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A series of investigations
(1) sponsored by the Bureau of

Shipsg Department of the Navya revealed considerable difference

in performance of welded alloy steel p’late when subjected to

the system of triaxial stresses beljeved to exist in the Direct

Explosion Test. The Ship Structure Committee became interested,..

in detmmin’in,gwhether corresponding differences in performan~e

would notibe found in low carbon steel plate used fcm the con-

struction of merchant marine vess~lso The Committee was par-

ticularly interested in determining whether differences in w@d-

ing procedure would not result in a marked difference in per-

formance.

Accordingly~ the Ship

vestigation(2) ~,hereintwo

G and the other semiskilled

were welded with different

Di~ect

gatiorl

killed

sponsored an h-

killed ABS Grade

ABS Grade ?dXboth l-in. thiek~

welding procedures and subjected to

Explosion Tests. The principal result of this investi-

indicated a marked improvement in performance of fully

steel when welded with low hydrogen electrodes over the

performance of the same steel when welded with cellulose type

electrodes, The difference in performance of semiskilledsteel

when welded with the two respective grades of electrodes was
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less pronounced the net effect being to approximate the per-

formance of killed steel when welded with cellulose type

electrodes. Although considerable scatter was observed to

exist in the performance of semiskilledsteel plates welded
.’ .-

with low hydrogen electrodes, eventhe specimens exhibiting

the poorest performance still appeared to maintain a sub-

stantial? although not s.pectacular~superiority over the plates

welded with cellulose type electrodes.

Accordingly? it was decided that an additional investiga-

tion should be conducted to de~ermine the degree of magnitude

of improvement of structural performance which the use of low

hydrogen electrodes produced in semiskilledsteel and, if pos-

sible~ to establish whether it was of real significance. In

addition? a brief investigation of the performance of rimmed

steels under the Direct Explosion Test was also undertaken.

Howevera part way through the investigation it became

apparent that performance of a single heat of semiskilledsteel

was not uniform but varied very considerably depending on the

particular slab and even plate used. As a results a secondary

objective of the investigation developed~ and an attempt was
.

made to establish the degree of variation of performance wh+ch

can exist within one heat of steel and to correlate, if pos-

siblea this variation with conventional notched sensitivity

tests$ such as Charpy impact and Navy tear tests.

,..
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An additional original objective of this investigation was

a comparison of performance evaluation by Direct Explosion Test. .

with performance evaluation by the Stand-off (ExplosioD Bulge]

Test as developed by the Naval Research Laboratory However?.,....- ..- .-

because of the difference in

ferent plates of the heat of...-

this comparison appear to be

performance existing between”dif==..- .. ,-” “

steel purchased, the results of,.. .

somewhat inconclusive

METHoD OF TESTING

The Direct Explosion Test has been described in a number

(1,31
of previous reports o It will be remembered that the test.,

consists of subjecting a number of identical specimens to a

blow produced by an explosion ’ofa cylindrical charge of an

explosive powder packed to a desired density. The magnitude

of each charge is progressively increased until an energy

value is reached which just fractures a specimen. The extent

of deformation of the specimen subjected to the explosion of

a charge just below the minimum charge to fracture is noted

and provides an indication of the maximum deformation the

plate tested can sustain under the test condition. Specimen

failure is said to have occurred when the total length of

all fractures exceeds 18 inches. (Actually~ in the present

investigation the overwhelming majority of plates which frac-

tured at all fractured into several pieces).

As stated above~ two grades of ship plate were procuredy
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ABS Class B semiskilledsteel? and ABS Class A* rimmed steel.

ABS Class B was procured in both l-+n~ and 3/4-in~ thickness
.

whereas Class A was procured in 3)+-inO thickness. The plate

identification far these steels is given in Table 13 and the

mechanical properties and typical analyses are shown in Table II.

A complete performance record covering a temperature range

of 70° to -90@F was obtained for unwelded or prime plate? whereas’

most of the comparisons between the performance of plates welded

with different procedures were conducted at 100 and 32°F.

me majority of welds we~e made with Navy Grade 180 elec-

trodes and with Class E6010 electrodes.

original objectives of the investigation

of the optimum performance that could be

killed or rimmed steel plate as a result

Because one of the

was the determination

expected from a semi-

of a specific welding

procedure$ several additional welding procedures were tried.

These included use of Navy Grade 230 electrode$ Unionmelt

process with #36 and #K) rodsa and Aireomatic welding process

with two grades of welding wire.

and ll~O°F thermal stress relief

and Class E601O electrode welded

lo Manua~ wQ8 60@ double

O root facet root pass made with

In additiana kOOF preheat

were used on both Grade 180

jQints.

~$ 5/32-in. root openings

51’32-inodiameter electrode?

chipped out to sound metal and welded with three passes on

*Class A composition and strength speci~ioation rolled
to 3&ina thickness.
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Table I

LEGEND--PLATE CODE No.—— —

AR

t6 2

3

4

5

6

7

8

9

Carnegie-Illinois

It 11

fi tt

H W

n v!

Lukens

73U399

Slab
m

123519

to

1.23~.20

123522

12352.3

it

to

12352h

Ot

123527

ELa.u2

A

B

A

?3

A

B

G

A

B

A

AikB

,.



TABLE 11

CHEMICAL COMPOSITION AJQ MECHANICAL PROPERTIES OF SPECIMEN STEELS—— ,—

LADLE ANALYSIS

—

MECHANICAL
PROPERTIES

CHECK AITALYs Is

Ckrllps Cu M Cr Si

.19 .80 ●014 ● 030 .04 .02 .02 .05

.21.81 .017 ●038 .04 ● 02 .02 .06

● 20 .81 .017.035 .03 ● 02 .02 .05

● 19 .80 ●017.034.04.02.02 ,Ofj

.21 ● 78 .017 ● 034 .04 .02 .02 ● or

Desig- Heat Deoxi- Thick
nation Mfgr. No. dation ness

c. 111 73U399 S.L 1“

ARX C. Ill 73U399 S.IL 3/4,1

AT Lukens16445 Rim 3/4,1

‘lat
;ode

2

Yield Tens. Elon&
PointStr. 2“

c MnP s Cu Ni Cr Si

AR

—

,72

—

72
—

47

—

—

—

—

—

*

33500 5780043$

3460062+0041$?

343W 5900042%

● 17 ,03f

036

4

7

9

,017037 *394oOI681OOI24%+

*382006430Q26%+

NOTE: Check analysesand mechanicalprope~tydata for platecodes2, 4, 7, 8 and 9 are
as reportedin “Reportof Investigationon the Notch-sensitivityCharacteristics
and OtherPropertiesof ABS, ClassB, SteelPlatefor ExplosionTest Program
under Ship StructureCommittee- Lab. Project4936-90,Parts1 and 2, Final Re-
port, NS 011-@3 and ITSOKL-084° 3 August 1953,by the MaterialLaboratory,New
York NavalShipyard,Brooklyn 1. New York.

..

* Transverse

** Longitudinal

? Elongation in 8 inches

l’,



., .

-’7-

each side~ using L~&=~n~ d~~@ter Qectrode. A total or sav~~

passes.

20 bmerrzed =YLQQ.g 90* double V$ Ilk-in. root face~..- ., .,.

0 root opening? submerged are welded (using Unionmelt #20 J?iux)

with two passes of 1~8-inO electrode$ one pass for each side.
.—

Seventy degree (~O@) F preheat and interpass temperature

was us~d in all cases except in case of Grade 180 electrode
.

where a number of specimens were prepared with 200° preheat and

interpass temperature anda of course~ in the case of specimens

subjected to special weld treatments mentioned above.

Two sources of welding facilities were

Lima-Hamilton Corporation and the other~the

Shipyard. When it ‘becameapparent that the

posedly identical specimens made at the two

used~ one the Baldwin-

Philadelphia Naval,

performance of sup-

facilities did not

agree$ an attempt was made to check the possibility of the varia-

tions in welding procedures between the two sources by having

the Philadelphia Naval Ek&pyard make welds cm specimens prepared

from the steel plate used for some of the Baldwin specimens

The results of tests of these specimens showed similar perform-

ance~ and since startling differences in performance of speci-

mens made from two different unwelded plates were also observed~

no further attempt to compare the quality of weldlng of the two

sources was made.

As soon as the difference in performance of

was established? a review of all available steel

unwelded plate

plate of the
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heat purchased was made. In general, it was found that each

plate was identified as belonging to a certain slabb ingot, and

cut. A slab number appeared to identify a specific cut of a

specific ingot; thus slab #123520 is a first cut of ingot #23

whereas slab #123~19 is the

Similarly$ slab #123524 was

slab #12sJ2s was the second

three plates, 73 in. by 220

second cut of the same ingot.

the first cut of ingot #k, whereas

cut of the same ingot. However,

in. in length, were rolled from

each slab; and since these were not identified separately by

the mill~ they were givenarhi”trarydesignations of A, B and Co

The available identification of the steel plate used is

given in Table I and is referred to herein after by the Code

designation given in this table.

The steel mill was unable to provide any further identifi-

cation of the plate shipped nor was it able to advance any

theories as to why a difference in their performance could be

expected.

Complete mechanical tests, including Charpy impact and

Navy tear testsa were originally planned for the identification

of the heat used. Unfortunately, these tests were planned and

completed before the difference in individual plate performance

was detected by the Direct Explosion Test; and accordingly, a

complete test record of all of the plates tested is not avail-

able. However, it will be seen from Table 111 that Charpy

—
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TABLE 111

RESULTS (X?CHARPY V-NOTCH AND NAVY TEAR TESTS ON STEEL AR

. .
Tear Test

Location Transition
w-k 2m~~Q& Temperature. “F

-.
2 End 90

5 Middle ..
End -.

7 (unknown]
End
opposite lilnd

8 End
center
Center*
Opposite End

9 End
center
Center*
Opposite End

Charpy V 15”ft-lb-Transi-
on Temneraturem ‘F

24

17
30
19
26

$;

25
23
22

18
16
30
22

20

:;

NOTEg All results except those marked with (*) as reported in
‘“Reportof’Investigation on the Notch-Sensitivity Char-
acteristics and Other Properties of ABSa Class B~ Steel
Plate for Explosion Test Program und.qrShip Structure
Committee - Lab. Project 4936-90a Parts 1 and 29 Final
Report7 NS 011-04-3and NS 011.08kvU3 August 1953; and
Part 3 dated 30 November 19533 by the Material Labora-
tory~ New York Naval ~ipyarda Brooklyn Is New York.

*Results marked with asterisk obtained by Naval Research
Laboratory.
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impact tests were made on four of the slabs used.

DISCUSSICINOF RESULTS

Results of the tests are given in detail in Appendix A and

are summarized graphically in Figures 1 through 8.

Figure 1 shows the performance of the two sets of speci-

mens of unwelded plate made from two different slabs, namelyq

#123519 (Code 1) and #123523 (Code 6) of the same heat of l-in.

semiskilledsteel. Performance of each specimen is shown by a

cross indicating a specimen which did not fail and by an O

indicating those which did fail. It becomes immediately apparent

that whereas performance of specimens made from slab #12jJlg (Code 1)

remain virtually “unchangedfrom room to below -400F temperature,

the performance at 32oF of specimens made from slab #123523 (Code 6) “

dropped drastically and nearly to the level of performance exhibited

by slab #123519 (Code 1) at -90G. Since no tests were made at

temperatures intermediate between -MO and -90* in case of slab

#123519 (Code 1) steel and between 70° and 32o in case of slab

#123523 (Code 6), the difference of transition temperature is some-

where between 72o and 16000 Referring to Table 1119 it will be

seen that the difference in performance of these two slabs as deter-

mined by Navy tear tests is virtually nonexistent. However, it

must be pointed out that the tear tests and Charpy specimens were

not made from the same plate of their respective slabs as were the

Direct Explosion specimens. In case of slab #123519 (Codes 1 and

2), the Direct Explosion Test failed to differentiate between
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plates A (Code 1] and B (Code 2]? so that ostensibly the Charpy

and tear tests made on plate B could be assumed to apply to
,.

plate A also. Howevery in case of slab #123523 (Codes Ja 69 and

7~a some evidence exists that plate C (’Code7)9 from which the

tear and Charpy test specimens were taken, is superior to plate

B (Code 6)aof the same slab from which the Explosion specimehs

were taken. This indication is based on the fact that the A@-

comatic specimens prepared from plate C [Code 7] did not frac-

tur~ at 32°F until after a charge of 250 grams was exceededa

whereas at the same temperature the unwelded specimens prepared

from plate B (Code 6] fractured at as low a charge as 140 grams.

Sims it is hard to conjecture that a specimen welded with an

Aircomatic process would have performance superior to that of

an unwelded specimen of the same platea it would appear that

some difference in the performance of the three plates (Codes 57

61and ~) of this slab can be expected.

Figure,2 shows the relative performance of three welding

proc~dures--~fio~elta knual Grade E60103 and Manual Grade

180--on plates A and B of slab #12~519 (Codes 1 and 29 respec-

tively), It will be observed that at IO”F the Unimmelt plate

indicates a very appreciable superiority to plates welded with

180 electrodes which in turn~ is very much better than the

plate welded with E6010 electrode.

plates welded with Grade 180 where

the results are quite consistent.

With the exception of

some scatter was observed~



SEMI-KILLED STEEL A R PLATES l“ THICK

z

800

600 .

400

c
200 /

:~v

INGOT 2 CUT 2 PLATES A 68 (CODES 1&2)

•FNO FRACTURE
_o~RAGTu~~ 1~” OR

+

+

~ +
~ 1

+ UNION MELT 2-PASS *36 ROD
+

/ I
/ o

0

0004++ G-R--imr

>

000000
0

GR E601O+0+

’60 -40 -20 0 +20 +40 +60 +80

TEMPERATURE IN ‘F
FIG. 2



Figure 3 attempts to indicate the effect of the slab and

plate on the performance of specimens welded with tinionmelt~

Grade 180, and Class E6010 electrodes. Only the critical

pointsa that isa the points at which fracture occurred, are

plotted. It will be seen that performance of specimens made ~~
,,

from slab #12~523 (Codes 5 and 61 is virtually the same re-

gardless of the welding procedure used and is virtually iden-

tical to the performance of all slabs (Codes l? 2$ 5 and 8)

when welded with Grade E6010 electrode. By comparison slab

#12352\ (Codes 8 and 9) and #12~519 (Codes 1 and 2) performed

considerably better when welded wit’hGrade 180 and Unionmelt~

From the data on pages A-4 and A-J of Appendix A? it can be

seen that~ when welded with Grade 180 electrode$ Plate A of

slab #12~j19 (@de 1) performed better than Plate B of the

same slab (Code 2) and both performed better than Plate B of

the slab #12J~24 (Code 9)0

Ftgure h shows the performance of a plate of 3/4-in.

thick ABS Class A steel (Code 11). The performance of the

prime plate is considerably inferior to the performance of

the best of the two semiskilledsteel plates (Code 1) but

surprisingly enough is superior to the performance of the

second semiskilledsteel plate (Code 6] despite the fact that

the latter is 114 in. thicker. It will be noted that at 100F

little difference in the performance of welded plate is

.-
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encountered regardless of whether the welding is made by Union--. ,-

melt~ Grade 18o electrode, or Class E601o electrode. Surprisingly-..

enough? at 70@F the performance of Unionmelt weld is again supe-

rior to that of one made with Grade 180 electrode and is very...

similar to the performance of the prime plate.

Figure 5 shows the summary of all tests conducted at 10*

and 32aF of specimens made from slab #123523 (Codes 5, 6, and 7’)

with various welding procedures. At 100F the performance is

uniformly poor with the possible exception of Aircomatic (on

Code 7 steel) and E601O electrodes furnace stress relief annealed

at 11500F. At 32°F Aircomatic (on Code J steel) is again the

best performer although improvement over performance of 10°F is

not’very great$ and virtually no improvement is manifested by

the other welding procedures tried. It is tempting to make a

conclusion that the quality of the

completely overrides the effect of

Aireomatic must be tempered by the

specimens were prepared from plate

plate is so poor that it

welding. The superiority of

remembrance that the Aircomatic

C (Code’7) whereas the rest

of the specimens which compare unfavorably to the Aircomatic

specimens were made from plates A and 13(Codes 5 and 6) of the

same slab. Furthermore~ it must be again remembered that the

performance of specimens welded with Aircomatic on plate C

(Code 7] iS superior to the performance of plate B (Code 6) in

prime condition? a fact which is hard to explain except by the

presence of inherent differences in plates B (Code 6] and C (Code ~).
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Figure 6 summarizes data obtained at all temperatures on

slab #12352h (Codes 8 and 9) when welded with Grade 180 and

E6010 electrodes On this slab a marked improvement in per-

formance of Grade 18o is apparent at all temperatures above

.~oo Unfortunately~ incomplete data preclude determination of

the exact degree of superiority of Grade 18o over E60100

Figure 7 presents all data obtained with Unionmelt on slabs

#123523 (Code 5] and #123519 (Code l]. These data have already

been presented in condensed form in Figure 3, and the main

purpose of Figure 7 is to show the lack of scatter of these data.

Figure 8 presents all data taken on rimmed steel and sum-

marized in Figure h. There appears to be considerable scatter

in performance of plates welded with Grade 180 electrodes and

tested at 100F.

It is interesting to note that the Stand-off Explosion

Test reveals essentially equivalent performance (except possibly

at WOF) between specimens made from slab #123~2~ (Codes 8 and 9)

(6)and welded with E601O and Grade 180 electrodes o Although as

pointed out above, the exact degree of difference between the

performance of specimens made with those two electrodes on the

same slab has not been clearly determined~ a definite superiority

of the low hydrogen electrode appears to be indicated by the

Direct Explosion Testa at Ieastiat 320Fa as shown in Figure 60

It can be concluded~ therefore~ that at least insofar as per-

formance of those two electrodes is concerned~ the Direct
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Explosion Test might be somewhat more discriminatory than the

Stand-off (Explosion Bulge) Test.

A collateral investigation conducted with the aid of the

Naval Research Laboratory determined the extent of surface

strain and reduction in

Direct Explosion Test.

of dish produced by the

thickness of specimens subjected to the

Table IV shows the comparison of depth

Direct Explosion Tests with the maximum

surface strain on the back of the specimen as measured by the

Naval Research Laboratory. It will be observed that there is a

reasonably good correlation between the two sets of measurements

and that the maximum dish observed in Direct Explosion testing

does not exceed 20~ surface strain on the back side of the plate.

It is also interesting to note that in case of overmatching

electrodes the surface strain of the heat-affected zone is nearly

double that of the weld.

In comparing the deformation produced by the Direct Explosion

and Stand-off (Explosion Bulge.)Tests3 Pellini and Eschbacher(4)

(See Appendix B] point out that whereas the Stand-off or Bulge

Test produces a reasonably uniform biaxial strain over nearly

the entire specimenq the strain is localized in case of the

Direct Explosion Test to a comparatively small circular area 2 in.

in radius directly under the charge. It is interesting to note

that in the Direct Explosion Test the maximum reduction in thick=

ness in this concentrated area of strain is greater (18%) than



COMPARISON Q
AND SURFACE STRAIN* AND.— ——

Welding

DEPTH OF DISH
REDUCT~N~THICKNESS

Max~ Surface Thick-
De~th of Surface Strain n&ss Re-

- Conditi~q Temne ~. D&h,..J..inin.Strain ~t duction

AR-o-26(M-6) Pr:me Pl:te 70 600 3.68 19.3$ --
-27(M-19) 560 3054 18.8 1:~8

AR-21-20(M31) Gr. 180 500 3e36 15.0 8.0 --
Electrode

-27(M38) Gr~ 180 520 3.35 15*9 6.o --
Electrode

AR-16-20(M51) Gr. E6010 400 3*27 16.0 16.0
Electrode

-14(M57) Gr. E601O 360 2.86 1200 12*O
Electrode

* As reported in NRL Memorandum Report 190$ ‘~Investigationof the
Performance of Ship Steel Weldments and Prime Plate llaterlali~~
by the Metallurgy Division, Naval Research Laboratory,
Washington, D ~ Co Dated July 1953~
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the maximum reduction in thickness of the Stand-off Explosion

specimens (around 10%)0 However, the total area under the

curve in the reduction of thickness vs. distance from the

c~nter of the plate graph is reasonably the same for both tests.

Thus~ the stress gradient in the direction of thickness is much

more severe in the case of the Direct Explosion Test, producing

a condition of triaxial tension not unlike that present in the

root of a notch. This might

Explosion Test appears to be

off Test.

as

10

20

3.

explain the reason why the Direct

more discriminating than the Stand-

CONCLUSIONS

The following tentative conclusions appear to be justified

a result of this investigation~

Performance of unwelded semiskilledsteel plate, l-in.

thick~ rolled from the same heat of steel appears to vary

widely~ depending on the portion of the heat from which the

plate was rolled.

Based on the limited investigations conducted, the reasons

for the wide variations found within the same heat of steel

are not certain$ although they appear to be associated with

a particular cut and ingot.

The difference in performance of specimens welded with dif-

ferent welding procedures appears to be very appreciable in

case of the better performing plate of a specific heat of
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semikilled steel tested and virtually disappears in case of

the poorest performing plate of that heat.

%. Performance of welded joints made with Unionmelt$ Grade 1809

and Class E6010 electrodes appears to line up in this order

of performance in case of the better performing plate with

Unionmelt being superior to E6010 by a factor of 4 at 10*FO

5. Tha effect Ot thermal stress relief at l150*F iS beneficial

to welds made with E6010 electrodes on the poor performing

por’kionof’the heat of semiskilledsteel tested.

6. The performance of prime rimmed steel 3ik-in. thick is

very much inferior to that of the 31k-in~ thick semiskilled

steel at all temperatures from 32*F down. Howevera it is

comparable to that of the poorly performing portion (Code 6)

of the l-in. thick semiskilledsteel of the same heat.

7. Performance of all welded specimens of rimmed steel, 3/%-inO

thick regardless of welding procedure usedy is about the

same and is similar to that of welded specimens made of the

worst portion of the l-in. thick semiskilledsteel (Code 6’)

tested.

8. The Direct Explosion Test appears to be more discriminatory

than the Stand-off (Explosion Bulge) Test when applied to

specimens welded with Grade 180 and Class E601O electrodes

and prepared from t“hebett~r portion of the heat of the

semiskilledsteel used$ though the evidence is not too con-

clusive since the data on which it is basedam limited.

—
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The stress gradient? particularly

produced by the Direct Explosio~j

in direction of thickness

appears to be much steeper

than that produced by tiheStand-off Explosion.

The difference in performance of different portions of the

heat of the semiskilledsteel tested~ detected by Direct

Explosion Testa is

either the Charpy

not generally apparent on the basis of

impact or the Navy tear test conducted.
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.@l?~IX

Test Results

Semi-KilledSteel AR - 1’1Thick
T~$~

Plate Temp
~ CodeNo. WeldingPm cedurs OF

AR-O-18 1 None- Pri.rfb3Plate 70
-11
-7
--8
-14

-5
-9
-2
-3
-1

-16
-12
-lo
-6

-4

-15
-13
-19

8

-22
-25
-21
-23
-24

AR-O-26 4
(M-6,gricl)
AR-o-27
(M-19,grid)
AR-O-28
(fii-20,grid)
AR-O-29
(M-17,grid)

32

0

-40

-90

70

-@

Charge
Grams

64o
6@
660
680
700

64o
6$o
680
700
720

600
620
620
660
740

400

Zg
700
760

100
120
140
160
160

60Q

5&

600

MO

Depth of
Dish.ins.

3● 54”
3*54
3.60
3.64
--

3*U
3.45
—
--

3.12

—

--

2.19
2.62
2.94
—

--

3.68

3*54

-.

Exbexh of Fracture

None
21!Back O-

1“ Front-3” Back
5“
let,

Kone
None

4 Pieces
2 Pieces
2 Pieces

None
24JJ

9 Fieces
8 Pieces
8 Pieces

None
None
None

16pieces
L!+ Pieces

5 Pieces
7 Pieces
8 Pieces
6 pieces

6!IFront-30;1Back

21’Crack Back

None

15 Pieces

12 Pieces



I&

AR-O-35
-32

%
-39

AR-o-36
-43
-37

:2

AR-o-34
-38
-40
-33
-46

AR-2A-8
-4

:;
-1

AR-2A-7
-5
-lo
-6
-2

AR-7-6

-5
-19
.3 *
-2

Plate
Code No.

6

6

6

5

5

2

.~()-

Semi-filledSteel J@ . 1“ Thick

Test
TernP

Weldiw Procedure oF

Prime Plate 70

Pl?iElePlate 32

PrimePlate 10

Gr.230-70%ht.& Intp.T. 32

Gr.230-70%rht.& Intp.T. 10

u.M.#36 Rod-2Fass-70%rht.& 70
Intp.T.

Charge
Grams

560

%
600
600

1.40
140
160
160
2W

280
360
JQ+o
520
600

Ma
200
280
280
320

100
100
120
120
180

420

4(KJ
500
500
540

Depthof
Dish,ine.

3.25’?
3.26
.-

1.17
--
--

—

--

1.17
l.l!J+
1*79
--

:62
—
—

2.35

‘%

2;8
~ F=ctum appearancerevealed incompletepenetrationwelds.

AR-7-1 2
-a

:L
-8

Extent of Fracture

None
None
401,

28n Front-3$W Back
42” Front-45°Back

None
2611

34”36tt- 2 Pieces
34”

4 Pieces
6 pieces
8 Pieces
8 Pieces
10 Pieces

None
None
None

3$,1-3 Fieces
2911- 2 Pieces

2011

4“Back ody
12” Front-19° Back

3011
5 Pieces

None

None
None

2 Fieces
None

None
None

7 Pieces
5 Pieces
6 pieces
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AR-7-lo
-13
:$

-17

-16

-11
-15
-I-4
-18

AR-15-5

-6
-8
-9
-7

Plate
CodeIio. WeMi w Procedure

2 U.M.-2WSS - #36 Rod-
70°1’rht.&Intp.T.

2 U.M.-2Pass+#36Rod-70°Prht.
& Intp.T.

5 U.M.-2Pass-#40Rod-70%rht.
&.Intp.T.

AR-15-14 5
-lo
-11
-12
-3.3

AR-16-21 8 E6010-70°Prht.& Intp.T.
-12
-11
-15
-13
-14(Grid)+
-20(Grid)+$

-Jl”

Test
Temp
OF

10

“40

32

10

70

“+Reinforcementremovedfromweldboth sides.

Charge
Grams

340
380
400

$

80

120
W
200
240

80

100
120
1.40
lb

40
60
80
120
200

240

AR-16-25 8
-24

AR-M-54 5
-P
-51
-53
-52

AR-M-7 2
-8
-9
-lo
-6

;%
362

%
400

32 340
380

32 80
100
120
w
160

10 120
120
120
120
120

Depthof
Dish,ins.

1.90
2.08
2.11
—

—

--
-.
—
—

●4S

—

.05
--
--
—
—

1.69
1.82
2.04
2.26
2.34
2.g6
3.27

—
--

—
—

—
.-

--
--
—
—
—

Exknt of Fracture

None
None
None

5 Pieces
5 Pieces

4 Pieces

6 Pieces
5 Pieces
9 Pieces
5 Pieces

None

12tiFront-20”Back
2$11 &on&37u Back

27’i Front-321’Eack
251!Fronk-26°Back

17” Back only
22” Backonly
12” Front-211tBack
3 pieces-36”
3 pieces - 63’1

None
None

I“Crackweld only.Transv.
None
None
None
None

4 Pieces
4 Pieces

9“ Back only
7“ Front-17°Back
22’1Front-26”Back
26” Front-29”Back
36” Frmt and Back

49” Crack
45” Crack
4211Crack
4@I Crack

2 Pieces
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Pla~e
Test

codeNO.
Temp

& Weldim Pmcedum OF

AR-16-17
-16
-19
-18

-5
-1
-2
-4
-3

-22
-23

AR-21-20+
(grid)

-27*
(grid)

8

9

E6010-70?Prht.& Intp.T. 10

10

-!+0

Gr.180-~OOPrhL.&Intp.T. 70

—
~ Weld reinforcementremoved from both sides.

AR-21-21

-19
-18
-16
-17

AR-21-14
-15
-11
-u
-12

AR-21-69
-68
-65
-66
-67

AR-21-64
-63
-59
-m

-57

AR_21_3

%

:;

9 Gr.180-700Prht.&Intp.T. 70

9 32

6 32

5 32

1 10

Charge
Gram

80
100
100
100

60
60
80
MO
120

40
50

500

520

360
400
go

520

320
LOO
480
520
560

140
200
200
200
280

140
160
la
2C0
280

180
200
200
220
240

DepLhof
Ilish,ins.

.31
●54
●50

.09
—
..
--

●05
-.

3.36

3.35

2.22
2..44
2.63
2.70
2.86

1.96
2*30
2*51
2.74
--

.95
1*39
1.3e
--
--

ti-
1.10
--
--
--

1*U
1.31
--
--
--

Extent of Fracture

Iione
None
None

4 Pieces

None
10IIBack only
3-1/2’’l?ront-l7°Back
22” Front-32°Back

5 Pieces

None
1S” Front-39°Back

None

None

None
None
None
None
None

None
None
None
Nofie

5 Pieces

None
None
None

3 Pieces
4 Pieces

22’1l?rOnt-25TlBack
None

35” - 2 Pieces

~~~ ‘rOnt-39°Back- 4Pieces

None
None

3 Pieces
5 Pieces
4 Pieces

—
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Test.

Plate Temp
No CodeEo. WeldingProc.sdw

Op
d

AR-21-Q
-lo
-9
-7
-6

AR-2L24
-25
-23
-22
-26

AR-21-71
-70
-72
-74
-73

AR-21-62
-61
-55

%

AR-21-29
-2&
-30

AR-22-14
-12
-17
-U
-13
-15

-19
-20
-18
-16

AR-22-5
-3
-2
-1
-4

AR-22-23
-22
-24
-21

Gr.180-70°Prht.&Intp.T. 10

10

10

10

-L&o

Gr.MO-200°Prht.&Intp.T. 32

32

10

10

charge
Grams

180
1$0
180
180
1$0

160
160
160
160
160

140
140
140
140
140

140
140
140
140
140

40
50
60

140
200
260
280
280
320

180
Im
180
180

80
120
140
la
200

MO
120
120
120

Depthof
Dish,ins.

1.18
1.17
--
--
--

1.01
-.
--
--
—

●95
.90
.91

1.00
—

--
--
--
--
--

.01
--
--

.92
1.35

1;7
—
-.

1.22

--
-.

.35
--
--

--

●73
--
.-
--

Extent of Fmcture

None
None

3 Pieces
3 Pieces
4 Pieces

None
6 pieces
5 l?ieces
5 ?ieces
5 Pieces

None
None
None
None

12” Back only

39” Frcmt-45°Back
3 Pieces
4 Pieces
2 Pieces
3 Pieces

None
4 Fieces
4 pieces

None
None

2 Pieces
None

3 Pieces
2 Fieces

None
17’’(inplate2-3”fmweld)

39”
39 II

None
3 Fieces
3 Pieces
4 Pieces
6 pieces

None
3011

271!FNnt-33,1Back

IL3°- 4Pieces
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Plate
& Code No. Welding Procedure

AR-22-9 3 Gr.180-200%rht.& Intp.T.
-lo
-6 ;
-8
-7 ;

m-27-1 s l%QIO-400%ht.& Intp.T.

::
-2
-5

M-28-4 5 E6010-70%ht.& Intp.T.
-1

:;
-3

Test
Temp
OF

10

10

10

Specimm furnace stress ~lieved at IJ.50%

AR-32-5 3 Gr.180-10°Prht.&Intp.T.
-2

;
:: 8
-1 8

-lo 3
-8
-7

::

AR-39-2 7 Aircomatic-#1Rod-70%rht.
& Intp.T.

::
-lo
-5

AR-39-8 7
-4
-7

:;

10

10

32

10

Charge
Grams

60
m

:
60

80
120
160
200
240

180
220
220
260
260

120
120
IAo
160
180

100
80
80
80
80

200

2&l

;Yo
360

160
2CQ
200
2CQ
240

Depth of
DTshJins.

.06

.04

.-

..

..
—

..

1.23
1.63
1.50

—

.67

.84
—
—

—
—
--

1.4.0

1*75
1.77

1.16
1,.33
1.36
--
—

Extent of Fracture

None
None

3“ Back only
5“Back only
3“ Back only

18” Back only
3 Pieces
3 Pieces
5 Pieces
5 Pieces

None
None
None

4 Pieces
4 Pieces

None
4 Pieces

None
5 Fieces
4 Pieces

4 Pieces
5“ Back only
3“ Back only
5“ Backoxily
4“B=k only

None

None
None

55” -3 Pieces
5011- l+Pieces

None
None
None

5 Pieces
3 Pieces
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Plate

& Code No. WeldinEProcedure

AR-4O-1O

-4
-5

::

:;
-1
-2
-9

AR-44-3

:;

::

AR-45-5

-2
-3
-4
-1

Aircomatic-#2Rd-70%ht.
& Intp.T.

Gr.180-400%rht.&Intp.T.

Gr.lSO-ll@Furnace Stress
Relief

Test

Temp
‘F

32

10

10

10

Charge
Grsms

200

2a
3L0
4m
480

2Q0
240
2&
280
32b

1%
169
200
240

L!ko

16CI
la
200
240

Depthof
Dish,ins.

L*34

1.79
2.12
—

1.33
1.s
1.67
1.79

--
.H

1*OO

--

Extent of l?mcium

None

None
None

2811Front-32%aok-2pcs.
5211-3 Pieces

None
None
None
None

4 Pieces

9“Front-lG’;Back
4 Pieces
4 Pieces
5Pieces
5 Pieces

None

2 Pieces
4 Piece3
5 Pieces
7 Pieces



Plate
& Code No.

MIX-O-4 10
-5

:$
-1

-8
-6
-lo
-9
-7

-12
-13
-17
-14
-11

-15
-16
-M
-20
-19

-36-

Semi-KilledsteelM?X-3/4“ Thick
Test
Temp

Weldiw Procedure OF

None - Prime Plate 70

32

0

-40

Ch2rge
Grams

5&
560
580
5s0
630

580
580
580
600
600

520
56Q
560
580
600

300
420
540
5G0
62o

Depth of
Dish,ins.

4*55
k.b
4,63

--

4.52
4.59
—
--

4.11
4.30
4.23
—

2.72

3.3?
3.96
--
—

&c’tentof FractWe

None
211

3“
43”

42” - 2 Pieces

None
211

2 Pieces
6QII

4 Fieces

None
None
None

6 pieces
12 Pieces

None
None
None

17 Fieces
17 ?ieces

.-
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Rimmd Steel AT - 3/411T~~k - Code No. U
.

Plate

I& Code No.

AT-O-11
-5
-8
-15
-7

-3
-9
-16
-14
-13

-18
-lo
-19
-17
-12

::
-1
-6
-20

AT-7-11

-e
-19
-17
-7

-20
-1
-16

:;

-9
-2
-15
-lo
-3

-1~
-14
-13
-6
-12

11

WeldiruzProcedure

Test
Temp
‘1?

None - PrimsPlate 68

32

10

-40

Ill u.K-#36Rod-2pass- 70
70%ht.&Intp.T.

32

10

-40

Charge
Grams

&o
460
460
480
500

340
3s0
380

$

240
2L0
2s0
2s0
300

g

100
180
2&

300

380
420
440
46o

180
200
2/$0

z

80
100
lm
120
120

40

2
60
60

Depth of
Dish,ins.

4:10
4.30

-.

3*49
3*71

2.62
2.$4

2;9
3.05

-.
—
--
—

3.53

3.68
3.90
3.90

2.20
--
—
--
—

.76
1*O9
-.
--

.04

.07

—
--

Extent of Fracture

1.1/2’~ Back only
None
None

5 Pieces
3 Pieces

None
None

9 Pieces
12 Pieces
6 Pieces

None
None

10 Pieces
None
None

U Pieces{
17 Pieces +

2 Fieces
10 Pieces
16Pieces

None
None
None

7 Pieces

None
5 Pieces
6 Fieces
8 Pieces
9 Pieces

None
None

6 Pieces
4 Pieces
4 Pieces

None
None

3 Pieces
2 Pieces
2 Pieces
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Rimmed Steel AT - 3/4ItThick _ Code No. Id.

Plate
Test

&
Temp

CodeNo. XeldiM Procedu~ ‘F

AT-16-4

:;
-2
-6

:?
-lo
-8
-1

AT-21-15

-1

:2
-2

-4
-u
-5
-20
-16

-9
-22
-17
-lo
-19
-3
-24
-21
-25
-23

-13
-12
-1.1
-18
-7

IL E6010-mass-70°Prht.& 10
Intp.T.

U Gr.180-7Pass-70?prht.& 68
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APPENDIX Q

STRAIN STUDIES OF DIRECT EXPLOSION TEST SPECIMENS*.— ——

The nature of the strain conditions developed in the Explosion

(3)0 BrieflY?Bulge Tests has been described in a previous report

a circular area of 1 l\2~~to 2!!radius at the center of the bulge

shows essentially uniform strain for a prime plate bulge of 10~ or

less thickness reduction (approximatelya 4’1deep bulge). This

signifies that bending is minimized and a condition approaching

simple biaxial straining is developed in this regio,n;also that

the strain developed in a weld located at the center of the bulge

is not greatly in excess of that of the adjacent plate material.

Unless this condition is approached the weld would be tested at

the disadvantage of being located in a position of naturally

higher strain level than the adjacent plate material~

The Direct Explosion Test method utilizes a 6~tdiameter charge

placed in contact with the test plate and therefore produces a

condition of concentrated loading. Strain grid studies were con-

ducted to determine the nature of strain conditions developed in

Direct Explosion Tests. The plates were surface ground to provide

a flat, smooth surface required for photo-gridding. Fig. B-1

—.

*This discussion and associated figures are verbatim re-
productions of Part 11 in the report ‘~Investigationof
the Performance of Ship Steel Weldments and Prime Plate
Materia171~NRL Memorandum Report 190, by William S.
Pellini and Earl W. Eschbacher, July 1%130 The permission

of the authors for use of this material is appreciated~
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presents a typical strain grid record obtained by measuring the

stretch of individual .050 inch grid squares. Readings were ob-

tained in one radial direction onlyy as indicated on the figure.

Figure B-2 illustrates the results of the various strain deter-

minations

flush); a

method is

for 3 prime plates and four weldments (welds ground

typical surface strain plot for the 13xplosionBulge

presented also. Thickness reduction measurements for

specimen M19 (Direct Explosion) and P2 (Explosion Bulge) are

shown at the top of Fig: B-20 Fig B-3 shows cross sections of

“M19 and P2. It is evident from these various figures and plots

that the Direct Explosion tests results in pronounced deformation

gradients and bending conditions. Within a 3’f distance from the

center of the Direct Explosion cup the surface strain falls from

approximately 20% to essentially nil values and the thickness re-

duction from approximately 18$ to nil values.

Since El + E2 s E3 (sum of biaxial surface strains (positive)

is equal to thickness strain (negative)) as dictated by constancy

of”volume considerations it should be expected that simple biaxial

straining should be characterized by a thickness reduction equal to

the sum of the surface strains. Specimen M19 shows that the thick-

ness reduction is only half the biaxial

accordingly’that the inner surface must

less than the outer surface. In simple

surface strain total and

have strained considerably

terms, pronounced bending

conditions must have been developed so as to produce high strains

on the outer surfaces and low strains on the inner surface. It is

-.
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ORIG. FINAL
SPEC. THICK. TESTCOND. COND.

480GMS -40’F BROKEN
\ M19 .924 560GMS 70’F INTACT

600GMS 70°F INTACT
500GMS 70DF INTACT
520GMS 70’F INTACT

M51 .844 400GMS 70’F INTACT
360GMS 70’F INTACT

-1
I
//’
/ ‘. ..

>TYPICAL SURFACESTRAINGRADIENTEXPLOSION
“. BULGETESTOF.700’’SHIPPLATE‘.

I 2 3 4 5 6 7
DISTANCEFROMCENTEROFBULGEOR CUP

Figure B-2 -Comparisonofdeformationconditionsdevelopedtidirect
explosionandexplosionbulgetests
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concluded that

loading entail

==+5.

the stress mechanics resulting from Direct Explosion

highly localized biaxial bending conditions.

The strain plots for the Direct Explosion Test weldments show

a strain reconcentration for the high flow strength (overmatching]

G180 welds and a strain concentration for the lower flow strength

(undermatching] E6010 weld. It should be noted that this effect

is obtained only in a transweld direction and that strains (but not

stresses) are equivalent in the weld longitudinal direction. Such

strain and stress conditions should be expected in biaxial tension

irrespective of the degree of bending involved. This subject has

been discussed in detail in a previous report(3)0

— -. —


