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Influence of Weld Defects on Mechanical Strength

It is essential for furnishing a criterion by which to qualify or disqualify a weld on
the results of its radiographic test that the influence of defects in the weld of a structural
steel plate on the mechanical strength be clarified. Therefore, for the past two years,
shipyards, universities and research institutes have been engaged in a joint work for
clarification of this influence. The first year was devoted to the preparatory study to
fabricate a test piece containing necessary defects; a method was worked out to create an
arbitrary defects without causing any qualitative change. On this subject a report was
already made in No. 18 of this publication.

This year, static tension, static bending, impact-tension, impact-bending and fatigue
tests have been carried out with numerous test pieces containing artificial defects mentioned
above as well as natural ones. The results are as follows.

1. Static Tests

a) Static tension test

Test were made on welds containing artificial and natural defects, with the results as
indicated by Table 1.2, Fig. 1.4, 1.5, 1.8, 1.43 and 1.44. According to these results, for
a small value of defectiveness in relation to tensile strength, that is, up to the JIS Class
3 of defectiveness, or up to 1% area ratio, any harmful influence is hardly observable.
Beyond this limit of defectiveness, the influence becomes evident, reducing the strength
at a relatively high rate. Moreover, tensile strength in relation to effective area also
tends to full, as defectiveness “increases.

Meanwhile, presence of defects sharply reduces elongation.

b) Static bending test

Cracking angle in the bending test depends considerably on the location of defects
(Table 1.6). [Fig. 1.45 and 1.46 compile the statistical data on pieces with natural defects;
these data indicate that the influence hereby is similar to that in the static tension test.
Fig. 1.38 and Table 1.5 show the required energy of the propagation of crack in the
bending test.

2. Impact Tests

a) Impact tension test

Impact tension tests were carried out on test pieces containing various kinds of defects,
with the results as indicated in Fig. 1.6 and 1.9. The results show that for smaller values
of defectiveness, strength sharply decreases with defectiveness, and for less than 20% of
defectiveness, strength remains constant. In this case, presence of defects, particularly
higher value of defectiveness, prevent heavy reduction of area.

b) Impact bending test

In Fig. 1.13~1.24 and 1.33~1.36, the results of impact bending tests on a small and a
large test pieces are shown. According to the results, in the case of porosities the absorbed
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energy is rather large than'in the case of their absence, and the transitional temperature
falls; in the case of slag inclusion or incomplete penetration, vice versa.
3. Weld Defects and Fatigue Strengih oi Welded Joint

a) The relation between defects revealed by radiographs and pulsating tension fatigue
strength have been investigated with butt welded joints being reinforcements machined
off. Testing was conducted at three sites. The first site was for investigation of the
relation between the defects conforming to JIS Z 2341 and fatigue strength; the second
site for the relation between the defects belonging to IIW group and {atigue strength;
and the third for the relation between artificial blow-holes (JIS class) created in a thick
plate and fatigue strength. The test results are compiled in Fig. 2.6, 2.10, 2.20, 2.22, -
2.23, 2.24, 2.31, and 2.33. As indicated by Fig. 2.22, presence of defective area, however
small it may be, will sharply deteriorate fatigue strength. Accordingly it seems that, so
far as fatigue strength is concerned, JIS classification which is more elaborate in classifying
small refective areas than IIW counterpart is more reasonable than the latter. Differences
depending on plate thickness are not so great in the range of the present test.

b) The propagation of cracks from defects in the frocess of a fatigue test has been
observed radiofluoroscopically in detail by means of an image-intensifier and directly radio-
graphed at intervals. These observations have furnished valuable informations on the
influence of defects on fatigue cracks.

4. Investigations on the Relation between Weld Defects and Accidents in Actual Ships

a) Defect distribution in welds of actual ships

On the basis of radiographic test results, 90 vessels constructed by 11 typical shipyards
in Japan in the period 1956~58 have been investigated for the extent to which the welds
in actual ships contain hidden defects. The results are classified in Fig. 3.2~3.4 in
accordance with the class specified by JIS Z2341. Fig. 3.5 and 3.6 represent the relation
between types of defects and classified results. About 1/3 of the results of manual welding
before they are trimmed correspond to lower than Class 4 of JIS, which has been mainly
due to blow-holes and slag inclusions.

Another investigation was undertaken on 15 foreign vessels. They belong mostly to
the days before X-ray inspection came into standard practice, and on the average the welds
in them were out of JIS classes. Since the grade of these welds is hard to indicate, their
photographs, exemplifying five vessels, are given side by side with reference photographs
classified by JIS in Fig. 3.7~12.

b) Influence of weld defects on strength in the test on actual ships.

As the relation between damage and defect in actual ships was not obtainable, a
destructive test, in which a simplest cylinder shape welded structure was blown up with
explosives, was used to investigate the relation between destruction and defect. According
to the results, destruction was divided into the following groups. One represents cracks deve-
loping along the bead on the junction of bead and base metal in the longitudinal joint and
accounts for about 70% of failures; another represents cracks developing along the entire
length of circular joint, independently of longitudinal joint, and accounts for about 30%.
Of the latter group, about 60% are cracks originating from circular beads; the rest are
ones originating from undercuts, and arc-striken areas. Even in the case of cracks
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starting from beads, no clear-cut relation with evaluations by radiographic films could be
established. It means that no direct predictions on the results of test pieces can be made
with as-weld structures.
5. Principles for Formulation of Evaluation Standards

Fig. 4 shows influences of defectiveness on different types of loads. Fig. 4.66 indicates
the applicable range of defects to actual structures. According to this, impact tensile
strength and fatigue strength are highly susceptible to defectiveness and unsusceptible to
static tension test. As the bending test is heavily affected by the location of defects, the
curve in the Figure should be allowed a considerable band; in any case the influence varies
with the type of loading. Consequently evaluation standards for welded structures should
be formulated by each type of loads.
" However, structures are in general as-weld, therefore their strength seems to differ
substantially from that of a test piece with the reinforcement machined. For this. reason
it is advisable that more of the investigative results of testing with actual objects should

be taken into account in drafting evaluation standards.
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— 14—




ABSORBED~ENERGY “¢7/cm?

ABSORBED ENERGY "7"%»15

oW A oy N

0 o

~

TEMPERATURE T

Fig. 1-26 -

-§0 -60 -40 -20 0
TEMPERATURE °C

Fig. 1-28

TEMPERATURE  C

Fig. 1-27

v (73

.8 m =420

TEMPERATURE ¢

Fig. 1-29




C AV N i LD, gOUIRELT
ool # x5, slag inclusion, poor penetration {38V UIK L LTH AN Lo BELE
,f?%' fi]ﬁ”*“}“{)’”t /_V’,A)ZLL'Z’)o

140} 1401
: 20x50
3o ' PO s (T ] e
b s =
L F e z ot ——
N P X B
700k 100}
Tt s 2 B |
= gl 90}

S

&3 801~ 80 — 52

] "

< 70 70t P

Wy ’/ // - 51

?‘3 60 60 ,/ //

o Sof Sof- e ,/

A e 4

@ 40 40 A 7

< . P

301 o i
——1/
200 200 77
P

10 10F /

L Il L L 1 1 .
0 080 <60 40 20 0 20 .40

" TEMPERATURE °C TEMPERATURE °C
Fig. 1-30 Fig. 131

AT RBI 0 B BR R 2 Fl v, VR <K 1550
fao> poor penetration 75‘1 Tension side =47 % v A7) ]
i & Compression side !:f'ﬁ’éﬂé’;‘:é; WY = oL B: V7 ] (]

b G ok ok P X ]
’“’v& 'Jﬂn/ﬁih” TJ.I N uitﬁaﬁ "ff )f-o ‘\—U)%L!f%z o0l
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BHEY « M E-RBBL RO S LORBEHT 51AR% 7 & 2 5 —~ FRERBRIBIC X b 13,
Fig. 1-37 iz#+ Xk 3&%@Kﬁla%é‘&t$ HERL S v L Y — BRI L TR SHBR A T,
FEEEREOBFEE kDR, ShdbR= ' ‘
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W, ErSEe O EEHIERLTVA0OT, Er OBIZIEEAY Er CRBETH 5,
F7-ODEIRHNC 1 2 & Table 151074 = & <, slag inclusion % poor penctration 451E
B LIRS O U MR AT R AR 5 HEDH D 2 LAW Loz or, 4R U slag in-
clusion THEXDKES, MBELFIC XS TINLOMAKRE CEBTAHTI LD IORIITBEINTNED,
BHORSUE T EIC R0 Th B,
Table 1-5 5% iyl oF B 8% &

,tsfﬂmﬂ[«fzoc +20 0 ~20
1 e R - _

. - W = + DN R, JAFEE
ol B W e | PRI owm | I | ey | =
A T \\\ kg / G /lk?g—M kg »F”N)‘ffl /l/kég’:M kg #her A /Lk:‘g:M

PS 800 10 2.2 60 | 5 1.8 720 7 2.2
(poor penet.) 710 6 2.8 750 | 8 1.5 770 8 2.6
S1S 820 6 3.7 910 12 4.0 | 1130 10 5.5
(slag inclusion) 740 5 2.1 955 10 4.8 930 12 4.0
S28 1150 21 | 105 | 1210 131 115 990 17 4.4
(slag inclusion) | 1150 | 19 | 88 | 990 16 |- 6.6 | 1180 19 7.0

(b)  REGABAA I X 5 Eaiin T B
Table 1-6 iy s8R 4 (WilichMir 5)

oo | A | UL | g ] - e
fifi i (mm) R oD b e Koo dkowm R O HE
B (°)
f # | 15x50x 250 — 4 170° L+
& K T p 145° | 1
" 147 2
1" 150 2
T - 7 150 1 FLOERIC 1mme AL 7w —s—s lem [EFEICES =
s " 146 1 H b
" 132 1 OB 1mme AT 7w —h—,0 lom BIFSICEFS 2, il
2 1.5mmg X 1.5mm O&RKG2 =
/7 121 1 KEC 1.5mme ¥ 1.5mm D& lem [HFRICES =
” 120 1 LIRS 1mme AT 7w —4k—s lem Bl ss =, &HE
2 LSmme¢ {EE 1.5mm OXF lem [iECs5 =
BAT L " 140 1 WWHESRIZ B AT 2
17 135 J 1 i
B # | 20x50%250 — 2 170° cirh¥
1 163 1 FMic L5mmg X 1L.5mm &[G =
" 148 1 | #£@Eic 1.5mmg £X L5mm OXFEENRIC 4 255 2 5
" 130 1 EM 1.5mme¢ FEX L5mm o KGR 9 = 1 %1
" 125 1 Fijic 1.5mme¢ X L.5mm OAKEEINRC 156 =35 2 %)
Ly i " 135 1
7 130 2
" 123

PEERP RO 7 e — d - T AE R N S L, REO 7 e =k — L3 i AES N T B,
o EARE D HEMMCES T A AN R E Tl A FAREIC R E VSR MIEX AL,
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Table 1-6 (23R4 X 5 /K& SO (BIKERL) b:t\nLiﬁ%ﬁ’ﬂﬂ’ﬂﬁ%ﬁ!@ﬁéﬁb\ﬁ&l&ﬁa)[m h
ZEMLA, CROORELBET S LAKKD LT Ensbis

1) isBEisio blow hole i fz/h& L7ty 2, #ifid blow hole i % e T5,

2) AL R G NI b B A AR MY B A o,

24 @ v & R

IR & IR & DRk }<&>7 oo, Fig. 1-39 R4 Xk &ﬂxﬁ?{ﬁmﬁl*—?- (Type 1 X8R F),
B e ATCHEF (Type 2, 3 S ), -slag inclusion @ & % #F (Typ.e,4 EAK), poor penetration
Db 54T (Type 5 BT O 5 il CoEd ‘Ez‘)‘yﬁf@ﬁ%ﬁo—cc 5. Type 2 & Type 3 &DMBH
DO Fa5IE: blow hole OJT“I_ib &—Tiib%l—ﬂ/r Lt\_ & < Type 2 SERE VEFEES O b
g1z blow hole nH 5D L T, Type 3 OHMERA T B EEGEEE FRpidh kT B,
IO X SICEEEZ D, MRFRIEERE ?@;}UH,}%% T A B, — T
AT A A U B BFTIE, W 3 X O MERSE O AT X B IR UIKAFTET 5 B EIECcH D
#B,L@mﬁmm%&bb&i&ekiéﬁmmmi@?ﬁﬁ>bbwhde@ﬁﬁﬂlorg®g
BEEU Bk B A7 Th D, !

EEARE AL Fig. 140 WWRd T CToB, BEDWENEDE MAGETC L, &AM

& 5
- &

T Ve[ 1
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S S —— S “ O

— 5 | © <&
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Fig. 1-39 Included defects in the specimen of fatigue tests pieces.
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Fig. 1-40 S-N diagrams of specimens, containing 5 sorts of defects.

aébfvéﬁ%wﬁ%mﬁmmﬁﬁTTéo?mbb,ﬁ@bﬁm F BIGEMT 0T,

KIGD 7204 U L MEET ORI AR EZZ I L IBEA0 IR LTE LY, FHVAREZ
G BEEII RGOS NER R AU Th, FOICHEL SRS T 2 MU AT A U T L
DT, GNENORERIED S VIBEND 2, RIS LT, ESOBEIIBIEITSIT X 55
NENEOREFIFOERHWIFHIREE <, KE@WHHNIZ 3T SIS NEAUCIER I AgEad O L mb, &
WHLWISHEREZ AU S X9 ERERO/N M AE L DRI S8 IR TS5 %

DEBLNDS, FERHRSNTV S LD T KIFEMOMFLEEIVNS VW (2 DB 351 5 Rk
BAMAR 0.1mm EHEE XN 3), poor penetration I SHRMIEIITE < 72D T e

INHORERICOVTALEEEMATH L 5. WAKMT (Type 1) &1 x &b
BEREEOIGEIIYIN DT, MO STREE & B S A T T Th o, Lo Qrém
®¥%TMKM@@&®%%®AK&ELfmth%ﬂﬁ@ﬁ%vﬁormmum,,;wm%mm
RMEDBREDL OPEHS Z EETER»->7, L LOERIC IhE, B o iR 22kg/
mm? THRAFGERE KT O LN 18kgmm® Th LD WEHHHDT, Thd b YIKEHEK
BTHLE 22[18=1.22 L7 h, WBEMIX LY UK EEZ LIS, ’

Wiz blow hole % B hytiz g4 L7 Type 2 #ERE O%E&, #HE 6 mm #irl) 20mm O
AR OWEmMAHS 1mm ORMECER 1.5mm o Fy aiLs 5mm [iEe 3 vHbvT 50T
BB SRR 51T, IR RO TAS L 138 L7 s, BUZKIRE & OIRKERE S 0t 8
HDETL L, WREEHMOE ST 17.2kg/mm? Th A5, ZoBEOESIRIZ 1.72/1.38=12.4
kg/mm? L5 THD, T OfEAR KBliEo 12.7kg/mm?® ZH#T 5 L4 6% KTFLTW
5, THVIEGEZEEIIE AT blow hole #{E-727:3 MiE 2R TR L TEERBEMICH L LD
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DRI DIENE AL CTteb b 2TV B, 0L HICRBBEEOKIT S FEHFTC L2 TERD
BRI D, SRR HICDH D D OIEHERTRICD 5 b DI D L RRBERIZLE T A%,

slag mcluswn D5 Type 4 ORI HE 6 mm, fHH 20 mm O FDREA ahicbicd
slag inclusion A 274 D TH B2, TOWIKFERARDS L 1.60 &b, kR L OIRER
ER—HFAHEDE LT, ZOESOENIEERSTAS &, 1.72/1.60=10.7kg/mm? &7 b, M|
fin 14.0 kg/mm? L o7t/ b, Lol Fig. 1-40 2% % L 05 X 51 Typed @ S-N
R O JT AVt oD FRXT He A~ C BT BRI OB IT o T D, Tha b & 895 DR
NAHEEICE CHROBRIERE L TAH 5, EHIRIERK 10.5kg/mm? BT 9, R TR D
DE—HIEDLLENRTED,

poor penetration % & A75 Type 4 MEih TRE» L

N
1mm A WEICEHS 4mm ¢ poor penetration 73 Q‘? |
%50:@X%%%@WWH&&AE%K%LM%,—E !T/ﬁké T
TR detE e fisE s 0. 1mm BIEDd D& B ATHD ges' |1 ’T" '{Dg j
&,%ﬂ%ﬁm44&kéoCﬂ#%%&@ﬁﬁbf%% yﬁ_Jk~4L ;ﬁ&
Wik s & 17.2/4.4=3.9kg/mme E7ph, KMH O —— gg“jf_jjz
3.5kg/mm? x kik—8t 5, ol Ak o
PO X 5z, TARGRE SR 7 IR & FE L < > . {}
HRTIENIRE SRS L V5 C ESTERTE, A =Nl
BT 55T b AT b ooms e aopke | © AL O
G A, KD & SO S IEET RIS X2 Tk
WD L EPIREN, KIROTK, BEEHMD EvH T rfi l i l )
SERE S LTRSS 2 THB2, bL Xray o prll Hle 1
AR X 0 AROT L b, cha | O T €
SRR R R, DR ke, COREDRNT | ié 4}
or,:mxmdm\smsm,gﬁmtwﬁWi@T¢ @ '
CENTEDLDY ThS, + it :
ST e B AL, R o & D A B L — Dn‘LLl?\HolezI —

2 5 hE B A - Fig, 1-41 o734 X S cflo ez 0, 1,
2, 347 =LA 0T b SR Y 1Ty Fig. 1.42 1

T & D AEiR 7o, JUEC3 o o BRI TR IR IE 2200
O w -
|

431
$55S

L F— g —pib SE DR A R S L A CE D7 —
25 0, 1, 2 roo¥ia o+t 21 kg/mm?, 19. 3 kg/mm?,

‘ o N L 1 il [ ]
16 kg/mm?® Th-orz, HHDOMERR OFIRIC BT BIC ‘ '

. . Drll Hole 3
T R4 ‘?]f?hf)i/l_*’i WSRO T RS &, FL1 4, 2

ot enay L1, 135 Lrh, 710 oppgog T LAl The fadgue test plece,
i : containing one, two, and three
SR A TS O TR 4 &, 21/1.11=18.9 kg/mm?, of blow holes.

923 —




30 o
\‘\\\
® -~ [+
\- \\\\
S| e \
. "‘\\ ~
N \~\\8k
4 "~ xS o

k: N
\20 X i ~
Ry x a D MR T (R QEDUR AP
O \N\
3 i .
<3
£
T

—o— Drill hole 0
é’ —- I
R0 —a- 2
%) x 3

02 3 052 S 105 2 $ 107 2 3

Gyeles  for Rapture

Fig. 1.42 The relation between the fatigue strength and the number of blow holes.

21/1.35=15.5 kg/mm? X 73 0 KTV HE 115, f&be_@$u¢vaUmﬁWf@ha BED
KITEDEFEECNERRIRTARD, FFZORTHAIL TIEIRAETT 5, Larl Zhb0%EE
CHEWTHIRkDH D T LIZREITASFLOMS AT, L D BEERE L OfieB>T\V5 2 L Th
D, CHIZDOWTIIBEEROBEMNIIK LILE OMET AR L DTV 5D EE LTS,
w¥s, L34 Filis UL S TORVESERAL L 7 oA & NBEEIZ £ T ER T 5 X O M E
RTERT -2 - 3/B56N T 54, ROV CRTICHEERLITORIEMA TR <240 T
H5,

2.5 zofhoHR

AT TR o\ T BT B TR C AR S AU A, - sk R A L T HAR
RIS X0, TSN B BASEAE L KBGO BRI ¥ B EBR A T/,

3w = AR R ERR LT, KB L BRI RO B OB, W= oL £ — OB ENK
BT,

WIZT v &A= b AT HRBRICOVT LTI TV 5, SRHIE ERABROK TR, hoo
TFENTDHD, LABNLRABTHLOTENPDIENTS & E L, ABESHET >V TLE
BThs,

F2E HARRMEEAETIABHICTOLTORK

KEGDBENEE L M5 21213, MEBHLIELThRIEEST, TOABANLRIGT LS FikgH
HELT, SFCRERLIEBEEELDF— 2 — %871,
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LisL/ED, ATHIC KB L ais, BATA: KN s StatBhs &, RN kD2
BB LEVHES S AR NBEDT, ZOMEERESI Ltz bl

—%, EARELLKRIGCOVTOBERERMOMEERLRITL, £&HTh, T CEOH
RBRRO—WEHED = L1 5, ' '
) HEHE

AR BRI Y, TREESE T 1 X S RRRE 21T Film i Bbh e R BIRRIC

AR BRI
PR RA L, R & BIREE & o KGO RIB R TERL T, HEBRA IR 2 AL, RRE T
feo L, WA RIHED X SUEMRES T\ BEE LB G517,

i) BB f

ﬁrﬁ%l?ﬁ%ﬁ:ﬂ;ﬁﬁ%m Fig. 1-43, Fig. 1-44 ickL 7, Fig. 1-43 123 17 mm *ﬁ_l:ﬁbefjébj‘é_FrﬁJ,
SERIO MBSO R T, Fig. 1-44 113 25 mm (05 5 FRl, SEMEEASORRE R LA,
MEREY 2 0 NDI o33 CHESHIC T 4 SRS R F LW Td 525, 5
SO IS 72 % & 23RN T % IS & % TSN TS B ok U TR0 5 6398 4 513638
EARGEC B b S, »

KIC SRR R Fig. 1-45, Fig. 1460 L7z, ZORBRERELS LT 3 HEDOKN
THIEUNT R S ERAT <, ABIRES DT AR AT <, 5, 6 ST D kL a @Sk
I VRS S EEEICHE 5, HFRERIRERCESBOEITBOLNAVIRTSH 5,

Fig. 1-47, Fig. 1-48 3@ BHBHRE T L, BHEROBN =5 L ¥ 13 JIS B NDI %

HEOAPBEE CIHETLTWAWVWERTH S, SHkicks el r’ﬁl’(f‘ﬁb%ﬁ&ﬁl‘ﬁﬂlkb& LT ESE S
K= 1/2 fFIET L, 6RTRMEYEDLVWERBE LN,

ORI L UTBIERED 1~3, 4 #REEE: blow hole 3% <, 4~6 #&Tix slag inclusion,
poorpenetration DK[EE% <AEL TWAIZELNS, .

blow hole 13#, BEEMEICIZ HE h BE% RITX /2%, slag inclusion %1t poor: pen-
etration IR EHEE FIFT DL X LND, LibIc UEORBREELZHELTHELBIT, 1
R E 3R E TIERWIRE, N OVEEBEIC I E RS b VA, 5~6 RITSEEICE

X 572

R RIET

Emx5, LosL JIS HIRO /%40 Boundary A3BHRETA VO ¥IE I HEA & 723,
HAKMORBRA X 7 « L AR L O KIOKE S, TiobbXIED N K3 5 Wik
&#%LM%L,%@@%ﬁ%ﬁ%ﬁﬁv%otﬁ%xmgﬁtﬁ%?ét,KWK%?%%W%%
EDMRIAESR, HoBHED NDI OFEUER & OB X B 5 RIEZTVERL R % Fig.

1-49 w7R9, T7doh NDI ORUEFITHNT 1 ik 6 6 BEDERE KRB B3 & Tiiohn
<DHIT T 5,

1 & 0~0.2% 4 8% ~4.7%
2 ik ~1.259 5 #% ~7.8%
3 4% ~2.459 6 1k

~T7.8% LAk
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