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PART II: INVESTIGATION OF THE PERFORMANCE OF WEJ.DMENI'S 
- - Am2 PRIME PUTE .Ql ABS-B STEEL-

ABSTRACT 

The relative performance or Gl80 and B6010 ABS-B ship 

plate weldments and prime plate was evaluated by the Explo­

sion Bulge Testo The prime plate loses its ability to develop 

extensive deformation prior to fracture in the range of -60° 

to -80°F; the 0180 weldment develops a similar loss in the 

range of +20°to 0°F, and the E6010 weldment in the range of 

+40° to 0°F. The effects of various types of detectsj includ­

ing arc strikes, porosity, and partial penetration, were in­

vestigatedo It is shown that in the service temperature range 

of 200F to 600F only sharp, crack-like defects, such as devel­

oped by arc strikes~ are sufficiently critical to eliminate 

extensive plastic deformation of weldments prior to failureo 

The effects of shot peening of ABS-B steel is demon­

strated to be detrimental with respect to the resistance of 

this steel to initiation and propagation of brittle fractureso 

Wrought iron considered as a possible material tor crack ar­

restor straps is demonstrated to be less resistant to brittle 

fracture than ABS-B steeiso 

INTRODUCTION 

The RULES FOR BUILDING AND CLASSING STEEL VESSELS issued 

by the American Bureau of Shipping specify the use of Class 

ti ' 

I 

f 



c:a2• 

B• steel for plates over 1/2 in. and up to 1 ino thicknesso 

In view of the importance of ABS-B steel to present and fu­

ture construction of welded ships, the Ship Structure Commit­

tee has undertaken an extensive research program aimed. at de­

termining the performance characteristics of the prime plate 

and weldmentso This report summarizes the results or various 

investigations conducted at the Naval Research Laboratory. 

The following aspects or the performance or prime plate and 

weldments were investigatedo 

lo Effect or sharp crack-like defects on the perform­

ance of prime plate and correlation to Charpy V 

transition datao 

2. Effect of shot peening the prime plate surfaceo 

(Shot peening has been· suggested as a possible 

method or increasing the resistance to fracture 

of ship plate)e 

3o Comparison of the relative fracture resistance of 

ABS-B ship plate with wrought iron plateo (Wrought 

iron had been suggested for crack arrestor strap 

inserts) o 

4o Effects of partial penetration weld defects on the 

performance of E6010 VV butt weldments of ABS-B 

ship plate with comparison to the effects of sharp 

crack defects, such as arc strikes~ 

*The specification is based on chemical analysis as follows ~ 

~ 1Mn ~ !e m 

,1 . 
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5e Comparison or the performance of E6010 and 

0180 VV* butt weldmentso 

The performance of weldments was investigated by the Ex­

plosion Bulge methodo The relative tracture resistance of 

prime plate, shot peened plate, and wrought iron plate was 

investigated by the drop-weight methodo 

MATERIAL 

The material tor Explosion Bulge tests of E6010 and 0180 

weldments and comparison prime plate was obtained from three 

73-ino by 220-ino plates or 1-ino thickness rolled from one 

heato Figure 1 illustrates the cutting procedureso The ori­

gin of the various weldments and prime plate specimens listed 

in Table I may be deduced from the figureo The remaining ma­

terial was utilized for Direct Explosion tests to be reported 

separately(l) o 

The material tor the partial penetration weld studies 

was obtained from a 3/4-ino thick plate rolled from a sepa­

rate heato The material for the evaluation of shot peening 

was taken from a 1-ino plate also of a separate heat. Except 

for the case of the three plates rolled from one heat 9 the 

material was taken directly from plate stock of the Philadel­

phia Naval Shipyardo The wrought iron plate was obtained 

from a commercial sourceo 

The chemical analyses of the various plates are listed 

in Table !Io 

~E7016 type conforming to Mit SPEC~ E 986A (Ships)o 

jl 
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TABLE I 
n I 

Explosion BUl,ge I.iii Plates (i.fll Figure l) 

glr§Q E6010 Prime 
P-21 P-42 P-1 
P-22 P-43 P-2 

P-23 P-44 P-3 
P-21+ P-1+5 P-4 
P-25 P-1+6 P-5 
P-26 P-47 P-6 

P-27 P-48 P-7 
P-29 P-49 P-8 
P-30 P-50 P-9 
P-31 P-51 P-10 

P-32 P-52 P-11 

P-33 P-~3 P-12 
P-34 P-54 P-13 

p.,55 P-14 

Charpy y and Drop-Weight Test Plate,s. (See Figure 1) 

Pl M30 M50 

TABLE II 

__ CHoiiiiiiiiiE __ MI ..... S .... TR ... Y .Ql VARIOU~ ABS-B PLATES 

Plate Thickness Sourc~ g! ~ .§ii f! §! 

Pl l" PNSY (Special) 020 072 004 .018 0053 
M30 1" PNSY (Special) el9 0 76 oo4 0015 oo43 
M50 1" PNSY (Special) .19 077 ool+ 0012 oo43 

e 

Miscelianeous. 1" ., PNSY (Stock) s22 o8l ool+ i,018 oo47 
Peening Test 1" PNSY (Stock) ol8 077 005 0015 - 0040 

~ --
g Partial 

Penetration 3/1+-" PNSY (Stock) ol9 060" ool+ 0010 0015 

. ,1 ' 



CH.A\RPY V AND DROP-WEIGHT TESTS OF PRIME PLATE 

~The Charpy V energy transition data tor the three 1-ino 

plates rolled rrom one heat are presented in Figure 2o The 

M~O and M3O material was obtained rrom the center regions ot 

two separate plates, and the Pl material trom the edge or the 

remaining plateo Material from a miscellaneous plate of 1-ino 

thickness obtained from yard stock is included ror comparisono 

It is noted that the test points obtained ror the various sam­

ples permit drawing or only one curve at the lower portion or 

. the transition rangeo Figure 3 presents the Charpy V t·ransi­

tion data for the 1-ino thick material used for the shot peen­

ing investigationo The transition curve tor this plate is 

closely similar to the curves presented in Figure 2 for the 

other 1-ino plates.a 

Drop-weight tests were performed in accordance with pro­

cedures described in previous report.s<2 j3)0 Briefly, a hard-
' . 

surfacing weld bead is placed at the center of a 3 1/2-ino by ~ 

14-ino te~t piece (see Figure 3:photograph inserts), and a 

notQh 1s ·_cut across the bead to facilitate crackingo The 

speei~en is cooled to_ test . temperature 9 placed across a 12-_ino 

span, and then loaded by the fall of a weight which impacts · 
' 

at midspano The brittle weld cracks on load1ng 1 thus develop-

ing a sharp .cleavage crack notch (synthetic sharp crack de­

fect) o The test is aimed at determining the highest tempera­

ture at which the minute amount of deformation~ corresponding 

U l 
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t 
tp 2° ot bend in the presence ot the sharp crack-like detectj 

•\L .. . 

results in brittle fracture ot the steelo The subject tem­

perature is termed the drop-weight nil-ductility transition 

and denotes that at and below this temperature the steel has 

no appreciable ductility in the presence ot sharp crack de­

fectsc 

The drop~veight test data presented in Figures 2 and 3 

show that the highest fracture temperature of each or the 

four 1-ino thick ABS-B steels was 20°Fo The Charpy V energy 

at 20°F is 8 to 10 ft l b for all of the steels which is in 

agreement with the general relationship or the drop-weight 

ni l-ductility transi tion temperature and Charpy V energy es­

tablished previously for semikilled and rimmed mild _~~eels or 
ABS-A type(293)0 Briefly 9 the drop=weight nil=ductility ~-•U-

"' . t • 

ti1otf·.alvays occurs at temperatures within the range of Charpy V 

3-=10 ft =lb and most frequent ly at temperatures corresponding 

to Charpy V 5==8 ft lb. Tests t o date of approximately forty 

ABS-A ship plate steels ~ including steels of wartime manufac= 

ture and steels taken from fractured ships ~ have indicated 

drop-weight nil=ductility transition temperatures ranging from 

0°F t o 60°F and w1 th greatest .frequency at 20~ to 30°F o Thus 9 

the four ABS=B steels cannot be considered superior to the 

majority of the steels tested previ ouily which conform to the 

:present ABS=A cla~sifica'tiono This statement doe1 not 0imply 
,:; 

0 

that the quality range of the ABS-B type is the same as that 

,1 • 
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ot ABS-A type, since it is not known it with extensive sam­

pling the ABS-B steels will cover a similar range ot 00 to 

600F. Information or thi:s type would be highly desirable. 

BFFECTS OF SHOT PEENING 

Shot peening or ship plate and welds has been suggested 

as a possible means or increasing the resistance to fracture 

of ship structureso While shot peening affects only the sur­

tace material, it was considered that the effects of the treat­

ment could be appreciable inasmuch as the initiation and propa­

gation of brittle fracture is strongly controlled by minute 

amounts of shearing (shear lip) at free surfaceso Previous 

work at this Laboratory<4> disclosed tha·t shear lips pf 0010 . 

ino to 0020 ino thickness were ·suffieient .to prevent propaga­

tion of fractureso 

The .d!op~weight test wa_s used to evalua·te the ·effects · of 

shot pee~ingo -Drop-weigh~ test . specimens were _prepared from 

ABS-B ship plate of 1-in., thickness 'and d.ivided int~ two 

groupso One group was forwarded to a co~ercial shot peening 
. ' 

concerno Shot peening was accomplished with 1/16-ino diame- . 

ter steel shot using a 1/4-ino by 3-ino nozzle operating at 
100 lbo per sqo ino The nozzle was held 4 ino from the plate, 

and the surfaces were peened uniformly for five minuteso Both 

sides of the specimens were treated in this mannero It should 

be noted that the brittle crack-starting weld was placed on 

Ji .• 
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the specimen prior to peeningo Approximatel1 three weeks 

elapsed between the time or peening and testing ot the drop­

weight specimens. This tact is ot interest trom a standpoint 

or strain aging which may be expected to have occurred in the 

cold worked surface materialo 

Figure 3 presents the results or the drop-weight tests 

or shot peened material in comparison to the prime material 

which was described in the previous section as equivalent to 

the three other 1-ino thick ABS-B plateso It is observed 

that shot peening raised the rracture temperature to l+o°F in­

dicating a· distinct impairment ot this steel due to cold work­

ing of the surface metal o 
. . 

It ·1s .concluded that shot peening adversely arrects the 

properties or the surface material or ship plates with conse~ 

quent decrease in the resistanc~ to the in~tiation and propa­

gation of brittle fractur•o In this respect it should be 

noted that peening of the last pass of E6010 VV butt weldments 

of . 1-ino th~ck ABS-B steel was demonstrated (5) t .o be highly 

detrimental to the performance of the weldments due to cold 

work embrittlement or the weld metalo 

c·oMPARISON WITH WBOUGH'l' IRON 
' . 

Wrought iron has been suggested as a possible material 

for use in crack arrestor strapso Obviously, ror such use it 

should be demonstrated to exceed the fracture resistance of 

rf I 
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ABS-B ship plate by an appreciable margin. 

The wrought iron used tor this investigation represents 

material rrom present commercial production. It was obtained 

in the form of a 1-in. thick rolled plate. The analysis and 

tensile properties were determined to be as follows: 

~ ~ m 
.03 .02 .07 

Tensile Strength Yield Strength %Elongation %Reduction 
lb. per sq. in, lb. per sq. in. in 2 in, of Area 

Dl ,1,000 26,,00 16., 22.0 

D2 47,000 26,700 12.0 22.7 
(Dl and D2 represent two mutually perpendicular 
directions--direction of rolling not known). 

Microstructures in two mutually perpendicular directions 

are shown in Figure 4. The slag stringer lengths were found · 

to be approximately 1/8 in. actual length in both direct~ons, 

and considerable difficulty was encountered in attempting to 

deduce the direction or rollingo It is probable that the ma­

terial was heavily cross-rolledo 

Charpy V and drop-weight test data for the Dl and D2 d~­

rections are presented in Figure 5o The data indicate no sig­

nificant difference due to direction or rolling and a resist- · 

ance to fracture initiation (+,o°F DoWoT.) which corresponds 

to the poorest of the ABS-A type ship plates tested to dateo 

This material is obviously not suited for use as crack arres­

tor straps& Figure 6 illustrates the appearance or the drop-
~ - . 
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Fig. 6. Fracture Surfaces of Ship Plate Steel (Top) and of 
Wrought Iron (Bottom); Broken Halves of Drop Weight 
Test Specimens. 
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weight fracture specimens or wrought iron in compari~;Jn to 

ship plate steelo In each case the fractures are or perfectly 

"square break" type. 

COMPARISON OF PARTIAL PENETRATION AND SHARP CRACK DEFECTS 

This investigation is part or a broad program or evalua­

tion or the relative severity ot weld defects on the perform­

ance or weldments which was instituted by the Ship Structure 

Committeeo Six E6010 weldments or 3/l+-in. ABS-B ship plate 

were prepared by the Philadelphia Naval Shipyard. Three ot 

these weldments were or conventional full penetration VV butt 

type, and three were of partial penetration type featuring a 

5/16-ino gap at the center or the butt weld. One of the ·full 

penetration weldments was damaged by the application or arc 

strikes as will be describedo 

Figure 7 illustrates the results or the various tests 

which were conductedo Two partial penetration welds and two 

full penetration welds were bulge tested at 5,°Fo The partial 

penetration welds withstood 8--9% ToRo (thickness reduction of 

plate) prior to failure; one of the full penetration welds 

withstood 31% ToR. prior to failure; and the other withstood 

only 8% TGRo due to the presence of weld porosityo These re­

sults indicate a decrease in performance of approximately 

equal magnitude due to partial penet~~tion and weld cporosityo 

From a practical viewpoint of the performance of conventi_onal 

" : 



ship structuresj neither detect may be construed to be criti­

cal, since relatively drastic detormation (8~ thickness reduc­

tion) was required to produce tailureo 

Following these testsj the effect or the presence or arc 

strikes was investigatedo Material was removed from the sides 

of a bulge test sample (as denoted by the dotted area A and B 

shown in Figure 7)i and arc strikes were applied using a carbon­

arc techniqueo This method produces reproducible crack condi­

tions adjacent to the arc strike cratero The use of conven­

tional B6010 electrodes to produce arc strikes may also result 

in cracks but not reproducibly, ioeo, the arc strikes which 

result may or may not be associated with sharp cracks The 

next step was to determine the critical temperature below 

which deformation is not possible in the presence of the sharp 

cracks associated with arc strikeso This temperature may be 

determined from the Charpy V transition curve (below 10 rt-lb) 

or more expeditiously by means of the drop-weight techniqueo 

Based on the previously described drop .. weight tes'ts or ABS=B·· 

steel, it was suspected that the critical temperature was ap­

proximately 20°F; accordinglyj sections A and B were drop­

weight tested at 20°Fo The resulting fractures indicated 

that this temperature was appropriate for the comparisons in­

tendedo Figure 8 (bottom) illustrates the type of cracks 

which are obtained with arc strikes and the fractured drop= 

weight specimens A and B (top). 



.... ----------·--••-111-•1••--1-----------------------------.-1 

FULL PE fTRATIO 

A 

8 

+ 20°F 
400 • DROP 4 FT. 

FLAT BREAK 

-lf)_ 

+ 55°F 
4 SHOTS 
31% TR 

+ 20°F 
DROP 
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i A 
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Fig. 7. Result of Tests Illustrating the Relative Severity 
of Arc Strikes and Partial Penetration Welds. 
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f Fig. 8. Top - "A" and "B" Drop Weight Test Pieces with Arc 
Strike Defects (See Fig. 7) 

Center - Arc Strike Origin of Fracture in 20" x 20" 
Weldment. 

Bottom - Cracks Associated with Arc Strikes; the Crater 
is Approximately 1/8" x 1/4" actual size. 
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The last remaining partial r,",_·_1etration weld was Explosion 

Bulge tested at 200F and withstood 8~ T.Ro prior to tailure 

indicating similar performance as at +55°Fo The last remain­

ing full penetration weldment was damaged with carbon arc 

strikes and tested at 200F in the laboratory by dropping a 

l+OO# weight from a height or tour teeto The weldment was sup­

ported at two ends, and the weight impacted on the center of 

the span. Figure 7 (bottom left) illustrates the brittle 

break (no visible bending deformation) which resulted due to 

the presence of the arc strikes. Figure 8 (center) illustrates 

the fracture characteristics in detail; the arc strike which 

initiated the failure of the full penetration weldment may be 

observed at a position approximately 1 in. to the right or the 

weld. Actually, the presence of the weld (partial or complete 

penetration) was of no consequence inasmuch as the arc strike 

was located away from the weld, ioeo, the same result could 

have been obtained by using prime plateo 

This comparison shows clearly that the defects to be 

feared in welded structures are those or sharp crack-like na­

ture and that size of defects is not an index of severityo 

Arc strikes have been shown to be :r.·esponsible for a number or 
ship failureso NBS Ship Noo 52, for example, failed at 35°F 

(Charpy V of source plate 6--8 ft-lb) due to the presence of 

an arc strike. Drop-weight tests of the sour~e plate from 

this ship resulted in fractures to +50°F (Charpy V 10 ft-lb)(6 )0 



COMPARISON OF E6010 AND Gl80 WELDMENrS 

Standard 20-ino by 20-ino VV butt weldments ot B6010 

and Gl80 welds were prepared by the Philadelphia Naval Ship­

yardo Explosion B'ulge tests were conducted with the conven­

tional 15-ino diameter circular die. The weldments were 

tested with the weld reinforcement intacto Temperature con­

trol was obtained by refrigerating in cold temperature boxes 

or the dry-ice vapor typeo The test temperatures are consid­

ered accurate to ~5°Fo The explosive charge was 4 lbo of Pen­

tolite positioned at 15 ino from the plate o Unbroken test 

plates wer~ returned to the cold cabinets for temperature re­

equalization following each shot o Testing was discontinued 

after the fourth shot inasmuch as thickness reductions• or 
14% were attained for plates which resisted tour shots without 

rractureo 

Figure 9 illustrates the bulge ductility transitions for 

the prime plate and for the weldmentso The prime plate de­

·velops a sharp ductility transition in the range of -60° to 

-80°Fo Figure 10 illustrates a typical fracture originating 

at the center of the bulge area and the anomalous oft-center 

fracture of plate 'P-8 which was out or line with the remainder 

of the test serieso The off-center point of fracture initia­

tion indicates that a flaw condition was responsible for the 

poor performance of this plateo · The nature of the ·r1aw was 

not evident from a visual examination of the fractureo 

*Thickness reduction of the plate measured at the cen.ter 
of the bulge 11/2 ino from the weldo 

-- - --- - --------------------
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PRIME 
(I] ,PROBABLE 

8 PLATE 
DEFECT 

CODE 
O NO FRACTURE 
D FRACTURE 

~ NUMBER OF SHOTS 

o,4 PLATE NUMBER 
011 

Gl80 

.,ARC STRIKE 
ill34 

f 6010 

44 

TEMPERATURE °F 

Fig. 9. Explosion Bulge Test Ductility Transitions or Prime 
Plate and Weldments. 

p . . 
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1 

Fig. 10. Fractures of Prime Plate Bulge Test SpecimenR. 
{20" x 20" Plates). 
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The performance ot the G180 weldments was essentiallr 
~ 

equivalent to that of the E6010 weldments at all temperatures 

except possibly l+OOF. It is noted that two G.180 weldments de­

veloped ll+~ thickness reduction (four shots without failure) 

at lt-0°F, while or four B6010 weldments only one equaled this 

performance; two of the E6010 weldments failed at three shots 

(8 and 9% ToRo) and one at two shots (5% ToR.)o 

The one shot (1% ToRo) failure of P3l+, Gf3o, at l+0°F is 

explained by the nature or the failure shown in Figure 11, 

which shows no relation to the weldo The presence of an ac­

cidental arc-strike at the source or failure wa~ responsible 

for this anomalous behavior o Several sharp, small cracks may 

be observed radiating from the arc strike which caused the in­

itiation of failureo The arc strike was present in the weld­

ment as received from Philadelphia Naval Shipyard and was not 

noticed prior to testingj despite critical X-ray and visual 

examination of all weldments on receipt at this Laboratoryo 

This is another excellent example or the critical nature or 

minute, accidental imperfections when present on steel which 

is susceptible to brittle fracture at service temperatureso 

Unless the notch toughness of the ship steels are improved to 

an extent sufficient to develop insensitivity to the presence 

of such accidental defects, the benefits expected from high 

quality welds will not always be realized in serviceo This 

fact is illustrated by the excellent performance of Gl80 

/J . l 

,I 
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Fig. 11. Failure of P34, Gl80 Weldment Resulting from the Presence 
of an Accidental Arc Strike. The Insert Shows Small 
Cracks in the Arc Strike Region. 



-26-

weldments at 4o°F in the absence or on-the-plate defectso 

The typical fracture characteristics or Gl80 and E6010 

weldments are illustrated in Figures l2o The chevron mark­

ings indicated that the initiation or tracture occurred in 

the weld proper tor the case or the E6010 weldmentso In the 

case or the Gl80 the site or fracture initiation could not be 

established with certaintyo In general the location indicated 

by the chevron markings was at fusion line area but without 

clear distinction as to weld or HoAoZo side of this general 

areao 

It should not be concluded on the basis or these tests 

that there is no advantage to the use of Gl80 low hydrogen 

electrodes over the E6010 cellulosic typeo These data are 

specific to weldments prepared under laboratory conditions 

and indicate that the two weldments made under such optimum 

conditions are essentially equivalento The low hydrogen elec­

trodes were devel~ped to mitigate fissuring and other crack­

like defects which are developed when welding is performed 

with deviations from optimum conditions common to field useo 

The known effectiveness of low hydrogen electrodes in this 

respect commends their use, particularly when the steel to be 

welded is sensitive to the presence of crack-like defects (as 

demonstrated) at temperatures of service use. 

I : 
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Fig. 12. Typical Fractures of E6010 Weldments (Top) and G180 
Weld.ments (Bottom). 
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