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Numero~s investigations of the cabses of brittle fracture i- ships have

‘ueep ~rdertakerl i? the past Ten yezrs, Attention ~:as rece-tly been given to the

part that weld flaws have p:ayed in the initiation of br:tt.le frsctures in welded

struct~Jres The lack of krow!zdqe ccx-c, zrfiirg the types and sizes of flaws that

mdy be danrjerous in a strip structure prompted t~~is invest iqatio~, which has

beer ~dvlsed by the Ship Structure Sulxommittee a-d spm~scred by the Ship Struc-

ture Committee.

The prirc:pal objectivs was to investigate the conciitiors required to ini-

tiate br~ttl+ fractures from flaws 4 in er less IY length The lnfcumation obtained
.

from flaws greater than 4 in. in length has been reported a~d published 1 It WaS

klic’~cd th.~i the i,r,formctior gair,ed would aid Lr establlshir, g prGductto-, inspec -

iio~. ~nci repair procedures for tis~ m s.hlp corstruct ior= . The work de s“cr; k-d in

.wG :z~crt !s the corciudinq ph~se of this investigation.

REV,EW OF PREVIOUh !*{CMK ON iZIW EVMUATION
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T:.:LS 1. CHEMIC.al COMPOSITION M!D hfEC~NICM
l’?UF’ZZTIFS OF ABS-B STEEL(Z)

Che,T, Ical Composition,
Mechanical Pr@pErtles~er cent

—_

y~e]d strengtht psi0.21

0.80 Ultlmate strength,

0.019 Thickness. !?.

0.0;4 E!~ngaliGn in 2 in,

9.04 Elongation in d in.

psi

, per cent

, per cent

0.003

0.10
15 f?-!b ch,~i~y V-~otch transition
te;n~crature, F

0.05 Tear-test transition te.~perature, F.

0.04

0.01 ‘,

n.fifi~

().lj~

(>.004

30, 700

59, 400

3/4

55.3

31.7

41)*

100
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test fIaw The imilvidual methods used for applying the residua’ and reactian

.strp~cp~ ZTE A4c*,<-..~J 1 -----.~wuti.?~u .ULC1 kzt~~ t’ne application of the residual stress, the

strain rreasurem.en ts “were recorded ~-~ +’-= --,,- . .. =Ph.sr~ pr~pared for testing The ub-

jective was to.apply a known amou~i of res.titiu‘J.’”l str?ss Ihdt was b~lcw the frac -

t-ti,e stress, then lozd the sphere by hydrcstattc pressure until the crack initiated

a.nc? propagated in a brittle manner.

The temperature of the entire sphere was lowered below the Charpy v notch

!~-ft - ;b ti~flS~LiVn t~~lp~rd~lire O. “ne -S-B steel After the desired test ternpera-

tu:~ “~’~s ieti~h~d, the sphsre wiis loaded hydro~ta:iciiiiy During the loading

C-,’c:e, ilhc piessure was ‘held constant at each 100-psi increment for approximately

30 ZC2ZCZ2S to recor? stra!y q~ge readings Th!s prmedure was repeated until a
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exact length and configuration of the flaw A metaiiurglcal bond existed !w2tween

~~.~ ,.r+!A -fi+-~..u. u ,.. bLU). GTid b6S2 ilieiai; consequently, the crack front \vas b-i the heat-

affe Cted base iTietal

In several tests, the fractures propagated outside the ABS-E steel test speci-

men arid tnto the notch-tough steel. These tears were repaired with !ow-hydrogen

E ifi O16-type electrodes To reduce the JIuinbcr of repairs, a method v:as devised to

deflect the propagating crack into the weld joint between the test specimen and the

nctch-touqh steel sph, ere. The deflection of the crack was accom~lishecl by weld-

i~g notch -totigh ste,sl wedges near the weld joining th
,/

~’:st specimen and the sphere

and cpp~site the i!aw fl-onts but a sufficient distance from the flaw front so that the

sTate of stress at the flaw front was not effected by their presence. A specimen in

w;lich the notch- ?cugh wedges deflected the propagating crack is ~hclwn in Fig. 4

Mter the !d~a was ~oncsived, these wedges were used in all tests and were suc-

c=. ssful in p.revcnt. r,g damage to the sphere.

Strain gaqez 5z4 m. Cpticai coz$er<tur ;Vz.=e used io determine cke strain

d~iin~ testil”lq Standard SR-4 type sti~ln gages \{ere used to measure the strain

r~~,}!.f.ir,q from the hydrostatic loading of tb.e sphere These gagzs wpre used at or

below room temp~rature and ~~i~ sat’. sfactcr{ as lGrIg as til~~y were properly water-

proofed ~~h-,jve~, they were not s~tisfactory in areas where a wsld had to be

-. <4-,,.UML. TY,E Fliy;l i~~nper~iures encountered d~lrtr.g we!fli.r.~ ruined LIIGSL qdges ir,

the vicin. !tv of the welds. [+i,lh-tc mpcrat~~re strair. gages were used and f.~und

satisfactory provided the qz~e was p.-~PerIy imzti~d to the h.ise ir,atefldl Huwevcr,

the proper application oi’ the geges consumed a lot of time

TQ reduce the a%our,t Cf tir,~ rcuuirti:! fm PaPh TO.+ 2- ~;~!~~~ c~z~~~~iul.. _.,- ..

was used [ns~t-~.~~ G! $~,~ ~,!tq~,..-- --,----Lr,bljJL1<lLllr.4l;dlJt?s T-he ulstar; ce between s~iibl~

marks .vas mezsur~ci with ~he optical ccmpi~ratcr before and after welding to detcr-

m~ne t.ne resi(fti~i strains produced by welding ~lthfl”~~ *h,> ‘USC Gf the upiiual.-- . ...-.-~. r . ..>

‘-” --’”-”-- did ix-i p,J:sniI a cor~ti.niic,us check of the strains, it dld give very good-W. .,+-utu. u.
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r:sults as to the strain produced by welding in the a~ea of the flaw front at the

surface of the plate

}.fETHQD.S USED TO PRO K?UC,E RESII)liTX. LID 2EACT:QN STRESSES
IN TEST S? ECI}.f EFi3
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strain-gage lcxatfo.’ts (shown in Fig. 5), and measurements were recorded Weld

meta! was thefi deposited in the parallel groovas. After the specirne~ was ceded

to room tein~eratl.re, tha strain between the gage marks was measured

The rzsidtial s:ress xas Oh:sir.eci fru,m the <i fference between tfie strain

measure ficnts ,macfe before zrid after the p<~rallel welds were completed The re-

sidual stresses in the area of the flaw vari~d from the yield pclrt of the base steel

he plates to be join~d by

wslding are jacked i~to position t= ~i-~c proper fit In these instances, various !,.;.,.,...Y,
,.

1
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Te5t specimen
\ L-A ‘-,
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vJPl(j flow K 38466

5K:TC}+ SHIJ;;ING THE WE W A HYDRAUUC EAhf
TO PRODUCE F?EACTI12N STRESSES AT THE FLAW
FW3NTS
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crage fracture stress req~lr)~d to initiate failure, as shown in Fig 7; (2) rea~tion

~;t~cs~e~ rcid”uc~d the epplied stress required for fracture, ( 3) it made llttie, if any,

dlffererce how tt,e str::ss was applied, whether by loading the sph~r~ by !,ydlost~tlc

pres>ure or hY agplyizg reaction stresses bv varlnus rne?fis ?:d +k~- 1,~~~{-= :!w. .. . . . ..- u. ...-,

SY-here “ntll fra,:ture ~cl~rred.

The strain .msasure.ments from wb. ich the stress wes computed were taken on

the surface i>f the plate at the flaw front. The test data are tabulated !n Apper dix C
I

The ~verege fractu, e st:ess was G>t~ined from the true stress-strain cur.’e of the

base material, as shown in Fig. 8, Although this curve was obtained from a speci-

~.cr tested in uniaxial !ensiorI and the specimen in the spk~re was stressed b\axi -

aily, the stress -strai~ curve was beli~ved to be useful in obtairiifig an estimate of

the stress that existed in the aria cf the flaw front Furthermore, ttl~ amount of
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::tress may Tot have been high enough to overcome

dmj propd~d:e fracture in ti ~~3 area.

these compressive stresses
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front {as measured cm the surface of the plate)

cjests that most fractures initiating from small

was about 4fJ, 000 psl This s~lg-

flaws in the deck of shiFs, whi.:h
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(2) Leriqth of flaw appsarcd tc

mea~ured at the flaw front) required to

-33-

have little ifif!uence ~n the tat?! <tr~~s (as

initiate fracture

(3) suff:cie,lt residual

duzed L,n the area of flaw front

psi or less applied stress.

(4) Reactior. stresses,

and/Gr reaction s:resses from welding were intro-

to cause the iaitla~io,~ of brittle fracture at 6000

+plied b d ~mecllanical rnec!mnism similar to that
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strcss was relatively small. so that cr ~ppiica!i o-. i)f th(~ t~r,sll~ Ic,>d, th!:rc tvas

pr~l ablv a redistribution of stresses that permitted the crlginal highly str~ssed

in the
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Ii
11

ji

!!1. .
iiq i



●

-. .— —..

:.$-

DrvFPFNC. Fs. . . . . -------



I

i

I

i

-. —----- -. —-—-- — .—=----- .--- .--— --,

-37-

~sical Proocrties d the Ste+?l,_ ... -— —. --

TA!ITI? A-l
..-— . . PIZYSIC~l PROPERTIES OF CARTLLOY T- 1 STEEL

-.—- —- -— —..- - . -,-
,,. _L –-J--l n-. -. -A a--

.- —-- -..Ciisrfii~~L LwIIPw~L~~GfiJ i.-,i=.-~~=~::~=~ : :’-’F”-*L*=*

per cent
,.. ———- _—— —— —. —

__— —— -, —
— —.,— -_-———

Carkmn -015 Thickness, 3/4 in

?Jhncn”nr.71.!~ - 0. 0 12 IJltkmate tcr:s~ie strength,. .. ..-r ..—.

Stlicofl -019 Elo;qat!ofi in Z :r.ches. LO

Suif”M - 0.016 Rcductlcm of area, 60 %

COpJ~i -034

Xmn -0 001s
——. . .—-—— — -————-.— ——-—— --—— ——-—— ——..— - ——.-—

———.——— —-. -—

.
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TA3L.E A-3. TENSILE PRCPER’r:ES CIF M\C-WELDED

cARILLo{ r- I STEEL*

—-. .—-——.— ..—.——. - —.—-———-—-.-———— “—

,o:~~~ Or~e:-M - Yie;d Tensile E: Grlga- Fcduc -

Thickn~~!$, tier clf Strer,qlh, Slrcngti], tlc)rl, 70 +Llon in.— -
l~ches c,;rd~t:or $pecime” psl gsi 2“ 8“ Area, To

.—— .—. ——-———

1 Quer tied and I.ong I; S,CGO 125,000 39 :-l 9 59.6

tempered

__ ——.. -——— . —- .-— .——

FABRICArION DZT.WLS
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Capaclty cf Sphere

TMILE A-4 vOLUME OF S?.YERE

/“— .— _— ——..~ —
D]ameter.

—-----~
VO!ume

1,-C!-(2S —_
Cu 1?.

‘—- .—__ gal

110- 3/4
—’ ~

711,5~o 3050
— —-—..__—— ——. ——.~z—
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r--L.u_u I?qe l.n Volume ?t>s’.:ltifig from Int Ernal Pressure-.—
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cc =C 1 +,!,,. +
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upon the above formula

s !“. ,-.., ,.firnnr~5~jht]lt~/ is the reciprwal of the b“~l’~. m~ul~:s.,1’--- -- .,-l---

(v - V2) ./ ‘Ji ~i
.. 1
~. ——— = ——

?2-?1 VI LP

J,v ‘ w
1

1?<P

6
and ~ = S2 x ~~- Contractian i~. .ur,!t volu.r,e per atmosphere

~=52xi0
-h

contraction in unit vo!um:e Fer psi
.. —

14.7

v=35x0811x1”.P

V.,? 47.’P

i
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u = Poisson’s ratio

v = Voll.im.e, ~l! !fl.

w = stress, psi

ThE potential eiwrqy at various int.e~nal pressures, calculated frc~m thr’ abov[

form Ui es, ;s shown in Table A-6’

~~~- ~_6. P01E~iTL5L EiWERtiY AT V.%R1OUS PRESSURES

}:fim~na~

Pressure, Stress, Encrq~~n -lb. .... _.—
psi psi Water Sphere

3, 667

7, 333

11,000

14, 667

!.s, :33

~~, 000

25,667

29, 333

.i+,ooo

:6, 667

40. 533

44, OGo

-i7, {),!”7

:: , ;;>.

55, 000

-—-+ __ —____.— . — —. ___.. —. —_. —————. _ .. . __ -—_—. —..__
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APPENDIX B

CiRCULAR-P>.TCH STUI.)1~$

Mlscel12necus Tests
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I

FIGURE B-1. SKETC}i S:+C’WING THE uSE @ A Ci7CUL~d ?LTCH COrl -
FIGU}?ATICIN TO P!20DIJCE RESIDUAL AND REACTION

STRESSES AT THE FLAi’4 FRGNT
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