due to the guenching cffect of the piates
commences along the sides ot the joint (b where the
cold mass of the heavy plate instantl. draws the heat
out of the molten weld metal and progresses uniformly
inward (¢) until the weld is completely solid (d).
Notice that the last material to freeze lies in a plane
along the centerline of the weld.

To all external appearances. the concave weld

a) in Figure 4 would seem to be larger than the
comex weid b, However. a check of the cross-

\~
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{a) Concave fillet weid

(b} Convex welid

FIGURE 4




section may show the concave weld to have less pene-
tration and a smaller throat (t) than first thought:
therefore, the convex weld may actually be stronger
even though it may have less deposited metal (darker
cross-section ).

Designers originally favored the concave fillet weld
because it seemed to offer a smoother path for the flow
of stress. However, experience has shown that single-
pass fillet welds of this shape have a greater tendency
to crack upon cooling, which unfortunately usually
outweighs the effect of improved stress distribution.
This is especially true wr'l, steels that require special
welding procedures.

When a concave filiet weld cools and shrinks. its
outer face is stressed i+ t msion, Figure 53(a). If a
surface shrinkage crack : .ould occur. it can usualiy be
avoided by changing to a« convex fillet (b). Here the

Surface 'n tansion Surface not in tension
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(b) Convex fillet weid

FIGURE 5

weld can shrink. while cooling, without stressing the
outer face in tension and should not crack. For multiple-
pass fillet welds. the convex bead shape usually applies
only to the first pass.

For this reason. when concave welds are desired
tor special design considerations. such as stress flow.
thev shonld be made in two or more passes—the first
slightly convex, and the other passes built up to form
4 concave filict weld.

9. GROOVE WELDS

On heavy plate, it is usually the first (or root) pass
of a groove weld that requires special precautions. This
is especially true of the root weld on the back side of
a double Vee joint because of the added restraint from
the weld on the front side. The weld tends to shrink in
all directions as it cools. but is restrained by the plate.
Not only are tensile shrinkage stresses set up within the
weld, but the weld frequently undergoes plastic yield-
ing to accommodate this shrinkage.

Some idea of the possible locked-in stress and
plastic flow of the weld may be seen in Figure 6.
Imagine the plate to be cut near the joint, allowing the
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weld to freely shrink (dotted lines). Then pull the
plates back to the onginal rigid position that thev
would normallv be in during and after welding ( solid
lines ). This necessitates a stretching of the weld.

\ \\\\I\\\\\

FIGURE 6

In actual practice all of this stretch or yielding
can occur only in the weld, since the plate cannot
move and . = weld has the least thickness of the joint.
Most of this yielding takes place while the weld is hot
and has lower strength and ductility. If, at this time,
the internal stress exceeds the physical properties of
the weld. a crack occurs which is usuallv down the
centeriine of the weld.

The problem is enhanced by the fact that the
first (or root) bead usuaily picks up additional carbon
or allov by admixture with the base metal. The root
bead thus is less ductile than subsequent beads.

A concave bead surface in a groove weld creates
the same tendency for surface cracking as described
for fillet welds, Figure 7. This tendency is further
increased with lower ductility.

Rimaiiad | | .

‘Wrong Rignt
Too concove Figt or sngntly convex

FIGURE 7

Increasing the throat dimension of the root pass
will help to prevent cracking;, use electrodes or pro-
cedures that develop a convex bead shape. Low hvdro-
gen welding materials are sometimes useful and finally
preheat can be specified. Obviously preheating should
be adopted as a last resort since it will cause the
greatest increase in weld cost.

The problem of centerline cracking can even
occur in the succeeding passes of a multiple pass weld
if the passes are excessivelv wide or concave. Correc-
tive measures call for a procedure that specifies a
narrower slightly convex bead shape. making the com-
pleted weld two or more beads wide, side by side,
Figure 8.
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10. INTERNAL CRACKS AND WELD WIDTH
TO DEPTH OF FUSICN RATIO

Where a cracking problem exists due to joint restraint,
material chemistry or both, the crack usually appears
at the weld’s face. In some situations, however, an
internal crack can occur which won't reach the weld'’s
face. This type of crack usually stems from the mis-
use of a welding process that can achieve deep pene-
tration, or poor joint design.

The freezing action for butt and groove welds is
the same as that illustrated for fillet welds. Freezing
starts along the weld surface adjacent to the cold base
metal, and finishes at the centerline of the weid. If,
however, the weld depth of fusion is much greater than
width of the face. the weld’s surface may freeze in
advance of its center. Now the shrinkage forces will
act on the still hot center or core of the bead which
could cause a centerline crack along its length without
this crack extending to the weld’s face, Figure 9(a).

Internal cracks can also result with improper joint
design or preparaticy. Figure 9(b) illustrates the
results of combining thick plate, a deep penetrating
welding process. and a 45° included angle.

A smail bevel on the second pass side of the
double-V-groove weid. Figure 9(c), and arc gouging
a groove too deep for its width, led to the internai crack
illustrated.

Internal cracks can also occur on fillet welds if
the depth of fusion is sufficiently greater than the face
width of the bead, Figure 9(d).

Although internal cracks are most serious since
they cannot be detected with visual inspection methods,
a few preventive measures can assure their elimination.
Limiting the penetration and the volume of weld metal
deposited per pass through speed and amperage con-
trol and using a joint design which sets reasonable
depth of fusion requirements are both steps in the
right direction.

In all cases, however, the critical factor that helps
control internal cracks is the ratio of weld width to
depth. Experience shows that the weld width to depth
of fusion ratio can range from a minimum of 1 to 1

to a maximum of 1.4 to 1.
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11. UNDERBEAD CRACKING

Underbead cracking is not a problem with the con-
trolled analysis low carbon steels. This problem if it
occurs is in the heat-affected zone of the base metal.
It can become a factor with thick plate as the carbon
or alloy content of the steel increases. As an exampl:
this can occur with the heat treatable very hig.
strength, high carbon low alloy steels like 4140 or
6150. The construction allov steels which have over
100,000 psi tensile strength and are heat treated before
welding, also can experience underbead cracking in
thick plates. When armour plate was used, underbead
cracking (toe cracks) was a problem. The noint is that
the problem is only important on hardena le steels.

Low-hydrogen processes should be used to join
thesc maverials since one cause of underbead crack-
ing is hvdrogen embrittlement in the heat-affected
zone. Hydrogen in the welding arc, either from the
clectrode ¢ ating or from wet or dirty plate surfaces.
will tend = be partiallv absorbed into the droplets
of weld me.al being deposited and absorbed into the
moiten metal be .eath the arc.

As the welding arc progresses along the plate,
the deposited hot weld metal (which has now solidi-
fied) and the adjacent base metal heated by the weld
above the transformation temperature are both aus-
tenitic at this elevated temperature, and have a high
solubility for hvdrogen. Fortunately, a considerable
amount of hvdrogen escapes through the weld’s sur-
face into the air: however. a small amount may diffuse
back through the weld into the adjacent base metal.
(The rate of diffusion decreases with decreasing
temperature. )
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\\& / Adiacent piate transformea
o N >
\\\‘\ v"u to custenite wnile heatred

by weid: hyarogen is
> soluble in this region

3
~ Difficult for hyarogen 1o
diffuse any further

This region remains as
ferrite; no soiubility
for hyarogen

FIGURE 10

Beyond the boundary of the heat-affected zone,
the base metal is in the form of ferrite, which has
practically no solubility for hydrogen. This ferrite
boundary becomes an imaginary fence, and the hy-
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drogen tends to pile up here, going no farther. See
Figure 10.

Upon further cooling, the heat-affected area trans-
forms back to ferrite with almost no solubility for hy-
drogen. Any hydrogen present tends to separate out
between the crystal lattice and builds up pressure. This
pressure., when combined with shrinkage stresses and
any hardening effect of the steel's chemistry, may
cause tinv cracks. Since weld metal is usually of a
lower carbon than the base plate, this trouble occurs
mainly just bevond the weld along the austenite-
ferrite bourdary and is called “underbead cracking”
See Figure 11. If some of these cracks appear on the

FIGURE 11

plate surface adjacent to the weld. they are called “toe
cracks”. Slower cooling by welding slower and pre-
heating allows hydrogen to escape and helps control
this problem.

The use of low-hvdrogen welding materials elim-
inates the major source of hvdrogen and usually
eliminates underbead cracking.

12. SUMMARY ON CRACKING

The first requirement of any welded joint is to be
crack-iree. Cracking may occur in either the weld
metal or the heat-affected zone of the base plates.

Most steels can be welded in the average plate
thickness without worrving about weld cracking.

As plate thickness increases, and as the carbon
and alloving content increase, weld cracks and under-
bead cracks may become problems and require special
precautions for their control.

This necessitates in order of unportnnce a) wood
welding procedure, especially in respect to bead shape,
control of admixture, b) reducing rigidity by inten-
tional spacing of plates, ¢) use of low-hydrogen weld-
ing materials, and d) controlled cooling rate, including
welding current and travel speed, and if needed con-
trol of preheat and interpass temperature.

-
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Why Preheat and How to Determine
Corract Preheat Temperature

13. WHEN AND WHY TO PREHEAT

Preheating, while not always necessary, is used for one
of the following reasons-

1. To reduce shrinkage stresses in the weld and
adjacent base metal. especially important in highly
restrained joints.

2. To provide a slower rate of cooling through the
critical temperature range (about 1500° F to 1330° F)
preventing excessive hardening and lowered ductility
in both weld and heat-affected area of the base plate.

3. To provide a slower rate of cooling through
the 400°F range, allowing more time for anv hvdrogen
that is present to diffuse away from the weld and
adjacent plate to avoid underbead cracking.

4. To increase the allowable critical rate of cooling
below which there will be no underbead crackine.
Thus. with the welding procedure held constant. a
higher initial plate temperature increases the maximum
safe rate of cooling while slowing down the actua’
rate of cooling. This tends to make the heat iapu
from the welding process less critical.

Cottrell and Bradstreet® show the following critical
cvoling rates (R..) for a given steel at 572°T (300°C)
using low-hvdrogen electrode in order to prevent under-
bead cracking for various preheats to be:

Cottrell and Bradstreet. “"Effect of Preheat ou Weldability”,
BRITISH WELDING JOURNAL, July 1935, p. 309

T (°F) i R, ("F/sec)
—58 68 — 99
68 86 — 117
212 216 — 378

5. To increase the notch toughness in the weld
zone.

6. To lower the transition temperiture of the weld
and adjacent base metal.

Normally, not much preneat is required to prevent
underbead cracking. This is held to a minimum when
low-hvdrogen welding materials are used. Higher pre-
heat temperature might be required for some other
reason. e.g. a highly restrained joint between very
thick plates. or a high allov content.

Preheating makes other tactors less critical. but
since it invanably increases the cost of welding, it
cannot be indulged in unnecessariiy.

14. AWS MINIMUM REQUIREMENTS

The AWS has set up minimum preheat and interpass
requirements given i Table 2.

These mimmum preheat requirements may need
to be adjusted. according to welding heat input, spe-
cific steel chemistry, the joint geometry, and other
tactors.

TABLE 1—AWS Minimum Initial and interpass Temperatures' - (1966)

-

Thickness of
Thicxest Part at
Point of Welding

Shieided Metai-Arec Welding with
Other ‘han Low-Hydiogen Electroaes | and Submerged Arc Welging
AJS. A7, AITY

Weiding Process
Shieided Metci-Arc Weiding wirh
Low-Hvarogen Elecrroges

AJS', AT, AJ73. Adal

{inghen) | A242° Weldable Grase
To 33, incl | none none®
—Onr iy 10 VY3, inel. | 150°F 70°F
Cver 1'/2 1o 27, incl. | 225°F | 150°F
Over 2 ! 300°F | 225°F

' Welding shail not be done wnen the ambient temperature is lower than O°F.

“‘When the base metal is below the temperature listed for the weiding process Lr

L used and

the thickness of material being walded, it shall be preneated for both tack welding ond we'ding
in such manner that the surfaces of the parts on which weld metai is being deposited ore at
or above the specified minimum temperature for o distance equal to the thickness of the part
being weided, but not less than 3 inches, both lateraily and in advance of *he welding.
Preheat temperature shall not exceed 400°F. (Interpass temperature is not subject *5 o

Himit.)

? Using ESOXX or E70XX electrodes other than the low-hydrogen types.

‘ Using E6OXX or ETOXX low-hydrogen eiectrodes (EXX1S5, -16, -18, .28 or Grode SAW.1 or SAW.2
* Using only E70XX low-hydrogen electrodes (E7015, E7016. E7018, £7028) or Grade SAW.-2.

* When the base metal temperature is below 32°F , preheat the base metal to at least 72°F,



15. HEAT INPUT DURING WELDING

One factor that would reduce preheat requirements
is the use of greater welding heat input; for example.
the welding heat input for vertical welding with weave
passes at an arc speed of 3 in./min. is greater than that
of horizontal welding with stringer beads at 6 in./min.
The heat input (]) for a specific welding procedure
can be determined using the formula:

] Ve (1)
where:

J = Heat input in Joules/in. or watt-sec,in.

E = Arc voltage in volts

I = Weiding current in amps

V = Arc speed in in.. min

Since all of the weiding heat input at the arc does
not enter the plate. the following heat eificiencies are
suggested for use with this formula and subsequent
tormulas. charts or nomographs:

75-507% manual welding
90-100% submerged arc welding

Most preheat and interpass temperature recom-
mendations are set up for manual welding where there
is a relatively low heat input. For example. a current of
200 amps and a speed of 6 in., min. would produce a
welding heat input of about 45.000 joules in. or watt-
sec.in., assuming an efficiency of SO percent. Yet, it
might be necessary to weld a 12-gauge sheet to this
plate in the vertical down position with 150 amps and
a speed of 22 in. min. This would reduce the welding
heat input to 9500 joules in. If this were a thick plate.
it would indicate the need. with this second pro-
cedure, for more preheat. athough existing reheat
tables do not recognize the effect ot different weiding
hieat inputs,

On the other hand. some downward adistment
in preheat from the value listed in the preheat tables
should be made for standard welding procedures
which provide a much greater welding heat input.
We uare considermg here a stable heat-ow condition
after some welding has progressed.

This does not consider the more severe cooling
conditions at the moment welding commences. Un-
doubtedly, some initial heat could be supplied to a
localized area at the start of the weld on thick plate.
The question now becomes how much, if any, pre-
heat is needed for the remaining length of joint.

For example, it is standard practice today to use
submerged-arc aatomatic welding to build up columns
and girders from heavy plate. One method of fabri-

Temperature —p
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Time e
FIGURE 12

cation uses a single-arc, submerged-arc automatic weld
at 850 amps and a speed of 20 in./min. (for a %" fllet
weld), with the girder positioned for flat welding This
would provide a heat input of 86.000 joules in. An
alternate method positions the girder with its web
vertical so that both welds are made simultaneously in
the horizontal position, and uses two sets of tandem
ares (each set with two welding heads); the heat input
from each are wouid be 73,600 joules/in.—a total of
147.000 joules/in. ot weld for each fillet. Because of the
resulting lower cooling rate less preheat should be
required once the weld has been started. This may be
a considerable advantage for the comfort of welding
operators. especially when welding inside large box
girders.

16. COCOLING RATE

When a weld is made. the weld and adjacent plate
cool very rapidly. The rate of cooling depends first
on the combination of initial plate temperature T,)
tincluding effects of preheat or interpass temperature )
and the welding heat input (]), and secondly, on the
plate’s capacity to absorb this heat in terms of plate
thickness and joint geometry,

Figure 12 illustrates the temperatures in the heat-
afected zone of the plate as the welding are passes
bv. Under a given set ot conditions. the cooling rate
will vary as represented by the changing slopes ot
both curves.

For a particular chemistry, at a given temperature
level (T,) there is a critical cooling rate (R, ) which
should not be exceeded in order to avoid underbead
cracking. This temperature level is in the range of
100°F to 730°F. American investigators tend to use a
higher value such as 750°, while English and Canadian
investigators favor a lower value such as 300°C, or
572°F. In this discussion, we have placed this tempera-
ture level (T,) at 572°F.

The investigation of cooling rates has been based
largelv on two extreme conditions, which have been
developed mathematically.* These are:

1. The thin plate, in which the combination of

o gyt
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heat input and plate size permit assuming the temper-
ature to be uniform throughout the thickness at any
point; in other words, heat flows transversely in only
two axes. See Figure 13.

A,

R, AT N

FIGURE 13

thin plate

R =K (%)"('r, —T,)0

2. The thick plate, in which the combination of
heat input and plate size permit assuming the bottom
surface of the plate does not increase in temperature:
in other words. heat flows transversely in three axes.
See Figure 14

— L, =
< Sk oW qb
. :‘ - I’
P >
FIGURE 14
thick plate
K,
n b—4 Tx T, — oI: ................. \3)
vhere
R = cooling rate at temperature T,), "F/sre
T, = temperature at which cooling rate is con-

sidered. 572°F
initial plate temperature or preheat tempera-
ture when preheating is used, °F

thermal conductivity (the BTU loss per hour
per square foot of surface divided by the
temperature gradient of °F per foot of
thickness.)

(K = 259 for mild steel at 572°F)

K, = constant, representing K, p, C at T,
(K, = 16148 for mild steel at 572°F)

3
i

-
I

* D. Rosenthal, MM Heat Distribution
?;lucm-dwm WELDING JOURNAL, May

K. = constant, representing K at T,
(Ks = 5.961 for mild steel at 572°F)
p = density, lbs/ft?
(p = 459.6 Ibs/ft* for mild steel)
C = specific heat, BTU/Ib/°F
(C = .136 BTU/Ib/°F for mild steel)
t = actual plate thickness, in.
] = welding heat input (formula 1)

Unfortunately, there is no clear definition of what
is a “thin plate” and what is a “thick plate” relative
to cooling rate. The actual condition often lies some-
where bctween these two extremes, and for this reason
a certain amount of jndgment is needed. For example,
welding on a 1” plate with submerged arc at a current
of 1000 amps and a speed of 10 in.'min. would ap-
proach a “thin plate” ‘ondition: et manual welding
vertically down on a %" plate at a current of 120 amps
and a speed of 12 in. min. would approach a “ ick
plate” condition.

In Figure 15, these two basic formulas are plotted
for a given set of conditions: heat input (]), and pre-
heat and interpass temperature (T,).

1= fhml.l:";

0.——.—

! \
eﬁ_.__lL_'ZIZ::Z.: |
{ T
R
i

fovmvio Ry S e

/T

Plote thickness (1) ===

FIGURE 15

The formula for a “thin plate” recognizes the effect
of plate thickness (t); and the resulting cooling rate
(R) increases rapidly as the square of the plate
thickness. When the cooling rate characteristics of a
thick plate are studied. however, it soon becomes ap-
parent that for a given welding procedure and an
initial temperature, increasing the plate thickness be-
vond a certain dimension will not cause further change
in the rate of cooling. For this reason, the formula for
“thick plate”—Formula No. 3—does not include actual
plate thickness (t) and the value of (R) does not
vary with thickness but remains constant for a given



heat input, preheat and interpass temperature. For a
given heat input, the cooling rate indicated by the
“thick plate” formula is the maximum (R,) that can
occur regardless of the plate thickness.

At any given plate thickness the lower cooling
rate value is the more nearly correct. Using the two
curves of Figure 15 as a limit and a guide, a new
curve (solid line) has been drawn in Figure 16,

LT

e

-

|

Il Resulting cooiing rate !

i

-~ cur ' e
| IT— yrve 'or vanous

|
_plate thicknesses '

HENEn

|
—
|

|
| |
Rl
|

(ouhng ote |R) Fsec ——p

Plate thickness (t) ===

FIGURE 16

Notice. Figure 16, that the upper half of the
variable part of this curve is almost a perfect reversal
of the lower half, and the lower half belongs to the
curve for the “thin plate”. Therefore, the curved por-
tions will be expressed mathematically as—

lower portion

R = 16148 (Tt) 0 P ATY DU (4)

upper portion

, m-y s gy
R = 5961 === 1 ‘—(-— oo ¢ 22— T)
RTLT: V——'S-T P )

If a welding procedure for a given plate thickness
lies in the lower portion of the curve, it is easy to solve
directly for the required preheat (T,) using formula
(4); however. this would be very difficult for the
upper portion using formula (5).

The chart is further limited in use since it only
covers a single value of preheat and heat input. There-
fore, to expand the application of this approach, we
will put both formulas (4) and (5) into more usable
non-dimension formulas (6) and (7). This calls for
inclusion of the maximum effective plate thickness
(tme), and the corresponding maximum effective pre-
heat (T, we) for this thickness.

Weldability and Welding Procedure / 7.2-13

lower portion

upper portion

t = Toaed

t-.—v Tl—To

'l—l’ _i]!—rf&/.ci >
B \\’/‘i 1 Tl _—ro ....(7)

t = actual thickness of the plate, in.

where:

tee = maximum effective plate for given values of

(]) and (R)

vl
tae 25 .4246VR ........................ 8)

T, = elevated temperature at which cooling rate
is considered (372°F)

T. = preheat temperature for given values of (]),
‘R), and (t), °F

T, m = maximum effective preheat temperature for
a given value of (J) and (R), °F

B R ) (9)

Ti = To/ne = 5061

Formulas (6) and (7) produced the curve shown
in Figure 17. This can be used to determine T, the
required preheat temperature.

17. BI-THERMAL VS. TRI-THERMAL HEAT
FLOW

This work is based upon bi-thermal heat flow where
the heat has two avenues for escape; for example, a
conventional butt joint consisting of two plates, Figure
18{a).

Tri-thermal heat flow has three avenues for escape.
an example is a tee joint made of three plates. Figure
18(b).

Where tri-thermal heat flow condition exists, the
above work should be modified either by:

1. Using % of the actual heat input (]), or

2 Adjusting the plate thickness (t) to allow for

the extra plate by using %2 of the sum of three
thicknesses.

.
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18. CARBON EQUIVALENT

As a result of rccent experiments and studies, it is
possible to simplify the relationship of all chemical
clements in a steel to the occurrence of underbead
racking, The simplificanon is expressed in a single
tormula known as the carbon equivalent. This tormula
expresses the inffuence ot each element relatnive to that
f carbon.

investigators® have shown a definite relationship
in the percent ot unlerbead cracking to th:: carbon
equivalent. Figure 19 shows a 1” thick test plate on
which a single bead was deposited using 's" E6010
electrode at 100 amps. 25 v, reversed polarity, at 10
in., min. The chart. Figure 20. shows the percentage
ot underbead cracking for different carbon equivalents
that occurred with this test. A deposit made with low-
hydrogen E6015 electrodes on a specimen of this
thickness did not have underbead cracks. The AWS

* Stout and Doty, “Weldability of Steels”, Welding Research
Council, 1953, p. 150. Williams, Roach, Martin and Voldrich,
“Weldability of Carbon-Manganese Steels”, WELDING JOUR-
NAL, july 1948, p. 311-s.

$ 10 L1 1.3

£6015 electrode is comparable to today’s E701S. The
results were piotted. Figure 20. to give curves for
three different prenheat temperatures (T,).

K. Winterton* has listed 14 different carbon
ea uvalent formulas and recommended the following:

e Mn% Ni% Cre Mo
v oot i e oty  Mema 10)
va _ Cusf-(10)

107 40

This formula is applicable to the low-carbon low-
alloy steels for construction and machinery manu-
facturing.

19. COOLING RATE AND CARBON
EQUIVALENT

\lthough not too well defined. fo: a wiven analysis
ot steel there is a maximum rate at which the weid
and adjacent plate may be cooled without underbead
cracking ocewrmng.

K. Winterton. “Weldability  Prediction from Steel Compo-
sition to Avoid Heat-Affected Zone Cracking”, WELDING
TOURNAL. June 1961. p. 253-s.

- Saw cut
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FIGURE 19



The higher the carbon equivalent. the lower will
be this critical (allowable) cooling rate. Thus. the
higher the steel's carbon equivalent., the more im-
portant becomes the use o: low-hydrogen welding and
preheating.

Cottrell and Bradstreet® have used a type of
Reeve Restraint test, called the CTS (Controlled
Thermal Severity ) test. For any given steel, three thick-
nesses are tested — %, 2, and 1". Each test requires

100 - .
{1 |
3’ 1 | '
$ 801 — -
‘:‘, : | i
8 W e
- s0¢ }
E |
i af
s 20%
< / :
) y ] !
0
¢ 20 40 &0 80 100
Carpon eguivaient C" =C+ % - ST
FIGURE 20

two fillet welds—one a bi-thermal weld (two avenues
for heat to escape), the other a tri-thermal weld
 three avenues for heat to escape). This gives a total
of 6 different values for TSN (Thermal Severity Num-
ber), and for the given welding heat input (about
32000 joules/in.) produces 6 different cooling rates.
t is then observed at what cooling rate cracking
does or does not occur, and the subsequent welding
procedure is adjusted so this critical cooling rate will
not be exceeded.

Both of these men have produced tables in whicl.
relative weldability has been expressed along with
the critical cooling rate. More recently, Bradstreet**
has tied in this relative weldability with carbon equiva-
lent. By working back through this information, the

* C. L. 5. Cottrell, “Controlled Thermal Severity Cracking Test
Simulates Practical Welded Joints”, WELDING JOURNAL.
Tune 1933, p. 257-¢; Cottrell and Bradstreet, “A Method for
Calculating the Effect of Preheat on Weldability”, BRITISH
WELDING JOURNAL, July 1955, p. 305; Cottrell and Brad-
street, “Calculating Preheat Temperatures to Prevent Hard
Zone Cracking in Low Alloy Steels”, BRITISH WELDING
JOURNAL, July 1955, p. 310.

P fR h“\}:\béxxl{ssnl\bc%m &m\uu.
ing Low ! in|
Institute of &ud-) November 1963. y

o

Carbon equivalent (€
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carbon equivalent—critical cooling rate curve shown
in Figure 21 has been produced to use as a guide in
case the CTS test «n the particvlar steel is not made.
This curve may be expressed by * ¢ following formula:

6.598
i C--q —.3074

R

............

This is the critical cooling rate at T, — 572°F.

The critical cooling rate (R..) can be determined
by a) actual test of the particular steel to see what
cooling rate will not cause cracking. or b) using
formula (11) based upon Canadian investigations.

20. FINDING REQUIRED PREHEAT
TEMPERATURE

To calculate the reqguired preheat temperatore (T.)
that will produce the required cooling rate (R) tor
a given heat input (] and plate thickness (t), the
toilowing mathematical computations must be made:
a) Determine from formula (9) the value ot
(Tl S— T-u’llr)'
b) Determine from formula (8) the value of
(tme)-
¢) From this (b) determine (t/t,,.).
d) From the chart, Figure 17, using (¢) read the
value for

fOT—- ;
C —iﬁd‘ﬁz— - 307‘
o R + 16.26  °
6,59 ,
tvo- | r= B 6!
{ e ~- i
» |
o¢— Suggestea reianion cetween crincai cooung rate (R} ang
! zarpon eauivaient (T, for iow-nvarogen eectrooes
- ;.. ®
@ Values trom 40 £ 6
45 360
55 108
| = e
|
T 85 26
407 G :
} i ] |
| | ! | ;
] l | { .
1 1 !
4 ! i
|
0L ! B
’ e 0 30 <0 8 s "0
Criticai cooing rate (R). = sec
FIGURE 21



7.2-16 / Joint Design and Production

Tl - o/ me
T, — T,

e) Knowing this value (d) and the value of
(Ty = To/me) from item (a), determine the
required preheat temeprature (T,).

An easier and faster method for determining the
required preheat uses the nomograph, Figure 22. This
nomograph is actually two nomographs superimposed
w n each other. The first nomograph (subscript a)
w: . provide a value for (T, — T,/me

The second nomograph (subscript b) will provide the
required preheat and interpass temperature (T,).

A set of eight graphs, Figure 23, will also provide
this same information.

Example Using Chart (Fig. 17)

Given:
watt-sec

] = 20.000 ==
R = 35 °F/sec
t = 1.0
find required preheat temperature (T,):

a) Determine T; — T./me = JS—RQ%

_ J(25) (20,000)
. 5.961
= 289.6°F
- 1)
b) Determine t,, = 42457 R
= 425y
= 2.20°
¢ Determine reiative thickness: '—t- = —,—1.;6—,,
= . 4429
d) From chart, Figure 17, read relative preheat
Tl H— wa me

fﬂ“p‘rﬂwe: —‘-.r——’——;i.— = .73
e o

e¢) Therefore: T, — T, = Ty = To/me - 2396

396.7
572 — T, = 3967
or T, = 1753 °F

Example Using Nomograph (Fig. 22)
LT - A watt-sec
Given: | = 20.000 ch
R = 25 °F/sec

t = 10"
find preheat temperature (T,):

1st nomograph
(1) R = 25 F/sec
watt-sec
inch
(3a) FRoad tg, = 226"
Use this number as a pivot point
(4a) t = 10"

~ T? - T-. e
5a) Read (—-.I-:I——-—,I':“-'

(2a) ] = 20,000

= 3%

2nd nomograph
(1) R=25"*F/see

( 3b) J — 20,000 wa;tt-sec

(3b) Read T./uwe = 282 °F
Use this number as a pivot point

(4b) % T—=Tom = 73% (from lst nomograph)
= o
(5b) Read T, = 175 °F

21. OTHER POINTS OF CONSIDERATION

Test data has indicated that thin plates resuit in
slightly higher coolingz rates than caiculated. It is
believed this is because thin plates have a relatively
greater surface area for heat loss per volume than
thick plates.

Normally, in the investigation of a groove weld.
the pass completing the joint is considered rather than
the root pass. This is because the face pass usually has
a slightly higher cooling rate due to the larger cross-
section of the joint (assuming the same interpass
temperature ).

There is some indication that fillet welds have
slightly higher cooling rates than the bead-on-plate
welds used in the investigative work. This is because
the 90° intersection of the two plates presents a larger
area of contact with the weld, therefore absorbing
heat at a slightly greater rate. A groove weld similarly
would offer a larger area of plate contact with the weld
than a bead-on-plate weld.
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4. Technique

Part A General

4.1 Filler Metal Requirements

4.1.1 The electrode. electrode-flux combination, or
grade of weld metal for making complete joint
penetration butt welds shall be in accordance with
Table 4.1.1.

4.1.2 The electrode. electrode-flux combination, or
grade of weld metal for complete joint penetration or
partial joint penetration groove welds and for fillet
welds may be of a lower strength than required for
complete joint penetration butt welds provided the
weld metal meets the stress requirements (see 8.4, 9.3,
or 104, whichever is applicable).

4.1.3 After filler metal has been removed from its
onginal package, 1t shall be protected or stored so that
its charactenistics or welding properties are not
affected.

4.1.4 For exposed, bare, unpainted applications of
ASTM A242 and AS88 steel requiring weld metal
with atmospheric corrosion resistance and coloring
characteristics similar to that of the base metal, the
electrode, electrode-flux combination, or grade of
weld metal shall be in accordance with Table 4.1.4. In
multiple pass welds. the weld metal may be deposited
s0 that at least two lavers on all exposed surfaces and
edges are deposited with one of the filler metals listed
in Table 4.1.4, provided the underlving lavers are
deposited with one of the filler metals specified in
Table 4 1.1.

4.1.5 For single pass welding, other than electroslag or
electrogis, of exposed. bare, unpainted applications of
ASTM A242 and ASS8 steel requiring weld mictal
with atmospheric corrosion resistance and coloring
characteristics similar to that of the base metal, the
following variation from Table 4.1 4 may be made:

4.1.5.1 Shielded Metal Arc Welding. Single pass
fillet welds up to 1/4 in. (6.4 mm) maximum and 1/4
in. groove welds made with a single pass or single pass
each side may be made using an E70XX low-hydro-
gen electrode.

4.1.5.2 Submerged Arc Welding. Single pass fillet
welds up to 5/16 in. (8.0 mm) maximum and groove
welds made with a single pass or single pass each side
may be made using an F7X-EXXX electrode-flux
combination.

4.1.5.3 Gas Metal Arc Welding. Single pass fillet
welds up to 5/16 in. (8.0 mm) maximum and groove
welds made with a single pass or single pass each side
may be made using an E70S-X electrode.

4.1.5.4 Flux Cored Arc Welding. Single pass fillet
welds up to 5/16 in. (8.0 mm) maximum and groove
welds made with a single pass or single pass each side
may be made using an E70T-X eiectrode.

4.1.6 For clectroslag and electrogas welding of ex-
posed, bare, unpainted applications of ASTM A242
and A 588 steel requiring weld metal with atmospheric
corrosion resistance and coloring characteristics
similar to that of the base metal. the mechanical
properties of the weld metal shall meet the re-
quirements of Table 4.20 and the chemical composi-
tion requirements of Table 4.1.4,

4.2 Preheat and Interpass
Temperature Requirements

With the exclusion of stud welding (see 4.28.7) and
electroslag and electrogas welding (see 4.24.5), the
minimum preheat and interpass temperatures shall be
in accordance with Table 4.2 for the welding process
being used and for the higher strength steel being
welded. Welding shall not be done when the ambient
temperature is lower than 0 °F (=18 °C). (Zero °F does
not mean the ambient environmental temperature but
the temperature in the immediate vicinity of the weld.

Table 4.1.4—Filler metal requiraments for
exposed bare applications of ASTM A242

and A588 steel
WELDING PROCESS
Gas metal arc

Shicided Submerged or
metal are arc Flux cored arc’+*
AWS A5 S AWS A5.23
E80160r 18-C'* FIX-EXXX-W'
E8016 or 18-BI’ FIX-EXXX-BI*' 62 ksimin YP
E80l6or 18-B2° F7X-EXXX-B2:* (430 MPa)
ES015 or 18-B21° T2ksimin TS
E80l60r 18-C!  F7X-EXXX-Nil' (495 MPa)
E80I60r I8-C2 F7X-EXXX-Ni2 Elon. 18% min

E8016 or 18-C3

FTX-EXXX-Ni¥’

I Deposited weld metal shall have the chemical composition: C,
max %, 0.12; Mn, %, 0.50/1.30; P, max %, 003 S. max %, 0.0¢. Si, %,
035/080; Cu, %, 0.30/0.75; Ni, %. 040/080; Cr, %, 045/0.70.

2 Deposited weld metal shall have a mimimum impact strength of Charpy V-
Noteh 20 1t 1b (27.1 J) at 0 °F (=18 °C) (only applied to bridges).

3 Use of some type filler metal having next higher mechanical properties as
listed in AWS specification 15 permitted.

4 Deposited weld metal shall have a chemical composition the same as that
lor any one of the weld metals in this table for the shiclded metal arc weldmg
process
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Table 4.1.1—Matching filler metal requirements

STEEL SPECIFICATION REQUIREMENTS FILLER METAL REQUIREMENTS
Minimem | Tensie strength P Minsmum | Tensie sirength
Steel Specificanon’ ’ neid posnt yicid pont range
ks MPa | ks MPa Specificavon™ |4y, MPs| ks MPs
ASTM Ad 3 2% |5880 Mssw
ASTM ASY Grade B 3 40 |60 min 415 mun SMAW
ASTM A106 Grade B 3 240 |60 mie 415 mm | TUCT 38
ASTM AI)I Grades A B.C.CS.D.E | 32 200 |S71  aooaso | ATE RS 0rASS 1 o
ASTM A1Y9 Grade B ¥ 20 |G0min 415 mm me" A b :‘:
ASTM AMI Grade Y5 3 240 |60 min 415 min el
ASTM AS0 Grade A 33/39 2307270 | 45 man 310 mun | SAW
Grade 8 42/46 290/320] 56 min 400 mn | AWS AS 17 or AS2Y
ASTM ASO1 36 25 |SEen 400 min|  FEX.-EXXX or 0 s | 6280 424580
ASTM ASi6 Grade 55 0 208 |556%  IN04%0 | FIX-EXXX o 415 | 7095 ausess
Grade 60 2 20 |67 1S9t beree
ASTM A4 Grade | » 32 03 arssas | Ll s
Grade 11 30 208 | S5M0 MOS80 1T paacl @ 4%t | 12 omn aes
| ASTM ASN & 0 6085 18498 | Lo @ 415 | 72 mun d9¢
ASTM ASTO Grade D a0 278 55 man 380 mn
Grade @ %0 Shomin 400 min | FCAW
| ASTM A®T) Grade 65 » 200 6577 450.530 | AWS AS 20
| ASTM A0S Grade 36 B 20 | a0 MASW | ENTX 0 WS |82 me 426
| AP SL Grade R » 0 & 4 EWT-X & 41 | T2 e a9%
| AP) SLX Grrade 42 Q£ W e 9 (Racept 2 & -3
| ABS Gradges A. B. D, CS. DS KT 400.4%
| Grade F* Al S X490
JASTM ALY Grades AMIY DHIZ EHI2 | 458 318 [on8%  470-848
! Grades AMI6. DHIS. EMY6 | 1 %0 7180 w0e
LAST™M A2 42:50 290-M5 |67 20mn 415485
| ASTM Ass) 4250 290-345 |63 7umin 450530
| ASTM ASI8 Grade 6% 18 40 |6877 45050
Grade 70 L ] 260 | 7085 ARSSES  SmAW
ASTM ASYY Ciass 17 %0 35 17090 aS620 | AMS AS | or AS S
ASTM AST2 Grade &2 Q2 20 |Mmn d1Sme]  EOXX 7 WS [T SW
Grade 4% 4 IO JeO min 415 n
Grade W S0 MS |65 min 450 mun | SAW
Grade 8% S5 380 umin 4KS mm| AWS ASTY or ASDY l
| ASTM ASKN (4 in and under) 50 e |70 min ans men ] FTXCEXXN S ) TS aniats |
| ASTM ASOS Grade A L3 ) IR0 |63 mun 250 min| (o MAW
| Grade B and C 0 415 70 min a8 minf AWS AS N
| ASTM AnDS as MO J6S mun 450 me ESN o W N D s
| ASTM AGGY Grade 4 as MO 0 mn 415 min B0 -1 @ 8¢ T2 e aes }
Grade 0 1] M5 oS mn A% mn
Grage 85 $8 WO [0 min axs man| FOAW
ASTM A6 0 M5 | mm 455 mial AWS AN
ASTM A8I3 Grade A a2 20 |e)al s | EOTA 0 8 N2 e {
Grade C. D so s o0 44620 (Eacept 2 & -0 |
(2-1/2 1. and under)
| ASTM AN Grade SO S0 M 65 min 450 man |
i Grade “OW 0 M 0 min 455 mn
| AP 2H 2 ™ 6280  dwW.5\0
| ABS Curades AH32 DHI2 EMIZ @5 NS e s
| Grades AMI6 DHI6. EHIS $i B0 |7190 0820
SMAW }
AWS AL !
{ e 0 172 min 494
| ASTM ASTY Grade &0 o0 4; TSm0 | L gy
! Grade 6¢ 65 4 *Momin S50 mn S s
| ASTM AS}? Claw 2 L L L e — M S0 1N e
f ASTM Ab) Grade & 0 4 [0 SSee%0 Grade ENOS' « 4% |50 min $%
; FOAW
! Grade EXOT' 6% 470 |§05% 5504688
' SMAW
AWS ASS
: ' R
| ASTM S14 jover 2-1/2 ;|63 mm]) 90 620 |105-13% 725930 O AL
ASTM A8 Grades 100 100W -
| A 2r0 6 m 199 0 102 mep WA N ¥ 90608 1100-100 90-40%
Grade L1008 (0 me o0
FCAW
Grade E100T" BE  60% 100118 690-790
SMAW
AWS ASS
ASTM ASI4 (2172 in 100 690 | 115135 795.9% L 28 L VIO e 200
4 mm| and under)
M ASIT 100 690 | 115135 795930 | AWS AS2)
ASTM A0 Grades 100, 100W 100 690 | 110-130 760898 Wﬂ'—..ﬂ.—ﬂ..l.&m
(2:1/2 m |63 mm| and under) 8 £1108 % 823
FOAW
Grade E110T" o 675 | 110135 60
I joims metsls of two different or more than | in (254 mm) thick for bridge applications.
?h :-h#nh -m “Special welding maienats and procedures (¢ 1. 80X X iow alioy dec-
may be used.except that if ihe strength base metal re-  irodes) may be required 10 malch notch toughness of base metal (for
quires low hydrogen electrodes they be used apphications invoiving impact loading or low tempersture). or. for at-
‘Match AP Standard 28 (fabricated iubes) 10 steel used  MOsphenc corrosion and weathering characieristics (see 4 | 4)
‘Wher weids 27¢ (0 be siress reiieved Lhe deposited metal shall not  Low hydrogen clasmfications only.
exceed 005 per cent vanadiwm ‘Depossted weld metal shail have 8 mimmem impact sirength of 20 A
“See 420 for elecirogas and clectrosiag weid metal requirements 15 (27.10) 9 0 °F (« 18 °C) when Charpy V-nolch spocimens are wed.
‘Only low hydrogen clocirodes shall be w  when welding AJ6 stenl  This requirement » applicable only 10 bridges.



The ambient environmental temperature may be
below 0 °F but a heated structure or shelter around
the area being welded could maintain the temperature
adjacent to the weldment at 0 °F or higher.) When the
base metal is below the specified minimum
temperature, it shall be preheated so that the parts on
which weld metal is being deposited are at or above
the specified minimum temperature for a radius equal
to the thickness of the part being welded, but not less
than 3 in. (76.2 mm) in all directions from the point of
welding. Preheat and interpass temperatures must be
sufficient to prevent crack formation, and
temperatures above the specified minimum may be
required for highly restrained welds. In joints in-
volving combinations of base metals, preheat shall be
as specified for the higher strength steel being welded.

4.3 Heat Input Control for Quenched
and Tempered Steel

When quenched and tempered steels are welded, the
heat input shall be restricted in conjunction with the
maximum preheat and interpass temperatures re-
guired (by reason of base metal thicknesses). The
above limitations shall be in strict accordance with the
steel producer’s recommendations. The use of stringer
beads to avoid overheating is strongiy recommended.
Oxygen gouging of quenched and tempered steels is
not permitted.

4.4 Arc Strikes

Arc strikes outside of the area of permanent welds
should be avoided on any base metal. Cracks or
blemishes caused by arc strikes shall be ground to a
smooth contour and checked to ensure soundness.

4.5 Weld Cleaning

Before welding over previously deposited metal, all
slag shall be removed and the weld and adjacent base
metal shall be brushed clean. This requirement shall
apply not only to successive layers but also to
successive beads and to the crater area when welding is
resumed after any interruption. It shall not, however,
restrict the making of plug and slot welds in accor-
dance with Appendix A.

4.6 Groove Weld Termination

4.6.1 Groove welds shall be terminated at the ends of
a joint in a manner that will ensure sound welds.
Whenever possible, this shall be done by the use of ex-
tension bars or run-off plates.

Shielded Metal Arc Welding/3)

4.6.2 In building construction, extension bars or run-
off plates need not be removed unless required by the
Engineer.

4.6.3 In bridge construction, extension bars and run-
off plates shall be removed upon completion and cool-
ing of the weld. and the ends of the weld made smooth
and flush with the edges of the abutting parts.

4.7 Groove Weld Backing

4.7.1 Groove welds made with the use of steei backing
shall have the weld metal thoroughly fused with the
backing, On bridge structures, steel backing of welds
that are transverse 1o the direction of computed stress
shall be removed and the joint shall be finished smooth
or ground. Steel backing of welds that are longitudinal
with the direction of stress or are not subject to com-
puted stress need not be removed, unless so specified
by the Engineer.

4.7.2 Steel backing of welds used in buildings or
tubular structures need not be removed unless re-
quired by the Engineer.

4.7.3 Steel backing shall be made continuous for the
full length of the weld. All necessary joints in the steel
backing shall be complete joint penetration butt welds
meeting all workmanship requirements of Section 3 of
this code.

4.8 Caulking

Caulking of weids shali not be permitted.

Part B
Shielded Metal Arc Welding

4.9 Electrodes for Shielded Metal
Arc Welding

4.9.1 Electrodes for shielded metal arc welding shall
conform to the requirements of the latest edition of
AWS A35 1. Specification for Mild Steel Covered Arc
Welding Electrodes, or to the requirements of AWS
AS.S, Specification for Low-Alloy Steel Covered Arc
Welding Electrodes.

4.9.2 All electrodes having low hydrogen coverings
conforming to AWS AS.l1 shall be purchased in
hermetically-sealed containers or shall be dried for at
least two hours between 450 °F (230 °C) and 500 °F
(260 °C) before they are used. Electrodes having low
hydrogen coverings conforming to AWS AS.5 shall be
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Table 4.2—Minimum preheat and interpass temperature” *

‘Welding shall not be done when the ambient temperature is lower
than O °F (= 1% *C) When the base metsl 1 below the tempers-
tare bisied for the welding provess beng used and the thickness
dmdm“n*ﬂnmm-“

provided) ;M such that the sorf of the paris on
mﬁ-ﬂ-dnmmmnummw
cqual 10 the thickness of the
mm*uuumummnmu

rempered sieel shall not exceed the sieel producers recommenda-
ton

‘In yoimis involving comimations of base metals. prehest shall be as
specified for the hgher sirength steel being weided

NOTE Zero *F (=18 *C) doss not mean the ambient environ-
mmmuu&mnm*m
of the weld The may be velow
0 *F. u-wmummmum

Thickness of
Thickest Part
\\vddm. at Point of Mimmum
Steel Specification e, Welding Tc:;‘uu.i:n
m. mm
ASTM A ASTM ASI6 Grades 55 & 60
ASTM AS3 Grade B ASTM AS24 Grades | & 11
ASTM A106 Grade B ASTM ASM Upto3/4  19ncl None'
ASTM A3l Grades A B ASTM A5 Grades D & E 34 T
C.CS. D E ASTM AST3 Grade 6% Shielded metal arc over3/4 T -
ASTM A1 Grade B ASTM A 709 Grade weiding wi.h other o LS - ...
S F15 han low h 1172 38
ASTY A3BI Grade Y15 AP SU Grade B :l::':n;:c, vdre_en :s;:::.‘ s & a5 i
ASTM AS00 Grade A APl SLX Grade 42 —
Grade B ABS Grades A. B. D CS. DS over2-1/2 o4 o 1%
ASTM AS0) Grade £
ASTM Ade ASTM AST0 Girades D & E
ASTM AS] Grade B ASTM ASTY Grades 42 45
ASTM A106 Grade B S0, &8
ASTM A1 Grades A. B. €. ASTM A7) Grade 65
S D & ASTM ASsx
AH 2 & ¥ ASTM AS9S Grades A. B.
DH 32 & 36 C
EH 2 & 3o ASTM AsDe Shislded metal asc Upto3/4  19incl None'
al @
Ag:: A;:: Grade B ASTM AO7 (:udes‘:.‘ S0, enliiog wih Jow over 3/4 19
A A S hvd electrodes. theu 1-1/2 38 incl S0 10
3 ASTM ASIX rogen .
ASTM Als) Grade YIS ASTM A6Y) Grades A. B submerged arc over 1172 %
AETHE AT o & Grades C. D welding. gus metal 91 | ynry 2172 64ncl 15
e ASTM AT09 Grades o, 50, oW | Wwelding. flux cored arc R o s
Grade B AP! SL Grade B welding over 2-1/2 64 223 10
e L e API SLX Grade 42
ASTM ASid Grades S5 & 60 SR e
oS & 70 \PIV Spec. 2H
ABS Grades AH 32 & 36
DH 12 & %
ASTM AS2d Grade | & 1} » EH 32 & 36
ASTM AS29 ABS (naotscks. %QD.
~ 819 . DS
ASTM ASYY Classes | & 2 Gesde E
Shicided metal arc Upto 174 19mnc S0 10
welding with low over 3 4 v
hyarogen clecirodes thew 11/ Wand 150 ~
ASTM AST2 Grades 35 60 65 submerged arc ey
ASTM A61) Grade | welding, gas metal arg ol 4 x .
welding. flus cored arg thru 2.1/ b il =2¢ 0
welding over 2. 1,0 od W0 150
Shielded metal arc
wifiog Skb A0 Upto3/4 19 incl 010
ASTM ASI4 over 2-1/2 in hyvdrogen electrodes. over 3,4 9
ASTM AS1? submerged arc welding | thru 1-1/2 38 incl 128 S0
ASTM A709 Grades 100 & 100W with carbon or over 1-173 1%
SRy o wies. thry 2172 6dinel | 175 W0
neutral Nux, gas metal s
arc welding or Mur over2-1/2 64 228 1o
cored arc welding
Uptod/a 19incl 50 10
ASTM ASI4 2.1/2 & under Submerged arc e s o
ASTM A709 2.1/2 & under Grades 100 & 100W welding with carbon . -
steel wire. alloy Mux over I-1,2 3%
thru 2-1/2 64 incl 300 150
over 2-1/2 64 00 20°
‘When the buse metal temperature is below 32 *F (0 *C). the base the mimmum shown may be reguired for highly weids
metal shall be preheated (o ot beust 70 °F (21 *C)and ths bor d and 1empered sicel ihe nd in
er ed g terpass temperature shall not exceed 400 *F (2085 *C) for thick-
‘Oniy low-hvdrogen ciecirodes shall be used when weiding A 36 sieel nesses Up 10 §-1/2 i (38 | mm) inclusive. and 450 *F (230 *C) for
more than | i thck for brdges preater ihcknesses. Heat nput when weiding quenched and



purchased in hermetically-sealed containers or shall

be dried at least one hour at temperatures between 700 .

°F (370 °C) and 800 °F (430 °C) before being used.
Electrodes shall be dried prior to use if the
hermetically-sealed container shows evidence of
damage. Immediately after the opening of the
hermetically-sealed container or removal of the elec-
trodes from drying ovens, electrodes shall be stored in
ovens held at a temperature of at least 250 °F (120
°C). ET0XX electrodes that are not used within four
hours, EBOXX within two hours, E90XX within one
hour, EIOOXX and E110XX within one-half hour
after the opening of the hermetically-sealed container
or removal of the electrodes from a drying or storage
oven shall be redried before use. Electrodes that have
been wet shall not be used.

4.9.3 When requested by the Engineer. the contractor
or fabricator shall furnish an electrode manufacturer’s
certification that the electrode will meet the re-
quirements of the classification.

4.10 Procedures for Shielded
Metal Arc Welding

4.10.1 The work shall be positioned for flat position
welding whenever practicable.

4.10.2 The classification and size of electrode, arc
length, voltage, and amperage shall be suited to the
thickness of the material. type of groove, welding posi-
tions, and other circumstances attending the work.

4.10.3 The maximum diameter of electrodes shall be
as follows:

4.10.3.1 5/16 1n. (8.0 mm) for all welds made in the
flat position, except root passes.

4.103.2 1/4in.(6.4 mm) for horizontal fillet welds.

4.10.3.3 1/4 in (64 mm) for root passes of fillet
welds made in the flat position and groove welds made
in the flat position with backing and with a root open-
ing of 1/4 in. or more.

4.10.3.4 5/32 in. (4.0 mm) for welds made with
EXX14 and low-hydrogen electrodes in the vertical
and overhead positions.

4.10.3.5 3/16in. (4.8 mm) for root passes of groove
welds and for all other welds net included under
4.10.3.1. 4.10.3.2, 4.10.3.3 and 4.10.3.4 above.

4.10.4 The minimum size of a root pass shall be suf-
ficient to prevent cracking.

4.10.5 The maximum thickness of layers subsequent
to the root pass of fillet welds and of all layers of
groove welds shall be:

4.10.5.1 1/4 in. (6.4 mm) for root passes of groove
welds.

4.10.5.2 1/8 in. (3.2 mm) for subsequent layers of
welds made in the flat position.

Submerged Arc Welding/33

4.10.5.3 3/16 in. (4.8 mm) for subsequent layers of
welds made in the vertical, overhead and horizontal
positions.

4.10.6 The maximum size fillet weld which may be
made in one pass shall be:

4.10.6.1 3/8 in. (9.5 mm) in the flat position.

4.10.6.2 5/16 in. (8.0 mm) in horizontal or
overhead positions.

4.10.,6.3 1/2n. (12.7 mm) in the vertical position.

4.10.7 The progressions for all passes in vertical posi-
tion welding shall be upwards except that undercut
may be repaired vertically downwards when preheat is
in accordance with Table 4.2 but not lower than 70 °F
(21 °C). However, when tubular products are welded,
the progression of verticai welding may be upwards or
downwards but only in the direction or directions for
which the weider 1s qualified.

4.10.8 Complete joint penetration groove welds made
without the use of steel backing shall have the root
gouged to sound metal before welding is started from
the second side, except as permitted by 10.13.

Part C
Submerged Arc Welding

4.11 General Requirements

4.11.1 Submerged arc welding may be performed
with one or more single electrodes, one or more
parallel electrodes, or combinations of single and
parallel electrodes. The spacing between arcs shall be
such that the slag cover over the weld metal produced
by a leading arc does not cool sufficiently to prevent
the proper weld deposit of a following electrode.
Submerged arc welding with multiple electrodes may
be used for any groove or fillet weld pass.

4.11.2 The following paragraphs (4.11.3-4.11.8)
governing the use of submerged arc welding are
suitable for any steel included in 8.2, 9.2, or 10.2 other
than those of the quenched and tempered group.
Concerning the latter group, it is necessary to comply
with the steel producer's recommendation for max-
imum permissible heat input and preheat com-
binations. Such considerations must include the ad-
ditional heat input produced in simultaneous welding
on the two sides of a common member.

4.11.3 The diameter of electrodes shall not exceed 1 /4
in. (6.4 mm).
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Structural Welding Code

1. General Provisions

1.1 Application

1.1.1 This code covers welding reguirements
applicable to any type of welded structure. It is to be
used in comunction with any complementary code or
specification for the design and construction of steel
structures. It is not intended to apply to pressure
vessels or pressure piping. Requirements that are es-
sentially common to all structures are covered in Sec-
tions | through 7 while provisions applying exclusively
to buildings (static loading), bridges (dvnamic
loading). or tubular structures are included in Sections
8. 9. and 10 respectively.

1.1.2 All references 1o the need for approval shall be
interpreied to mean approval by the Building Com-
missioner.' the Engineer,’ or the duly designated pe--
son acting for and in behalf of the owner on all matters
within the scope of this code. Hereinafter, the term
Engineer will be used, and it is to be construed to
mean the Building Commussioner, the Engineer. or the
duly designated person who acts for and in behalf of
the owner on all matters within the scope of this code.

1.2 Base Metal

The base metals to be welded under this code are car-
bon and low alloy sieels commonly used in the fabrica-
tion of steel structures. Steels complying with the
specifications listed in 8.2, 9.2, and 10.2, together with
special requirements applicable individually to each
type of structure, are approved for use with this code.
Steels other than those histed in 8.2, 9.2 and 10.2 may
be used provided the provisions of 8.2.3, 9.2.4, or
10.2.3 are complied with.

1.3 Welding Processes

1.3.1 Shielded metal arc welding (SMAW), sub-
merged arc welding (SAW), gas metal arc welding
(GMAW) (except short circuiting transfer), and flux

‘The term “Building Commissioner™ refers 10 the official or
burcau. by whatever term locally des who is delegated to en-
force the local building law or speci or other construction

regulations
“The Engineer 1s the duly designated person who acts for and in be-
hall of the owner on all matters within the scope of this code.

cored arc welding (FCAW) procedures which conform
to the provisions of Sections 2, 3, and 4, in addition
to Secuons 8, 9, or 10, as applicable, shall be deemed
as pregualiiied and are therefore approved for
use without performing procedure qualification tests.

1.3.2 Electroslag (ESW) and electrogas’ welding may
be used provided the procedures conform to the
apphicable provisions of Sections 2, 3, and 4 and the
contractor qualifies them in accordance with the re-
quirements of 5.2,

LAY Stud welding may be used provided the
procedures conform 1o the applicable provisions of
4.25 through 4,31

1.4 Definitions

The welding terms used in this code shall be inter-
preted in accordunce with the definitions given in the
latest edition of AWS A3 0. Terms und Definitions
supplemented by Appendix | of this code

1.5 Welding Symbols

Welding symbols shall be those shown in the latest
edition of AWS A2 4, Symbois for Welding and Non-
destructive Testing. Special conditions shall be fully
explained by added notes or details.

1.6 Safety Precautions

Safety precautions shall conform to the latest edition
of ANSY Z@1, Safety in Welding and Cutting,
published by the American Welding iety.

1.7 Standard Units of Measurement

The values stated in U.S. customary units are to be
regurded as the standard. The metric (S1) equivalents
of U.S. customary units given in this code may be ap-
proximate.

' The term electrogas welding as used in this code refers 10 either gas
metal arc (GMAW-EG) or flux cored arc
welding-elecirogas (FCAW-EG) or 10 both.



2. Design of Welded Connections

Part A General Requirements

2.1 Drawings*

2 1.1 Full und complete information regarding loca-
von, type, size, and extent of all welds shall be clearly
shown ¢ the drawings. The drawings shall clearly dis-
unguish between shop and field welds.

2.1.2 Drawings of those joints or groups of joints in
which 1t is especially important that the welding se-
yuence and techmique be carefully controlled to
minimize shrinkuge stresses and distortion shall be
s0 noted.

2.1} Contract design drawings shall specify the effec-
tive weld lzngth and, for partial penetration groove
welds. the required effective throat, as defined in 2.3
and 10.8. Shop or working drawings shall specify the
groove depths (S) applicable for the effective throat
(E) required for the welding process and position of
welding 1o be used.

LML It is recommended that contract design
drawings show complete joint penetration or partial
0int penctration groove weld requirements as foilows:

complete joint
penetration weld (CP)

The welding symbol without dimensions designates a
complete joint penetration weld.

(E,) partial joint
/ (E,) < penetration weld
Where,
E, = effective throat, other side

E. = effective throut, urrow side

Special groove details shall be specified where re-
quired.

The term “drawings’ refers 10 pluns. design and detail drawings,
and erection plans

2.1.4 Detail drawings shall clearly indicate by welding
symbols or sketches the details of groove welded joints
und the preparation of material required to make
them. Both width and thickness of steel backing shall
be detailed.

2.1.S Any special inspection requirements shall be
noted on the drawings or in the specifications.

2.2 Basic Unit Stresses

Basic unit stresses for buse metals and for effective
areas of weld metal for application to buildings,
bridges. and tubular structures shall be as shown in
Purt B of Sections &, 9, und 10 respectively,

2.3 Effective Weld Areas, Lengths,
and Throats

2.1 Groeve Welds. The effective area shall be the
effective weld length multiplied by the effective throat.

2311 The effective weld length for any groove
weld. square or skewed, shall be the width of the part
Joined, perpendicular 1o the direction of stress.

2.3.1.2 The effective throat of a complete joint
penetration groove weld shall be the thickness of the
thinner part joined. No increase is permitted for weld
reinforcement.

2.3.1.3 The minimum effective throat of a partial
joint penetration groove weld shall be as specified in
Table 2.10.3,

2.3.2 Fillet Welds. The effective ares shall be the
effective weld length multipled by the effective throat
thickness. Stress in a fillet weid shall be considered as
applied to this effective area, for any direction of
upplied load.

2.3.2.1 The effective length of a fillet weld shall be
the overall Imof the full-size fillet, including end
returns. No ion in effective length shall be made
for either the start or crater of the weld if the weld is
full size throughout its length.

2.3.2.2 The effective length of a curved fillet weld
shall be measured along the center line of the effective
throat. If the weld area of a fillet weld in a hole or slot
computed from this length is greater than the area
found from 2.3.3, then this latter area shall be used as
the effective area of the fillet weld.



2.3.2.3 The minimum effective length of a fillet
weld shall be at least four umes the nominal size, or
the size of the weld shaill be considered not to exceed
one fourth its effective length.

2.3.2.4 The effective throat shall be the shortest dis-
tance from the root to the face of the diagrammatic
weld.

2.3.3 Plug and Slot Welds. The effective area, shall be
the nominal area of the hole or slot in the plane of the
faving surface.

2.3.4 The effective throat of a combination partial
joint penetration groove weld and a fillet weld shall be
the shortest distance from the root to the face of the
diagrammatic weld minus 1/8 in. (3.2 mm) for any
groove detail requiring such deduction (See Appendix
B).

Part B Structural Details

2.4 Fillers

2.4.1 Fillers may be used in:
2.4.1.1 Splicing parts of different thicknesses.
2.4.1.2 Connections that, due to existing geometric
alignment, must accommodate off-sets tc permit sim-
ple framing.

2.4.2 A filler less than 1 /4 in. (6.4 mm) thick shall not
be used to transfer stress but shall be kept flush with
the welded edges of the stress-carrying part. The sizes
of welds along such edges shail be increased over the
required sizes by an amount equal 1o the thickness of
the filler (see Fig. 2.4.2).

2.4.3 Any filler 1/4 in. (6.4 mm) or more in thickness
shall extend beyond the edges of the splice plate or
connection material. It shall be welded to the part on
which it is fitted and the joint shall be of sufficient
strength to transmit the splice plate or connection
material stress applied at the surface of the filler as an
eccentric load. The welds joining the splice plate or
connection material to the filler shall be sufficient to
transmit the splice plate or connection material stress
and shall be long enough to avoid overstressing the
filler along the toe of the weld (see Fig. 2.4.3).

2.5 Partial Joint Penetration Groove
Welds

Partial joint penetration groove welds subject to
tension normal to their longitudinal axis shall not be
used where design criteria indicate cyclic loading
could produce fatigue failure. Joints containing such
welds. made from one side only, shall be restrained to
prevent rotation.
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Part C Details of Welded Joints

2.6 Joint Qualification

2.6.1 Joints meeting the following requirements are
designated as prequalified:

(1) Conformance with the details specified in 2.9
through 2.14 and in 10.13.

(2) Use of one of the following welding processes in
accordance with the requirements of Sections 3, 4, and
10 as applicable: shielded metal arc, submerged arc,
gas metal arc (except short circuiting transfer) or flux
cored arc welding.

Joints meeting these requirements may be used with-
out performing the joint welding procedure qualifica-
tion tests prescribed in 5.2.

2.6.1.1 The joint welding procedure for all joints

welded by short circuiting transfer gas metal arc weid-
ing (see Appendix D) shall be qualified by tests pre-
scribed in 5.2.

pIPIITIIII

Transverse
welas may

Actual size
Eftective area of weid 2 shall equal that of weid 1 but its size
shall be its effective size pDius the thickness of the filier, |

Fig. 2.4.2—Fillers less than 1/4 in. thick.

.'  hdisiada
/
/

. - S
Transverse,
welds may 3 ‘ !
be used
siong these

Ettective area of weid 2 shall equal that of weid 1. The length of weld
2 shall be sutficient 10 avoid overstressing the filler in shear along planes
XK. -
Effective area of weid 3 shall at jeast sgual inat of weld | and there
shall be no oversiress pf the ends of waid 3 resulting from the eccen-
tricity of the forces acting on the filler.

Fig. 2.4.3—Fillers 1/4 in. or thicker.
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2.6.2 Joint details may depart from the details
prescribed in 2.9 through 2.14 and in 10.13 only if the
contructor submits to the Engineer his proposed joints
and joint welding procedures and at his own expense
demonstrates their adequacy in accordance with the
requirements of 5.2 of this code and their confor-
mance with applicable provisions of Sections 2 and 4.

2.7 Details of Fillet Welds

2.7.1 The details of fillet welds made by shielded
metal arc, submerged arc, gas metal arc or fiux cored
arc welding 1o be used without joint welding procedure
qualification are hsted in 2.7.1.1 through 2.7.1.5 and
detailed in Figs. 2.7.1 and 10.13.1.3.

2.7.1.1 The mimimum fillet weld size. except for
fillet welds used 10 reinforce groove welds, shall be as
shown in the following table:

Base Metal Thickness of Minimum Size

Thicker Part Joined (T) of Fillet Weld®*

n. mm n. mm
T<1/4 T<64 1 /5" 3'
1/4<TLI/2 64LTLIZT  3/16 5§ { singie pass

1/2<TLI/4 12.7<TLI90  1/4 6 ( welds must
IALT 19.0<T 5/16 8 / be used

*Except that the weld size need not exceed the thickness of the
thinner part jomed. For this exception particular care should be
taken 10 provide sulficient preheat 1o ensure weid soundness
**Minimum size for bridge apphication 3/16 in.

2.7.1.2 The maximum fillet weld size permitted

along edges of material shall be:
(1) The thickness of the base raetal, for metal less
than 1/4 in. (6.4 mm) thick (see Fig. 2.7.1. detail A).
(2) 1/16 in. (1.6 mm) less than the thickness of base

metal, for metal 1/4 in. (6.4 mm) or more in thick-
ness (see Fig. 2.7.1, detail B). uniess the weld is desig-
nated on the drawing to be built out to obtain fuli
throat thickness.

2.7.1.3 Fillet welds in holes, or sits in lap joints,
may be used to transfer shear or to prevent buckling
or separation of lapped parts. These fillet welds may
overlap, subject to the provisions of 2.3.2.2. Fillet
welds in holes or slots are not to be considered as plug
or slot welds.

2.7.1.4 Fillet welds may be used in skew joints that
have an included angle of not less than 60 degrees.
(See Fig. 2.7.1, details C and D).

2.7.1.5 The minimum length of an intermittent
fillet weld shall be 1-1/2 in, (38.1 mm).

o
e RS el

Base metal less Base metal 1/4 or
than 1/4 thick more i1 thickness

A B
Maximum size of fillet weid slong edges

Skewed T-joints '
All dimensions in inches.

Fig. 2.7.1--Deuails for fillet welds.

2.8 Plug and Slot Welds*

2.8.) Plug and slot welds in lap joints may be used to
transmit shear or to prevent the buckiing or separa-

tion of lapped parts.

2.8.2 The diameter of the hole for a plug weld shall be
no less than the thickness of the part containing it
plus 5/16 in. (8.0 mm) preferably rounded to the next
greater odd 1/16 in. (1.6 mm). The diameter of the
hole for u plug weld shall not be greater than 2-1/4
umes the thickness of the weld,

2.8.3 The minimum center to center spacing of plug
welds shall be four times the diameter of the hole.

2.8.4 The length of the slot for a slot weld shall not
exceed ten times the thickness of the weld. The width
of the slot shall be no less than the thickness of the
part containing it plus 5/16 in. (8.0 mm) preferably
rounded to the next greater odd 1/16 in. (1.6 mm) nor
shall it be greater than 2-1/4 times the thickness of the
weld.

285 Plug and slot welds are not permitted in
guenched and tempered steels.

2.8.6 The ends of the slot shall be semicircular or
shall have the corners rounded to a radius not less than
the thickness of the part containing it, except those
ends which extend to the edge of the part.

2.8.7 The minimum spacing of lines of slot welds in a
direction transverse to their length shall be four times
the width of the slot. The minimum center to center
spacing in a longitudinal direction on any line shall be
two times the length of the slot.

‘See Appendix A for the technique of making plug and siot welds.



2.8.8 The thickness of piug or slot welds in metal 5/8
in. (15.9 mm) thick or less shall be equal to the thick-

ness of the material. In metal over 5/8 in. thick, it

shall be at least one-haif the thickness of the material
but no less than 5/8 in.

2.9 Complete Joint Penetration
Groove Welds Made by Shielded
Metal Arc Welding

2.9.1 Complete joint penetration groove welds made
by shielded metal arc welding in butt, T, and corner
joints which may be used without performing the joint
welding procedure qualification tests prescribed in
5.2 are detailed in Fig. 2.9.1 and are subject to the
the limntations specified in 2.9.2.

2.9.2 Dimensions of groove welds specified on design
or detail drawings may vary from the dimensions
shown in Fig. 2.9.1 only within the following limits:

2.9.2.1 The specified thickness of base metal is the
maximum nominal thickness that may be used.

2.9.2.2 Theroot face of the joints shall be as dimen-
sioned in Fig. 2.9.1. It may be detailed to exceed the
specified dimension by no more than 1/16 in. (1.6
mm). It may not be detailed less than the specified
dimension.

2.9.2.3 The root opening of the joints is minimum.
It may be detailed to exceed the dimension shown by
no more than 1/16 in. (1.6 mm).

2.9.2.4 The groove angle is minimum. It may be
detailed to exceed the dimension shown by nc more
than ten degrees.

2.9.2.5 The radius of J-grooves and U-grooves is
minimum. It may be detailed to exceed the dimension
shown by no more than 1/8 in. (3.2 mm). U-grooves
may be prepared before or after fitting.

2.9.2.6 Double-groove welds may have grooves of
unequal depth, but the depth of the shallower groove
shall be no less than one-fourth of the thickness of the
thinner part joined.

2.9.3 For corner joints, the outside groove preparation
may be in either or both members, provided the basic
groove configuration is not changed and adequate
edge distance is maintained to support the welding
operations without excessive edge melting.
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2.10 Partial Joint Penetration Groove
Welds Made by Shielded Metal
Arc Welding

2.10.1 Except as provided in 10.13.1.1, groove welds
without steel backing, welded from one side, and
groove welds welded from both sides but without back
gouging are considered partial joint penetratior
groove welds. Partial joint penetration groove welds
made by shielded metal arc welding in butt, T, and
corner joints which may be used without performing
the joint welding procedure qualification tests pre-
scribed in 5.2 are detailed in Fig. 2.10.1 and are sub-
ject to limitations specified in 2.10.2

2.10.2 Dimensions of groove welds specified on design
or detail drawings may vary from the dimensions
shown in Fig. 2.10.1 only within the following limits:

2.10.2.1 The groove angle is minimum. It may be
detailed to exceed the dimension shown by no more
than ten degrees. "

2.10.2.2 The radius of the U-grooves and J-grooves
is minimum. It may be detailed to exceed the dimen-
sion sho'vn by no more than 1/8 in. (3.2 mm). -
grooves may be prepared before or after fitting.

2.10.2.3 Double-groove welds may have grooves of *
unequal depth, provided that the weld deposit on each
side of the joint conforms to the limitations of Fig.
2.10.1.

2.10.3 The effective throat of partial joint penetration
square-, bevel-, and V-groove welds shall be as shown
in Table 2.10.3.

2.10.3.1 Shop or working drawings shall specify the
groove depths (S) applicable for the effective throat
(E) required for the welding process and position of
welding to be used.

2.10.4 The minimum root face of the joints shall be
1/8 in. (3.2 mm).

2.10.5 For corner joints, the outside groove prepara-
tion may be in either or both members, provided the
basic groove configuration is not changed and ade-
quate edge distance is maintained to support the
welding operations without excessive edge melting.
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Tabile 2.10.3—Minimum effective throat for

partial joint penetration groove weids

Legend for Figs. 2.9.1 through 2.14.1

Base metal thickness of

Minimum effective

Symbois for joint types

B — butt joint
C — corner joint
T—T joint
BC — butt or corner joint
TC — T or corner joint
BTC — butt, T, or corner joint

Symbols for base metal thickness and penetration

L—limited thickness—complete joint
penetration

U—unlimited thickness—complete joint
penetration

P — partial joint penetration

thicker part joined, throat

in. (mm) in. mm
o0 1/4(3.2) incl. 1/8* 3
over 1/4(3.2)101/2(12.7) incl. 3/16 5
over 1/2(12.7)1e 3/4 (19.0) incl. 1/4 6
over 3/4°(19.0) to 1-1/2 (38.1) incl. 5/16 ]
over 1-1/2 (38.1) 10 2-1/4 (57.1) incl. 3/8 10
over 2-1/4 (57.1) to 6 (152) incl. 1/2 13
over 6 (152) 5/8 16
*Mimimum size for bridge applications 3/16 n

Metric (SI) Equivalents
for Section 2 Figures

in mm n. mm

1/32 0.8 2 50.8

1/16 i.6 2-1/8 540

1/8 32 2-3/8 60.3

3/i6 48 2-1/2 63.6

1/4 6.4 2-3/4 70.0

1/8 9.5 3 76.2

5/ 159 3-1/4 82.6

1/2 12.7 3-5/8 92.1

3/4 19.0 3-3/4 952

1 254 4 102

1-3/8 349 4-3/4 121

1-1/2 3.1 S-1/2 140

1-3/4 445 6-1/4 159

Symbois for weld types

1 — square-groove

2 — single-V-groove

3 — double-V-groove

4 — single-bevel-groove
5 — double-bevel-groove
6 — single-U-groove

7 — double-U-groove

8 — single-J-groove

9 — double-J-groove

8% for \nldtm processes, if not shielded
metal arc

S — submerged arc welding
G — gas metal arc welding
F — fiux cored arc welding




3.7 Corrections

3.7.1 The removai of weld metal or portions of the
base metal may be done by machining, grinding, chip-
ping, oxygen gouging, or air carbon arc gouging. It
shall be done in such a manner that the remaining
weld metal or base metal is not nicked or undercut.
Oxygen gouging shall not be used in quenched and
tempered steel. Unacceptable portions of the weld
shall be removed without substantial removal of the
base metal. Additional weld metal to compensate for
any deficiency in size shall be deposited using an elec-
trode preferably smalier than that used for making the
original weld. and preferably not more than 5/32 in.
(4.0 mm) in diameter. The surfaces shall be cieaned
thoroughly before welding.

3.7.2 The contractor has the option of either repairing
an unacceptable weld, or removing and replacing the
entire weld. except as modified by 3.7.4. The repaired
or replaced weld shall be retested by the method
originally used. and the same technique and quality
acceplance criieria shall be appiied. If the contractor
elects to repair the weld, it shall be corrected as
foliows:

3.7.2.1 Overlap or Excessive Convexity. Remove
excess weld metal.

3.7.2.2 Excessive Concavity of Weld or Crater,
Undersize Welds. Undercutting. Prepare surfaces (see
4.5) and deposit additional weld metal.

3.7.2.3 Excessive Weld Porosity, Excessive Slag
inclusions. incomplete Fusion. Remove unacceptable
portions (see 3.7.1) and reweld.

3.7.2.4 Cracks in Weld or Base Metal. Ascertain the
extent of the crack by use of acid etching, magnetic
particle inspection, or other equally positive means;
remove the crack and sound metal 2 in. (50.8 mm)
beyond each end of the crack, and reweld.

3.7.3 Members distorted by welding shall be
straightened by mechanical means or by carefully su-
pervised application of a limited amount of localized
heat. The temperature of heated areas as measured
by approved methods shall not exceed 1100°F (590°C)
for quenched and tempered steel nor 1200°F (650°C)
(a dull red color) for other steels. The part to be
heated for straightening shall be substantially free of
stress and from external forces, except those stresses
resulting from the mechanical straightening method
used in conjunction with the application of heat.

3.7.4 Approval shall be obtained for such corrections
as: repairs 1o base metal (other than those required by
3.2), repair of major or delayed cracks, or for a revised
design to compensate for deficiencies.

3.7.5 The Engineer shall be notified before improper-
ly fitted and welded members are cut apart.
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3.7.6 If, after an unacceptable weld has been made,
work is performed which has rendered that weld in-
accessible, or has created new conditions that make
correction of the unacceptable weld dangerous or in-
effectual, then the original conditions shall be restored
by removing welds or members or both before the cor-
rections are made. If this is not done, the deficiency
shall be compensated for by additional work per-
formed according to an approved revised design.

3.8 Peening

Peening may be used on intermediate weld lavers for
control of shrinkage stresses in thick welds to prevent
cracking. No peening shall be done on the root or sur-
face laver of the weld or in the base metal at the edges
of the weld. Care should be taken to prevent overiap-
ping or cracking of the weld or base metal.

3.9 Stress Relief Heat Treatment":

3.9.1 Where required by the contract drawings or
specifications, welded assemblies shall be stress re-
hieved by heat treating. Finish machining shall pre-
ferably be done after stress relizving.

3.9.1.1 The stress reiief treatment shall conform to
the following requirements:

(1) The temperature of the furnace shall not exceed
600 °F (315 °C) at the time the welded assembly is
placed in it.

(2) Above 600 °F (315 °C). the rate of heating"
shall not be more than 400 °F (220 °C) per hour
divided by the maximum metal thickness of the
thicker part in inches. but in no case more than 400 °F
per hour. During the heating period, variation in
temperature throughout the portion of the part being
heated shall be no greater than 250 °F (140 °C) within
any 15 ft (4.6 m) interval of length.

(3) After a maximum temperature of 1100 °F
(590 °C) is reached on quenched and tempered steel,
or a mean temperature range between 1100 °F and
1200 °F (650 °C) is reached on other steels, the
temperature of the assembly shall be held within the
specified limits for one hour per inch of weld

' Stress relieving of weldments of quenched and tempered steel is
not generally required. Stress reiieving may be necessary for those
applicauions where weldments must retain dimensional stability dur-
ing machining or where stress corrosion may be involved, neither
condition being unique to weldments of quenched and tempered
sieel. However, the results of notch toughness tests have shown that
posiweld heat ireatment may actually impair weld metal and heat-
affected zone toughness and intergranular cracking may sometimes
occur in the grain-coarsened region of the weld heat-affected zone.

"' The rates of heating and cooling need not be iess than 100 °F (55
°C) per hour. However, in all cases. consideration of ciosed cham-
bers and complex structures may indicate reduced rates of heaung
and cooling 1o avoid structural damage due to excessive thermal
gradients



purchased in hermetically-sealed containers or shall

be dried at least one hour at temperatures between 700

°F (370 °C) and 800 °F (430 °C) before being used.
Electrodes shall be dried prior to use if the
hermeticaliy-sealed container shows evidence of
damage. Immediately after the opening of the
hermetically-sealed container or removal of the elec-
trodes from drying ovens. electrodes shall be stored in
ovens held at a temperature of at least 250 °F (120
°C). E70XX electrodes that are not used within four
hours, EBOXX within two hours. E90XX within one
hour, EI00XX and E110XX within one-half hour
after the opening of the hermetically-sealed container
or removal of the electrodes from a drying or storage
oven shall be redried before use. Eiectrodes that have
been wet shall not be used.

4.9.3 When requested by the Engineer. the contractor
or fabricator shall furnish an eiectrode manufacturer’s
certification that the electrode will meet the re-
quirements of the classification.

4.10 Procedures for Shielded
Metal Arc Welding

4.10.1 The work shall be positioned for flat position
welding whenever practicable.

4.10.2 The classification and size of electrode, arc
length. voltage. and amperage shall be suited to the
thickness of the material, type of groove, welding posi-
tions, and other circumstances attending the work.

4.10.3 The muximum diameter of electrodes shall be
as follows:

4.10.3.1 5/16 in. (8.0 mm) for all welds made in the
flat position. except root passes.

4.10.3.2 1/41n.(6.4 mm) for horizontal fillet welds.

4.10.3.3 1/4 in. (6.4 mm) for root passes of fillet
welds made in the flat position and groove welds made
in the flat position with backing and with a root open-
ing of 1/4 in. or more.

4.10.34 5/32 in. (4.0 mm) for weids made with
EXX14 and low-hvdrogen electrodes in the vertical
and overhead positions.

4.10.3.5 3/16 in. (4.8 mm) for root passes of groove
welds and for all other welds net included under
4.10.3.1. 4.10.3.2, 4.10.3.3 and 4.10.3.4 above.

4.i0.4 The minimum size of a root pass shall be suf-
ficient to prevent cracking.

4.10.5 The maximum thickness of layers subsequent
to the root pass of fillet welds and of ail layers of
groove welds shall be:

4.10.5.1 1/4 in. (6.4 mm) for root passes of groove
welds.

4.10.5.2 1/8 in. (3.2 mm) for subsequent layers of
welds made in the flat position.
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4.10.5.3 3/16 in. (4.8 mm) for subsequent layers of
welds made in the vertical, overhead and horizontal
positions.

4.10.6 The maximum size fillet weld which may be
made in one pass shall be:

4.10.6.1 3/8 in. (9.5 mm) in the flat position.

4.10.6.2 5/16 in. (8.0 mm) in horizontal or
overhead positions.

4.10.6.3 1/2in. (12.7 mm) in the vertical position.

4.10.7 The progressions for all passes in vertical posi-
tion welding shall be upwards except that u~ndercut
may be repaired vertically downwards when preheat is
in accordance with Table 4.2 but not lower than 70 °F
(21 °C). However, when tubular products are welded,
the progression of vertical welding may be upwards or
downwards but only in the direction or directions for
which the welder is qualified.

4.10.8 Complete joint penetration groove welds made
without the use of steel backing shall have the root
gouged to sound metal before welding is started from
the second side, except as permitted by 10.13.

Part C
Submerged Arc Welding

4.11 General Requirements

4.11.1 Submerged arc welding may be performed
with one or more single electrodes, one or more
parallel electrodes, or combinations of single and
parallel electrodes. The spacing between arcs shall be
such that the slag cover over the weld metal produced
by a leading arc does not cool sufficiently to prevent
the proper weld deposit of a following electrode.
Submerged arc welding with multiple electrodes may
be used for any groove or fillet weld pass.

4.11.2 The following paragraphs (4.11.2-4.11.8)
governing the use of submerged arc welding are
suitable for any steel included in 8.2, 9.2, or 10.2 other
than those of the quenched and tempered group.
Concerning the latter group, it is necessary to comply
with the steel producer's recommendation for max-
imum permissible heat input and preheat com-
binations. Such considerations must include the ad-
ditional heat input produced in simultaneous welding
on the two sides of a common member.

4.11.3 The diameter of electrodes shall not exceed 1/4
in. (6.4 mm).
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cepted. For example, a procedure qualified with a 1 in.
(25.4 mm) thick 100 000 psi (690 MPa) yield strength
base metal also qualifies for a 3 in. (76.2 mm) thick
90 000 psi (620 MPa) yield strength base metal of the
same materia' specification.

5.5.1.4 Qualification of a welding procedure es-
tablished with a combination of base metals included
in 10.2 of different minimum specified yield strengths,
one of which is greater than 50 000 psi (345 MPa)
shall qualify the procedure for welding that high yield
strength base metal to any other of those base metals
having a minimum specified vield strength equal to or
less than that of the lower strength base metal used in
the test.

5.5.1.5 In preparing the procedure specification the

manufacturer or contractor shall report the specific
values for the essential variables that are specified in
5.5. The suggested form for showing the information
required in the procedure specification is given in Ap-
pendix E.

5.5.2 The changes set forth in 5.5.2.1 through 5.5.2.5
shall be considered essential changes in a welding
procedure and shall require establishing a new
procedure by qualification. When a combination of
welding processes is used, the variables applicable to
each process shall apply.

5.5.2.1 Shielded Metal Arc Weiding

(1) A change increasing filler metal strength level
(a change from E70XX to EBOXX, for example, but
not vice versa).

(2) A change from a low hydrogen type electrode
to a non-low hydrogen type of electrbde, but not vice
versa.

(3) Anincrease in the diameter of the electrode us-
ed, over that called for in the procedure specification.

(4) A change of more than 15 percent above or
below the specified mean arc voltage and amperage
for each size electrode used.™

(5) For a specified groove, a change of more than
#25 percent in the specified number of passes. If the
area of the groove is increased, it is also permissible to
increase the number of passes in proportion to the in-
creased area.

(6} A change in position in which welding is done
as defined in 5.8.

(7) A change in the type of groove (a change from
4 V- 10 a U-groove, for example).

(8) A change exceeding tolerances of 2.9, 2.10, or
10.13 in the shape of any one type of groove in-
volving:

(a) A decrease in the included angle of the
groove,

(b) A decrease in the root opening of the groove,

(¢) An increase in the root face of the groove,

“When welding quenched and tempered steel. any change within the
limitation of variables shall not increase the heat input beyond the
stee’ producer’'s recommendations.

(d) The omission, but not inclusion, of backing
material.

(9) A decrease of more than 25 °F (13.9 °C) in the
minimum specified rreheat or interpass temperature.®

(10) In vert :al welding, a change in the progres-
sion specified for any pass from upward to downward
or vice versa.

5.5.2.2 Submerged Arc Welding

(1) A change in elecirode and flux combination
not covered by AWS AS5.17 or AS5.23.

(2) A change increasing filler metal strength level
(from Grade F80 to Grade F90, for example, but not
vice versa).

(3) A change in electrode diameter when using an
alloy flux.*

(4) A change in the number of electrodes used.

(5) A change in the type of current (ac or d¢) o7
polarit, when welding quenched and tempered steel or
when using an alloy flux.

(6) A change of more than !0 percent above or
below the specified mean amperage for each electrode
diameter used.™

(7) A change of mere than 7 percent above or be-
low the specified mean arc voltage for each diameter
electrode used.™

(8) A change of more than 135 percent above or
below the specified mean travel speed.”

(9) A change of more than 10 percent or 1/8 in.
(3.2 mm), whichever is greater, in the longitudinal
spacing of the arcs.

(10) A change of more than 10 percent, or 1/16
in. (1.6 mm) whichever is greater. in the lateral spac-
ing of the arcs.

(11) A change of more than % 10 deg in the
angular position of any paraliel electrode.

(12) A change in the angle of electrodes in
machine or automatic weiding of more than:

(a) £ 3 deg in the direction of travel.
(b) £ 5 deg normal to the direction of travel.

(13) For a specified groove, a change of more than
+ 15 percent in the specified number of passes. If the
area of the groove is increased, it is also permissible to
increase the number of passes in proportion to the in-
creased area.

(14) A change in position in which welding is done
as defined in 5.8,

(15) A change in the type of groove (a change
from a V- 10 a U-groove, for example).
(16) A change, exceeding tolerances of 2.11, 2.12,

“The temperature may fall more than 25 °F below the minimum
specified, provided: (1) the provisions of 34.7 and Table 4.2 are
complied with, and (2) the work shall be at the specified minimum
temperature at the time of subsequent welding.

*An alloy Nux is defined as a flux upon which the alloy content of
the weld metal is largely dependent.




8.2.3 When a steel other than those listed in £.2.1 is
approved under the provisions of the general building
code and such steel is proposed for welded construc-
tion, the weldability of the steel and the procedure tor
welding it shall be established by qualification in ac-
cordance with requirements of 5.2 and such other re-
quirements as prescribed by the Engineer.

8.2.3.1 The responsibility for determining weldabil-
ity. including the assumption of the additional testing
cost involved, is assigned to the party who either
specifies a material other than listed in 8.2.1 or who
proposes the use of a substitute material not listed in
8.2.1. The fabricator shall i1=ve the responsibility of
establishing the welding procedure by qualification.

8.2.4 Extension bars, run-off plates. and backing used
in welding shall conform to the following re-
quirements:
(1) When used in welding with an approved steel
listed in 8.2.1, it may be any of the steels listed in 8.2.1.
(2) When used in welding with a steel qualified in
accordance with 8.2.3 it may be:
(a) The steel qualified, or
(b) Any steel listed in 8.2.1.
Spacers used shall be of the same material as the
base metal,

8.2.5 The provisions of this code are not intended for
use with steels having a minimum specified vield point
or vield strength over 100 000 psi (690 MPa).

Part B
Allowable Unit Stresses

8.3 Base Metal Stresses

The base metal stresses shall be those specified in the
applicable Building Code.

8.4 Unit Stresses in Welds

8.4.1 Except as modified by 8.5, allowable unit stress
in welds shall not exceed those listed in Table 8.4.1,

8.4.2 Stress on the effective throat of fillet welds is
considered as shear stress regardless of the direction of
application.

8.5 Increased Unit Stresses

Where the Building Code permits the use of increased
unit stresses in the base metal for any reason, a corre-
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sponding increase shall be applied to the allowable
unit stress for welds.

Part C
Structural Dezrails

8.6 Combinations of Welds

If two or more of the general types of welds (groove,
fillet, plug. slot) are combined in a single joint, the
allowable capacity of each shall be separately com-
puted with reference to the axis of the group, in order
to determine the allowable capacity of the com-
bination,

8.7 Welds in Combination with Rivets
and Bolts

Rivets or bolts used in beaiing-type connections shall
not be considered as sharing the stress in combination
with welds. Welds, if used, shall be provided to carry
the entire stress in the connection. However, connec-
tions that are welded to one member and riveted or
boited to the other member are permitted. High
strength bolts properly instalied as a friction-type con-
nection prior to welding may be considered as sharing
the stress with the welds.

8.8 Fillet Weld Details

8.8.1 If longitudinal fillet welds are used alone in end
connections of flat bar tension members, the length of
each fillet weld shall be no less than the perpendicular
distance between them. The transverss spacing of
longitudinal fillet welds used 1n end connections shall
not exceed 8 in. (203 mm), uniess end transverse welds
or intermediate plug or slot welds are used.

8.8.2 Intermittent fillet welds may be used to carry
calculated stress,

8.8.3 For lap joints the minimum amount of lap shall
be five times the thickness of the thinner part joined
but not less than | in. (25.4 mm) (see Fig. 8.8.3).

8.8.4 Lap joints in parts carrying axial stress shall be
double-fillet welded (see Fig. 8.8.3), except where de-
flection of the joint is mﬂ!cicmly restrained to pre-
vent it from opening under load.
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Table 8.4.1—Allowable stresses in welds

not exceed 0.40 vield stress of
base metal

Type of : Required weld
Weld Stress in weld Allowable siress strength level’
Tension normal 1o the effec- Matching weid metal must be
tive area Same as base rietal used. See Table 4.1.1
; Weld metal with a strength
s ‘ level equal to or one cias-
'g S.?::m:’:':’ e’: Romel 1o the Same as base metal sification (10 ksi) less
&% than matching weld metal
- = may be used
v —
- Tension or compression Weld metal with a sirength
% % paraliel to the axis of the weld Same as base metal level equal to or iess than
= 0.30 nominal tensile strength matching weld m:.al may be
H of weld metal (ksi), except used
] Shear on the efiective area shear stress on base metal shall

Compression Joinmt not
normal to designed to
effective area bear

0.50 nominal tensile strength of
weld metal (ksi), except siress
on base metal shall not exceed
0.60 yield stress of base metal

Joint designed
to bear

Same as base metal

Tension or compression
paraliel to the axis of the weld'

Same as base metal

Pattial joint penetration
groove welds

Shear _arallel 10 axis o weld

0.30 nominal tensile strength
of weld metal (ksi). except
shear siress on base metal shall
not exceed 040 vield stress

of base metal

Tension normal 10 effective
area

0.30 nominal tensile strength
of weld metal (ksi), except
shear stress on base metal shall
not exceed 0.60 yield stress

of base metal

Weld metal with a strength
level equal to or less than
matching weld metal may be
used

Shear on efiective area

0.30 nominal tensile strength
of weld metal (ksi). except
shear stress on base metal shall
not exceed 040 yield stress

of base metal

Fillct weids

Tension or compression
parallel to axis of weld’

Same as base metal

Weld metal with a sirength
level equal to or less

than matching metal may be
used

1

Shear parallel to faying
surfaces (on effective area)

0.30 nominal tensile strength
of weld metal (ksi), except
shear stress on base metal shall
not exceed 040 yield stress

of base metal

Weld metal with a strength
level equal 1o or less than
matching metal may be used

'For definition of effective ares, see 2.3.
‘For matching weld metal, see Table 4.1.1.

'Fillet welds and partial ration groove welds joining the
ok connections, may be designed without

up members, such as

compunent elements o) >vilt-
regard to the ten-ile

Or compressive stress in these elements parallel 10 the axis of the welds.
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Fig. 8.8.3— Double-fillet-welded lap joint.

8.8.5 Fillet welds deposited on the opposite sides of a
common plane of contact between two parts shall be
interrupted at the corner common to both welds. (See
Fig. 8.8.5).

8.8.6 Boxing (End Returns)

8.8.6.1 Side or end fillet welds terminating at ends
or sides. respecuvely, of parts or members shall,
wherever practicable, be returned continuously
around the corners for a distance at least twice the
nominal size of the weld except as provided in 8.8.5.
This provision shall apply to side and top fillet welds
connecting brackets, beam seats and similar connec-
tions on the plane about which bending moments are
computed.

8.8.6.2 End returns shall be indicated on the draw-
ings.

8.9 Eccentricity

In general, adequate provision shall be made for bend-
ing stresses due to eccentricty, if any, in the disposi-
ton and section of base metal parts and in the loca-
tion and types of welded joints. The disposition of
filier welds to balance the forces about the neutral axis
or axes for end connections of single-angle, double-
angle. and similar type memoers is not required, such
weld arrangements at the heel and toe of angle mem-
bers may be distributed to conform to the length of the
various available edges. Similarly, T or beams fram-
ing into chords of trusses, or similar joints, may be
connected with unbalanced fillet welds.

8.10 Transition of Thicknesses or
Widths

Tension butt joints in axially aligned primary mem-
bers or difierent material thicknesses or widths shall
be made in such a manner that the slope through the
transition zone does not exceed | in 2-1/2. The transi-
tion shall be accomplished by chamfering the thicker
part, tapering the wider part, sloping the weld metal,
or by any combination of these. (See Fig. 8.10).

8.11 Beam End Connections

Welded beam end connections shall be designed in ac-
cordance with the assumptions about the degree of re-
straint involved in the Jesignated type of con-
struction.
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Fig. 8.8.5—Fillet welds on opposite sides of a com-
mon plane.

8.12 Connections of Components of
Built-Up Members

8.12.1 If two or more plates or rolled shapes are used
to build up a member, sufficient stitch welding (of the
fillgt, plug, or slot type) shall be provided to make the
parts act in unison as follows, except where transfer or
calculated stress between the parts joined requires
closer spacing:

8.12.1.1 The maximum longitudinal spacing of
stitch welds connecting two or more rolled shapes in
contact with one another shall not exceed 24 in. (610
mm).

8.12.1.2 In built-up compression members, the
longitudinal spacing of stitch welds connecting a plate
component to other components shall not exceed the

plate thickness times 4000/ V'F, nor shall it exceed 12

in. (305 mm) (F, = specified minimum yield point in
psi of the type of steel being used). The unsupported
width of web, cover, or diaphragm plates, between
adjacent lines of welds, shall not exceed the plate

thickness times 8000 V' F,. When the unsupported
width exceeds this limit, but a portion of its width no
greater than 8000/\/?,_lima the thickness would
satisfy the stress requirements, the member will be
considered acceptable.

8.12.1.3 In built-in tension members, the lon-
gitudinal spacing of stitch welds connecting a plate
component to other components or connecting two
plate components to each other, shall not exceed 12 in.
(305 mm) or 24 times the thickness of the thinner
plate.
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8.13.1.3 Web distortions of twice the allowable
tolerances of 8.13.1.2 shall be satisfactory when oc-
curing at the end of a girder which has been drilled, or
subpunched and reamed; either during assembly or to
a template for a field bolted splice; provided, when the
splice plates are bolted, the web assumes the proper
dimensional tolerances.

8.13.1.4 If architectural considerations require
tolerances more restrictive than described in 8.13.1,
specific reference must be included in the bid docu-
ments.

8.14 Temporary Welds

Temporary welds shall be subject to the same weiding
procedure requirements as final welds. They shall be
removed when required by the Engineer. When they
are removed, the surface shall be made flush with the
original surface.

8.15 Quality of Welds

8.15.1 Visual Inspection. All welds shall be visually
inspected. A weld shall be acceptable by visual inspec-
tion if it shows that:

8.15.1.1 The weld has no cracks.

8.15.1.2 Thorough fusion exists between weld metal
and base metal.

8.15.1.3 All craters are filled to the full cross sec-
tion of the welds.

8.15.1.4 Weld profiles are in accordance with 3.6.

8.15.1.3 Tne sum of diameters of piping porosity
does not exceed 3/8 in. (9.5 mm) in any linear inch of
weld and shall not exceed 3/4 in. (19.0 mm) in any 12
in. (305 mm) length of weld.

8.15.1.6 Fillet welds in any single continuous weld
shall be permitted to underrun the nominal fillet size
required by 1/16 in. (1.6 mm) without correction pro-
vided that the undersize weld does not exceed 10 per-
cent of the length of the weld. On web-to-flange welds
on girders, no underrun is permitted at the ends for a
length equal to twice the width of the flange.

8.15.2 Nondestructive Inspection. Welds that are sub-
ject to radiographic or magnetic particle testing in
addition to visual inspection, shall be unacceptable if
the radiograph or magnetic particle inspection shows
any of the types of discontinuities given in 8.15.2.1 or
8.15.2.2.
8.15.2.1 Individual discontinuities, having a great-

est dimension of 3/32 in. (2.4 mm) or greater, if:

(1) The greatest dimension of a discontinuity is
larger than 2/3 of the effective throat, 2/3 the weld
size, or 3/4 in. (19.0 mm).

(2) The discontinuity is closer than three times its
greatest dimension to the end of a groove weld subject
to primary tensile stresses.

(3) A group of such discontinuities is in line such
that:

(a) The sum of the greatest dimensions of all
such discontinuities is larger than the effective throat
or weld size in any length of six times the efiective
throat or weld size. When the length of the weld being
examined is less than six times the effective throat or
weld size, the permissible sum of the greatest di-
mensions shall be proportionally less than the effec-
tive throat or weld size.

(b) The space between two such discontinuities
which are adjacent is less than three times the great-
est dimension of the larger of the discontinuities in the
pair being considered.

8.15.2.2 Independent of the requirements of
8.15.2.1, discontinuities having a greatest dimension
of less than 3/32 in. (2.4 mm) if the sum of their great-
est dimension exceeds 3/8 in. (9.5 mm) in any linear
inch of weld.

8.15.3 Welds that are subject to ultrasonic testing, in
addition to visual inspection, shall be acceptable if
they meet the requirements of Table 8.15.3.
Ultrasonically-tested welds are evaluated on the basis
of a discontinuity reflecting ultrasound in proportion
to its effect on the integrity of the weld.

8.15.4 Welds that are subject to liquid penetrant test-
ing in addition to visual inspection, shall be evaluated
on the basis of the requirements for visual inspection.
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Part B Allowable Unit Stresses

9 3 Unit Stresses in Welds”

Note: 1 .e application of these stresses is modified by
the requirements of 9.4.

9.3.1 Except as modified by 9.4, 9.5, and 9.6, allow-
able unit stress in welds shall not exceed those listed
in Table 9.3.1.

9.3.2 Stress on the effective throat of fillet welds is
considered as shear stress regardiess of the direction of
application,

9.4 Fatigue Stress Provisions

The fatigue stress provisions shall, as applicable, com-
ply with the Standard Specifications for Highway
Bridges as adopted by the American Association of
State Highway and Transportation Officials
(AASHTO) or Specification for Steel Railway
Bridges of the American Railway Engineering
Association (AREA). For bridges subject to cyclic
loading, other than highway or railway applications,
siress ranges may be obtained from Tabie 9.4 and
Figs. 9.4a and 9.4b for appropriate general condition
and cycle life. The cvcle life should be determined by
the Engineer to meet the planned life requirements of
the structure,

9.5 Combined Unit Stresses

In the case of axial stress combined with bending, the
allowable unit stress of each kind shall be governed by
the requirements of 9.3 and 9.4 and the maximum
combined unit stresses calculated therefrom shall be
limited in accordance with the requirements of the
applicable general specifications.

9.6 Increased Unit Stresses

When the applicable general bridge specification per-
mits the use of increased unit stresses for combination
of loads or for secondary or erection stresses, cor-
responding increases may be applied under this code.

" Unless specified in the general specifications. it is recommended
that the basic unit shear siress in the net section be 65 percent of the
basic allowable stress in tension.

Part C Structural Details

9.7 General

In general, details shall minimize censtraint against
ductile behavior, avoid undue concentration of
welding, and afford ample access for depositing the
weld metal.

9.8 Noncontinuous Beams

The connections at the ends of nonconunuous beams
shall be designed with flexibility so as to avoid ex-
cessive secondary stresses due to bending. Seated con-
nections with a fiexible or guiding device to prevent
end twisting are recommended.

9.9 Participation of Floor System

Details of the floor system should be so designed as to
avoid, in so far as possible, unintended participation in
the chord or flange stresses.

9.10 Lap Joints

9.10.1 The minimum overlap of parts in stress-
carrying lap loints shall be five times the thickness of
the thinner part. Unless lateral deflection of the parts
is prevented, they shall be connected by at least two
transverse fines of fillet, plug or slot welds. or oy two
or more longtitudinal fillet or slot welds.

9.10.2 If longitudinal fillet welds are used alone in lap
joints of end connections. the length of each fillet weld
shall be no less than the perpendicular distance
between them. The transverse spacing of the welds
shall not exceed 16 times the thickness of the con-
nected thinner part uniess suitable provision is made
(as by intermediate plug or slot welds) to prevent
buckling or separation of the parts. The longitucinal
fillet welds may be either at the edges of the member
or in slots,

9.10.3 When fillet welds in holes or slots are used, the
clear distance from the edge of the hole or slot to the
adjacent edge of the part containing it, measured
perpendicular to the direction of stress, shall be no less
than five times the thickness of the part nor less than
two times the width of the hole or slot. The strength of
the part snhall be determined from the critical net sec-
tion of the base metal,

9.11 Corner and T Joints

Corner and T joints that are to be subjected to bending
about an axis parallel to the joint shail have their
welds arranged to avoid concentration of tensile stress
at the root of any weld.
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Note:

Adjacent discontinuities. spaced less than the minimum spacing required by Fig.

between edges o porosity or fusion-type discontinuities. in.
(larger of adjacent ciscontinuities governs)

9.25.2.1. shall be measured as one length,

equal to the sum of the total length of the discontinuities plus the length of the space between them, and evaluated as a single

discontinuity by Fig. 9.25.2.1

Fig. 9.25.2.1—Weld quality requirements for discontinuities occurring in tension welds (limitation of porosity und

Susion-type discontinuities ).

9.23.1.3 Web distortions of twice the allowable
tolerances of 9.23.1.2 shall be satisfactory when oc-
curing at the end of a girder which has been drilled, or
subpunched and reamed: either during assembly or to
a template for a field bolted splice; provided, when the
splice plates are bolted, the web assumes the proper
dimensional tolerances.

9.23.1.4 If architectural considerations require
lolerances more restrictive than described above,
specific reference must be included in the bid
documents.

9.24 Temporary Welds

Temporary welds shall be subject 1o the same welding
procedure requirements as the final welds. They shall
be removed unless otherwise permitted by the
Engineer. When they are removed, the surface shall be
made flush with the original surface. There shall be no
temporary welds in tension zones of members made of
quenched and tempered steel ex at locations more
than 1/6 of the depth of the web from tension flanges
of beams or girders. Temporary welds at other
locations shall be shown on shop drawings and shall be
made with E70XX low hydrogen electrodes.

9.25 Quality of Welds

9.25.1 Visual Inspection, All welds shall be visually
inspected. A weld shall be acceptabie by visual inspec-
tion if it shows that;

9.25.1.1 The weld has no cracks.

9.25.1.2 Thorough fusiun exists between weld metal
and base metal.

9.25.1.3 All craters are filled 1o the full cross sec-
tton of the weld,

9.25.1.4 Weld profiles are in accordance with 1.6,

9.25.1.8 The frequency of piping porosity in fillet
welds shall not exceed one in each 4 in. (102 mm) of
iength und the maximum diameter shall not exceed
3/32in (2.4 mm). Exception: for fillet welds connec-
ting stiffeners to web, the sum of the diameters of pip-
ing porosity shall not exceed 3/8 in. (9.5 mm) in an
Iinear inch of weld und shall not exceed 3/4 in, m.5
mm) in any 12 in. (305 mm) length of weld.

9.25.1.6 A fillet weld in any single continuous weld
shall be permitted to underrun the nominal fillet weld
size required by 1/16 in. (1.6 mm) without
provided that the undersize weld does not exceed |
m:mmmntmm.o.mom
welds on girders no underrun is permitted at ends for
'enpth equal to twice the width of the flange.

i
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