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WATERTOWY" ARSENAL LABORATORY

‘ MEMORANDUM REPORT NO. WAL 642/126

Project D~17

25 July 1945

ARC WELDING ELECTRODES

Tests of Seven (7) Commercial Brands of
Low Alloy Welding Electrodes Under

Specification Wo. 57-203-14

QBJECT
To determine operating characteristics and weld metal properties of
the brands tested in order that classification requiremente may be
established for the respective classes under Specification 57-203~1.
RIFERENCES
Correspondence relating to these tests will be found in Appendix A,
SUMMARY

1., The tests indicate that the following limits on operating
characteristics are satisfactory for the WD B-7010 and WD B~-8020 electrodes:

Deposition Deposition

Melting Rate Rate Efficiency Penetration
Class (Inches/Minute)  (Og./Hour) (Percent) (Inches - 1/2" Plate)
. WD 2-7010 9-1 L0.0 70 «08 Minimum
N WD E-8020 10 - 12 40.0 60 10 Maximum
'f 2, The following brands are acceptable under Class WD E~-7010:

Lincoln Shield Arc #85
Hollup MLY

Champion Blue Devil #85

3« The Murex Molex is not acceptadle because of unsoundness of weld
metal, see Appendix C,

- 4, The following brande are acceptable under Claes WD B-8020 for
welding Class C plate:
v A. 0. Bmith SV 76

Murex Type 90




5. The Shield Arc #100 is also acceptable for welding Class C plate
. as its operating characteristics comply with the limits prescrided although
its weld metal strength is considerably above that of the two approved
brands and complies with AWS8/ASTM Class E-10010 electrode.

Preston I, Woodward
Chief Lab. Mechanic

. - b v
/{ /// * /
YA e 3(.1.4(/ At/
William L. Yarner
Senior "'elding Engineer
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INTRODUCTION

TN

The tests of electrode brands covered by this report were undertaken
in 1943 to obtain data for revision of Specification 57-203-1A. This
issue of the specification included coverage 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 comstructional steels
were not included under this specification.

Since it was indicated by the Office, Chief of Ordnance, that
tentative Watertown Arsenal Specification WXS-34 (Low Alloy Covered 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-3l,

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 alloy plate of Class C, Specification 57-11u~1
(Oorrespondence in Appendix A), since mounts for the 155 mm. gun were
being fabricated of this type of plate material at Rock Island Arsqnal
using two commercially available brands of electrodes which had bean found
acceptable.

TEST MATERIALS

The fcllowing commercial brands of welding electrodes were included
in the tests covered by this report.

Brand Manufacturer
, Shield Arc #85 Lincoln Flectric Co.
Murex Molex Metal & Thermit Corp.
Sureweld MLY Hollup Corporation
Blue Devil #85 Champion Rivet Co,
*Murex Type 90 Metal & Thermit Corpe
*SW 76 A, 0, Smith Corpe

Shield Are #100 Lincoln Electric Co.
These brande were all tested in the 5/32" diameter for operating
characteristics and weld metal tensile properties except Blue Devil ¥85
(See Appendix 0).

® Theee two brands were recommended for welding plate of Clase C,
Specification 57-114=1A, by Rock Island Arsenal (See Appendix A).

TEST PROCEDURE

These brands of electrodes were tested for respective classification .
under Specification §7-203~1A. Operating characteristics were determined ‘
vith an automatic welding machine using 5/32" diameter electrode at

- 150 amperes welding current with a travel speed of 5" per minute as
deseribed in Memorandum Report No, WAL 641/12, 24 February 1945. Sound-
ness and tension properties of weld metals were determined in accordance

v with paragraph F=3d, Specification 57-203~14 (See Figure 1),
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DATA AFD DISCUSSION

Qpergtigg Characteristics

. Data on operating characteristics of the 5/3c" electrode tested are
given in Appendix B, The average values are as follows!

Melting Deposition Deposition

Rate Rate Efficiency Penetration
Flectrode (In,/Min,) {0z, /Hr, ) (%) (Inches - 1/2" Plate)
8A~85 10.8 Lg.1 75.6 «096
liolex 10.8 49.9 78.9 .082
MY gL L1.3 72.2 W112
BD=85 10.2 4,6 73.7 .112
Type 90 11.2 47.5 62,3 . 080
SW-76 10.8 k3,1 6l.0 096
SA=~100 11.3 Lo, Lt 741 « 09U

Soundness_and Composition

Data on soundness and chemicael composition of the welds in the 3/4"
mild steel plate from which tensile properties were determined are given
in Appendix C. There was no ticuler difficulty in odbtaining Standard I
sow.dness (Specification AXS=476, Appendix I) with all the electrodes

tested except Molex., With this electrode Standard II was the best which
could be obtained.

’ Chemicel analysis of the weld metals indicates that all contain
molybdenum, usually not less than 0.50%, except the S¥76 and Blue Devil
"#85. The Type 90 is the only one containing nickel and an appreciable
amount of chromium. The SA-100 is of the moly-vanadium type.

Tensile Properties

Teneile propertics of weld metals are given in Appendix D. Two strese
relieving temperatures were used (1000°F and 1150°F), The former is
prescribed for Class C plate and the latter for Class B plate by Specifi-
cation 57-11L=1, Minimum tensile values are given below, In each case

. the first value is "as welded", the sem nd and third being "stress relieved"
at 1000°F and 1150°F, respectively. Test specimens werc prepared as shown
by Figure 1. ’

Minimum Tensile Properties (0.505" Bar)
Yield Strength Tensile Ilongation Reduction

Blectrode (Og;_.ff’ 0ffeet) Strength z of Area
68,000 83,500 18.5 46.9
SA-85 73,500 89, 000 22,5 62.3
. 67,000 81,900 25 5 62.0
61,500 78,300 15¢5 7.2
. Molex &.5(» 8‘4.800 22,5 909

66,52 79,700 18.5 50.2

y




Minimum Tensile Properties (0,505 Bar) |

’ Yield Strength Tensile Elongation Reduction
Hoectrode  (041% Offset) Strength % —9f Area
73,500 89, 800 18.5 36.9
- Hollup MLY 77,000 91,800 17.0 31.0
75,500 88,900 2140 54,6
, 70,000 81,200 19.3 948
BD=8H 70, 000 79,750 21,0 9.1
70, 620 82,000 17.0 32,7
76,500 93, 200 17.5 18,4
Type 90 86,000 99, 500 22,5 52,4
81,000 93,100 16.5 50.2
70, 500 91, 750 20,0 39,0
SW=76 89, 000 103, 700 15.5 29.4
8k, 500 98, 600 18,5 us5,.1
96, 500 112,100 14,5 7.2
SA~100 97, 500 111,500 13.5 9.6
10%, 000 118,200 14,0 43,3

It should be noted that the Hollup MLY indicates some possibility b
because of its high yield strength for usc with Class C plate material,
The Shield Arc #100 develops a very high yield strength in the "as welded"
condition and this property is not impeired by stress relieving. This
electrode should have possibilities for higher yiold strengths by a post-
welding quench nnd temper treatment.




A — COMPLETED BUTT WELD

8 — LONGITUDINAL COUPONS CUT OUT AND MARKED FOR ROUGH TURNING

C - ROUGH TURNED ALL WELD-METAL TENSION SPECIMENS READY FOR STRESS RELEIVING

D - ALL WELD=METAL TENSION SPECIMENS FINISH MACHINED

TYPICAL OPERATIONS FOR OBTAINING ALL WELD-METAL TENSION SPECCIMENS FROM BUTT WELDS

WIN, 6306561




APPINDIX A

Correspondence

Relating to Tests of Commercial
Brands of Welding Flectrodes
for Specification 57-203~1




WAR DEPARTMENT HOLLADY/ £ sm
OFFICE OF THT CHIEF OF ORDNANCE
YASHINGTON
March 29, 19u3
0.0. No, 470.1/22816 Rec'd.
Attn: SPOTB-Specs. Unit R. 1.4,
470.14/3021

Sudbject: Specification for Alloy Steel Welding Electrodes. 4pril 1, 1943

Tos Commanding General
Rock Island Arsenal
Rock Island, Illinois

1. It has come to the attention of this office that a considerable
quantity of alloy steel electrodes is being used by Roock Island Arsenal
and certain commercial manufacturere in the welding of high-teneile steel
plate. It is considered neccessary to establish a specification for such
electrodes to assist in the conservation of criticel materimls and to
onable those agencies responsitle 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 characteristices of alloy electrodes be
furnished this office as soon as practicable, together with your recommen=
dation with regard to the development of a specification.

By order of the Chief of Ordnance:

(s/t) Zdward L, Hollady
Assistant

0.0 470,1/22816
Attn: SPOTB-Specs. Unit
B, I.A. U470.14/3021 1st Ind, Hoppe/dn

Bock Island Arsenel, Rock Island, Ill., April 7, 1943,

To: Chief of Ordnance, YWar Department, “ashington, D C.
Attn: Technical Division, Service Branch, Specifications Unit.

1« Alloy steel electrodes are being used st this Arsenal for welding
steels meeting requirements of Specification 57-11L~1d, Class C, and WD
steels having yield strengths of approximately 70,000 psi.

2, Mlectrodes have been purchased with the requirement that deposited
weld metal shall have a minimum yield strength of 70,000 psi. and a minimym
elongation of 20% in 2" after stress relieving for one hour at 1100°F,

3. Ilectrodes meeting these requirements have been A, 0. Smith Stk76
and Murex Cromansil. Approximate analyses of metal deposited by these
elcctrodes are as follows:




. 0,0, 470.1/22816
Attn: SPOTB-Specs. Unit

R.I.A, U470.14/3021 1st Ind, (Continued) April 7, 1943
SW=76 Cromansil

Carbon 020 ol

Manganese .56 65
Silicon 20 015
Chromium - 31
Nickel - 1,00
Molybdenum «70 «80
Vanadium . 06 -

U, It is suggested that the specification for alloy steel electrodes
be similar to Specification 57-203-1A and that they be secparated into
classes in accordance with physieal properties as in A,S,T.M,-A,W,S, Speci-
fication A233-U2T,

For the Commanding Genereal:

(s/t) ELMER C. GOEBERT .
Colonel, Ord. Dept. i
Agsistant
0.0. 470.1/22816
Attn: SPOTB-Spec. Unit
R.I.A. 470.14/3021 2nd Ind, WHITE/ds

Wer Department, Ordnance Office, Washington, D. C., April 10, 19u3,

To: Conmanding Officer, Watortown Arsenal, Watertown, Mass.
Attn! Ordnence Laboratory.

le The recommendations of your Arsenal are requested relative to the
preperation of & specification as proposed ebove.

2 As indicated in the first indorsement, it is desirabdle to have
the class or classes of elecctrodes selected to meet the requirements
corresponding to A,SsTeM./A.W.S. classifications in Speccification A233-H2T,
At the same time, the class or classes should include the electrodes

. already found suitabie for the purpose by Rock Island Arsenal.

3. It appears that the additional clmsses roquired could be added |
v by emendment or revision to U, S. Army Specification No. 57-203-14, thus
eliminating the need for the preparation of a separate specification. If
this course is considered practicable, comments are desircd as to any
changes necessary in 57-203=14,

By order of the Chief of Ordnance:

(s/t) Bdaward L. Hollady
Assistent
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0.0. 470.1/22816

Attnt SPO ec, Unit

R.I.Ay 470.14/3021

Y.A, L400.273/802 Ird Ind, AV eac

Watertown Arsenal, Watertown, Massachusetts, April 28, 1943

Tot Chief of Ordnance, Pentagon Building, Washington, D. C.
Attn: SPOTB-Specification Section

le It is the opinion of this Arsenal that the additjon of a class
to U. S. Army Specification 57-203-1A which would include the electrodes
referred to in the first indorsement is desirable, It is believed that a
cless meeting the reqrirements of clase EZ020 of the A,S.T.M,/A.W.S.
Specification would be adequate for this purpose,

e If 1t 18 conesidered desirable by his office, it is suggested
that Rock Island be instructed to furnish this Arsenal with ten pounds of
5/32" or 3/16" diameter electrodes of each of the types referred to in
the 1st indorsement, in order that tests may be made on this material to
determine whether they will meet the requirements of class TS5020.

3. This Arsenal concurs in the proposal to add this class to 57-203-1A
rather than issuing a new specification. No changes other than the addition
of the proposed class will be required in the present specifications.

For the Commanding Officer:

(s/t) H. H. ZORNIG
Colonel, Ordnance Dept.
Director of Laboratory
0.0, 470.1/22816
Attn: SPOTB=Specs. Unit
RIA 470.14/3021

¥.A. Lou.273/802 Uth Ind. WHITE/fsm
War Department, Ordnance Office, Washington, D. C. May 15, 19u3,
Tot Commanding General, Rock Island Arsenal, Rock Island, Illinois.

l¢ In order to ma%e specification No. 57-203-1A suitable for the
purchagse of alloy steel electrodes, it is proposed, in accordance with the
recommendation in the third indorsement, to add a Class E to the specifi-
cation with requirements corresponding to A.W,S./A.S.T.M, Grade 8020,
Suitable reference will be made to proposed Class E throughout the specifi-
cation wherever epplicable. However, in paragraph B-la, B-Ub and F-34(1),
steel plate in accordance with specification No. 57=11l=1, Clars C, will be
presoribed for use with Class E electrodes.

2. The attention of your arsenal is directed to paragraph R of the
third indorsement,
i

3. Oomment or concurrence in the above proposal is requested.

By order of the Chief of Ordnancet

(s/t) Zdvard L. Hollady
Assistant
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0.0, 470.1/22816
Attnt SPOTB-Specs. Unit
R.I.A. 470.14/3021 5th Ind. Hoppe/an

Rock leland Arsenal, Rock Island, I1linois, May 31, 1943

To: Chief of Ordnance, War Dept., Washington, D, C.
Attnt Technical Division, Service Branch, Specifications Unit

le This Arsenal concurs in the change in Specification Yo. 57-203~1A
propesed in the 4th Indorsement,

2+ There is being shipped to Watertown Arsenal for test 1O pounds
each ¢f the electroden referred to in lst Indorsement as suggested in para-
greph 2 of 3rd Indorsement. Contact should be made by his office with
Watertown Arsenal for results of the test prior tc revision of the specifi-
cation.

For the Commanding General:

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

0.0, 470.1/22816
Attn: SPOTB-Spoe. Unit
R.I.A. 470.14/3021
' W.A, 400.273/802 6th Ind. WHITE/ ds

YWar Department, Ordnance Office, Yashington, D« C., 23 June 1943,

Tot Commending Officer, Watertown Arsenal, Watertown, Massachusetts.

le In view of the recommendation made in paragraph 2 of the fifth
indorsement, revision of Specification No, 57-203-1A to include alloy steel
eleotrodes is being withheld pending receipt of information from your arsenal
relative to the tests being conducted on the samples submitted by Rock
Island Arsenmal., Such data should be furnished as soon as practicable'

By order of the Chief of Ordnance:

(t) Edward L. Hollady
Adssistant
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Warner/mpb

72 4 Fovember 1943

Laboratory (WLW)

Subject: Class E Electrode, Spec. $7-203-1

Tol Chief of Ordnance, U.S.A.
Pentagon Building
Washington 25, D, C.

Attnt EPOTB - Spec. Unit

1, Wit reference to Class E welding electrodes under subject
specification for welding Clrss C structural alloy steels of Speci-
fication 57-11U=1, there is inclosed a copy of AL Test Report No. 641/2,
13 October 1943, giving tonsile properties of weld metal deposited by
three commercial brands:

A, O. Smith Corporation - SW-76
Metal & Thermit Corporation -~ Type 90
Lincoln Electric Company - Shield-Are #100

2. The properties werec obtained from pad deposits, as shown in
Pigure #1, and not from butt joint specimens as epecified in Specifi-
cation A'TS-ASTM A233-42T, Also a tensile specimen of 0.357" diameter
was used inastead of a 0.505" diameter specimen. The deta should be
comparable however,

Ze It will be noted that the minimum yield and tcnsile strengths
of S¥%76 and Type 90 after stress-relieving are well above the 67,000 1be.
per sq. in.and 80,000 lbs, per sq., inch minimum respectively prescribed
for Class E-8020 in Specification A233-L2T., The Lincoln Shield-Arc #100
appears to be El0010 beceuse of tensile properties shown and by reason of
its inability to be used on straight polarity D.Ce

4, Turther tests are being made to determine the response of
these weld metale to strese-relieving at 1000°F for U houre as prescribed
for Class C material in Specification 57-11k-1,

For the Commanding Officer:
(s/t) 6. L. COX
1 Incl. Lt. Colonel, Ord. Dept.
WoA.L. Test Rpt, 641/2 Assistant

cc Rock Island Arsenal
Attnt Laboratory
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BWA V WAO C7 WD
FROM 3LRDS, C. OF ORDILICE, ASP, WASHINGTON, D. C. 0722312 MR 4l
TO WATZRTOVY ARSZ'AL, WATERTOWN, MASS.

GR NC
ATT:: LABORATORY
RT YOUR FOURTH IWDORSEMZ'T WTW, L0O,273/1064 VHT! CAY OPERATING CHARACTZR.
ISTICS CLASS T ELICTRODES 3E EXPICTZD 4T TEIS CFFICT FOR SPZCIFICATION
57-203-1B. INWD. CITE SPOTB (ATERIAL S3C. WZBSTZR.

0800122

WIN. 1400,273/1110

X LABORATOLY

9 MARCH 19l WLW/ahk

CHIEF OF ORDIJJ‘JJch. Uu S.J’L.
PINTAGOY BUILDING, VASHINGTCN 25, D. C.

SPOTB, NATZTIAL SZCTION

REURTT 0722312 MAR 44, SPOTB YATELIAL SZC VEBSTER, ELTCTRODE DATA TO BE
FORVARNED BY LETTZR ITKT WIEK, TESTS COF 'ILD ).ITALS FOR CLASSIFICATION OF -
BRANDS VEARLY COMPLZTED. K7D CITE VARTL LABORATORY.

VATHEL, VATTRTOWY ARSENAL
6. L. 00X
L. COL., OiiD. DZPT,
' ASSISTAIT

vi




} CliS/Jones/ mpb

7e 16 March 194k

Laboratory (CMS)

Subject: Specification 57~203-1, “elding Electrodes, Steel Arc

To: Chief of Ordnance, U.S.A.
Pentagon Zuilding
ashington 25, D. C.

|
Attn: SPOT3 - Spec. Unit }
1. eference TT 0722312, !larch WU, *Tebster, the following data

on electrode operating charucteristics for Class £ awd T material are
submitted herewith for iaclusion in naragraph H~10 of subject speeifi~

cation.
ielting rate 9 - 11 1045 = 12.5
Doposition rate mine Lo Yo
Deposition officiency min. 70 60
Penctration 0.08" min. 0,10" max,

2o It is notcd thn~t paragraph H-10 of thc proposed draft of
57-203~1B has omittcd some of the mnterinl contained in parcgraph E-8
of 57-203%-1A. This moterial should be restored to the paragraph,
otherwise the table of opcrating data is moaninglesse It is also noted
that in prragronh E-10, the valucs of penetrnticn for Class 3 should
read maximum instend of minizum rs in 57-203-14.

3. Incloscd arc three copies of Figures 1, 2, ~nd 3. These hnve
bcen rodrawn to parallel os closcly as possible those submitted by this
Arserel for §7-203-2A,

‘For the Commrnding Officer:

(s/t) G. L. COX
Lt. Colonel, Ord. Dept.
3 Incls., (in trip.) Assiatant
Fige. 1, 2, & 3
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APPTNDIX B

Operating Characteristics

5/32" Blectrode
150 Amperes D,C, Reverse Polarity
Travel Speed 5"/minute
Minimum Stable Arc Voltage




OPEIRATING CHARACTERISTICS

¥elding Data

Weight Time Stub
Test Before Nolght After Amp. Volts Seconds __End
(Shield Arc #85) :
3% 10.69 oz, 3% 11.55 oz. 150 2k 63 2-5/16"

3% 9.72 oz. 3% 10.57 oz, 150 2l 65 2=3/u
3% 10.31 oz. 3# 11,15 oz. 150 e 64 e-3/8"
3% 11.46 oz, ——— 150 2L (37} 2-7/16"
-— ——— 150 2k, 63.5 2-9/16"
———— -—— 150 2L 64 2-3/8"
——— 3% 14,89 oz, 150 2L ol 2-9/16"
W 12,22 oz. — 150 24 63 2-9/16"
—— ——— 150 2u 3 2-9/16"
-— —— 150 2L 65 2-5/16"
-— 3# 15.69 oz. 150 2k 65 2=1/u"

(Murex Molex) -

3% 10.12 oz, 3# 11.03 oz, 150 2/25 6u 2-3/8"
3% 9.03 oz 3# 9494 0z. 150  24/25 66 2-1/u"
3% 10.35 oz. 3% 11.23 oz. 150  24/25 64 2-1/2"

3¢ 10.11 os. — 150 24/25 65 2-5/16"
— —— 150 2u/25 65 2~3/8"
-—— ——— 150  2uf25 63 2-9/16"
——— 3% 13.99 oz. 150 2uf25 67 2+1/8"
3¢ 11,66 oz, — 150  24f25 66 2=5/16"
-— -—— 150 2u/e5 63 2-5/8"
—— -— 150 24/25 54 2=5/8"
— 3# 15423 0z. 150  24/25 65 2=3/g"
(Sureye14 MLY)
3% 6.26 oz, I T.12 oz. 150 26 75 2-1/un
3% 11.50 oz ¥ 12436 oz. 150 26 75 2-3/e"
3% 8.69 ozs 3# 9456 0z. 150 26 76 2-1/8"
3% 8.81 oz — 150 26 75 2-1/u"
— —— 150 26 75 2-1/u"
- - 15 26 75 2" -
- 3# 12,36 oz, 150 26 75 2-1/16" ”
3# 8.15 or -——- 150 26 75 2=7/16" |
— — 150 ° 26 76 ot f
-— — 150 26 75 2-3/8" ;

——— 3% 11.87 os. 150 26 75 2-5/16" |




”
|
- Weight Welght Time Stud
Test Beofore After Amp. Volts Seconds End
(Blue Devil #25)
236 3% 5.990 oz. 3# 6.875 oz, 150 26 72 - 1=7/8"
237 3% 7.170 oz, 3% 8,090 oz. 150 26 12 1-7/16"
238 3% 7.595 oz. 3% 8,450 oz. 150 26 72 1-13/16"
239 3% 6,765 oz. — 150 26 72 1-7/8"
—— -~——— 150 26 12 1-7/3"
———- —— 150 26 72 1-7/8"
- 3% 104280 oz. 150 26 72 1-3/u4"
240 3% 6,685 oz. ——— 150 26 72 1-13/16"
-—— ——— 150 26 1! 1-15/16"
-—-- ——— 150 26 4! 1-15/16"
——— 3% 10,185 oz. 150 26 72 1-13/16"
(Murex Type 90)
168 3% 15.20 oz, 4 0.05 oz. 150 26 62 2-1/2"
169 3% 7.89 0z. 3# 3,72 0oz. 150 26 6l.5  2-1/2" ‘
170 3% 12,70 oge 3% 13.49 0z, 150 26 62.5 2-9/16"
17N 3% 11.33 oz, ——— 150 26 62 2=-7/1€6" .
———— —— 150 26 f1.5  2-7/16"
——— -— 150 26 61 2-7/16"
== 3% 1463 oz, 150 2€ 62 2-1/2"
172 3# 11.49 oz, ——— 150 26 60 2-7/16"
—— —— 150 26 62 2-1/u#
- ——— 150 26 61 2-1/u"
-—-- 3% 14,72 0z. 150 26 62 2-1/un"
(SW-7€)
158 3% 15,44 ozs 4 0.28 oz, 150 2l 70 2-7/16"
159 3% 15.95 oz, W 0.79 oz, 150 2l 70,5  2-1/2"
160 3% 15.55 oze Uf O.M2 0z 150 2k 70,5  2=3/8"
* 161 % 14,26 oz, —— 150 o4 p! 2=3/8"
—— -——— 150 ol . 705 2-5/16"
-—-- —— 150 2l 70,5  2-1/8"
-—— W 1,76 oz. 150 24 68,5  2=5/16"
162  U¥ 3.094 oz -—— 150 2l 68.5  2-1/u¥
— - 150 24 68,5  2-5/16" f
=== — 150 24 705  2-5/16" ;
. - U 6.52 os. 150 2y 69.0  2-1/ur .
1
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|
Welght Time Stub
Test Before Wolght After Amp, Volts Seconds End
(Shield Arc %100)
163 3¢ 7.02 oze 3¢ T84 0zs 150 25 5145 2-7/16€"
164 39 15,39 oz W 0s26 0zs 150 25 62.0 2-3/8"
165 3% 15.65 oz. 4 0.49 oz 150 25 €145 2-3/g"
166 35 13428 02 —— 150 25 5140 2-3fg"
— —— 150 25 £1.0 2-3/e
— — 150 25 140 2~5/1€"
———— Uk 0s75 oze 150 25 €040 2-3/s"
167 3% 14.25 oz _—— 150 25 5240 2-~3/a"
——— ———— 150 25 £2.0 2-1/2"
———- - 150 25 6140 2~1/2"
-— W 1.59 oz. 150 25 6240 2-3fg"

Computed Values

Deposition Depoeition
Test Ylolting Rate Rate Efficloncy

1o, (In, per Mir.) (Oz. per Hour %
(Shield Arc #55)

128 10.8 4g.0 75.0
129 10.7 Lg b4 767
130 10.9 47.3 73.8
131 10.8 ug. 4 761
132 10.8 48,6 7645
(Murex Molex)
123 10.9 51e2 79.9
124 10,7 Lo 4 787
, 125 10.8 49.6 78.2
126 108 49.6 78.7
127 10.7 49.8 79.2
(Sureweld MLY)
173 94 1,0 1.7 @
174 9¢3 b1 U 72.8 i
175 ot 41,0 .7
176 9.5 b2,5 7363
) 177 90)4' 40.7 7.3
111




Deposition Deposition

Test Meiting Rate Rate Efficiency
No, (In. per Min.) (Oz._per Hour)
' (Blue Devil #85)
236 10.1 L6l 17.9
1 237 10.4 u6.1 4.2
\w 238 10.1 h2.8 70.7
239 10.1 43.9 72.9
240 10.1 43,9 T2.7
(Murex Type 90)
|
168 1l.1 49.0 4.3 |
169 11.2 48.6 63.3 |
170 1140 45,0 60,2 f
171 112 47.9 62,8
172 1145 46.8 €0.9 §
(S¥-76) "
158 10.8 43,2 63.1 1
159 10.6 42,5 63.0 |
160 1047 43,2 6503 |
161 1049 43,2 65.0 |
162 11,0 43,2 634 ‘!
(Shield Are #100)
163 11.1 4g,2 72.4 J
165 11.3 49.0 7346 ‘
167 11.5 51.1 756
168 11,2 48,6 7343

Wbid Bead Contour .
Values =

T e o

Test
No. Section Depth Inches® Height Inches®  Width Inches*

(Shield Arc ¥#85)

128 A o5UT «516 2.625
B 469 o169 2.7%0
c <1468 22 2.625

iv




124

125

174

175

236

‘ e37

168

170

Section Depth Inches*
(Shield Aro #85)
A Ju8Y4
B 484
c 438
(Murex Molex)
A U423
B 106
Y o375
(Murex Molex)
A 06
b .06
0 ko
(Sureweld MLY)
A SUT
B 609
c Ul
(Sureweld MLY)
A 531
B 531
C «H00
(Blue Devil #85)
A 578
B o547
c 531
(31ue Devil #85)
A A
B 578
Cc 500
(Murex Tymne 90)
A +359
B U328
c 406
(Murex Type 90)
A «359
B .)"'06
c U406

Height Inches*

«500
«516
500

J469
438
<469

422
o Ligh
465

«531
UE9

J406

«500
«500
Jl2?

563
o5
<609

SUT
<563
«Hk

o ligl
«500
438

1469
L6
o422

Width Inchog*

2,625

24658
2.625

2.563
2,688
2.625

2.625
2.625
2.625

2.563 tj

24500
2,438

2,563
2,500
24563

2,438

2.375
2.313

2.375
2,34l

24375

2.750
2.750
2.750

2.750
2.688

2,750 ﬁ




»
|
Tast
R o, Section Depth Inches™® Height Inches™ Width Inches*
(SW-76)
, 158 A +500 469 2.625
B gl 06 2.563
c 500 «391 2.625
(5W¥-76)
159 A 469 W 438 24594
B «500 U422 2,563
C JU469 ¢391 2,656
(Shield Arc %100)
163 A 516 <563 2.850
B JL8Y 469 2. 750
e U457 Rt} 2.875
(Shield Arc #100)
165 A JU53 +500 2,625
B U8k U469 2,688
c 453 J22 2.719
*With respect to plate surface.
(Averages)
ilelting Deposition Deposition
Elcctrode _Rate Rate Efficiency Penotration
SA~E5 10.68"  U8.1 oz. 75465 096"
Molex 10.3" 49,9 ogz. 75.9% 02t
MLY 9oLt 411.3 oz. 72,2% Ja12"
BD-55 10.2" 4,6 og, 730 7% J112"
Type 90 11.2¢ 47,5 az, 62,3% 050"
SW=76 1065" 43.1 qe, Bl 0% .096"
. SA~100 11,3" 49,4 oz, T4e1% o9yt

vi




APPENDIX C
Butt Welds - 3/U* Mild Steel Plate

60° Single Ves, 1/2" Root Opening
1/U" Mila Steel Backing
(Figure 1 - Specification 57=-203=1B)

“elding Data
Radiographic Soundness
YVeld Metal Analyses




- T

”~

¢ Butt Welds - 3/4" Plate

' Weld Ilectrode Amperes® Volts® Layers Radiographic
SAB5=1 5/32" Shield Arc #85 135-140 2u4=~26 8 Standard I
SA85=-2 5/32" Shield Arc #85 135-140 2L-26 7 Stendard I
SAg5-3 5/32" Shield Arc #85 135-140 2L~26 7 Standard I
Mol  5/32" Murex Molex 135-140 23-24 7 Standard 11
Mo=2  5/32" Murex Molex 150 24 7 Standard III
Mo=3  5/32" Murex Molex 155-160 2U=26 7 Standard II
Mo=li  5/32" Murex Molex 160 2lm25 7 Standard III
Mo~5 5/32" Murex Molex 160 24=25 7 Standard II
MLT~1 5/32* Hollup MLY 135-140  24-26 7 Standard I
MLY=-2 5/32" Hollup MLY 135-140 2426 8 Standard I
MLY=3 5/32" Hollup MLY 135-140  2U~26 8 Standard I
BIE5-1 3/16" Blue Devil #85 190-195 25-26 g Standard I
BIB5-2 3/16" Blue Devil #85 190-195 25-26 g Standard I
BIE5=-3 3/16" Blue Devil #85 190-195 25-26 8 Standard I
90=1  5/32" Murex Type 90 135~1L0 26-~22 g Stendard I
90=2  5/32" Murex Type 90 135-1L0 26-28 8 Standard I
90=3  5/32" Murex Typs 90 135140 26~28 8 Standard I
76=1  5/32" S%=76 135-14%  26~28 g Standard I
76=2  5/32" Sw-76 135-140 2623 g Standard I
76=3  5/32" SW-76 135-140 26~28 8 Standard I
100=1  5/32" Shield Arc #100 135-140 2426 7 Standard I
100~2 5/32" Shield Arc #100 135-140  2uU~26 1 Standard I
100~3 5/32" Shield Arc #100 135-140 2U=26 1 Standard I

*Direct Current, Reverse Polarity (Electrode Positive)

Chemlcal Anslyses - Weld Metal

—THoctrode = _C Mg S4 §_ P _ M C M Ya Cu
Shield Arc #85 .08 46 o34 ,022 .017 — .03 46 —~— ,01

Molex 006 (53 427 026 012 ==  L08 46 — ,L01
Hollup MLY e13 JM4 U1 ,027 L013 ~— 01 .64 — .10 ‘
Blue Devil #85 08 40 .19 ,042 016 Trace o0t <26 Tr. .18 ‘1
Type 90 008 U8 .06 .021 .026 1,10 .12 .65 — .01
8%-76 e06 o436 08 ,028 .021 Trace +01 37 .03 .0l

Shield Arc #100 .10 +64 .35 026 .,019 Trace .08 .88 .14 .01




APPENDIX D

Tensile Froperties of "eld Metal
04505" Diameter Test Swecimens
As Melded

Stress Relieved = 1000°F for 4 Hours
- 1150°F for U4 Hours




r-

' WELD METAL TENSION TESTS
v Yield Strength(psi) Reduction
N 0.05%  0410% Tensile Tlong. of
. Electrode Offset Offset Strength{psi % Area 1
AS WELDED
SA~85 68,000 €9,000 &,500 24,0 9,8
66,500 68,000 18.5 6.9
Molex 64,500 64,500 81,600 20.5 u6,2
65.500 6u.soo 81,200 20.0 46,2
61,500 61.500 78,300 21,0 40,6
64,000 E.soo 79,500 19.5 742
62,500 6 80,000 15.5 1.8
65,500 67, 82,300 18.0 42,1
Hollup MLY 75,000 73,500 89,800 18.5 3649
75,000 75,500 90,800 22,5 543 ;j
BD-g5 70,000 70,000 81,200 19.3 go.s ‘
——-- 73,250 g1, 750 19.5 9 ,f
Type 90 77,000 77,500 94,100 21,5 51'?; ”‘s
75,000 76,500 93,200 17.5 38, 1
SW-76 69,500 70,500 91,750 20.0 39,0 J
71,000 72,000 93,000 20.0 5.1 |
SA~100 100,500 100,500 114,300 14,5 37,2 i
97,000 96,500 112,100 20.5 5642 !
STRESS JELIEVED - 1000°F (4 Hours) !
SA-65 73,000 73,500 89,000 25.5 62.3
13,500 74,000 89, 600 22,5 63.2 |
Molex 68,000 68,500 g4, 800 22,5 49,9
69,500 70,000 85,200 26,0 6048 |
. Hollup MLY 81,000 77,000 91,800 23,0 58,3 |
79,000 77,500 92,500 17.0 31.0 :
' BD=85 ==~ 70,000 79,750 24,5 54,6
70,620 66,250 80,000 21,0 49,1
Type 90 87,000 §6,000 99,500 22,5 52,U .
7,000 86 000 100,200 22,5 5501 |
o
SW-76 92,000 90,500 106, 750 17.0 38, h y
. 90,500 89,000 103, 700 15.5 29.4 4
SA=~100 102,000 101,500 114,900 15¢5 49.6 |
, 98,500 97,500 111,500 18.0 5340

]
LE—;:&.;E.‘EZ o




”~
] Yield Strength(psi) Reduction
0.05% 0e10% Tensile Rlong. of
Electrode Offset Offset Streggthﬁgsi} % Area
' STRESS RELIEVED - 1150°F (4 Hours)
SA~g5 69,000 69,000 3,900 2640 62.7
66,000 67,000 81,900 2345 6240 |
Molex 67,500 68,500 81,400 1845 5042
65,500 66,500 79,700 2245 5.8
Hollup MLY 76,000 75,500 8,900 21.0 BUe b
76,000 76,500 90, 600 2345 60,8
BD-85 —— 72,750 82,000 20.5 L6.9 ]
| 70,620 70,620 82,750 17.0 32,7 |
| Type 90 81,500  £1,000 93,500 21,0 56,7 |
20,500 81,500 93,100 16.5 5042 |
|
SW-76 €7,000 86,000 99,400 1€.5 45,1 ;
84,000 84,500 93,600 1940 42,0 '
SA=100 105,000 105,000 118,200 13:5 5340 |
107,000 106,000 120,500 14,0 343 §
FRACTURES é
Ags Welded Somewhat irregular, gencrally fibrous with scattered

pinholes and fisheyes.

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