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INTRODUCTION

The investigation described in this report is a direct continuation of
work cpn@ucted for_the Ship Structure Gommitﬁge under“Bureau of Ships Contract
NObs—~50464 and desceribed in rveport 58G-43. (1)

It will be remembered that the latter investigatioﬁ was undertaken
primarily in an attempt to obtain an indication of whether the type of welding
electrodes used in joining ship plate had an appreciable effect on the notch
toughness of the finished joint, and that the data obtained strongly suggested that
this was the case. Specifically they imdicated that the use of the low hydrogen,
low alloy electrode 4.5 type E~10016 noticeably improved perfbrmancé of joiﬁfévéf
ship plate, as compared to the performance when the jpints-were welded with
E~6010 eiectrodes; the improvement was far greater in_case of a full& killed |
steel. than in case of a semi-killed steel, It also suggested that joiﬁt;_&adé
by multi~pass submerged arc process are greatly superior to those madevﬁiﬁh
E~50L0 electrodess 4 npmber of questions immediately arise concernipg thé
probable causes of these improvements in performance; fér instance, whether
the reduction of hydrogen in the arc atmosphere or thé alioy éontent of E~-10016

electrode are of greater importance and whether improvement produced by the
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multi-pass submerged arc process would be exhibited if more common two-pass
procedure was used, In addition other pertinent questions arise concerning
the relative effects of other variables in welding procedures, such as inter-
pass temperatures, preheat, peening, stress relief, etc,

Accordingly, the oship Structure Committee directed further exploration
of the relative effects of different welding procedures on the notch toughness
of the welded joint as determinéd by the direct explosion test as follows:

1) Determine noteh toughnéss of welded joints of a semi-killed and of a
fully killed steel when welded with —

a) Class E-7016 electrodes,
" b) Submerged arc proceés, using two passes, one from each side.
'2) Obtain a general irdication of the relative effects on the notch
toughness of welded joints of a fully killed steel, of the
following factors: h
a) preheat of 150° F,
'B) interpass temperature
¢) low temperature stress relief

d) peening of all weld passes

VETHOD OF INVESTIGATION

In order to permit a direct compafisoﬁ‘witﬁ'thé‘results of the previous
investigétiom.of ship plate, the plates used were taken from the same two heats
of 4.B.S. Class B and Class C steel ‘used in the prévious investigation. The
meéhanical'prOPerties and chemical analyses of these steels are described in
Report SSCuLB (1) and are reproduéed for convenienéé below in Table I. It will
be remembered that the Class B steel is semi-killed while the Class G steel is

silicon-killed with aluminum added for fine grain.
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TABLE T -

Composition and mechanical properties of the 1" thick ship plate used.

Code : AQ AP
Ladle Analysis ABS Class B ABS Class (¢
c . - W16% : 01.6%
Mn Al 272
Si 005 ‘ 622
P »010 015
AveraZe kechanical Properties
T.Ps, psi 35,2C0 40,200
. T.5., psi 60,9C0 69,800
El.,% in 8" 27 .6 R , 24,0

The joint

preparation was in general similar to that used in the previous

investigation, .as follows:

Joint 1.

Joint 2.,

Joint 3.

Manual Jeld. 60° double ¥, 5/32" root opening, O root face,
root pass made with 5/32" electrode, chipped out to sound metal
and welded with 3 passes on each side using 1/4" electrode. 4
total of seven passes, -

Submerged arc weid. 90° double V, 5/16" root face, O root

-opening welded with Linde Grade 70-12X200 meit and, 3 passes -

of 1/8" electrode Linde No, 36 from each side for a total of

s8ix passes:

Submerged arc weld., 90° dcuble V, 5/16" root face, O root open—

ing welded with Linde. Grade 70-12X20C melt and, 1 pass of 3/16n

electrode Linde No. 36 from each side for a total of two passes,

A complete series of 15 specimens were made on both AQ or semi-killed, and

on.AP or fully killed steels using Grade E~7016 electrodes, Haranischfeger type

70-LA~2, with an interpass temperature of 200 - 225° F, a condition identical to

%  Bethlehem Steel Co,
- #¥%* Lukens Steel Co.
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one used in previous investigations, - In addition a complete series of 15
specimens were made on AQ or sami~killed steel by the 2=~pass submerged arc
process with an interpass temperature again held at 200 - 225° F

ié sets, of 3 specimens each, wére‘pfepéred on type AP or fully killed
steel using E-T0L6 electrodes, E~60L0 electrodes, and 2 pass and 6 pass sube
merged arc process, and the following conditions of preheat, interpass tempera-—
tures and post~weld {reatment:

i~ Tvems 7,8,16, 21 - No preheat & 70° F interpass temperature -~ No post-weld
treatment.

B~ v 9,10,17,22 - 150° F preheat & 150° F interpass temperature - Io
S post—weld treatment. :

s
ko

C*- v 11,18,23 - 1509 preheat & haximum interpass’™ temperature — No
post-weld treatment,

D~ W 12,13,19,24 - No preheat & 70° F interpass temperature — low temperature
. : stress relief,
E*-~ n  14,20,25 ~ lo preheat & 70° F interpass température — every pass
peened while hot,

F~ TItem 15 - Submerged arc 6 pass, using Linde Noo 40 rod (2% iin. & .5% o)
and 150° interpass temperature, 'No post-weld treatment.,

G- - " 26 - lianual weld with E~10016 electrode, No preheat & 70° interpass
temperature. Complete thermal stress relief at 1150° F., furnace
cooled., o

Low temperature stress relief was performed by representatives of the Linde
Air Products Co. and consisted of heating two broad bands, one on each side of
the weld to approximately 400° F. while keeping the weld itself under 100°F,
Because of desirability of stress relieving a full size weldment, items 12, 19,
24 were each fabricated by joiming two pieces 18" x 54" to form a 36" X 54" weld=-
ment which was then stress relieved. The three specimens were .oxygen cut from
“this weldment,
* Not attempted on welds of jeint No. 3 type.

¥#*%  Next pass started as soon as possible after previous pass completed, so R
that the interpass temperature reaches a maximum value,
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411 specimens were radiographed and four specimens were found to exhibit
lack of root penetration., These specimens were discarded and new specilmens were
prepared in their stead, All specimens made of semi-killed steel with type
E-7016 electrodes exhibited varying degrees of porosity. Of these, five
specimens were considered as having an excessive amcunt of porosiiy, whiie the
porosity of the remaining 10 were considered to be within acceptable limits.

Peening consisted of three to five passes over each layer of welded metal
immediagely after its deposition, using a medium weight (#3) chipping hanmer
ard a tool having an approximately rectangular face 5/16" x 3/4".

The eighteen sets of three identical specimens welded with conditions
i to E were all tested at 10°F while the two sets welded with conditions
G and H were tested at ~40° F in an endeavor to obtain an approximate indication
of the relative merits of the procedures the; represented, The method of testing

of these specimens is given in Table II.
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TABLE IT

liethod of -testing 3 identical specimens at one temperature..

Submerged Arc Specimenss

1lst. Specimen 2nd Specimen
(if no fracture
(
) (if no fracture 500g. (
380g. ( (if fractured
: ' (if no fracture
(if fractured { .
' 260gn %
(if fractured
E-7016 specimen
, (if no fracture
(if no fracture .. 440ga  ( .
3208, (
( - (if fractured
(
( {if no fracture
( (
(if fractured 200g.
(if fractured
E~6010 specimen )
{(if no fracture
(if no fracture (
240g. ( 320g. ¢
( {if fractured
{ if no fracture
(if fractured 160g.,

Pt W W Y s

if fractured

3rd Specimen

560%.

l‘-l ‘-Og -
320@0'

200g,

500g,

BSOgo

260go

1402,

360g.

280g-

200g.

lZOg.
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In order to minimize the effect of the location of cach specimen in the
originai'ZéO" x 724 steel~plétes on the resulis of the tests,‘an attempt was
made to secure random selections of the three specimens comprising each welding
condition to be.studied, as follows: $6 specimens were prepared from two Lukens
Steel Plates 220" x 72" and marked consecutively as indicated on Figure 1 and 2,
Seventeen sets of 3 numbers each were then selected at random from the 96 numbers,
each set constituting an item of welding conditions,

Exception was made of the specimens intended for low temperature stress
relief treatment, which had to be made for 3 consecutive specimens, since it
appéared doubtful that complete stress relief could be sccompiished on 18" x
18" specimens.  However, in one welding condition (Item P-13, 6 pass union
melt) stress relief was attempted on 18" x 18Y specimens,

DISCUSSION OF RESULTS

The results of the investigation are reported in tabular form in Table
I1T and in graph form in Figure 3. In‘accorda§cevwith previous analyses,
fractufe is said to have occurred when-the crack length exceeds 9 inches, TFor
purposes of comparison scme of the data reported previously (1) are reproduced
on Figure 3. Figures 4 and 5 show the relation between applied energy and
deformation produced at room temperature for the Class B and Class C steels res—
pectively, using data reported herein and previous results; ‘+these further con-
firm similar relations reported before (1),

In examiming Figure 3 it will be seen that little difference in performance
exists between I~10016 and E-70Ll6 electrodes when used for Joining fully-kiiled
steel, whereas on semi-killed steel, E-70Lé electrode appears to actually out
perform E-1C016 electrode at temperatures below 40°F, It would thus appeaf that
the main benefit of this type of electrode is derived from the tyne of coating

used rather than from the alloy content of the weld metal.
On examining the relative performances of 2 and 6~pass union melt welds the

two pass appears on the first glance to be superior to the é-pass at 10° F.
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TABLE III

Summary of Performance of‘pilot tests at 10°F - based on tests of 3 identieal
specimens made from 1" fully killed steel with various welding procedures,

o Highest . . Lowest
Item No. welding Procedure Charge Charge
: No Fracture Fracture
AP=T7 2-Pass U.li, — 70° Int.T, 380 40
9 mo o 1500 Prhte& Int,T, _ 380 44O
12 o w 70° Int. T.-LTSR 200- .. 260
8 6~Pass U.M. - 70° Int. T, . 200 260
10 mo. " 1509 Prht.& Int.T,. = - 380 L 440
1 w1509 Prht.-kax.Inte T. 380 440
13 . "o 70° Int. T.-LTSR. 3 - 200
14 nooom no 0 " Peeped - 120 . 200
21 E-7016 - 70° Int. T. 320 380
22 " w 150° Prht.& Intp.T. a0 320
23 " 150° Prite-bax.intp.Ta 380 ' 440
24, W 70° Int. T.~LTSR | 200 20
25 W w w w Pgened - | 140
16  E~6010 - 70° Intp. T. - ; - 120
17 M 1500 Prhto& Intp. T - 120 - -
18 n 150° Prit.-lax.Intp, T. 120 . 160
19 " 70° Intp. T.~LTSR - _ 120
20 . w wmu Peened 120 160
| Tested at ~40° F.
AP 15 6~Pass U.M. 5% ko Rod-150° Prht, & Int, T.120 160

26 E-10016~70% Intp,T~1150° Th.S.R. 200 24,0
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This is hard to understand unless the cooling rate of the two-pass weld is
substantially lower than that of the 6~pass, even though the interpass
temperature of the é-pass weld was maintained at 200-225° F, Even then the
effect of the cooling rate must be far greater than could be expected in iow
carbon steel, There is however another possible explanation. Referring to
report $5C-43 it will be seen that the low performance of the é-pass union
melt at 10° F was established on the basis of fracture of one specimen only
(¢~3~12) which fractured at 320 gms, . However, the X-ray of this specimen
showed incomplete root penetration for about 4 inches in the middle of the
specimen, and it is possible that this defect lowered the performance of the.
specimen’ even though the fracture did not follow the path of. the defect.

Additional data will have to be obtained before the relative merits of
2 and 6 pass union melt welds can be evaluated accurately, However in any
case the performance of twe pass union melt jolnts of 1" thick mild steel
plate did not appear to be inferior to that of six pass union melt,  Furthermore
performance of 1" thick plate of semi-killed steel when welded with 2 pass union
melt is wery much better than when welded with any of the manual electrodes
tested.

In analyzing the results of the pilot tests it  becomes apparent that
evaluation based on periormance of only three specimens is not wery satisfactory.
Actually only one specimen is tested at anywhere .near a eritical charge and
accordingly evaluation-of a particular condition studied is based on performance
of only one specimen,

+In reviewing these pilot series as a whole the first and probably most
important observation is that none of. the variations of preheat and inters .
pass temperaturés and of post.:weld treatments tried, (with possible exception

of furnace stress relief) have resulted in any significant improvement in
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performance. Furthermore several of the procedures itried rgsulted—in actual
deterioration of performance.

Another significant trend which appears reasonably consistent is. the
dependence of performance of the fimished joint on the rate of'cooling of
the weld., 1ith one exception factors which could be reasonably expected to
slow down cooling of the weld improve the performance, while those which
speed. up the cooling affect the performance adversely.

One exception is the case of joints welded with E-~7016 electrodes and
with 1500 preheat and interpass temperature, which appear to be infericr to
similar joints welded without preheat and with 70° interpass temperature,
and also inferior to E-7016 welds made with 150° preheat and maximum interpass
temperature and to E-70L6 welds made with 200-225° interpass temperature. In
other words performances of 70O interpass and 150O interpass’ temperature welds
appear to be reversed.

Another unexpected result is the relatively pcor performance of unione—
melt and E-7016 joints treated after welding by the low temperature stress
relief method and by peening, Although it is possible that these treatments
are of little benefit to a welded joint it is hard to raticnalize any
possibility of their det: lmental effect, . However it nust be noted that in
case of peened welds all passes including .the last were peened and a
possibility thus exists that the last pass could have been appreciably work
hardened if the peening has been unduly severe, It must be also noted that

since the low temperature stress relieved specimens were fabricated by

- welding together two plates 18" x 54" into a 36" x 54" weldment, they were

subjeeted to greater restraint during welding which might have affected
adversely the properties of the weld even though the residual stresses were
subsequently relieved by the treatment. Tests. will be made on joints of

which all passes except the last were peened,

——————
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The fact that both peening and low temperature stress rellef appear to
have little if any effect on E~60L0 welds may possibly be explained by the
fact that at 10° F these welds fail with very low.energy absorption and with
no detectable plastic flow and any deterioraticn of performance is harder to
detect at that low level.

As couid be expected specimens stress reliewed at 1150° F performed in
a superior manner at -40° F though their performance at that temperature
was still only half as good as that of prime plate, Nevertheless this still
represents a 100% improvement over non-furnace-stress~relieved welds,
CONCLUSIONS

The following tentative conclusions appear to be pertinent on the
basis of "the daga cbtained to date, .

1) Notch sensitivity of welded joints made with type E-7016 electrodes
‘appears to be no greater thgn that of welded joint made with E-10016
electrodes, |

2) Notch sensitivity of welded joints made with 2-pass union nelt

o process- appears to be no greater than that of welded joint made
with 6-pass umion melt process,

3) Data obtained with tihe pilot tests appear to be inconclusive and

‘,additional tests appear to be necessary before valid conclusions
’éan be draun from theq.

L) The performance of welded joints of ship-quality steel is signifi-
cantly affected by many of the possible variables in the methods of

fabrication, such as type of electrode, joint design, welding procedure

ete, :

5) The data reported herein further substantiate the relationship between

applied charge and depth of the resulting dish reported in SSC-43.
REFLAENCES

(1) G.S.kikhalapov, "Evaluation ,.. Test," Ship ostructure Committee Report

85C~43, larch 15, 1951.



APPENDIX

Performance of 1" thick ijelded Steel Plate (AP-Fully killed,
similar to ABb Class C. Steel; AQ-semi-killed, ABS Class B Steel)

Spec. No. lielding Procedure . Depth
Lenp. Charge of Dish, ixtent of
o F. Gmus . inch Fracture
AQu5miy= 2~pass U.M. - 200° F Intp, T, 69 300 1.93 None
13 oo " " n 70 420 2el42 "
9 oo " " n 70 500 2.68 "

14 f n u " un g8 ©OBLD ' - 2 pieces
15 oo neoomowmgg 580 - 3. m
7 WO 1w n n 12 180 1,14 None

3 1 n ] u ] 14 260 1.65 n
1 1 n n 1 1 12 340 2,02 St
6 n n 1 " n 12 4,20 2.25 "
g "o n N 1 12 500 2.50 p
10 " 1 u it 1 =40 LO L1 1t
12 " 1 t ft ] _38 60 : 02 "
5 uoon " i l ~Ldy 60 Fine crack,
R . . -~ back only
11 f 1t i n 1" =40 80 - 4L pieces
2 . noon R " i =40 100 - 5 on
AG~6-9 E~7016 - 200° F Intp. T. 69 320 2.04 None
5 n 1 1 n 68 330 2,09 "
11 1t 1 1 1 69 350 2.16 i
1% 1 “n n 1 ' 69 350 ' - 2 pieces
15 n 1 " fn 69 380 - 300
6 " n fn ' ] " 12 Y 140 <97 None
13% u o " " 12 200 - 5 pleces
% " " n " 14 240 - L n
1 " n " " _ -4,0 60 .03 lone
10 oo " t n =40 80 - 36" crack,
_ back only
Fk n 1t : n " 72 280 1.83 None
12wt i " " i 72 280 1.8 "
L n u " u 72 280 1.80 "
e T T 1 1 7L 320 1,98 n
O :; n 1 " 71 320 - 2 pieces

% Specimen exhibited maximum acceptable porosity

i " : n unacceptable n



Spec, No,

AP=b6-1
9
il
&
108
14
15
7
2
A
3
12
5
8
13
Ap~T7-13
Th
26
8-86
25
92
9-32
55
28
10-57
7
18
11-47
63
g9
12-3
1
2
13-
72
59
i4-51
29
78
154

79
67

% Specimen exhibited maximum acceptable porosity

13-

delding Procedure

E-7016 ~ 200° F Intp. T.

1"t

2-pass U,l.
" ] 1t
] i "
A— 1 ]
] " n
] 1" "
jo - 1t "
" ] i

" 700 Intp.T.~L 7SR
H " i n

n 13 n

~ 70° Intp. T,

" 1] n

1" 1] i}

1t L4 n

" 1] Li

1 3 b
1509 Prht.& Intp.T.

1! " n

[

" n lax. Intp.T.

i1 n n 1 "
n 1 1] f "

"Peened
14 i 4 b}

i1 ’ " n 11
-5 lic,rod-150° F,
Intp.T.
" 1 n 11 1
1t 1 " n 1"

vepth
Temp. Charge of Dish, kxtent of
°F. Gs inch Fracture
69 380 - 2 pieces
70 LLO 2.23 None
68 42,0 2.27 n
69 470 - 2 pieces
69 500 - 2 n
9 320 1,71 None
9 360 1,90 n
12 380 1.93 "
13 400 2,04 "

9 400 - 3 pieces
~40 60 .06 None
=11 80 0L n
~38 80 - crack,badk anly
—l 80 — ] ] n
-42 100 - L pleces

10 380 1.90 None
10 L40 - 3 pieces
9 500 - 6 n
10 200 - None
10 24,0 - 5 pieces
11 380 - 7 0
9 380 1,87 Hone
10 440 - 8 pieces
9 500 - 7 1"
1L 380 1.82 None
10 440 - & pieces _
10 500 - 7 "
11 380 1.88 lone
10 LLO - ,, pieces
11 500 - 7 " '
11 200 - None
10 260 - 7 pieces
10 380 - 7 ooon
10 200 - 5 n
10 260 - 5 oom
10 380 - 5 n
1l 200 - 18" crack-back aily
9 260 - 4 pieces
10 380 - oo
=40 120 49 None
40 160 - 4 pieces
~40 200 - ) "



Depth
Spec,. No. welding~Procedure Temp, Charge of Dish, Extent of - -
. - °F, GmS o inch " Fracture
AP-16-82 - E~6010 ~ 700 F. Intp. T, 1l 120 ~ 4" crack-back
70 " " u n 10 160 - 4 pieces
53 noooon 1t 1 9 240 - 5 n
17-9 " 150° Prht.& Intp,T, 11 120 - 3
39 1 m 1 noon 10 1_60 —_ 1" n
6 f n " noou 10 -?l+0 - 5 n
18-60 tooon M ohax, M ® 11 120 56 Hone
88 1 " n o ou LI 10 160 — 4 pieces
1 (L I [ non L 10 2L0 - L n
- 1941 t 70°.F Intp,T.LTSR 11 120 - 2 "
5 n m,, ioon " 11 160 - A 1]
-3 " i noouwoow 10 250 - 6 1
20~.9 oM, "M Peened 11 . 120 .60 None
66 1 .. non,,on 10 160 - L pieces
24 1 ", noowoon 10 24,0 - 6 n
21-17 E~7016 .. L 10 - 320 1.69 none
65 " "o, Woon 30 380 - 6 pieces
L1 i ", noon 11 : 4,0 - 6 "
22-40 " 150° Prht.& Intp,T. . 10 -200 - Hone
6[{_ o no..n nooon 11 240 - n
56 moowom ®oom c11 320 -  pieces
2381 u n " ojlax.e " " 10 320 1.67 None
48 n [ non n 1] 9 380 1. 8[;. None
10 0 " non n it 9 L40 - 0 pieces
21 m 709 Intp.T.~LTSR 11 200 - ¥one
2 non nou n 11 260 - 6 pieces
3 L nown n 10 320 - 6 0
2581, non U ¥ Peened g 140 - 3 =n
Ll non oo " 9 200 - L "
27 n 4] n 14 i . 9 320 - 5 n
26-37 E=10016" " M 11509T1,5.R.~40 200 .96 None
49 w n on o n LI X 240 - 7 pieces
- g u

95 now non n noa0 280



MIMIMUM ENERGCY TO FRACTURE - GRAMS CHARGE

P-26-49|P-16-53 |P-10-57 |P-19-6] | P2I-65|P- -6 8| P- -73 |P-19-77 |P-23-81 | P- -85]|P-11-83 |P-24-93
.
¢ 5
Z|pP- -50 |P-12-54 |P-12-58| P- -62 |P-20-66|P-16-70| P-7-74 |P-14-78|P-16-82|P-8-86|P- -90|P- -94 e
(I i
O o
o« [}
w |P-14-51 | P-9-55 |P-13-59 |P-(1-63 |P-15-67 | P- -71 |P-[9-75 [P-15-79 | P- -83 [P- -87|P- -91|P26-95|
[
z P4
o o
P- -52|P-22-56|P-18-60|P-22-64| P- -68|P43-72|P- 716|P- -80|P-25-84|P-18-88 [P-8-92 |P- -96|D
48 SPECIMENS -18'X18"
AP (CLASS C) STEEL
FIG.I
p-t8-1 |P-t3-5 | pP-1729 |[P-7-13 |p-21-17 |P- -21|P-8-25|P-14-28|P- -33 |P-26-37 |P-21-41 | P- -45
'—
[w]
E 2
Fle- -2 |P17-6 |P-23-10|P-24- 14 |P-10-18 | P- -22|P-7-26 {P- -30{P- 34|P- -38|P- -a2|P- -46(=
Z 5
S b3
o |P- -3 [P-10-7|P- -11|P- -5 |P-20-19|P- -23|P-25-27|P- -3) |P- -35|P-17-39 |P- -a3|P-11-a7| 2
: 2
m
P-15-4 | p-24-8 |P- -12 |P- 16 |P-12-20|P-20-24|P-9-28 | P-9-32 |P- -36 |P-22-40|P-25-44|P-23-48
48 SPECIMENS —18'X 18"
AP [CLASS C) STEEL
FIG.2
STEEL WELD ELEC TRODE
AQ  SUBM.ARC - JOINT 2
600
AQ  SUBM. ARC - JOINT 3
500 AP MANUAL E- 10016
AQ MANUAL £-10016
400
AP MANUAL E-7016
AQ  MANUAL E- 7016
300
200
100
0
-40 -20 0 20 40 60 80

TEMPERATURE - °F

FIG.2., EFFECT OF TEMPERATURE ON MINIMUM ENERGY TO

FRACTURE WELDED SHIP PLATE ONE

INCH THICK



ENERGY - GRAMS CHARGE

ENERGY — GRAMS CHARGE

700

o)
800
°
500 ) ©
/‘
400 ,0¢+ LEGEND
o SYMBOL WELD ELECTRODE
300 0 ) PRIME PLATE
@ MANUAL  E-60I0
) " E-7016
200 & . " E-10016
o ¢ SUBM.ARC - JOINT 2
) TR voo3
100 4 noon 1 3 (55C-43)
)
LO 15 2.0 2.5 3.0 3.5 4.0
DEPTH OF 15-INCH DIAMETER CUP — INCHES
FIG.4. EFFECT OF APPLIED ENERGY ON SPECIMEN
DEFORMATION - ROOM TEMPERATURE TESTS ON
AQ (CLASS B) STEEL
700
600
500
400
LEGE ND
300 SYMBOL ELECTRODE
u] PRIME PLATE
8 E-6010
200 n E~7016
] E-I00I6
®
100
)
0.5 10 15 2.0 2.5 3.0 3.5
DEPTH OF I5-INCH DIAMETER CUP - INCHES
FIG.5. EFFECT OF APPLIED ENERGY ON SPECIMEN

DEFORMATION - ROOM TEMPERATURE TESTS ON AP
{cLAsS ¢} STEEL



