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INTRODUCTION

The UE« of electric welding in fabrication of bridKes and buildings

has brought about a need for welder certification. Inasmuch us the weld-

ing process is gaining in popularity for fabrication purposes the teste of

vvej-dars to xabure boimd ?.elds is a necassary r-s. aire.tent*

The purpose of this investigation isas to study the possibility of de-

vising a :,est which would instire that the welder being tested could produce

sound welds while at the sajae tiaa lower the cost of certifying the indi-

vidual welder,

REVIE?^ OF LITSBATURE

A thorough search of the library and other facilities for welder cer-

tification tests revealed that there was only one standard certification

test listed. This test known as Standard Qualification Procedure v.as pre-

pared and adopted by the Aiaericai l^elding Society in July of 1941 i^) •

The Standard i^ual^fication Procedure contains a comylete breakdown of

all phases of the welder certification test.

The Aiuerican ?.elding Society Standard
Qualification Procedure

Part I. - Procedure '. uallfications .

• ••

102, Types of Tests and Purposes

The types of tests outlined below ^re to determine the tensile

strength, ductility, and degree of so mdness of welded joints raade

under a given Procedure Specification. The tests are as followst



(a) For Groove Welde

(1) RedacoQ-Section Tension Test (for Tensile Strength)
(2) Free-Eead Test (for Ductility)
(3) Root-Bend Tiat (lor ScundnesB)
{A) Face-Beud Test (for Soondnotis)

(5) Siae-Bend Test (for SonndnesK)

(b) ...

103. Ba.^6 -lat'irisl and Its Preparation

The hp.ba afcterit-.l and its preparation for wolding shall coaply with
the Procedure Specification. For all typefi of w-ildec joints the length
of the V(eld anc the diaenaioas of the bat'e ..at^ri&l shall be such ae to
provide siifficient matarial for the taat specimens called for herein-
aftor.

104.. Position of Test Ti'elds

All ivelds that rill b« encoijntered in actual construction, except
groove \^elds in pipe, shall be classified as being (l) Flat, (2) Horizon-
tal, (3) Vertical, or i^) Overhead in hccordtmce with the definitions
givaa in Fig, 1. ilach procedure shall be t,y;Aed in the ;aanaar stated
below for each position for which it is to be qualiiied.

(a) Groove VToldB in Plate

In HiiUcing the t^t-te to qualify groove welds in plate, the test
plates shall be w-slded in the follor.iafe- positions:

(1) Fiat Pobition - The test i^lates shall be placed in an
ap^roxiaately horizontal plane and the iseld jietal deposited
fro.i the upper eid©,

(2) Horizontal Position - The test plates shall be placed in
an approximately vertical plane ?ith the welding groove approxi-
mately horisontal.

(3) Vertical Position - The test plates shall bo placed in an
approxiaately vartic&i plane *ith the welding groove ap:;roxi-
matoly v .'rtical,

{A) Ovarhead Position - The test plates shall be .laced in
an approximately horizontal plane and the weld metal deposited
froja the under side*

(fc) ...

105. rJuiuber of Test Welds Required

(a) Groove Velds in Plats or Pipe

For groove Relds in aatarial up to and including 3/A in. thick.



one test weld shall be a&dd in material 3/8 in. thick for eacii pro-
cedure and position to be used in conHtruction, except that if the
constriction inrolvon : of rjstarir.l over 3/4- in thick-, a t'3Rt

¥:eld ahall ba aade in il of the .t^ixiau/i thicknehs -c be ised ia

conatxruction for each procedora and position, but T?hich need not oxcead
1 in* If h tost iB .a^•d9 in. t-' 3 . laxioa^u or 1 in. thickness, no test
need be Jiade in t-e 3/3 in. thicknetfi...

107. Test bpeci...3as - Number, Type, and Preparation

(a) Groove ftelds

y^or groove wela:. ... ^. . .to . ^ ..jthod i". preparing tbe speci-
mens shall be ia accordance with the figures referred to in
Table 1, a/id the nuabor of tests required shall be a^? given in
t.he table**.

Table 1. Procedure qualification -l^sts for groove welds in plate.

Maxiaum Thicx- • ' i^uob'^r and Type o!' Te sta Re.: >>red

aass to be ' Test Pinto • Reduced- ' Free- ' Root- ' Side-
Belded in • Thickness ' Section • Bend ' Bend ' Bend
Construction ' ' Tension '

[ _^

Op to and in-
cluding 3/1 in. 3/8 2 2 2

Over 3/4. in. UaxLaua, but 2 2 - -

iiced not ex-
ceed i ia*

(b) ..*

108. iiethod of Testing Specimen** • •

• • «

(c) Root-, Face^, Side-Band, and F illet-Keld-Soundness Specimens

iSach BpecL'uen shall be bent in a jig having the contoor shown
in Plate i. Fig* 1, and otherwise subHtaatially in accordance with
that figure. Any convonient aas-ns may be uaed for .moving the uiale

itteittber ;.ith rei^'tion to the faa^ls laembor.

The to^eci.uaa shall be placed on tui i'ri^i.'\le .lauber of e jig
with tha jveld at iaidspan* Face-bend specimwis vShall be placed with
the face of the weld directed toward t ti gapj root-bend and fillet-
weld-so indness speci-aens shall ta placed with th.^ root of the weld
directed tof/ard tha gapj L-ide-benct s acijieriL-- .ihall t-^. ol^cad ftith



that side showing the greatar defects, if any, directed tovard

the gap« The two aeabars of the jig shall be foi^ced togethiir

until the curvatiire of the specimen is such that a 1/ 3^ in.

diaaeter wire cannot ba passed betwe -n the c irved portion of t!'e

oale rdaaibor and the E;,eciaen. TVie s:,eci ^o.i shf-Lll then he r^;iiovod

from the jig.

109. Test Results Required

The ro^airaaents for the teat results shall be as followsi

• • •

(c) Root-, Face-, Side-Bend, aad Fillet-V;eld-So',aidnes8 Tests

The convex surface of the speciaen shell bs e3«a.aiaed for

the appearance of cracks or otu^sr open defeats. Any speciaon in

which a cr ck or ot'nar open defect is oresjnt after the banding,

exceeding l/ts in. Jieaeured in any dJ.rection, ahall be considered

as having failed. Crucka occurriivg on the coniors of the siueci-

aen daring testing ahall not be conjiidered...

part li - Operc-j-tor v:Uali.ficaiion »

• .*•.

202. Tj-pes of Testa Re;, aired

The qualificati n tests described herein are specially devised

tests to determine the oporc.tor' e ability to roduce sound vields,

and raay or .aay not conform in every uetnil to the r jquireitiant? of

the Procedure Specific tion. It is not intended that the practices

rtjquired in the ;;u&lifxcation test.-^ shall be ueed as a guide for

v'.elding during actual constr iction. The Ij.tter shall be psrforinied

in accorcaaca v.ith the req-dreafinto of t'^e procedure specification.

The tests u;ied far opersitor qualification are as follo^isi

(a) For Groove Velds

(1) Root-Bend Tast
(2) J'ace-Bend Test

(3) Side-Bu.id Tor.t



203. Base Material and Ita Preparation

(a) The b&ae uatarial shell comply with the s ecii'ication for
ona of the niat^i^rials listed in the Proc9^^ur3 Specification. (In
this case A 7 Steel for bridges and buildings) • For all types
of v.elded joiatt tha iongtr.. o- the weld.s o-id the diiaeneions of
the base material shall be auch as to provide sufficient ;.?:-

terial for the t -st speci-uens called for hert3in&ftor.

(b) For groove v.elds in plat) or pipe where the th^ckjjssis of
the aa-teriai lor the tista as apecif'xed in Article 205 (a) is

3/8 ia., the recoiraiaents needed to be :aet for a single V-groove
butt joint for the preparation of t!ie base material for weld-
ing are 3/3 in. thick, bevel 30° maxiJiuia, separation st root

3/16 in. jaaxiiBua.

20i4. Position of Test leids

(a) Groove Vielde

For Vno purpose of dettHrmining the ability of an operator
to aake groore welda in vorious .opitions in plate or pi^^e the
following positions for tests are r (^uiri^d.

Test Position 1 G

Plates placed in an approximately horizontal plane and the
weld aet&l deposited froa the ap;er side,,.. This t.jst Mde
either in plate or pipe ftill .ualify tin operator for flat po-
sition welds in plate...

Test Position 2 G

Plater, placed in an a proximately vertical plane v.ith the
•elding groove in an approxiruately horiaontal laie,,,. This
test xaade either in plate or pipe will qualify the operator for
flat fu:a horiaontal welda in plate and pipe.,.

Test Position 3 G

Plates placed in an approximately vartical plane with the
welding groove approxi.aately vertical. This test will qualify
the operator lor flat and vertical welds in plate,..

Test Position ^ G

Plates placed in an approxiaatelj horizontal plane and the



EXPLANATION OF PLATS I

Fig. 1. Guided Bend Test Jig.

Fig. 2. Sample apecificationa for bending.
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weld metal deposited froia the under Kide, This test will

qualify the operator for flat, and ovorhead welds in plate

and for pipe in the horizontal rolled potation.

If a welding operator is tasted in Position 2 G he need

not be tastad in Position 1 G. If a veldiag operator is tested

in Pofc'itioii 3 G he need not be te.'-ted in Position 1 G. If a

yielding oper-itor is tested in Powitioa l, G hs naed not be tasted

in Position 1 G...

207. Test Specimens - Muaber, Type, and Preparation

(a) Groove Vrelds

For groove weloi. ^u .^^.^\,^ l.e ji©t; od of preparing the

BpecLiienB and tiie amnber of tests reviiured shall be a.s follovs:

Thickness of ..laterial for test weld j/S in., 1 root-brmd, and

1 face-bead. .

.

208. Method of Testing Speciiaene

(a) Root-, Face-, Sida-Bend, and Fillet-Weld-Soundnesa Speciiaens

Each i! .eciiuea snail be bent iii a jxg s ibstaati lly ia

accordance with Fig. 1. Any convenient means .nay be used for

moving the male lueuibar with relation to the female itte;iber.

The Bpeci.aen shall be placed on the female .aeiaber of the

jig with the weld at midspan. Face-bend speciiaene shall be

placed with the face of trse weld ciracted tor;ard thf; gapj

root-bend and fillet-v-eld-soiindnass b„eciuenH sihall be placed

with the root of the weld directed toward ^he g^-pj side-bend

s.eciaene shall be placed v.ith that side showin;: the greater
defects, if sjiy, dirscted toward tVte gap. The tvo mOial ers of

the jig ahall be forced togethor until the curvature of the

s^eciiUea is such th>ii a \fy<- in. di&jaeter wire cannot be

passed between the carved portion oi' the .-ale lueaber aiid the
speciuien. The sueciiflen shall then be removed fro.a the jig.

209. Tet^t Results Required

(a) Root-, Face-, tiide-Bsnd, and FiHet-Weld-Somdness Tests

The convex surface of the spaciiuen shall be axaiained for
the appearance of cracks or othor open Defects. Any specimen
in which a crack or other open defect ivS present after the



bending, exceeding l/3 in. aaasured in aay direction, shall be
considered as having failed. Cr&cks occurring on the comers
of tne specimea daring tasting sha,ll not td cjnaid-jred. (2)

p. 6 - 18.

The Kansas State Highway Departinent does not use the A. ¥;. S.

Stc'jidard Qualification Procedure, but it has draim up th<5 Stat© Highway

Cofluaisaion of Kansas, Suppleaental Welding Specification, Supplementing

St&jnd&rd Specification A8»3^» t^dition of 19ii5. Tiie orocedTore to be

followed in quaiifyiiig both electric weeding olectrodess and base aetals

xmud ar-a the aa^a as the A. t, S. Standj.rd Cualificwtion Procedure.

There is a difforence bet*oon thsj Ki»a,sai. iitate Highiray Co.ifiilKsion

rcj,vjair*uentM for certifying operators and the A. T.'. S. requiregents

,

This difference i» in the greater naabar of tests retniired b>' Kansas and

ia the thickaaas of material oa which the weld its to be ^dde.

The Stats Highway Coia.aiasioa of Kansas
Sucpleiiiontf.l Welding Specifications

The Procedaro to be Folloy;ed in Qualifying Electric ffeldiru^ Op-Tators .

1.03 - Classification of Operators

The operator shall be classified as to the type and position of
welding ne is qualified to do. The classifications shall be designated
aa s:'.fi.ll letter f, h, v, or o, indicating the positions flat, hori-
zontal, vortical, or ovsrh::i&d, res^iectiveiy, aiid capital letter F, H,
V, or 0, indicating the position Flat, Horizontal, Vortical, or Ovor-
hoad, respectively,

S..iall letter operators will likely be used for welding involving
fillet velds only, or for Aielding of minor ia ortancs. Capital letter
operators y.ill lilcely be required for v.eldi;ig involving butt Kslds,
or other .olds of aajor L^portaace, when sn destgnatod on the plans
or re.iuaoted by the Bureau of Public Rocds, Ho.-.e-.'er . the ra-.;uir9-r3.-!^

as ,to V\i cl;.>i;;>ificr.tioa tm- 1 t'-.a rsld^r .ust aaat v.^1, bo s^Qv.g cwi
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the PLANS for the piece ol viork. involved a::: v.ill govern .

1.0^ - General Inforuatlon Concerning: Teyts

The qualificttion tests for the small letter operator shall in-
Cludg only t;ie "Guided Bead T-JSt" and for tne c-u.rit?.l letter operator
shall include both the "Guided Baid Teat" and tlie "Deposited :net&l
Test". These tests shall be ia&de v,ith an electrode chosen bj' the
operator or hia e.aployer, and shall be prep-jt-ed in h11 ;;x)sitions in
irhich v.elding is to be Gone, as required by the Engineer or the Plans.

The "Guided Bend T^st" and the "De,.oi?ited .ietei Tet^t" shall be
divided into Uo piirts, for each operator, in. eiich position involved.
The specLaeuB in the lirst part (Tests la auo lb) shall be Ji&de under
shop .nachiaed supervision (unattended by any State reorasentative),
cut, completely a:..chined {ixt tua expe.ise .1 t^e operator or his
aa^loyer), -ind submitted for testing. If these test aoeciraene .leet
the racuire-ueiitB, a representative of the Kanaka St?' te' Highway Coav-
alBsion will witness the prepar. tivn of th-3 specinenB for"t: e second
aiid final part (Tests ia aiid 2b). These test specimens, after being
cut oat (at the expense of the operi^tor or his employer), vill be
taken by the representative for .;:achining (it the' expanse of f e State)
and tasting.

isection 2,00 - Test la (Under Shop Supervision - Unattended by State
Representative and State Testing)

2.01 - Preparation of Test Plates

The base .aetsl used in ,aaking this tef;t shaU bo taken froia one
plfct^ insofar as possible. Unless otherwise instructed t' e :,.etsl shall
conform to the A. S. T. A. Soecifications for BrLdfe f-tejl, Seri-1
Designation A 7 - ^9R or as specified by the engineer.

Test speciaens snail be made so that the welds are noraal to tHe
direction of rolling. This i.ili tend to counteract any influence
whxch aignt be ctu.s<30 b slight laiaination of the plate.

The plates to be uyed in this test shall be .ande to conform tothe di.u9u8ion8 as follo^cs; length y in., width 7 in., thickness l/Z
in., navmg a nose of 1/16 in, and a Oifjci-uuia bevel of 30°. Two such
plates *ill be rxraired for each position in wliich the operator is
qualifying. No b..ck-up piate is allo^^ed.

2,02 - The Guided Bend Test

Speciaens shall be prepared for each position involved in subse-
quent work, except the flat position which may be o,uitted when t^e
horizontax, vertical, or overhead positions are required.

The plates shall be securely tacked tOjjetf«r before welding is
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startad. The plates ahall be welced together by t!i« follonsing proce-
durei ior flat position thera shall be four payees jude v.ith \jaBS 1
aiid pans k being uada frooi opposite sides of the z.iatej for hori-
aontai, vertical, and overhead positions a total of seven .asses shall
be ttiade *ith -aes 1 and pass 2 being .aide iroui orpoaite sides.

The test pliitus shall bo ciaiaped down or othervise sup.jortod to
prevent A&rping. The speci-^eats shall ba ailov/ed to b<3co.je cool to the

— ..- just s;; . it to
insura full crobs-yectional irea after .aftchining. The s..eciiaens shall
be cat fro.u the welded platos by sawing or precision catting with a
gas torch, in the following janaerj two nieces 1 1/2 in, ^»ide shall
be re.uoved from each siae, the re n.iing'il in. strip shall be cut into
two sections each 2 in. v.ide. They shall be .li-.rked for identification,

Tist i'.elds shall not be paen cJd or heat-treated in any manner.
Care should be exercised »^hen cutting v,ith a g s torch so as to .lot
haat-treat the • eid .&etal.

2.03 - * chining of ^he Guided ;.in(; Test c:peci.3en8

A light cat si.all ba tarcen langth-isise of the specLaen on the
"face" surface, care beiag taken to rar.va only enough weld ..etnl to
clean-up tha "foce" surf ce. T!;e s eci >en s all ti:en ba iachined to
the rer-iuired thickness froia t- . "root" side. Both surfaces shall be
a^ooth v.ith all tool arks resaovod. The i inished specimgn shall be
12 in. by 1 1/2 in, by 0.350 in., v.ith edges aachined to a l/l6 in,
rftdius to re :ovs sharp edges.

A light cut .shall b^ ti.>cen length-wise oi the soeci:ien on the
"root" surface, c&re being taxen to reiaove only enough ^.eld .uetBl to
ciaiin-up the "root" surface. The speci.aen shall then be i:achined to
the raqoxrea tf.icscness iroj the "face" side. Both Pir.'iciE sv-fJl be
8.-ooth with all tool laarks re=iioved. The finished specimen shall be
1< in. by 1 l/k in. by 0,350 in.

In both tiie "face" and "root" speoi.aens the original width of
^ in. shall be uachined to tnc: finished v.ddth of 1 l/i in. (3) p. 1 -

The bendiiig of the saxapies conforms exactly with the requireiuents of

the A. K. S. Standc-.rd Qualification Procedure. The required result:^ of the

Bend Test are t .e aa-ne for both the K^vnsas State Hif,..,.,a^ o :^..-^ssioa ana. tho

A. P. ii, iitaxidard Qualification Procudure v.ith the exception that the

Kansas State HighwHy Coioaission will not allow & crack over 3/16 in. long
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occurring on the coraers of" tha j^pecimen d iring testing to pass.

Both thj k» ?. £. Sttindaru . aciiii'lcau-o . cad^ire rind the Kansas

State Highviray Coaudssion r--jqaire that the tests ba run on A. c T. H,

A 7 Steal lor Bridgoa and Bytldiags.

AiUerictvTi Society for Testing
aiatarials, Specificatlcina

Proc3S8

The feteel shall be .ande by either or hot . of the following
processes: open-hearth or electric furnace, Acid-Befcse:asr steel
shtll not ba uaad on bridges.

Chemical Coa,.osition

Tvhen subjected to t a ladle and checic aaalyses, retiree r.xvely,
required by tlie proviBionB of Spec±fictttion A 6, the stael shall con-
form to t.-e r 3': aire. lents as to chem.cal coa OFition prescribed in
Table k except lor bar-bize shapes or bars l/t ia. and under in
thickaets.

Table 2. Cheaical reqiireaentE.

• Ladle ' C 3Ck
' Analysis '. AnRly.sis

Phosphorus, iUw.. ^ r cent o>en-hearth
or electric f^iruuce

Acid 0.06 0.075
Basic 0.04 0.05

Sulfur, aax. per cent o„en-hsarth or
electric furnace 0.05 0.0&3

Copper, wlien copper eteel Im specified
ain. per ce:it 2i20 Q.IB

Tenaile Proparties

(a) Tha aat^rial as represented by the test specimens, exce t
as specified in paragraph (b) of this section, shall conforia to the
requj.rea-»nts as to tensile properties prescribed in Table 3,



.' ?l&t;H. ;-h--;2ah. .c.d Enr

Tensila Streagth, .si 60,000 to 7i,0aa
liaid point, ain,, psi 13,000
Slongatioa in S in., ain. par cont 21
SlWKatioa in 2 in.. au.r.. -er Cdiat '^

'

(b) i-h-u;an lari:- tr^i.;. i l^, in. in cro:;::-soction, ..la b'^rs,
other than flata, i«3iia thwi 1/2 in. in thic< -^r or di . u^^t^jr -.e -d

not b«* trubjectdd to tonf^ion t^ste.

(c) For material uridtH' 5/16 in. ^n thic;-ji*«y3 or dinaator h
dsductioa froid tiia p^rctintaga of elongation iii 8 in. specified in
the abov« t:.bi3 c»f 1.^5 .arc^tit bIuII 1 : for j-ich docr^B.jo of
i/32 in. of th'j ji,:acified thick.noi.t.' or . .sr baloa 5/I6 In.

(q) * J-' '.'ii in. ill tnicttnaae or dia^etrjr, &
daduction I'r

. , ; o.' aioaijUoa in 8 in. specifi ad in
Uj« i'tjova table of i).50 per cent shall by .uade for oaoh incr^uae
of l/i ir;. of the »;„K>cii"ied thictcaese or dia-aater abow 3/4 i;5.

Thi^ deauctioa ahall not a>.c ; --d 3 o^r cant.

Beading Properties

The bn»nd ta«t upeciaen shall stand boing bent cold throogh 1H0°
withcut cr on the outaida of the heat portion to -x nitio of l/i
of tha th^w of uiitariai in inc!>>98 to thd bend disaetar of the
apeci:»9n. (1) p. 358.

Parte of tha j^ubliahed «at »rial vera o.'aJ.tted :;o..i tr.« '.;uot'Jd ..-. --ial

becauoa Uiey portuin to various aspect-i of the tasts which were --^ no in-

terest in thiB thosis.
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Survey

In order to deter -iae hovv v»ideiy tho A. f, 13. Standard Qualification

Procedure was used, and to gatJier »o.ue data o.i the cost per welder for

certification in other states, „ ., orvay of all Highv.ay De. rt-ieat,.^ .n the

Jnitsd States *as aade.

The follovting qaeBtionB were asiod. (1) Do you re-.-iire that your

welders on state buildings and bridges be certified? (^) Do yoa use tiie

A. S. S. Standard Qualification Proced ire for 'qualifying welders? (3) If

the aiiever to No. 2 is no, what Staadard of CiUalification do you use?

(4.) What IB thcj avertijje cost f jr car^iiying a welder?

Method? of Keduciag C:>8t

A S^nt^le Piute Po.Ationed at a Cojpound An-jle . The plats would b^

positioned so tJiat tho groove to be welded would be inclined at an a;igle

of 15 dagreeb from the vertical and at f' -> t-K ^ tiras tilted toward the

operiitor ht an angle of 15 aegreea. By usxng tiiia double cr c<5apouad

angle it was felt that a weld jaade in this position, ihhile not conf-Tiuing

with th9 positions as set forth b either the A. ' . 3. Standard i,aaiifica-

tion Procedure (Plate 2) or the Kansas State Highv.ay Coiiiaiission, wovild

give a true indicution of the welders ability to produce so-md weids in

&.11 .ositions. Providing this assoa.:. cxon could be s ibat}i;itiated by test

results, then the cost could be reduced two-thirds on each certification,

while still giving indications that the welder could produce sound welds
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in all posLtionb.

A Thimior Ti.st Plata . This eolution wo Id apply oaiy to the Stete

of Kaneab. Since the Kanaas St-te Highv-ay Ctviritssioa aiacified that the

testa be .^ade on a&tarial 1/2 incli thick:, (3) p. '^, axid the A, F, S.

Standard Procedora specified ai&terial 3/8 inch tb.ick, (2) p. 3, that results

of tests performed oa uiat-'rials oi bot:i thickaai'SeH woold ba compared.

The tests Jiade on 1/2 inch material were to be aKchi.ned in accordaiice

with the Kansas Highway Cou^iaiBsion Specificatione, and those made on

3/8 inch aateritJL v,ere to nuva tha weld roinforcer.ent ground off. Pro-

viding it was proven that the test welds aade on 3/8 i'lcn material and

ground • ere as critical as those ;aade on 1/2 inch usterial ar^d :aachined,

the cost "f Jiachiniag could be coapletaly removed by >aicin£ t- e t-sets on

3/3 inch plate and grinding off the excels veld reinforceuaat.

At the saae tiioe t' -^-e t ists were being, uade a tast on the sane thick-

ness of .^teri&l i-as to le .AdQ at t 8 compound cuigla c^iid the results were

to be co-ipfirad with thoue -uade at ti^e standard positions.

X-Ray ajm :.ination » The 7,eidB in th-^ test platea ..ere I'l 1"» e. sained

by the use of X-Ray plates to determine the Kiount of slag tiad preeence

of any voids in the v^eld. It was thought tnat in at lasst souie caj-es

eaoogh could be ooterainad about the soundness of th^j ^^u by exaiaination

of the proceosed fiiia to Justify stopping the test at this point, thus

cutting out the cost of cutting i^nd auichining the sa.aplo for be:iding.

Materials and Equipmeut

Stael* The steal used for conducting these tests if.*s A. S. T. 1.



:iXPLA:UTION OF PLATE II

Positions for Groove Kelda in plate
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TABULATION OF POSITIONS
OF CROOVE WELDS

POsntOM
RtrCMCNCC

MCLWATKM
Of AXIS

ROTATION
Of FACt

FL*T A 0* TO !•• ISO* TO tW*

NORIZONTM. ©• TO •••
•O'TO l»0«

IIO'TOMO*

OVCNMtAO C 0* TO OO*
0* TO •©•

t*0*T05«0*

vemicAL I9*T0 W •CTOIW
t •O'W to* O'TOMO*

90*^.
•0'A«1» f*"
^^ SOB t '
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designation A 7 cartiiied steel. See page 12 for cheaical req dreaents and

B^yecifications,

Klectrodes . The electrodes used '.vere produced by two different com-

panies. Both iflet the s^eciiication for A. V. ti, and Kanvi&s Highnay Co.jmis-

sion. These specifications called for Joint A, P.. £., A. iS. T. i»l., iioOlO,

5/3'^ D C Reverse heavy coated electrode. One rod was produced by the Hob&rt

Holding Cooipany and was designated Hobf.rt IIo. 10. T' e ol ir electrode used

was produced by the National Cylinder Gas Corporntiori and <vas designated

NCG type B. Tlia Hobtirt No. 10 was apparently an old rod and had -.ic^ed i

soaie aoisture, bscausa drj'-iag it in an exectrie I^nace ovsrnight at a

tomoerature of 350 degrees seaaed to produce less gas inclusions in tlie

.leid.

S^elder . The »velder used ¥.as a Hobart IrfO ampere, diract current,

iftotor-g.-aerator type i^achine,

ir.eldinK Jigs. The jigs uFed for positioning and to revent vrarpage

R-era ^ae or ^ iri, by k in, cy l/<4 in, angle iron 18 inches in length, v.ith

two ^.iecQS of strap iron 2 in, by l/u in. vsslded p-arpendic ilar to the

angle iron to hold tneu 7 inches apart. Four pieces of aagla iron .. i-i,

by 2 in, by lA iJ:i. ''•are used to ciaiap tne plutes xa the jig to prevent

distortion while V\e act ml welding v«i.s done. These pieces were held hx

place by ^/6 inch aachine bolts (Plata III),

Each jig i,fis held in ipositi^n by welding a short piece of pipe, ?.hich

had had the inside dia;ueter aachined to slightly over 1 1/2 inches so t'at

it -voald fit over a 1 1/2 inch bar, to tno jig (Plate lii). The bar was

attached to a welding table &>id w. s of sufficient height to allow the
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jigb to be placed so tliat th^ welding could ba done in a coraf'ortable

position.

Snapers aad ..liiii ik ...j^chiaoa . These laachinas v^ere used in preparing

the saaplee for bend_ng. All oi" the plHtes ere sliced into sections

1 1/2 inches wide -: •• Gincinaati 'dodel lU-lB milling fs>i:ja^ne usi-ig a

gang cutter (Plate IV) , The 1/2 inch thick ..latas were then roachined on

a Gould and Eberfe.rdt 18 inch shaper to the requ red 0.350 itiches.

Section 2.03 sh:->Ks tj t-.-CiTication.

^e^-a-le Ee.iding lachine . All of th-.j sa.upl<js were bent on a jig

4i3eting tr-e r3cu.Lr3.aents of both A. ?. S. aad K= ir-s ni:'V,v...y Cor.imission

Specifications (Pl^^te I, Fig. 1). Jv-o aetb oi' ya.uples ivare bent under the

BuporvxBion of the gt-.te Highway Departiaent Testing Laboratory. The bn-

iaace of tho Sfa..u.yj.n.- .,uj.-e bant in th-3 shop on a hydraulic press fitted

viith gaided Lend jigs (Plate V),

T'aiding Procedure

After the samples were cut to size, bevaled, and the :.ose ground on

the 1/2 inch aatarial tley were clanoed in position in th'=! elding- jige*

The welding .aachine was aiiowed to run for approxi.aately five ainutes in

order to obtain a true reading of the open circuit voltege. An open cir-

cuit voltage of 90 voit.s vue recoraed with a closed circuit voit,age of 22

to 2A volts. The a-uparaga vas set for 105 aiaperes on the first two passes

and increased to 115 a;aperes on the subsequent passes. Each cass ras

ailov.ed to cool to » t-- — !v.ture at "hie- th? hand co -Id be plf^ced on the

weld bjfore reuoviag t.-ie slag and proceeding Kith the next pass, A light
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chipping haaaer and steel brush vna used to ra .ove the sla . By using a

light chipping haaiaer vjry little if any .aeaiag -vas a^ne to the sipfaco

of the veld.

Passes one and two rare de-osited froiu opposite fudes of t'-'<^ nT«ta

in accora-ince with- both A. .. ^. and Ki;isas retiuireaentt. The iiial pass

was a ».ash bead covering the entire weld and used iS an annealing pass.

After tiie fteid had e.iffici'sntlj/ cooled the plata; v.ere removed and

staap«d with a nuaber and position.

Saaple Preparation for Bending

After welding the samples were prepared for tv^sting by removing, by

grinding, in the case of the 3/8 inch .-aaterial, and by .iiachining in the

case of the l/^ inch ...aterial, the excasa weld reiniorce.ue .t. After re-

aoving the excess weld reinforce..ient the 3/8 inch elates were ready to

be cut into strips oi the specified size (Pl^^ite I, Fig. k)

,

In t'le case of the l/2 inc .unteriai it was nece.ssary to ;aachine the

plate to remove the iill scale before th-jse plates were ready to be cut.

The platss ware aounted in a jig and cut ith a gang JUilling cotter

on a Ginciniiati .lodel .;l-ld ^.illing :achujie. These sa.nples were iuarked

with the test nouiber and the position in whicli tie elding was done,

T»o SAitt'jlos v.are tai.e.i froji each plate.

Tae Ba^.plas cat iroj tna 1/2 iiich plate were then uiachined to a

thickness of 0.350 inch as rer,aired by the Kansas Highway Go.aidLssicm,

The sajiple bsing ;aachined for the "root" I'end having thg excess .istal re-

aovad frcu the "lace" side, and the "face" bead saoiple having the excess

iuetal re.aoved froui tha •'root" a^de.



Testing the Saaple in a Guided Bond-Test Jig

After preparing tl-^e sample t -i&^t the rgo-iirad s;;aciflc',tions t' e

aaaples were tested by ba.iu.ug the;u in a guided laad-tact jig .aeeting the

specifications 3et forth by both the A. T>, S. St 'Jidf-.rd Q;ialificatioa Pro-

cedure and th9 laaeas Hig iway CoaaiHeion,

The shouldera of uhe Jig . are lubrici^ted with liwater 3 Axle Grease

to r.idace the gulling el feet. The sa-apiee -.rare placed with t.'ia weld at

.'aid-point oi' the fe.;K-.ie Jig. For t:e "root* tend the -Ksi.le ?. ^uco.

v.iti. t; a "face" iiiae up, aad for tfie "iace" bead the san.,.le v«s placed ?;ith

the "root" sid^ ap. The two .embers of th^ jig .;,era actuated by hj^drftulic

pressure forcing ti.e.a t0fvt>t-»r .1 ,d be;,^. ^^ t . ....u. ^^ to ... a:igle o. iou

degrees.

X-Ray Techniques

The sajplea were x-rvyed sevaral ti^^ies. The first x-ray was ..^e while

the e ceas wa.d reinforcement w».f, i;itact. A sacond ol&to «? ;: -.-d^i after

the raaovai of L-:.- .......u rrtxnforce.ient, a.;id a tt-rd plate van :iuda Khen the

sample was ready to bend. These t.-stfs were jjade on a Ge;;eral Kljctric *50

Industrial X-Jl&y unit.

RESULTS

Survey

The r«;;li2S to the surve> of State ia..rhw^.y Depart...=..c. .u c -j Jaited

•~i.<:t<j^ • co-.,,iled a-id ,.re prei»eated in Table ^* The nuiiber of replies

and the iafor;.ation coAtain<-id in tliew exceeded to expectations of the
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writer when they wer« mailed. The results vere tabu-atad &iid are shr>v,TJ in

Table 5.

Table l^» Results of the eurvey of State Highway Depart umts.

' Per cent • I liiaber

Queetionaires returned a7,5 /^k

States re-iuiring cert -fication 76.2 31
Stat3s using A.W.S. Stc^adard Proced.ire 71.^ 30
St-tes listing a cost iig u'e AO,A 17
States listing cout aa unknown 33*3 lA
St'ntati leavi-ng coat blank 25.2 11

Froa ti a resolts of t. 3 aorvoy it was raadily seen that the A. .' . £,

CtBadarrt ru*.lification Procadiire w&a ver^; . Ldel^' it^ed. Soaie -- t -e st^tas

in^ilciitoa chat they did not conduct the tdtiting bat turned all oi the

testuag over to private laboratories. It ie vary 'ossibls that t'lei-e pri-

Viite IfeboratorioB usa Uie A. F. S. Standivrd Qua.xu i.g».tj. m r c-iu ri. If

such were t.ie case than tns perceutaga would be even gr-mtor for t,i.d use

of the A. W. S. litandard Qualification Procedure thsa was iadiceted by

the survey

,

The question of cost for certification was not expected to receive as

aany replies as were the other questions, and tlse r.^s^olts seeded to justify

this conclasion.

The r^nge of cost was fro-i a low of llS.OO to a high of |260»00 vith

six states listing a c ). t of ^100,00 or i.^re. In r-^gerd to fee .'iguros,

it was understood that ti.e replies >.ould give only aa estLuated cost which

tiiey did. Some replies did stats, however, that this figure did not take

into coasidr»ratio-> t'-j cost of supi-rvision. Others stated t :.-^ .. s co;.t

liateo )f>a{i lor .aatirials o.ly, Cuid it did not indid© the cost of machining

and bending.
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Table 5. Hepiies fro;u State Highway Depart.-ae?it survey.

St.-. te ' Kejiu.ru.- 1 Ui^es k'itS ' Cost • R-3..i-'!rks

' Cttrtified • Standard ' Average 1

' f eiders 1 1 1

Alabaiia yas ye- unknovr.
Arizona yes yes $100.00
Ar-;t"Jisas yea 3^es ^onknovm
California yes yes noo.oo
Colorado no no
Connecticut yea yea no no cost to operator
Delav«;r'J 110 no
Florida yee yes uiiknor,n

Georgia yjs yes U5.00 actaaj. s^obt

Idaho no no
Illinois ine yet. \m .noTT. cox.pacy pays cost
ludia.ia no no
Iowa yes yes eiJO.aD 11^.50 ,> r plate
Keinsau yes yes $100.00
Keatacky yes yes a:iknown
Louifliaaa yea yes Uiiknoi.-.Ti

Maina no reply-

iiarjlfUid yes yos J 50.00
iasisachasatts yes yes J?;.5...'0

alichigmi yss yes e^o.oo
Miionesota no reply
iisbiysip.-i no no
iiissoori yjs yes $-.5.00
Montana no no
Netras^a yes yes $50.00
Nevada no no
New Haapshire no re ^ly
Hew Jersey no reply
Hew Mexico no ra ^•y
Sew York no reay
North Carolina yee yes unknown
North Dakot

.

yes yes
Ohio ves yes Ujo.oo
Oklahoioa yes yes $52.50 ectrxal cost
Ore<i;on yea yes unknown
Penneylv nia yes yes n^s.oo
Ei'Ode Island yes ye 3 unicnown
So .th Carolina yes ye 3 ?50.00
Sout' Dakota yos yes no test. requires current csrd
Tenaasaeo no no
Texas yes y-3b iinknown
Utah no ytss -.mknown
Variiiont yes yes ,^;L6o.oa )-Vj[a.,e -„otai cost
Virginia no no
.' 'Shin,,ton yea yes unknown
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Table 5. (c nui.)

State • :-' uiraa • UQi>3 ARS • Cost nver- ' RoaTcs
• C.rtifiad » Stmd)'j-d • aga »

Wast Virginia yji.' ;/«j5» il-iknoim

Wiocj.a:.i*n yts6 no ; -n Priviita t . lab,
Tyoaing yos no . Prlv-.tr! ^ lab,

,-'^r pl.-ita

HmUtodB of RadaciUfc; Coat

could b'j iiidss frois tho rasait.- .
• . v ^. run d irirt^

Uiit cj.r;-'j o: Lwc 3u:;uJdr3 v;,.icl. .va b<*au on* r. i^-^^m i'^r fraiiag to

gat a«i0 4£h accurntw teats to draw n. daiinito concljsion, D»iring tiv?

au-aaar of 195iC, a ualf<.- in rrtc..-.. .,__ .....j...^.. ;,.,.. ..^,.

ior prodac^iiu u aai-xai; oj tu-.ta. luxj* sould ti&v* sl.oKa »oro conciu»iv9

rauuitB, Thtj teats a^da ia tii» »i«ia8r f 195i5 wory ruKhad in order tc

cooj^lBts t^o r '^-'-rci; ;_ .^..;i%,.or ^ -t -_ ,
. .,

> .a,, u^.- ,v.^t

httTa tiaa to ra^tiAi; ixia tecnniquo beiora W9ldi:;g the Last pxHtoa,

Tbo r^Bults rtf all t'jstb tn^'jde aro tabuifitad and -roamtad in Table {>,

Thara aooas "

* ;:inite corralation bet*e:iu v\& coaiouad anglo

iiUtoa atid tuo»a ».i dsa in th« v^•»^tiaai position. This in not & defiaita

Cimcluaiou ivid la ,.;robiibiy bra^ight about dua ,,
• .•i'-j-d* >. tec=

-

niquas used ia -*•*?;:.•;,; tha wjida.

^ IMliniJS li^ ZAiikii* Tha tests :.&d© uaing 3/3 inch auterial instaad

of i/i i-.c)- -liHterlal rrira .-lot cj!:cluBiva, 6na tj. .. - ,?^-i -.•!- «t-:.t«d above,

Hov..:j/rj,i', v-MJi--.; ;> :-:j...i5 uo ;-•-' atioug.-, av-io&iCQ tu a: oth Uml th» r.^ids a^id* oa

3/8 iaoh -atarial «-iro at. critical e» thoiio ut'da on 1/2 iach »4at«riRl,
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T&blo 6, ?^eld t-ist reiSUltfci.

^starial »Taat « Root ' race • Ra&son for Failure • X-Ray 'Reioarks
-

iic. « 1 t • t
-

l/'k in. HI OS fail slag i^i».g practice tost
Son- Ml ol:: ok clear 195-4
Cartified 01 fail fax J. bl^vJi, xut ..plete slag JiGG rod

penetration

1/i in. li^ ok fail slag '
, ?hoo bent

A 7 Cer- V2 olc y<
•

.
. '.2* 195^;

tified 02 fail ok sl&g slag .NCG rod

1/2 in. HV03 OK fail slag slag shop hent
A 7 H3 0\i fail slag alag 195^

V3 Oi ol'. clear MGG rod
03 OJt fail slag sl^^g

X/i in. tiVOA inii fail Bl:.g {;l?,g ba.it by
A 7 HA ok Ok ciaar c!iD lab.

U o^c -k clear 195ii
04. fail fail Sltig Si-ag MCG rod

3/8 in. HV05 fail fiiii 3lf.g slag b«at by
A 7 H5 r&il ok slag slag ::nL lab.

V5 ffiil ok iil.5.g Blrg 1'5A
05 o;; ok clear

!/<; in. HV06 fail fall alag too cold sl-g . oo icat
A 7 H6 fail f^'l aiag ij, ,

-; 1^25. Ho-
V -uil r&ii si&g slag bart rod.
Ou . -.:. ok siag slag Lorn a;ap*

3/8 in. HV07 fail fail slag slag shop bent
A 7 H7 ok fail alag slag 1955. Ho-

V7 ffiLll fail aLg sl&g bart rod.
07 i.:k; fail ^I.:.g ^lag Low a.p.

3/8 in. HV03 fail full ;.iag a id gas slag shop bent
A 7 K8 or. fail £3lag a.-d g88 s^ag iCG rod

VS ok f^iil -1 -g &iid gas f?l,'jg Lov * ..p.

03 OK fail ' - g «i' id gas slag 1955

3/8 in. iiV09 0.-: f&il iric .upiat© ai:neal :1CG rod
- H9 f*iil ok gixf> pockets fi.id Norijial anp.

slag
V9 ok fail si&g and gas
09 ok fail slag ar ;d -'"iB
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Table 6. (coficl.)

^at-^ri;.l 'Tast Ao. ' Koot ' Paca ' KeaH ;: r-:r Fn-.uTB ' X-Ra^- ' Re.;;-.rks

3/8 in. IIVOIO rail ok slag '

i.'CC rod
HIO ok rail slag fc .. ^^^k Norjial aJip,

ViO ok fail incoapldte a^irisal

010 '_x fail incog .--ete ;^r:A:3al

Although this action waa not a result of tnis research it dees ?rdd

.'Uj/^-ort to the idad x.' at 3/3 incii -Hter.t ic. prjdace ac3 ^ni-j t .-t re-

sults. The Kansas Highvjay CoiMiiSBion Supple-aental Folding Specifications,

Qualifications of V-'elders, effective data April 1, 1954, has been ravir.ed

and the t-!:i. o^ ru-usrts rtq now being conaucted on .aateriai of 3/8 inch

thickndi-'S. {/t) p. 3,

X^ftay £xa .ination . The x-ray examination of the , •, eldi- ^nd the

ra.sulti. :l the guided Li .a tajjt bhow qiiita conclueively tnat a fairly

accurata prediction c>ui be lada through x-ray ejcaaination. This is espacially

true in cases of K-aldw havinr< slag inclusion;. ...^ voids, it should b^ noted,

hoeevar, thut tne int^ri^retation of the x-ray plnte r3qui^^^s soaa skill and

a great deal of practice in cora;.arinf; the plate ^piti^ the &ct;ial bend t'st.

It was noted in soaa cases where t ^ i,i^.,^Ae coritcxaeu a volc. or si- ,. in-

clusion which wo.dd a.p&reatly causa failure, thnt no failure occuied. This

was caused by the position of the void or slag inclusion. fJh-are the defect

P'is above t e central axis of t:;j saaple being tested, the aefact was under

coapresaion rather than tension, which is tho oght to be the reason for the

weld to pass rather than to rupture tjid fail.

X-ray e-fii:;in?ntio:: v.ill not reveal all o:' defects of a reld. .It

vdll not reveal tnar t'^e w»ld aus .ade at too high an a^a Arage, or In other

words, t.'O auch heat. A weld anda with excess ' Qht tsnds to bec-me brittle
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aad will not stand being Vaat through tlie i' ; lir 4 180 dograes,

COnCLUSiCNS

The Aiaericfyi Keldirig Society Standard toalification Ptocsdure is the

.aoBt widely used welder certification tost in use today.

In the cofflpovind angle wold t9?t t' ere seeaied to bo a positive corre-

lation betwsen t'lc c.:'ii.oand dugxw tatst >. k. UM>i btandard vert:.cal tast. The

Vttlue of thie test ••.as not definitelj proven, hovevar, and a najaber of fur-

ther tests sho'xLd be ;«ade. More conclusive evidence concerning this test

co-ild bo obtainaa o;- co.-^.&riiig tne results oi tjats .uade !.•.) several v.eidorB.

The nuaiber of tests made on 3/8 inch .iiaterial and l/d inch .iiaterial

vore insufficieat to base a conclusion. The evidence seeias to point towards

the i^roof thu^^ v.8lca -ado on 3/^ iacti are at» criticui as v,eldi» .aada ou l/i

inch iu£iteriai. This ia farther substantiated b^ tho ch&aga made in the

Kansas Highway Coiaaission Suppieiaental V/olaing Specifications, effective

Aprxl 1, 19H» froja 1/2 inch jjstterial to 3/8 incl; aaterial, for wold'sr

certiiication l^sts.

X-ray exea_natlon r-svoaled tiio prasence oi' slag ancj voids, but it did

not prove entirely a cui-ate in predicting whether or not tli© y.old would

pass or fodl»
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The purpoijo of thia rjssarch was ar: :^lUi . Ja-;: : :,:.,:,-

ai,uo or i^rocadore i^- \auch tho ability of a v.did-jr to pruda:;e ao^ind welds

coiild ba deteiMinad at a r i&sonabio cost.

The r^iboltw of tho surrey of alj. Highway De:;- -" '3 in tha United

atates indicated that the Aaoricar: iVelding Sociaty Standard '^aalificA.tion

Proced ore was very wid'^iy uoed. The fow States which replied to the

quastion&ire with r')-,-u.re-.9ut:; of z^-eLr ow. had hltarad t!:.3 A. r. S.

St'tnd&rd Qualification Procedore ao.aewh.'it, but the basic fundo^aoatsls

wore th6 sa-ie* There '«i8 no ind.cntion froai th3 specific?? tions f79r>t bj-

thaaa st i. v^.o-a changes lowarec t:ui co^t ol" certiilcation.

Of the nar teclmi'iuea tried, the aoat conclusive evidence ras ob-

tained i;i the x-ray axaminatlon. Slag inclusions and voidr. co :ld roadily

•-- .-.-jii upon axaxi:iation. It f.'io liu be poliitad o :t tiat only an op-:>rator

with iaucn training and practice could tell definitely that a tos* wo aid

fail, in sojio insUuicetJ, duo to theiiis inciusio:.. . . ^ .,..-. . ;. .^ ^uip-

iaent 'o^axa not ba warra:itu'd Tor tno purpose of cortifying \Tolders only,

Tho comparison of rda-.atv ia-de ji; 3/8 inch aatori^l as c-iip-tr-d with

t st3 aada ?n 1/i incn :;Ht >^-ia.i had a tyudenc^ ; ;i;c<; ^q

3/8 inch ;Ui;t^:iux wera aa critical as those -lade on l/^ inch riat-irial.

The li..;it9d naaber of tast results obtained d- not cnstitute arale evi-

dence apon whic'. ^ b- .:<, :. .-, ,r-of. ?i.. ch,«it3 iTor^ 1/2 inch aat^rial

to 3/8 incii :aatoriHl b., tne btnte of Kansaa tends to strengthen the con-

clusion that a 3/8 inch plute t-«st wo-ild prodace dosirad results.

A com...irUon -f t . r^-^ ^ -. - , « -.^i, co .poimd angle toi^ts wxth



those af tho standard test« n-oyi-T] -i opitive crrelation bet •eon the

coapo'jnd angle and the stwid.ru Vdrt-cal tost. Tiii.3 vas probably due to

tha sxallarity of tachniquo used in aaking hoVn voids.

AovH research codd b'i cio-e on -cKis probieiu, A aore conclasive test

of t-=3 compound angle tost roald btj the coaparison of the r isulta of

sevaral sL.'ailar t'ista umdo hy & nurabur of certifying weldars.

^^ "^
'-^ UBRARy ^^
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