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lal~OJW:rDtJM DPORr NO. ,W. 642/126 

ProJect D-17 

ARC 1a:tDING ELECTRODES 

25 July 1945 

Teets of Seven (7) Commercial :Branda of 

Low Alloy Welding Electrodes Under 

Specification No. 57-203-lA 

To determine operating characteristice and weld metal propertiee cf 
the brands teated in order that classification requirements may be 
established for the respective classes under Specification 57~203-t. 

REFERENCES 

Correspondence relating to these tests will be found in Appendix A. 

SUMMARY 

1; The teats indicate that the following limits on operating 
characterhtics are satisfactory for the WD J.-7010 and WD E-8020 electrodee: 

Deposition Deposition 
Helting Rate Rate Efficiency Penetration 

Cl.aH ~ IncheslMinute) (Ov..LHour~ ~Percent) {Inches - 1£2" Pl&t!l 

WD E-7010 9 - 11 4o.o 70 .os Minimum 
WD E-8020 10 - 12 40.0 6o .10 Maximum 

2. The following brands are acceptable under Clase WD »-7010: 

Lincoln Shield Arc 185 
Hollup MLY 
Champion :Blue Devil 185 

3• !rhe Murex Molex is not acceptable because of uneound.n••• ot weld 
metal, aee Appendix o. 

4. The following brands are acce-ptable under Cl.as• ·Y!) »-8020 for 
velding Clas• C platel 

A. O. Bmith S~l' 76 
Murex 1'Jpe 90 
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5. The Shield Arc 11.00 is also acceptable for weldinc Clue O plate 
aa its operatinc characteriatice cou.ply with the limits prescribed although 
its weld metal strength 11 conaiderably above that of the two approved 
brands and compliee with AWS/A,:'l/4 CJ.ass E-10010 electrode. 
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UTTRODUCTION 

The teste of electrode brands covered by thia report were undertaken 
in 1943 to obtain data for revision of Specification 57-203~1.A. Thia 
iasue of the specification included covera,;e of three classes of low carbon 
covered mild steel electrodes and one class of electrodes for hard facing. 
Low alloy covered electrodes for welding low alloy constructional steel• 
were not included under this specification. 

Since it was indicated by the Office, Chief of Ordnance, that 
tentative ~fatertown Arsenal Specification WXS-34 (Low Alloy Co..-ered Electrodes) 
had to be cancelled, having been in existence over 6 months, it became 
necessary to add a suitable classification to Specification 57-203-1 to 
cover electrodes approved under WXS-34. 

The desirability was also indicated by the Office, Chief of Ordnance, 
that Specification 57-203-1 should cover a class of electrodes suitable 
for welding structural a.Uoy t>late of 01.asa C, Specification 57-114-1 
(Correspondence in Appendix A), since mounts for the 155 mm. gun were 
bein« fabricated of this type of plate material at Rock Island Ars~nal 
using two commercially available brands of electrodes which had been found 
accep,able. 

TEST ?.fATERIALS 

The following commercial brands of welding electrodes were included 
in tho teats covered by this report. 

Brand 
Shield Arc #85 
Murex Molex 
Sureweld MLY 

Blue Devil 185 
•Murex Type 90 
•sw 76 

Shield Aro 1100 

Manufacturer 
Lincoln Electric Co. 
Metal & Thermi t Corp. 
Hollup Corporation 

Champion Rivet Co, 
Metal & Thermit Corp. 
A. o. Smith Corp. 
Lincoln Electric Co. 

These brands were all tested in the 5/32" diameter for operating 
characteristics and weld metal tensile properties except Blue Devil 1'85 
(See Appendix 0). 

• These two brands were recommended for welding plate of ClaH C, 
Specification 57•114-lA, by Rocle bland Arsenal (Soe Appendix A). 

TEST PROCEDURJC 

These brands of electrode, were tested for respective classification 
UJJ,der Specification 57-203-U. Operating characteristics were determined 
with an automatic welding me.chine using 5/32" diameter electrode at 
150 amperes ,.,el din« current with a travel speed of 5" per minute as 
doser1bed in Memorandum Report No. WAL 641/12, 24 February 1945. Sound­
nes1 and tension properties of weld metals were determined in accordance 

1 with paragraph ~34, Specification 57-203-lJ. (See Figure 1), 

3 
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DUA jj'fD DISCUSSION 

Operating Characteristics 

Data on operating cbaracterietics of the 5/3211 electrode tested a.re 
given in AppendixB. The aver9«e values are aa follows: 

Melting Deposition Deposition 
Bate Rate Jiff iciency Penetration 

Electrode ( In./Min.) (Oz,/Hr.) (%) (Inches - 1/2" Plate) 

SAr-85 10.s 48.1 75.6 .096 
Holex 10.s 49.9 78.9 .082 
MLY 9.4 41.3 72.2 .112 
]D,,85 10.2 44.6 73.7 .112 
Type 90 11.2 47.5 62.3 .080 
sw-76 10.s 43.1 64.o .096 
SA-100 11.3 49.4 74.1 .094 

So!!Bdnesa and Co!!!eosi ti«,n 
• 
De.ta. on soundness and chemical composition of the welds in the 3/4" 

mild steel plate from which tensile properties wore dotermined are given 
in Appendix C, There was no pru::ticule.r difficulty in obtaining Standard I 
sou..dnesa (Specification AXS-476, Appendix I) with all the electrodes 
tested except l-lolex. With this electrode Standard II was the best which 
could be obtained. 

Chemical analysis of the weld metals indicates that all contain 
molybdenum, usually not less than 0.50%, except the SW-76 and Blue Devil 

·f85. The Type 90 is the only one containing nickel and an appreciable 
amount of chromium. The SA-100 is of the moly-vanadium type. 

Teneile Properties 

Tensile properties of weld metals are given in Appendix D. Two streaa 
relieving temperatures were used (1000°1 and 1150°1). The former is 
prescribed for Cle.as C plate and the latter for Cl.ass B plate by Specifi­
cation 57-114-1. Minimum tensile values nre given below. In each case 
tho first value ia "a.a welded", the sem nd and third being "stress relieved" 
at 1000°1 and 1150°:r, respectively. Test specimens were prepared e.s shown 
by 1lgure le . 

MinilllUlll Tensile Properties (0.505n Bar) 
Yield Strength Tensile Elongation Reduction 

Electrode (O!l~ Offset~ Streesth ! of Area 

68,ooo 83,500 1s.5 46.9 
81--85 73,500 !39,000 22.5 62.3 

67,000 81,900 2;, 5 62.o 

61,500 78,300 15.5 a1.2 
Molex 68,500 84,800 22.5 9.9 

66,500 79,700 1s.5 50.2 
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,,, 
Migilll9! Tensile Pro~ertie1 (o.505u :Sar) i . 

I Yield Strength Teneile 11.ongation Reduction 
~ggtro!!e (091~ Otfeet) §trength ~ gf. Are1 

73,500 89,800 1s.5 J~.9 
Hollup MLY 77,000 91,800 17.0 31.0 

75,500 88,900 21.0 ?4.6 

70,000 81,200 19.3 a9•~ 
:BD-85 70,000 79,750 21.0 9 .. 1 

70,620 82,000 17.0 32.7 

76,500 93,200 17.5 3s.4 
Type 90 s6,ooo 99,500 22.5 52.4 

81,000 93,100 16.5 50.2 

10.500 91,750 20.0 39.0 
sw-76 s,,ooo 103,700 15.5 29.4 

8 ,500 98, Goo 18.5 45.1 

96,500 112,100 14.5 a1.2 
SA.-100 97,500 111,500 1a.5 9.6 

105,000 118,200 1 .o 43.3 

It should be noted that the Hollu~ MLY indicates some possibility 
because of 1 ts high yield strength for use ui th Clnss C plate material. 
The Shield Arc 1100 develops a very high yield strength in the "as welded" 
condition and thie property is not impeired by stress relieving. This 
electrode should hnve possibilit\es for higher yiuld strengths by a post-
welding quench n.nd temper treatment. 
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A - COM~LETCD BUTT VELD 

B - LONQITUOINAL COUPONS CUT OUT AND MARKED roA AOUQH TURNING 

C - IIOUQH TURNED ALL WELD-METAL TENSION SPECIMEN& AEADV roA ITAEl8 AELEIVING 

0 - ALL WELD-METAL TENSION IPECIMCNI rlNIIH MACHINEO 

TYPICAL OPtRATIONI roR OBTAINlhQ ALL WEL~TAL TENIION t,tCIMENI rROM IUTT WtLOI 

VTN.63M561 
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APPJ:NDlX A 

Correspondence 

Relating to Tests of Commercial 
:Brands of ttfelding Electrodes 

for Specification 57-203-1 
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WAR DEP ARTMEt-TT 
OFFICE OF TK'S CHIEF OF ORDNA:·TCE 

~'IASHINGTON 

HOLLA.Dr/ f am 

O.O. No. 470.1/22816 
Attn: SPOT!-Speca. Unit 

March 29, 1943 
Rec'd. 

Subject: Specification for Alloy Stoel 1'1elding Electrodes. 

To: Commanding General 
Rock Island Arsenal 
Rocle Island, Illinois 

R. I.A. 
470.14/3021 
April 1, 1943 

1. It has come to the attention of this office that a considerable 
quantity of alloy steel electrodes is being used by Rook Island Arsenal 
and certain commercial manufacturers in the welding of high-tenaile steel 
plate. It is considered necessary to establish a specification for such 
electrodes to assist in the conservation of critical materials and to 
enable those 088ncies responsible for the control of materials to determine 
what alloys are required for this purpose. 

2. It is requested that information with regard to the chemical 
composition and other essential characteristics of alloy electrodes be 
furnished this office as soon as practicable, together with your recommen~ 
dation ·vtth regard to tho development of a specification. 

:By order of the Chief of Ordnance: 

(e/t) Edward L. Hollady 
Assistant 

o.o- 470.1/22816 
Attn: SPOTB-Speca. Unit 
LI.A. 470.14/3021 1st Ind. 

lloclt Island Areenal, Rock Island, Ill.• April 7, 1943. 

To: Chiet of OrdnRnce, War Department, ''1ashington, D. c. 

Hoppe/dn 

Attns Technical Division, Service »ranch, Specifications Unit • 

1. Alloy eteel eloctrodee are being used at this Arsenal for we14ing 
ateela meeting requirements of Specification 57-114-lA, Cl.ass C, and WD 
ateels having yield strengths of approximately 70,000 psi • 

2. EJ.~ctrodes have been purchased with the requirement that deposited 
veld metal shall have a minimum yield strength of 70,000 psi. and a mini~ 
elongation of 2~ in 2" after streea relieving for one hour at 1100°1. 

3. ll.ectrodee meeting these requiremente have been A. O. Smith S~",76 
and Murex Cronan,11. Approximp.te analyeee of metal deposited by theee 
eloctrodea are as follows: 
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-
o.o. 470.1/22816 
Attn: SPOTB-Specs. Unit 
R. I.A. 470.14/3021 1st Ind. (Continued) April 7, 1943 

Carbon 
Manganese 
Silicon 
Chromium 
Nickel 
Molybdenum 
Ve.nu.dium 

SW-76 
.10 
.56 
.20 

.70 

.06 

Cromansil 
.14 
.65 
.15 
.31 

1.00 
.so 

4. It is suggested that the specification for alloy steel electrodes 
be similar to Specification 57-203-lA and that they be separated into 
classes in accordance with physical properties as in A. s. T.M.-A. W .. s. Speci­
fication A233-42T. 

For the Commanding General : 

o.o. 470.1/22816 
Attn: SP0Tl3-Spec. Unit 
R. I.A. 470.14/3021 

( s/ t) ELMER C. GOEB ERT 
Colonel, Ord. Dept. 
Assistant 

2nd Ind, ,raI~da 

War Department, Ordne.nco Office, Washington, D. C., April J.O, 1943. 

To: CoMa.nding Officer, Watertown Arsenal, Watertown, Mass. 
Attn: OrdN>.nce Laboratory. 

1. The recomr.iend~tions of your Arsenal are requostod relative to the 
preparation of e. specification as 'Proposed P.bove. 

2. As indicated in the first indorsement, it is desirable to hll.ve 
the class or claoses of electrodes selected to meet the requirements 
corresponding to A.s.T.M./A. w.s. classificE1.tions in Specification A233-~T. 
At tho ea~e time, the clnse or classes should include the electrodes 
already found suitable for the purpose b7 Rock IslEl.nd Arsenal. 

3• It appears that the additional classes required could be added 
b1 amendment or revision to u. S. Ar~ Specification No. 57-203-lAt thus 
eliminating the need for the preparation of a separate specification. If 
this course ie considered practicable, comments are desired as to aey 
changes neceasa.ry in 57-203•1A. 

~ order of the Chief of Ordnance: 

ii 

(1/t) lclward L. Hollady 
Aasistant 

I : 
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o.o. 470.1/22816 
.t.ttn1 SPOS-8pec. Unit 
B. 1.-1. 470.1~/3021 
Y • .t.. 4oo.273/R02 Jrd Inde 

Watertown Areenal, Watertown, Ma1aachusett1, April 28, 1943 

Toi Chief of Ordnance, Pentagon !uilding, Waehington, D. C. 
Attn: 8POTB-Specification Section 

AJJ/eac 

1. It ia the opinion of thia Areenal that the a.ddit~on of a claH 
to U. s. Army Specification 57-203-U which would include the electrodes 
referred to in the first indoraement 1a desirable, It 1e believed that a 
clasa meeting the req,•irementa of clan 18020 of the A. s. T.M. / .l. w.s. 
Specification would be adequate for this purpose. 

2. If it is considered desirable by hia office, it ia •l.18geated 
that Rock Island be instructed to furnish this Arsenal with t,n pounda of 
5/32" or 3/16• diameter electrodes of each of the types referred to in 
the lat indorsement, in order that tests lll8Y' be made on thie material to 
determine whether they will meet the requirements of class JS020. 

3• This Arsenal concura in the proposal to add this clase to 57~203-1.t. 
rather than issuing a new specificat1on. No changes other than the addition 
of the propoaed class will be required in the present apecificationa. 

For the Commanding Officer: 

o.o. 470.1/22816 

(1/t) H. H. ZORNIG 
Colonel• Ordnance Dept .. 
Director of Laboratory 

.A.ttn: SPO'l'B-Spece. Unit 
1W. 470.14/3021 
'tr~A. 4ov.273/s02 4th Ind. WHITE/fem 

War Department, Ordnance Office, ~fashington, D. c. Ma_y 15, 1943. 

Toi Collllll&ilding General, Rook bland Arsenal, Rook Island, Illinoia. 

1. In order to make specification ?To. 57-203-U suitable for the 
purchaae of alloy ateel eleotrodea, it 11 proposed, in accordance with the 
recommendation in the third indoraement, to add a Clase I to the apeoifi­
cation with requirements corresponding to A.W.S./A.s.T.M. Grade 18020. 
Suitable reference will be me.de to proposed Cl.ass E throuchout the specifi­
cation wherner applicable. However, in parqraph Z..4a, Mb and r-34(1), 
steel plate in accordance with 8Jleoif1cation No. 57-114-1, ClaPe C, will be 
prescribed for uee with Clase I electrodee. 

2. The attention of your araenal 11 directed to paragraph 2 of the 
third indoraement. 

3. Oo1111ent or concurrence in the above proposal 1a requeatecl. 

!y order of the Chief of Ortlnancel 

111 

(1/t) Jd,fard L. Holla~ 
Aeliatant 

I 
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o.o. 470.1/22816 
Attn: SPO'f!-Speca. Unit 
It.I.A. 470.14/3021 5th Ind. 

Bock !eland Arsenal, Rock Island, Illinois, ~ 31, 1943 

To: Chiet of Ordnance, War Dept,, Washington, D. c. 

Roppe/dn 

Attni Technical Division, Senice !ranch, Specifications Unit 

l. Thie Arsenal concurs in the change in Specification No. 57-203-U 
propq1ed in the 4th Indoraement. 

2. There ia being shipped to Watertown Arsenal for teat 10 pounds 
each of the electrodea referred to in let Indorsement as augge1ted in para­
graph 2 of 3rd Indorsement. ContA.ct should be made by hie office with 
Watertown Arsenal for results of the test prior to revision of the specifi­
cation. 

Jor the Commanding General: 

o.o. 470.1/22816 
Attn: SPO'l'B-~oc. Unit 
ll.I,A. 470.14]3021 
w.A. 4oo.273/so2 

( a/ t) ELMER C. GO EBERT 
Colonel, Ord. Dept. 
AHiatant 

6th Ind. YHIT-,,/da 

War Department, Ordnance Office, ~1ashington, D. c., 23 June 1943. 

To: Commanding Officer, Watertown Arsenal, Watertown, Maaaachuaetta .. 

1~ In view of the recommendation Mde in paragraph 2 ot the fifth 
indo.r • ement, rev18ion of Specification !To, 57-203-lA to include elloy steel 
eleotrodee 1a being withheld pending receipt of infor-mation from youi, araenal 
relative to the teats being conducted on the samples aubmi tted b)' Rock 
I•land Arsenal. Such data should be furniehed as soon a• practicable, 

By order ot the Chief of Ordnances 

1T 

{t) Edward L. Holladf 
Aaeiatant 

I 
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Laboratory (WLW) 

Subject: Claes E Electrode, Spec. 57-203-1 

To: Chief of Ordno.nce, U.S.A. 
Pentagon :Suildiug 
Waahingt,on 25, D. C. 

Attn: SPO'l'l3 - Spec. Unit 

Warner/mpb 

4 Eovember 1943 

l. Witl1 referer.co to Class E welding electrodes under subject 
specif ica.tion for welding Clr-.ss C structural alloy steels of Speci­
fication 57-114-1, there is incloPed a copy of 'TAL Test Report No. 641/2, 
13 October 1943, giving tensile properties of ,,,eld metnl deposited by 
three commercial brands: 

A. o. Smith Corporation - SW-76 
Metal & Thermit Corpor~tlon - Type 90 
Lincoln Electric Company - Shield-Arc #100 

2. The propertiea were obtained from pad deposits, as shown in 
ligure fl, and not from butt joint specimens as specified in Specifi­
cation A'·TS-ASTM A233-42T. Also a tensile specimen of 0.357 11 diruneter 
was used instead of a 0.505 11 dinr.teter specimen. The de.ta should be 
comp~rable however~ 

3. It will be noted thPi.t the minimum yield and tensile strengths 
of S~~76 and Type 90 after stress-relieving are ¥ell above the 67,000 lbs. 
per sq. in.and 80,000 lbs. per sq. inch minimum respectively prescribed 
for Claes E-8020 in Specification A233-42T. The Lincoln Shield-Arc 1100 
appears to be El.0010 because of tensile properties shown and by reason of 
its inability to be used on straight polarity D.C. 

4. 1urther tests are being made to determine the response of 
these weld motale to stress-relieving at 1000°1 for 4 hours as prescribed 
for Class C material. in Specification 57-114-1 • 

For the Commanding Officer: 

1 Incl. 
W.A.L. Test Bpt. tAl/2 

cc Rock Ialand Arsenal 
Attn& Laboratorr 

., 

(s/t) O. L. COX 
Lt. Colonel, Ord. Dept. 
Aesietant 

L 
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lHf/1. V WAO C7 WD 

FROM :lfu.'q!·T!:S, C. OF ORDl~·.rC'E, A.SJ, ,'IASHiliOTON, D. C. 072231 Z 11.'i.R 44 

TO WAT:-=.:RToun ARS!!TAI.,, UTERrmm, MASS. 

GR NC 

ATT;~: IJ.BOnATORY 

R!l YO'CO FOURTH Ii.mo:asn-i:]".T ~rnr. 4oo.273/1064 ,TH~~ WT OP:!:!'iATING CHiJ'lii.CT:a:n,.. 

I STI CS Clu\.SS E ELJCTROD:CS :B:E :ElXP:SC~D ii. T THIS CFFI CD FOR SP!JC IFI CJ1.TI ON 

57-203-1:a. ~m. CITE SPOTB Z1A'!'.£lUAL s::c. w:msrn. 

080012Z 

WTN. 4o0.273/1110 

X 

9 1-iAnCH 1944 

CHIEF or onnJ:T:J,Tc:n, u. s.11.. 

P!:NT.,\GOlT :SUILDUTG, WASHI2:GTCP 25, D. C. 

SPOTB, 1-iAD,IA.L S::JCTI0M 

• 

LABOili\TOr.y 

WLW/a.hk 

nEUitTT 072231z hAR 44, SPOTB ?i.ATEIJ.i\L s~c 11l!BSTEr., EIZCTilODil ~ .. T~ TO :aE 

:romCA.."Ull!lD :BY LET'filt 1-T?,XT WJEK. TESTS or ,cr.D u:TA.Ls FOR CLASSIFICATIOr OF 

G. L. OOX 
LT. COL., OlU). DZPT, 

· ASSISTAl"l' 

v1 

I : 

1,. 
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I CliiS/Jones/mpb 

72 16 March 1944 

Laboratory ( CMS) 

Subject: Specification 57-203-1, Helding Electrodes, Steel Arc 

To: Chief of Ord!1ance, U. ~ .A. 
Pentagon '.auilding 
'.fashington 25, D. c. 

Attn: SPOT3 - Spec. Unit 

l. :::.eference TT 0722·nz, !Iarch 44, ~·Tebster, the follo,,ring d.a.ta 
on electrode operating cha.rZ-1.ctAri~tics fnr Clru, s 2 a·,<:l. J' material are 
subid tted herewith for bclnsion in ne.ra.graph H--10 u:f subject spGcifi­
cation. 

Clas!'! :E Cln.ss F 
1-:elting ro.to 9 - 11 10~5 - 12.5 

D.:)position ro.to min. uo 4o 

Deposition cfficienc;r mi!l.. 70 60 

Penc trt'. tion o.osn min. 0.1011 max. 

2. It is noted tl ..... ,t p['.l'ngr~ph H-10 of t"lc propo s ed drl\ft of 
57-203-1.B hns omi ttcd some of the Jlll'.tcrfo.l contl\incd in pn.rcgrnph F.-8 · 
of 57-203-lA. This M..".tcrinl should be restored to tht pr'..rn.grr,.ph, 
otherwise the tn.blc of opcra.tinr; dn.to. is monninglcss. It is a.lso noted 
th~t in p~rf.\gl'n~h H-10, the values of penetrntior. for Clnss ~ should 
rcn.cl rrui.ximum instor.d of :-1inbmm ~s in 57-203-lA. 

3. Incloscd r.rc t'.1r i:•o copies of Figures 1, 2, r..nd 3. These hrwo 
'Jeon rodrmm to pn.ro.llcl r.s clo8oly ns possible thrJso subni ttcd b;,.r this 
Arsor.f:'.1 for 51-203-2.A. 

· For the Cor::::1r,nding Officer: 

( r;/ t) G. L. COX 

3 Incls. (in trip.) 
Figs. 1, 2, 8: 3 

vii 

Lt. Colonel, Orf. Dept. 
AsG', ~tl'.nt 
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APPnrnix 13 

Operating Characteristics 

5/32" Electrode 
150 Amperes D.C. Reverse Polarity 

Travel Speed 511 /minute 
Minimum Stable Arc Voltage 

': 
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OPJ:BATINO CHARACTERISTICS 

Welding Data 

Weight Time Stub 
Teet ::Setore Weig!lt Atter .!!R:. Volts S~gogas End 

(Shield Arc 185) 
128 31 10.69 oz. 3* 11.55 oz. 150 24 63 2-5/16" 
129 3* 9. 72 oz. 31 10.57 oz. 150 24 65 2-3/4" 
1,30 3f 10.31 oz. JI 11.15 oz. 150 24 64 2-3/8" 
131 31 11.46 oz. --- 150 24 64 2-7/16" 

--- 150 24. 63.5 2-9/16" 
150 24 64 2-3/8" 

3f 14.89 oz. 150 24 64 2-9/16" 
132 3112.22 oz. - 150 24 63 2-9/16" 

- 150 24 64 2-9/16" - 150 24 65 2-5/16" 
3,f 15.69 oz. 150 24 65 2-1/4" 

(Murex Molex) • 

123 3f 10.12 oz. 3111.03 os. 150 2' •/25 64 2-3/S" 
124 3,f 9.03 oz. 31 9.94 oz. 150 24/25 66 2-1/4" 
125 3f 10.35 oz. 3111.23 oz. 150 24/25 64 2-1/2" 
126 3f 10. 41 ,01. -- 150 24/25 65 2-5/161 

-- 150 24/25 65 2--3/8" 
--- 150 24/25 63 2 ... 9/16" 

3113.99 oz. 150 24/25 67 2-,1/8" 
127 31 11.66 01. -- 150 24/25 66 2-5/16" 

-- 150 24/25 63 2-5/81 

-- -- 150 24/25 64 2-5/8" 
-- 3f 15.23 oz. 150 24/25 65 2-3/s" 

( Sureweld MLT) 

173 31 6.26 01. 3f 7.12 oz. 150 26 75 2-1/4" 
174 3f 11.50 oz. 3rf 12.36 oz. 150 26 75 2-3/8" 
175 '* s.69 01. JI 9.56 oz. 150 26 76 2-1/8" 
176 31 8.81 oz. - 150 26 75 2-1/4" 

-- 150 26 75 2-1/4" 
---- 150 26 75 2• 

3f 12.36 oz. 150 26 75 2-1/161 

177 3f s.45 01. 
__ ... _ 

150 26 75 2-7/16" - - 150 26 76 2• -- -- 150 26 75 2-3/8" I i -- 3111.87 01. 150 26 75 2-5/161 t 
" ,, 
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.. Weight Weight Time Stub 

Test l3ofore Aftar ~ Mi! Seconds !lnd 
(131 ue Devil -185) 

236 31 5.990 oz. 3# 6.s75 oz. 150 26 72 1-7/8" 
237 3f 7.170 oz. 3* s.o~IO oz. 150 26 72 1-7/1611 

23s 3* 7.595 01. 31 s.4;o oz. 150 26 72 1-13/1611 

239 3f 6. 765 oz. 150 26 72 1-7/s" 
---- 150 26 72 1-7/8" 

150 26 72 1-778" 
3-, 10.2so oz. 150 26 72 1-3/4 11 

24o 31 6.665 oz. 150 26 72 1-~3/1611 

--- 150 26 71 1-15/1611 

----- 150 26 71 1-15/16 11 

3* 10.185 oz. 150 26 72 1-13/1611 

(Murex Type 90) 
168 3f 15.20 oz. ~ 0.05 oz. 150 26 62 2-1/2 11 

169 31 7. 89 oz. 3* s. 72 oz. 150 26 61.5 2-1/2 11 

170 3* 12.70 oz. 3,j/, 13.49 oz. 150 26 62.5 2-9/16". 
171 3* 11.33 oz. --- 150 26 62 2-7/16" . 

150 26 ,.1 -,, . '.) 2-7/16" 
--- -- 150 26 61 2-7/16" 
--- 31 11i.63 oz. 150 2t 62 2-1/2 11 

172 3f 11.49 oz. 150 26 60 2-7/16" 
150 26 62 2-1/4" 

--- --- 150 26 61 2-1/4" 
3f 14.72 oz. 150 26 62 2-1/4" 

(SW-76) 
158 31 15.44 oz. 4+ 0.2s os. 150 24 70 2-7/16" 
159 31 15.95 oz. 4,fl, o. 79 oz. 150 24 70.5 2-1/2 11 

16o 31 15.55 oz. 4* o. 1-1-2 oz. 150 24 70.5 2-3/S" 
• 161 3114.26 oz. 150 24 71 2-3/6" ----- --- 150 24 70.5 2-5/16" 
• 150 24 70.5 2-1/8" 

41 1. 76 01. 150 24 6s.5 2-5/16"" 
162 4# 3.094 oz. --- 150 24 68.5 2-1/4• 

--- --- 150 24 6s.5 2-5/16" 
150 24 70.5 2-5/16" ---- 4,f 6.52 01~ 150 24 69.0 2-1/4~ 

u. 
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Weight Time Stub 
• 

!9.!!! Before Weitljht After ~ Volta Seconds End 

(Shield Arc flOO) 

163 3,t, 7.02 oz. 3{r 7.G4 oz. 150 25 51,5 2-7/16" 
164 3,J, 15.39 oz. ~ 0.26 oz. 150 25 62.0 2-3/S" 
165 3"1 15. 65 oz. 4+ 0.49 oz, 150 25 61.5 2-3/8" 
166 3fr' 13.2G oz. 150 25 51.0 2-3/G" 

150 25 61.0 2-3/e" 

----- 150 25 G1.o 2-5/1E 11 

~·~ o. 75 oz. 150 25 60.0 2-3/ 'J " 
167 31 14.25 oz. 150 25 ;2.0 2-3/G" 

150 25 62.0 2-1/2 11 

150 25 61.0 2-1/2 11 

41, 1.59 oz. 150 25 62.0 2-3/G" 

Computed Values 

Deposition Dcposi tion 
Tost Holting Rate Rato Efficiency 
lTo. ~ In. 12cr Mir,. 2 (Oz. 12or Hour} ~ 

( Shield Arc *G5) 

128 10.8 48.o 75.0 
129 10.7 48.4 76.7 
130 10.9 47.3 73.8 
131 10.s 48.4 76.1 
132 10.s 48.6 76.5 

(Murex Molex) 

123 10.9 51.2 79.9 
124 10.7 49.4 7s.7 

• 125 10.s 49.6 7s.2 
126 10.s 49.6 7s.7 
127 10.'( 49.s 79.2 

(Sureweld MLY) 

173 9.4 41.0 71.7 
174 9.3 41.4 72.s 
175 9.4 41.0 71.7 

• 176 9.5 42.5 73.3 
• 177 9.4 40.7 71.3 .! 

111 
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Teat 
!2.._ 

236 
237 
238 

239 
240 

168 
169 
170 
171 
172 

156 
159 
160 
161 
162 

163 
164 
165 
167 
168 

Teet 

Depoa1t1on 
Melting Rate Rate 

(In. per Min.) (Oz. per Hour) 

(Blu.e Devil ,lli65) 

10.1 46.4 
10.4 46.1 
10.1 
10.1 
10.1 

11.1 
11.2 
11.0 
11.2 
11.5 

10.s 

10.6 
10.7 
10.9 
11.0 

11.1 
11.2 
11.3 
11.5 
11.2 

42.8 
43.9 
43.9 

( ?.turex Type 90) 

(SV-76) 

49.0 
48.6 
45.0 
47.9 
46.8 

43.2 
42.5 
43.2 
43.2 
43.2 

(Shield Arc *100) 

48.2 
50.0 
49.0 

51.1 
48.6 

Weld Bead Contour 
(V aluea -= X5) 

, CC;µ;; I " · P4h#MJ#4 4!1P¥l9J4.; , ¥AOPJ4!14liifit; .; p 

Depoaition 
Efficiency 

~ 

77.9 
74.2 
70.7 
72.9 
72.7 

64.3 
63.3 
6o.2 
62.s 
€o.9 

63.4 
63.0 
65.3 
65.0 
63.4 

72.4 
75.s 
73.6 

75.6 
73.3 

!q_:_ Section Depth Inchee• Height Inches• Width Inch.ea* 

(Shield .A.re '11165) 
128 A .547 .516 2.625 

B .469 .469 2.750 
C .468 .422 2.625 

iT 
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Test 
.•, No. Section Depth Inchee• Hdght Inches• Wigth Io~bsu1• 

(Shield !re 185) 
• 130 A .484 .500 2.625 

B .484 .516 2.608 
C .43g .500 2.625 

(Murex Molex) 
124 A .423 .469 2.563 

B .4()6 .438 2.688 
C .375 .469 2.625 

(Murex Molex) 
125 A .4o6 .422 2.625 

.o .4o6 .48l+ 2.625 
C .44o .465 2.625 

( Sureweld MLY) 

174 A .547 .531 2.56~ 
B .6og .469 2.500 
C ,641 .4o6 2.438 

( Sureweld ti.LY) 

175 A .531 .500 2.563 
B .531 .500 2.500 
C .500 .42? 2.563 

(:Blue Devil fl35) 
236 A .57g .563 2.438 

B .547 .541 2.375 
C .531 .6o9 2.313 

I 

(:Slue Devil 185) ·1 
I 
I .. 237 A .641 .547 2.375 I 
I 
I 

B .57g .563 2.344 l 
"' C .500 .594 2.375 I ,, 

' 

( Murex T-J'!)e 90) 

168 A .359 .484 2.750 
I 

B .438 .500 2.750 
:J 

C .4o6 .438 2.750 

I • 
(Murex Type 90) : 170 A .359 .469 2.750 

B .4o6 .4o6 2.688 ll ,, 

C .4o6 .422 2.750 l 
'f 

iJ .. j 
~ - w_,.thl..,r'lli ' :/1 IWill · • • ' ill ' . . ..... II Ii I :il ' 'i ' j · ··- ,-1· 
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Teat 
J ~ Section De;eth Inches• Height Inches• 

i 
( SW-76) 

' .469 ' 158 A .500 l • l B ,484 .406 
' I C .500 .391 

(SW-76) 

159 A ,469 .433 
B .500 .422 
C .469 .391 

(Shield Arc 1100) 

163 A .516 .563 
l3 .4s4 .469 
C .453 .484 

(Shield Arc #100) 
165 A ,453 .500 

l3 ,4s4 .469 
C ,453 .422 

*With respect to plate surface, 

(Averages) 

1-ielting Deposition Doposition 
Ei..1c tr ode Rato RatL_ EfficienQZ 
SA-65 1O.sn 48.1 oz, 75.6% 
Molex 1O.s" 49.9 oz, 78,9% 
MLY 9.4" 41.3 oz. 72.2% 
:BD-65 10.2 11 44,601, 73. 7'1' 
Type 90 11.20 47,5 01, 62.3% 
sw--76 1O,G 11 4],l QII~ 64.rf/, 

• SA-1OO 11.3" 49.4 oz, 74.1% 

• 

• vi 

, .. ,. tr rt lh I Wt 

, .......... -.... --~~ .. ,, ...... ~,- , ... ., .. --~··•• .......... -. . .. 

Width Inches* 

2.625 
2,563 
2.625 

2.594 
2,563 
2.656 

2,850 
2,750 
2,875 

2,625 
2,688 
2.719 

Penetration 

.096" 
,OG2" 
.112" 
,112" 

,OGO" 

.096" 

.094" 

I 

.I 
I, 

I 
I 

J 
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APPENDIX C 

l3utt '\'elda - 3/4" Mild Steel Plate 

60° Single Vee, 1/2n Root Opening 
1/4" Mild Steel Backing 

(Figure 1 - Specification 57-203-lB) 

~·:elding Data 
Radiographic Soundness 

Weld Metal Analyses 

•= : r :rrer:t 1 tr , tt t • tst , .. . ., 

I ' 
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h.\t Welda - 3/41 Plate 

• Weld 11.ectrode AmDeres• Volts• Luerg Radio~ra;ehic 
SAS5-l 5/32" Shield Arc ""85 135-14o 24-26 s Standard I 
W5-2 5/32" Shield Arc 185 135-14o 24-26 7 Standard I 
w5-3 5/32" Shield Arc 185 135-14o 24-26 7 Standard I 

Mo-1 5/32" Murex Molex 135-14o 23-24 7 Standard III 
Mo-2 5/32" Murex Molex 150 24 7 Standard III 
Mo-3 5/32" Murex Molex 155-160 24-26 7 Standard II 
Mo-4 5/32" Murex Molex 160 24-25 7 Standard III 
Mo-5 5/32" Murex Molex 160 24-25 7 Standard II 

MLY--1 5/32" Hollup MLY 135-14o 24-26 7 Standard I 
MLY-2 5/321 Hollup MLY 135-14o 24-26 8 Standard I 
MLY-3 5/32" Hollup MLY 135-14o 24-26 8 Standard I 

:em5-1 3/16" Blue Devil 'lile5 190,,.195 25-26 s Standard I 
:BD!5-2 3/16• :Blue Devil "65 190-195 25-26 8 Standard I 

:BD!5-3 3/16" :Blue Devil IS5 19()-195 25-26 8 Standard I 

90-1 5/32 11 Murex Type 90 135-14o 26-28 8 Standard I 
90-2 5/32" Murex Type 90 135-14o 26-28 g Standard I 
90-3 5/32" Murex Tne 90 135-14o 26-28 8 Standard I 

76-1 5/32• 8¥-76 135-11.io 26-28 g Standard I 
76-2 5/32" sw-76 135-14o 26-28 8 Standard I 

76-3 5/32" sw-76 135-14o 26-28 g Standard I 

100-1 5/32" Shield Arc fl00 135-140 24-26 7 Standard I 
100-2 5/32" Shield Arc flOO 135-14o 24-26 7 Sta.ndard I 
10<>-3 5/32" Shield Arc flOO 135•14o 24-26 7 StA.nd&rd I 

•Direct Otrrent, Reverse Po1.arity (Electrode Positive) 

• 
Chemical Awuy~es - Weld Metal 

mectrode C 1:m.. !i._ ...L. ..L. Ni .Qr._ Ho_ IL ~ -
Shield Arc "85 .os .46 .34 .022 .017 - .03 .46 - .01 
Molex .06 .53 .27 .026 .012 - .os .46 .01 
Hollup MLY .13 .44 .41 .027 .013 - .01 .64 .10 
Blue Devil 11'65 .os .4o .19 ,042 .016 Trace .o4 .26 Tr. .18 

• Tn,990 .os .4s .06 .021 .026 1.10 .12 .65 - .01 
BW-76 .06 .36 .os .028 .021 Trace .01 .37 .03 .01 
Shield Arc flOO .10 .64 .35 .026 .019 Trace .os .ss .14 .01 

• 
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APPENDIX D 

Tensile Froperties of 'fold Metal 

0.50511 Diarneter Test Si,ecimens 
As '•Telded 

Stress Relieved - 1000°F for 4 Hours 
1150°F for 4 Hours 

' ' 

j1, 
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• mD MmAL TENS I ON TESTS 

Yield Strength(pai) Reduction 
.. o.05i 0.1~ Tensile 11.ong. of 

31.ectrode Offset Offset Stre91!:th~;esi l ~ Area 

AS WELDED 

~5 68,000 69,000 sa,500 24.o ~9.s 
66,500 68,ooo 8 ,Goo 1s.5 6.9 

Molex 64,500 64,500 s1,6oo 20.5 46.2 
65,500 64,500 81,200 20.0 46.2 
61,500 61,500 78,300 21.0 4o.6 
64,ooo 6a,500 79,500 19.5 ~7.2 
62,500 6 ,ooo 80,000 15.5 1.s 
65,500 67,000 82,300 18.0 42.l 

Hollup MLY 75,000 73,500 89,800 1s.5 36.9 
75,000 75,500 90,800 22.5 54.3 

!D-85 70,000 70,000 81,200 19.3 ~-8 ' ' 73,250 81,750 19-5 .9 

Type 90 77,000 77,500 94,100 21.5 51.~ 
75,000 76,500 93,200 17.5 3s. 

sw-76 69,500 70,500 91,750 20.0 ~-0 71,000 72,000 93,000 20.0 .1 

SAr-100 100,500 100,500 114,300 14.5 37.2 
97,000 96,500 112,100 20.5 56.2 

STRESS mIEVED - 1000°F ~4 Hoursl 

SAr-85 73,000 1i,500 89,000 25.5 62.3 
73,500 7 ,ooo 89,6oO 22.5 63.2 

Molex 68,ooo 68,500 s4,soo 22.5 49.9 
69,500 70,000 85,200 26.0 6o.s 

·# Hollup MLY 81,000 77,000 91,~00 23.0 5s.3 
79,000 77,500 92,500 17.0 31.0 

!l)..85 --- 70,000 79,750 24.5 54.6 
70,620 66,250 so,ooo 21.0 49.1 

TrP• 90 87,000 66,ooo 99,500 22.5 52.4 
87,000 s6,ooo 100,200 22.5 55.1 

I .', 
n-76 92,000 90,500 106,750 17.0 3!.~ '1 ., 

• 90,500 89,000 103,700 15.5 29.4 1 
SAr-100 102,000 101,500 114,900 15.5 49.6 I 

98,500 97,500 111,500 1s.o 53.0 ~i 

'I, j, 
, r - - ~ ..... --....-.--..~ ... 

' ---·-··---·--•'-• 
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EJ.e~~roge 

• 

SAr-85 

Molex 

Hollu:p MLY 

BD-85 

Type 90 

s~76 

SA,.100 

As Welded 

; ;; , F 94 Q pp,;. $ 40 4 . - ·--?---•1·-·-···--· ""-·~···· ............ 

Yield Strength(psi) Reduction 
0.05% o.1oi Tensile ilong. of 
0ftsgt Of:"set Stre~th!;esi) ~ .lrea 

STRESS RELIEVED - 115001 (4 Hours) 

69,000 69,000 83,900 26.0 62. 7 
66,ooo 67,000 81,900 23.5 62.0 

67,500 68,500 81,4oo 18.5 50.2 
65,500 66,500 79.700 22.5 59.s 

76,000 75,500 88,900 21.0 54.6 
76,000 76,500 90,600 23.5 60.8 

72,750 82,000 20,5 46.9 
70,620 70,620 82,750 17.0 32.7 

81,500 s1,ooo 93,500 21.0 56.7 
80,500 81,500 93,100 16.5 50.2 

e7,ooo 86,ooo ~g~4oo is.5 45.1 
s4,ooo s4,500 93,600 19.0 48.0 

105,000 1oi,ooo 118,200 1~.5 a3•0 
107,000 10 ,ooo 120,500 1 -.o 3.3 

FRACTURES 

Somewhat irregular, g~n~rally fibrous with scattered 
pinholes and fisheyee. 

Stress Relieved Generally cupped ann fibrous with very few pinholes. 
Molex retains some fisheyes. 

• 
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