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ABSTRACT: The strengths and ductilities of 35 manually and
semi-automatically welded joints of No. 14 and 18 bars of
ASTM A~-408, A-431l, and A-432 reinforcing steel are recorded
and compared with the properties of unwelded bars. The
results indicate that:

1. No butt welded joint in large steel reinforcing
bar will insure more than about 20% of the tensile
strength of the unwelded bar.

2. Electrodes of 308 stainless steel are not suitable
for welding butt joints on ASTM A-431 and A-432
reinforcing steel.

3. Welded reinforcing steel joints which are prepared
in accordance with the proposed welding specifi-
cation presented in this report should preserve
at least 85% of the tensile strength and 50% of
the ductility available in the unwelded bar.

KEY WORDS: Ductility, ductility tests, elongation, high-
strength steels, joining, procedures, reinforcement, re-~
inforcing steel, specifications, steel reinforcement,
strength, tensile strength, testing, test results, ultimate
strength, weldability, welded joints, welding, welding

" electrodes, welding rods, weldments, weld metal, yield,
yield peoint, yield strength.
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~ INTRODUCTION

This pro;ect was conducted to determlne the best way

to weld'large size high strength ‘steel- reinforcing batrs. The
necessity for splicing such bars has increased with their in-

creagsed use. ‘However, welding must be carefully controlled
“if the properties of the bars are to be preserved at the splice

and this initiated the investigation covered in this report.

SUMMARY

- The results of mechanlcal tests of butt welds in large

81ze bars were as follows:

A,

ClihPD www.fastio.com

Gas Metal Arc Welds on ASTM A-408, made with E60S-3
Electrode.

79+1 Ksi ultimate - 46%+2 Ksi yield - 12+ 3% elongation
at 16", 100% unwelded strength with 61% unwelded
ductlllty°
" (Bagsed on tests of 7 weld joints and 5 unwelded bars
from 3 sources. Six joints failed outs1de the weld
and 1 in the heat affected zone.) —

Gas Metal Arc Welds on’ ASTM Ar432 made with l 90 Mn

: ‘Hlectrode.

93+4 Ksi ultimate - 56+10 Ksi yield - 6+ 3% elongatlon
at 16" 925 unwelded strength w1th 52% unwelded

: ductllltyo

‘(Based on tests of 9 weld ]Olnts and 7 unwelded bars

from 5 sources. Three joints failed outside the weld
‘~and 6 in the heat affected zone.)

Gag Metal Arc Welds on ASTM A—431 made Wlth l 90 Mn

'Electrode,

119+8 Ksi ultlmate ~ 9545 Ksi yleld - 2+ 2% elongatlon

’at 16" 26% unwelded strength w1th 49% unwelded
) ductlllty°

(Based on tests of 5 weld joints and 4 unwelded bars

‘from 3 sources° All joints failed in the heat affected

zone.) - - i

' Manual Arc Welds on ASTM A-432 made w1th EllOlSM
Electrode. :

94+4 Ksi ultimate - 55+15 Ksi- yleld - 7+ 4% elongatlon

Cat 16"' 91% unwelded strength w1th 61% of unwelded
'dUCtllltyo - e

{Rased on tests of 8 weld joints and 2 unwelded ‘bBars
from 2 sources. Four joints failed outside the weld
and 4 in the heat affected zone.)
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E. Manual Arc Welds on ASTM A~431 made with E11018M
Electrode.
120+5 Ksi ultimate - 101+2 Ksi yield - 2+ 1% elongation
at 16"' 89% unwelded strength with 56% of unwelded
ductllltyq _
(Based on tests of 4 weld joints and 2 unwelded bars

from one source. All joints failed in the heat affected
zone. ) .

F., Manual Arc Welds on ASTM A-431 made with 308 Stainless
Electrode.
83 Ksi ultimate - 83 Ksi yield -~ 1+ 1% elongation
at 16", 60% unwelded strength with 37% of unwelded
ductility.
(Based on tests of 2 welds and 2 unwelded bars
from one source. Both joints failed in the weld metal.)

CONCLUS IONS

1. NO butt welded joint in Nos. 14 or 18 steel reinforcing bar
will insure more than. about 90% of the tensile strength of
the unwelded bar, o .

2. Electrodes of 308 stainless steel are not suitable for weld-
ing butt joints on ASTM A-431 and A-432 or equivalent rein-
.forclng steel. -

3. Welded relnforcing steel joints which are prepared in accord-
ance with the proposed welding specification presented in
“this report should preserve at least 85% of the tensile
strength and 50% of the ductility available in the unwelded
bar.

4, Cracklng at weld jOlntS on reinforcing steel is associated
~ with the formation of a hard high carbon (+0.40% C}
martensite metal grain structure in the heat affected zones
of these joints. The elimination of such cracking requires
‘that such joints not be allowed to cool below the "martensite
start" temperature. long enough to permit the formation of a
softer bainite~pearlite metal grain structure.

The composition of most high strength reinforcing steels
with carbon contents above 0.40% is such that the "martensite
start” temperature is about 475°F. About one hour at this
temperature or 10 minutes at 800°F is required to form the
softer metal graln structure during the post weld cooling
perlod , _
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‘Since the formation of carbon martensite is irreversible,
reheating a weld joint which has been allowed to cool below
"the "martensite start” temperature too rapidly will not ef-
fectively prevent cracking in the heat affected zones of
welds on these types of reinforcing steel.

Cracks in joints which have been subjected to the
prescribed temperature controls are evidence that the
"martensite start" temperature of the reinforcing steel at
that joint is higher than the prescribed minimum preheat,
interpass, and post weld cooling temperatures. In such cases
these temperatures generally must be increased to permit
welding without the formation of cracks.

RECOMMENDED SPECIFICATIONS

A. Proposed Specification for Welding Reinforcing Steel
to be Used by the California Division of Highways '

Welded Splices

The detail of welded joints in reinforcing bars shall conform
to the details shown in AWS D2.0 and AWS D12.1, and the following:

Partial penetration butt welds will not be approved,

Joint details and dimensions shall conform to the requirements
listed in the following Table of Butt Welded Joints, unless ap-
proved otherwise by the Engineer.

TABLE OF BUTT WELDED JOINTS

Welding ' . Groove Root Additional
Position : & Bevel Openings Reguirements.
of Bars Tyvpe of Weld Angle Max. Note Number
Vertical’ Double U-Groove 45° 1/8" 1
Vertical Double Bevel-Groove 45° /8" 1 &2
Vertical - Double J-Groove | 45° /8" | 1 é 2
Horizontai Double Vee-Groove 60° 1/8" l,'3'& 4
Horizontal Doublé U~-Groove 60° '1/8" 1, 3. & 4
Horizonﬁal * Single Vee-Groove 60° 1/8" 4 & 5

-Hdrizontal Single U-Groove 60° /8" 4 & 5
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Note No. l: The initial root weld pass shall be gouged out
o and rewelded from the back side;

Note No. 2: . The square face of the jOlnt shall be located
' at the bottom of the- jOlnt

Note No. 3: Joints shall be welded w1thout backlng.
Note No, 4: Welding positions may be either flat or overhead.

Note No. 5: Joint may be used when lack of accessibility
= prevents the initial root.pass from being

gouged out and rewelded. Backing shall be pro-
vided around 180° of the reinforcing bars.
Maximum clearance between the backing and the
bars shall be 1/32". Deformations shall be
removed from the bars in the backing contact
‘areasa-

Reinforcing bars spliced by welding shall not deviate
from the layout line by more than 1/4 inch over a 3-1/2 foot
length of bar.

Reinforcing bars at a welded joint shall not be offset
at the weld by more than the following: For reinforcing bars
No. 10, or smaller the offset shall not exceed 1/8 inch. For
reinforcing bars No, 11 and No. 14 the offset shall not exceed
3/16 inch. For reinforcing bars No. 18 the offset shall not
exceed 1/4 inch. : : :

The ends of reinforcing bars shall be trimmed back or
shaped by carbon arc, oxyacetylene cutting or by sawing.
Sheared surfaces of bars shall be trimmed back not less
than 1/2 inch.

1. Welding -- Welaing.reiﬂforcing bar splices shall
conform to the requirements in AWS D2.0, AWS D12.1, and to
any special ruling or addendum, and the followings:

'Before any electrodes or flux-electrode combinations
are used, the Contractor, at his expense, shall furnish
certified copies of test reports for all the pertinent tests
specified in ASTM Designation: A233 (AWS A5.1l), in ASTM
Designation: A316 (AWS A5.5), or in ASTM Designation: AS559
(AWS A5.18), whichever is applicable, made on electrodes or
flux—-electrodes to be used. If electrodes are to be used
which are of a size for which tests are not required by the
specifications governing the process applicable to those
electrodes, the test reports shall be. furnished for electrodes
of the gize nearest and of the same classification and brand
as those to be used. The tests may-have been made for
process gualification or guality contrel, and shall have been
made within one year prior to the manufacture of the electrodes
and fluxes to be used. The report shall include the manu~-
facturer's certification that the process and material

vww . fastio.com
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requirements were the same for manufacturing the tested
electrodes and the electrodes to be used. All pertinent
information concerning the tests required by the applicable
electrode specifications shall be reported. The forms and
certificates shall be as directed by the Engineer.

Electrodes for manual shielded metal arc welding of
reinforcing bars, ASTM Designation: A615, Grade 40, shall
conform to the requirements of ASTM Designation: A233
(AWS A5.1) for E7015, E7016, E7018, or E7028 electrodes.

Electrodes for manual shielded metal arc welding of
reinforcing bars, ASTM Designation: A6l6, Grade 50, shall
conform to the requirements of ASTM Designation: A31l6
(AWS A5.5) for E9018M electrodes. Electrodes shall be sup-
plied in hermetically sealed containers.

Electrodes for manual shielded metal arc welding of
reinforcing bars, ASTM Designation: A615 and A6l6, Grades
60, shall conform to the reguirements of ASTM Designation:
A316 (aWS A5.5) for E10018-M electrodes. Electrodes shall
be supplied in hermetically sealed containers.

Solid and composite electrodes for semi-automatic
gas metal-arc¢ welding of reinforcing bars, ASTM Designation:
A615, Grade 40, shall conform to the requirements of ASTM
Designation: AS559 (AWS A5.18) for E708-6, E70T-1, E70T-5 or
E70U-1 electrodes.

Electrodes for semi-automatic welding of re1nforc1ng
bars, ASTM Designation: A616, Grade 50, shall be capable
of producing a weld metal depOSlt with properties conforming
to the mechanical, usability, and soundness requirements
specified in ASTM Designation: A316, Section 6, for E9018-M
electrodes. ‘

Electrodes for semi-automatic welding of reinforcing
bars, ASTM Designations: A615 and A616, Grades 60, shall be
capable of producing a weld metal dePOSit with proPerties
conforming to the mechanical usability, and soundness re-
quirements specified in ASTM Designation: A316, Section 6,
for EL0018-M electrodes.

When the manual welding process is used, weaving of the
electrode shall not exceed 3 diameters of the electrode,
except on the final pass.

Reihfofcing bars shall be preheated for a distance of
not less than 6 inches on each side of the joint to be
welded, before welding is commenced.

The minimum preheat and interpass temperature for re-
inforcing bars, ASTM Designation: A6l5, Grade 40, shall be
400°F for bars No. 8 or larger, and 200°F for bars No. 7 or
smaller.

www . fastio.com
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The minimum preheat and ‘ihterpass temperature for re-
inforeing bars, ASTM De51gnatlon-- A615, Grade 60, and ASTM
Designation: = A616, Grade ‘50 ‘ahd Grade 60 "shall be 475°F and
the post weld coollng of the Welds shall be controlled as
follows:

When control of post weld cooling is specified, the
coollng rate at the surface of the weld shall not exceed
100°F per hour as the spllce cools from 575 to 250°F after
welding.

Alternately, if the splice is uhrestrained and has
not cooled below 475°F from welding, the contractor at his
option may reheat the splice to not less than 700°F nor more
than 850°F for not less than 10 minutes and then allow it
to air cool to ambient temperature.

All welding shall be protected from air currents, drafts,
and precipitation to prevent loss of heat or loss of arc
shielding. The method of protecting the welding area from
loss of heat or loss ©of arc shielding shall be subject to
approval by the Engineer.

The Contractor shall obtain and maintain an accurate and
complete record of heat or lot numbers for all the reinforcing
bars used in welded splices. Thisg record shall be kept
current and made, available to the Englneer.

Reinforecing bars which cannot be identified by heat shall
be identified by lot. The term "lot" shall be considered to
consist of not more than 10 tons of steel, shall come from a

" single primary source (producer and mill), shall be of one

size, and shall be segregated in accordance with any additional

" requirements listed in the ASTM Specification for the bar

(chemical composition and grade of bar).

2. Welding Qualification —=- Procedures which are*to be
used in making welded sPllces in re1nforc1ng bars shall be
qualified, before use in the work by tests performed on
sample welded spllces as prov1ded hereln. iy

Welders employed to make welded splices in reinforcing

~ bars shall be gualified, before welding splices to be used

‘in the work, by tests performed on sample welded splices as

provided hereln°

Welding procedures and welders may be approved by the
Engineer, at his discretion, based upon approval of previous
tests performed on sample welded spllces.

Completed sample welded spllces shall be at least 30
1nches long” with the spllce at mld-length.

www . fastio.com
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The sample welded splices shall be welded and tested in
the presence of the Engineer or his authorized representative.

- When samples are tested by a commercial agency, the test

shall be witnessed by the Engineer or his authorlzed repre-=
sentative.

The straightness and offset of sample welded splices
shall comply with the requirements for welded splices.

Each butt weld procedure test shall consist of three
sample butt welded splices in the largest reinforcing bar
size to be welded with the procedure, except that procedures
for No. 18 bars may be qualified by test procedures on

No. 14 bars.

Separate welding procedure tests shall be submitted
for each heat or lot of reinforcing bar used, except that
separate tests will not be required for each heat of re-
inforcing bars conformlng to ASTM Designation: A61l5, Grade
40. .

Separate sample welded splices shall be submitted for .
qualification for each welding position which will be used
in the procedure. Test samples of butt welding procedures
which are to be used in the flat welding position may be
prepared by rolling the test reinforcing bar as it is
welded.

Each butt weldlng procedure test that is qualified
using a welded joint detail as set forth in these spec1fl—
cations will also be considered qualified for use in the
other welded joint details for the same position of rein-

-forcing bars.

Each welder quallflcatlon test for butt weld splices

‘shall consist of two sample butt welded splices in the

largest reinforcing bar size to be welded, except that
welders for No. 18 bars may be gualified by test on No. 14
barsg,

LAY

‘-A separate welder. qualification test shall be submitted
for each welding position and for each welding procedure
that the welder is expected to use on the work.

Each welder applying for quallflcatlon shall prepare
and weld sample splices without assistance of any kind and
shall use reinforcing bars with the same ASTM designation
and the same weldlng equipment that he will use during the
work. 5
, Each quallfled welder test for welding reinforcing bars
shall be considered to alseo gualify the same welder on all
reinforcing bar sizes smaller than those used in making the
tests.

vww . fastio.com
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The welder that welds the szample welded splices for
procedure gualification tests shall be considered gqualified
to weld with that procedure by virtue of his welding of the
approved test weld. The Contractor, at his option, may
provide that welder and procedure qualification tests are
made simultaneously.

Two sample welded splices made for qualifying butt
welding procedures and one of the sample welded splices made
for welder gualification will be tested in tension. These
samples shall have an ultimate tensile strength of not less
than the specified minimum ultimate tensile strength of the
unspliced reinforcing bar. One remaining sample welded
splice from either of the welding procedure or welder guali-
fication tests will be nicked and broken transversely through
the weld. This fractured weld face shall have no defects
exceeding the limits set forth in Section 52-1.085C, "Non-
destructive Weld Tests."

Labor, material, and equipment for fabricating sample
welded splices shall be furnished by the Contractor at his
expense, and no separate payment will be made therefor.

3. Nondestructive Weld Tests —~— Welding inspection will
be performed in accordance with the requirements of the AWS,
and the following:

All welding performed either in the shop or in the field
shall be subject to radiographic and other nondestructive
testing at the discretion of the Engineer, as hereinafter
specified.

Should nondestructive testing be required, the Contractor
shall provide sufficient access facilities in the shop and at
the job gite to permit the Engineer or his agent to perform
the tests. Such tests will be performed without charge to
the Contractor.

The soundness of welds as determined from test weld
fractures or by radiographic or other nondestructive testing
shall conform to the following: There shall be no undercut,
incomplete fusion, lack of penetration, or cracks in the
weld. The weld shall show no fusion defects totaling more
in the sum of their maximum dimensions nor longer in any
single defect in its maximum dimension than the limits given

in the folleowing Table of Defect Dimensions:

wivw fastio.com
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TABLE OF DEFECT DIMENSIONS

Sum of Defect Dimensions, _Singlé Defect

Bar Size No, -~ __1Inches Dimension, Inches
8 3/16 i/8 - |
9 © 3/16 1/8
10 1/4 s
11 1/4 | - 3/16
14 5/16 3/16
‘18 7/16 : 1/4
B. Tentative Supplement to Proposed Specification

for Welding Reinforcing Steel

The following specifications are presently under consideration
to supplement the proposed specifications in A above:

B Regquirements for arc welding splices on re1nf0rc1ng bars,
ASTM Designation: A615, Grade 75, shall conform to the re-
gquirements specified in Sectlon A of this report and the
following:

- Electrodes for manual shield metal arc welding shall
conform to the requirements of ASTM Designation: A316
(AWS AS5.5) for El2018-M electrodes. Electrodes shall be
supplied in sealed containers.

Electrodes for semi-automatic welding shall be capable
of producing a weld metal deposit with properties conforming
to the mechanical usability and soundness reguirements
specified in ASTM Designation: A316 (AWS 5.5) for 12018-M
electrodes,

The minimum preheat and interpass temperature shall be
475° and post weld cooling shall be controlled as specified
in Section A above.

DESCRIPTION OF WORK

'To provide specimens for this project, fifty-five 5 ft.
lengths of #14 and #18 reinforcing bars were obtained from five
suppliers and separated into fifteen groups based on bar size,
heat number, and the welding method to be used on the bar. One
or two bars from each group were held intact for control testing
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while the remaining bars were cut:in-half and rejoined using
the weldlng method de51gnated for that group.

After_weldlng had been completed the bars were sent.
to the University of California at Berkeley for testing in their
five million pound machine. Stress strain curves, ultimate
loads, and 16" elongations at failure were recorded in the
presence of a Materials and Research Department witness. The
records together with the test remnants were returned to the
laboratory in Sacramento for checking and further evaluation.

A. TEST SPECIMEN WELDING PROCEDURES

1. Preparation

All bars having sheared ends were recut using an
oxyacetylene torch or a power hacksaw. This was done
to remove any shear cracks and cold worked material
remalnlng from the shearlng operatlon.

Slag from' the torch cuts was’ removed by wire brushing
and grinding. -

2. Allgnlng, Tack Weldlng, and Groove Preparation

a.  The ends of the bars were butted in an aligning jig
and tack welded together with a single short arc
bead extending one half way around the bar.

Manual electrodes were not used for this initial

- tack weld: in order to avoid- the pegsibility of
trapping flux and contamlnatlng the subsequent
short arc weld passes.. .

‘b, TUsing a carbon air arc or an oxyacetylene torch,
the bars which were to be positioned horizontally
for welding were chamfered equally from the butted
end of each bar on the. side of the joint opposite
the initial tack weld so as to provide a joint
preparation consisting of a symmetric V groove with
a 60° included angle and a depth of 1/8" plus of

. 1/2 the bar: dlameter,.

c. The bars which were to be positioned vertically
were chamfered from the butted end of each bar
on the side of the joint opposite the initial tack
weld so as to provide a Jjeint preparation consisting
of an asymmetricd V groovée with a 20° angle on the
lower face and a 45° angle on the upper face and
prov1de a depth of- 1/8" + 1/2 the bar diameter.

‘d. The faces of the weld grooves ‘were cleaned with a
slag hammer and a wire brush and then ground lightly
with a disc gr1nder°=¢' S
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In each joint the initial groove was welded approxi-
mately 2/3 full.  Then the joint was rotated 180°
and chamfered to the same groove configuration on
the opposite side. Care was taken to penetrate into

~the root passes of the first side to eliminate any

lack of fusion, porosity or slag. This second groove
was welded completely except for cover passes. Then

the bar was turned over again and the welding of the

initial groove was completed.

Each joint was preheated to 400° or 500° for a length
of about 4" on either side of the joint. Interpass
temperatures were not allowed to exceed 600°F.

Metal-Arc Welding Procedures
Filler Pass Technigue

For the horizontally positioned bars, three or
four initial oscillating passes were made across the
root of each groove until it was f£illed such that
its width at the bottom was about 1 inch. Bonding
these three or four laterally oscillated passes to
each joint face was critical. Hence care was taken
during each of these initial passes to dwell the arc
momentarily at each joint face with a slight pause
in the oscillating across to the opposite face.

The remaining weld passes that were used to £ill -
the grooves were deposited using horizontal stringer

- beads.

Electrodes were manipulated to minimize the con-
vexity or concavity of each weld bead and the weld
metal deposits were kept as flat and even as possible.
Successive passes were welded from opposite direc-
tions.

For the vertically positioned bars, after the
initial oscillating root passes had been completed,

‘the remaining passes were deposited using vertical

upward stringer beads to avoid any lack of fusion that

- "might have resulted from downhand welding.

"‘COVer Passes

Cover passes apprOX1mately one inch wide were

”Weided in a vertical upward direction around joints

on vertlcally p051t10ned bars.

Cover passes about one half inch wide were welded
in the flat pOSlthn around jOlnts on horlzontally

’poSLtloned bars.f
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C. Filler.Metal

A=408 bar. - :
0.035" dia. wlre, 80. K51 Ultlmate, Chem. -
0.,09C - 100;Mn - 0.45 8i - 0.0248 - 0.017P

 A=-431 and Aw432 bar . :
0.035" dia. wire, 120 Ksi Ultimate, Chem. -
0.10C -~ 1.90 Mn - 0.73 8i - 0.0358 -~ 0.017P-0.55 Mo

d. -Shielding Gas - 75% Argon, 25% COs.
4,  Manual Shielded Metal Arc Welding Procedures
a. Pass Technique
The same weld seguences as the short arc were
used except that the weld passes were kept to a width
of three diameters of the electrode. Each weld pass
was slagged with a chlpplng hammer and the wire brushed.

b. Filler Metal

A-43]1 bar - :
1/8" and 5/32" dia. E11018 electrodes, smaller
electrodes used for root passes.

A-432 bar

1/8” dia. E9018 electrodes for root passes and
5/32" dia. E11018 electrodes used for remainder
of weld.

.TESTING PROCEDURES

The re1nforc1ng bars with and without joints were tested
at the mechanics laboratory of the University of California
at Berkeley using their 5,000,000 lb. machine.

Elcongations were measured over 16" gage lengths in order
to facilitate comparisons with bar. jOlntS which were mechani-
cally spliced with sleeves of such a size that a 16" extensom-
eter was required to span the sleeve length. These compari-
sons are not recorded in this report. Two linear voltage
differential transformers were attached to the extensometer
to sense strain. Readout was provided by an XY recorder which
automatlcally plotted the summed signals from the ILVDT's on the
¥ axis versus the machine load on the y axis. Each tension
test was plotted in this fashion until the yield strain had
been exceeded and then the extensometer was removed so the
gspecimen could be loaded to fa11ure.= -

' The reported yield strengths were taken to be 1/2 the sums
of the 0.2% offset yield and the 0.5% total strain yield.
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Ultimate strengths ‘Were determlned by leldlng the ultl—
mate load by the nomlnal sectlon.

The results of the various tests are shown 1n detall in
the APPENDIX of this report. -

- ANALYSIS OF DATA :

The results of 35 tension tests of welded joints of

No. 14 and No. 18 reinforcing bars were compared with the
tension test results of 18 corresponding unwelded bars in
order to provide data for this report. Eighteen of these
35 tests failed outside the 16" gage length in areas of the
test bars which were not affected by welding. The inferences
drawn from these 18 tests were as follows:

L. The load at failure represented the strength of the

unwelded bar.

2. The strength of the weld exceeded the strength of the
unwelded bar.

3, The recorded elongdtion through the central 16" welded
region at failure was less than it would have been had
the bar failed inside the gage length.

4. The yield point determlnatlons remained unaffected by
this difficulty.

Based on these inferences, the ultimate strength values
in each of these 18 tests were averaged into the control bar
test results for their respective groups to improve the
various group values for the ultimate strength of the bases,
and each of these 18 ultimate strengths were also included in
the weld test results for their respective groups in order to
provide enough information to justify the extraction of some
workable conclusions from the data.

Elongations through the unbroken weld section in each of

these 18 tests were included in the weld joint test results

for their respective groups unless they were very low relative
to the ductility of the control bar and bars failing inside
the gage. In such latter cases it was presumed that failure
outside the weld area had occurred before the welded portion
of the bar had strained significantly beyond the yield point.

The results reported herein cover tests conducted on both
No. 14 and No. 18 bars supplied by Bethlehem, Pacific States,
Columbia, Western Rolling Mill, and Judson. Tests were
grouped by heat number and bar size., No attempt was made to
differentiate between the results of welding horizontally
positioned versus welding vertically positioned bar nor
between welding No. 14 bar versus welding No. 18 bar because

www . fastio.com
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of the limited number of tests. - Test results for each class
of bar and welding system were averaged by groups except in
those cases where no significant differences in group results
was apparent. No attempt was made to differentiate test
results by supplier, :

The results of the various tests performed are shown:in -
detail in the APPENDIX of this report.
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Figure A-2
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Figure A-6
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_ Figure A-1l
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Figure A-12
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Figure A-i7
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Figure A-1I8
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Figure' A-19
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"Figure.A-20
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Figure A-21
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