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Studies on the Effei:_t of Residual Welding Stress on Brittle Fracture of Stéel, Part L
‘ By Hiroshi, Kihara, Kogakuhakushi, Member
and Yoshio Ando, Kogakusht, Member
Abstract

A series of slow notch bend tests was performed to investigate the effect of residual welding
stress on brittle fracture of steel.

‘Chemical composition and mechanical properties of steel tested are shown in Table 1.

Following 9 types of test specimens were prepared. (Fig.1).

(1) parent metal, as rolled, notched.

(' 2) parent metal, prebent at room temperature as shown in Fig. 2a, notch sigle tension,

permanent deflection 2. 5mm.

{3) parent metal, prebent'as shown in Fig. 2b, notch side compression, permanent deflection

2.5mm.

{4) welded specimen, as welded, notched.

(5) welded specimen, similar to (2).

(6) welded specimen, similar to (3).

(7) welded specimen, pretensioned at elastic nominal stress of 25 kg/mm?, then notched.

(8) do. pretensioned up to yield point.

(9) do. pretensioned, permanent strain 2.5% for 100mm gauge length.

Fracture test procedure is the same as Van der Veen test.

Temperatures were varied from 0° to —70°C. Fracture appearance are shown in Figs. 3—5.
Depth of fibre are shown in Figs. 6—8, and fracture appearance transition temperatures T
are listed in Table 3. Among welded specimens, type (4) (as welded) has highest (Tn=—18°C)
and type (8) (pretensioned up to yield point) has lowest (T =—38°C) transition temperature.

Residual stress measurement was performed by resistance wire strain gauge. From the
results of our expern'nent we can . conclude that residual welding stress has a pretty effect on
brittle fracture of welded structute.
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2—1 {(eEEH
SHECER U-beHE B AiEs, HE 19mm (KETiX 20mm W) DF A FEIT, £DOEERS (B
S LESRAIHEEL Table 1 WRTED THBo -

Table 1. Chemical compositioh and mechanical properties of steel tested

) Jcheck analyses (%) - = yield point tensile strength elongation
CMnSi P S - kg/mm3 kg/mm3 %
.15.80-.21.018 .040 | @S 820 9.0 25,0

2—2 RMERREMN
RBA ORI BIYIK TR (Van der Veen Test) KU, HELTbiVRRA L, Fig. 1 (@) &

 RTIOR, BERMOFELLi. EERFILO
- iz, Fig. 1 (b), (©) ©RT2MEL b, RBRKD
LY 25mm OREFLEL, B 100mm
DXHBI%E (Fig. 1 ()] % 1T, Fig. 1 (e) &

roll direction .
ARV

v
o 70 —n

(@)
o ”J R L5 CFEA 4 BB, BHERME Table. 2
225 ' CRSETED Th B
t Table. 2 Details of welding procedure
b) . - Workshop : Ishikawajima Heavy Industry Co.
m x Electrode : ‘LB-26, 5mm dia. (low hydrogen
A 4 type, Kobe Steel Co.)
) Welder : KO-500 A. C. Welder (Osaka Trans-
o—about 100 formr Co.)
i Open Voltage : 75V
T 100 H poth ends Arc Voltage : 30~33V
| en T t : 20°C
© , —50 L Uere cut off Hir;li)g:tay u;;%
! QLR | after Pre- Preparation : see Fig. 1 (d)
\ 1 Welding current and speed
pass current speed
about 420 see Fig.1 (e) A mm/minr
€0° : 1 . 200—220 240
r . 2 220—250 220
(a1 a % preparation .3 P 240
& of weld ; " ”
n "
60°
k=25 — 7 y 150
: 8 ” ”
(e) sequence _ i
of pass RBRE DRHIRICRT IBED L O FDB DK

8 xﬂﬁ Lf\:o
(1) : EED ¥ ¥O/MEHREY 7 VA LIcER
#H [Fig. 1 (a)]

Fig. 1 Test specimens

! (2):(1) x3brER (28—27°C) T, Fig. 2 () KRIFHE L
{ @ D, YIRAREERD S X5, MFHER 20t ¥k, AR
@ #2.5mm 2B Ld Do
I (3): (1) 3R ZFERT, Fig. 2 (b) KRTHET, YUIRHMLEMR
-] kA3 X5CHEIREN 0t 2L, XABLE 2.5mm REL
& AN \ D, - . :

200 —— [T200— 4. EEEOE FCERE TS VA LES ® [Fig: 1 (b)]
Fig. 2 Procedure of prebending (5):(4) &L, (2) LA, HIRMNGIERY LihsHlFHEY
at room temperature. (a) Mz PR N (BB 24t, XRBEAHY 2.5mm)

was used also for low tem

perature breaking test (6):(4) ©RL, (3) AR, TIRMMNEMLE R3HMFHEYM
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ZIBERBA (T'TE%J 33t, KABELR) 2.5mm)
(7) :Fig. 1 (& k‘-??lﬁ 7&. BEapkal LRI, ERTAWSS 25kg/mm? @@éﬁﬂ‘f&’lﬁb

WEL ML, Eé%&%mnKMMLt%DG%&Oﬁ% amﬁ&%®m®¢%rﬁéﬁm@@o&%
iﬂl Lfsﬁ\, 7 E 100mm' F’ ﬁl./f 4))

50mm i3 LC b AAEIR HELTWwWidro

oo MIRIZEDHTT VA Lz,

(8):(7) AT 325 FIERY RBEO

BHRYRT, WENLBRECELT, TR
RRECFEOCLEHEBCHELZBR o Z OB

DB 32-33 kg/mm? T, FHi OB

,é’x{ (32.0 kg/mm?) PZ‘.&&E%L( , 100mm

¥ — PRI 5 XA 0.05—0.15%

’C‘$>0to PREFDOERTT VA LI,
(9) (7) LFARTH 35, 100mm ¥~

SRINT S kA Fpi#y 2.5mm (25%)

&£15X5, ERTIHESLLDOT, A%

WEk 37kg/mm? CTHot, FIEED OFK

TLREETHRY 7 VA LS ik (7), bFig.

(8) tAKTH%, i

YRz 1 2 Cr RONLBRICKEWCHE
F Lt THUVALAE DT, EE(X 3mm,. ]
RER=0, FAER 56° Tho, “

YIR%E 7 VA LB ER CHITHEL ML
b, EiXFRY HERAMCBEYIRE S
VA LRBA CRHOBEL BT B lonic,
FRERIER T OTH D 2 BRBAK, ERi
B AHERRE T O,

FRBEY BT A, BEREL R
LEZLNRD I~k E, RBREOMITZ
KE BTN & $2EIMN X o7,

2—3 iR

BERBOEM T Van der Veen HEpr &
(AT, BBAXFIA T4 RE=F AT N

2~ EDT 0~70°C D4 REBE
BH LIk, Fig. 2 (a) LT';‘?:TE'C'EH'I&
BriTok, Z DR, ﬁfﬁ—ﬁ&mﬁ%ﬁ“ﬂ&
Loz,

3 Fracture appearance of specimens tested (1)~(3)

3 X BB R

FERBHA OBEOIHEUE Figs. 3~5 1%
TEY ThD. PIREH L h WOLBIMARD
EE (mm fibrous) LEBECOWTHL &,
Figs. 6~8 iz bh, hlb)BEEBEE
(mm fibrous=32mm Oﬁ&) Ty '%ﬁ%&bb
& “Fable. 3 Dp Tndo:.

 EMEBEEYL BT Tr (EXHEE&‘ i Fig.. 5., Fracture appearance of specimens tested (7)
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Fig. 6 Depth of fibre for unwelded specimens
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Fig. 8 Depth of fibre for welded and pretensionad
specimens

Table 3. Transition temperatures for various

kinds of test specimens

-20
Fig. 7 Depth of fibre for welded and prebent

0 Temp °C

OEA =6mm DOEE) X, 20k RRRE T,
MW ABHBRERICER TS L 2, TTRELN) 6
mm ¥l T 5BEREL, RERNTOERLRAS
DI EY TH B D THB L ind Dt R OEN
BWBEE T1 13 —53°C ¢, RERBEE To k%

type of specimens residual stress at weld centre* kg/mm?3 71 °C
. % ] Ty
(1) parent metal, as rolled, notched _ —_— -53
(2) do. prebent, notch side tension —_— —_ -48
(3) do. prebent, notch side compression —_— -—_ —58
(4) welded specimens, as welded 42.8(+0.4) 7.1(+0.4) -18
(5) do. prebent, notch sich tension 26.6(+0.6) . —2.8(+6.5) -33
(6) do. prebent, notch side compression —14.0(x6.6) 6.3(+0.4) —~28
(7) do. pretensioned, elastic 25kg/mm3 29. 4t —4.6t+ -28
(8) do. pretensioned, yield point 19.9(+0.1) —0.5(+1.5) -38
(9) do. pretensioned, 2.5% strain 16.4(+0.2) —4.7(£0.9) -23

* mean stress (+—) =actual measured stress
+ measurement of one surface was failed
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Fig. 10 Distribution of residual strain Ex
(As welded)
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o L Tl Ay, BEEAYISTR, v HFHCIFE L, LOMEOTOELRDI, _
ALY — S MERY, F¥—-OR4mm, 5~ 772%— 208 D KBY X~254 1 5 — T,
DC-7 E&kF & DC-7 2 —F 4 v/ A LI, BHABIAY I F AEHABTH5,
ﬁ&ﬁﬁnxxo%naﬁﬁﬁmmimﬂoﬁna%m,ﬁﬂb%ﬁlbﬁ&ﬁﬁﬁmﬁﬁ«.aﬁﬁﬁno
&7 oy BRI, Table 3 i Zh bDEOMEDTEEs L O RMEOHBE L BHEDOELEMANCITALT
550

BREOXIRBRAE (4) ©T2 y BEkD e DS Fig. 10 KRTED Th 5,

—HORBRH X 3IFEEEIOK ¢ HEK/NDEZ LGN LT (Fig. 9) BLM\BETokn, KHoMME 2ke/
mm® QAIFCHokDT, KEFORNEINEC L OTREINLBEDLRS,

5. RIRFERICH I DR L FlE

BHOGRAMNFRICES XS RERTFHHTLD (2) T, BBEEARMEEOEXZOLN(1)
Xh 3 5° WA, BRI IIBHTFORELIELHh DO,

R OYIRAINEFCES X 5 ERTFDMTED (3) i3, YIRAMOESE-ERCIBHE 5 % &
C, YIRESHHECBMEST R OBRFEENELELC TV B LELONRD, ZORBRAOBBEREIRH LD XD
5 Bnhb, REET L) IMUEEREC L 2BREAETOBELYIVSLBI T3 2ELLNS,

WThic LT M2 Z OBEMT 0T, BBERE +5° F28ETH S,

BELLRBRIZBRELTVERACEL T BCEBBRENR Ve 2 IBEROM I M X b Mo b
CXHBROER, BHLBRSCHBRYRCTIRESBOME (BAERBERDOY v © - BBERET LK
HBV®), BEOMYBEDOIDLELONS, Ll (4)~(9) DBELLRBII, hbHLOEEECD
WTKZE AL A—RH L BELTEX LV BERBAIVTHhOBAYL, BBEE Ti X HoPoEVEE
T, BARSS 20mm ORICEL, BEOEFMEL ) BEAZLARE L THY, BEGHOBRENES
BECAXEELTWS LB,

BERNORDAE (42.8kg/mm?®) BEDO X X ORBRA (4) TEBRENZKIE .

PIRBHFIERI IS & 5 CERTFHHMTBERRA (5) 1%, BE0(¥ (4) CERTEBEEMN
15° o BHMRBRO (1) & (2) Th25E5Kk, Z0X 3 ERTHITSZ LIBBRELED ERC
552, B L BERBRA CBEANORERVRDOT, BHO L 5 REMZRSIAT, #iFc X oTEE
BORBERAMET Licz & (16kg/mm? ) HAIEBLTWBLEXLNS,

PRFPERCES & 5 CERTFOMIBERRA (6) 12, BEOEE (4) RETEBEREMN 10°
By RERNIRBEMLLT, oo (XEMH (—1dkg/mm?) RESTWBDK, BBEEOETRLEKD
WOIX, oy REFEIINICRFERDZRL T ), BMAROERT, 28O3EIEHIY I 5 H T
Reh &Lz B,

FHOERTIROCHBA L, SR OBEYRICTHEE ((7)~(9)] ¥¥# L. BELLEEORR
ATk, BREESECIIETOBRRECE LVIER Y BERIREET S, RRHEL N TR
MR BN 2 EE LD B L, BEMIIRR U THY, HFEYRG B AMBEE N RKREI NS, 25kg/mm?
DREMAHTIRY B E ML RBRA (7) T, 13kg/mm? BEREGIIBREINR TV 528, EEMTD
FELTRY, BBRECETIERECXE (4) RENTI0° ths,

ETHHR, BRAETCHELMZ TEERRE (8) “CiX, BEDEEY (4) RE-THBBEEN20° LET
LT3, ZHIZREENOBRENESARL Fbh (23kg/mm? ), L i)?%rg']jj[]]:ﬂ;ﬁlj\lfﬂ (100mm o ¥ —
R 0.05~0.15%) L X EokidbrELONRD,

BERBRH Y ERTIIRD, 2.5% OXABYELELDAELD (9) Tk, BBEEIRECE: (4) Kk
NTED 5° LAMET LTV, ThiXBEEREGHIBREINS DT (26kg/mm? B), HMBEEBEE
AT, ThLERC, FCBUEO O BBREN LA T I D LELLRBW,

ML LTHREmE BRI BAE, BEREXHIEMEYRIITE 5 2N TE5, WK
TETRERNZBRETE, TR PIRBELER TS L 1T, SRTERESACIED, SHIBRE
CRLCHEBRCHEXR VI ORRLRMNR L, FHERCHH LR oW T BBREDETIX 20°
TaL,
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BERIRESANOFEARELIOTH, HUORERBENERL TV SR, £hicdbrhbb e
ROPFL LN LB LT ZHTEREBIHCTFENS S 2D T, d LBERCERERORERIKREXLTT
2, BEROBEENAETEID, BEXDIOREBWEEL 15 2WEEISICSH5 L Bbhb,

b & B2

ARERT I Y, RRANMECEE LR B)SERFT, REICHOHUCHER 2R - oE R
WEFEER, ScREERKEY: KREFCBN U RERAFEEERMETLZRTREZOMB L, AL
BMRLE T,
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(1) KB, %W, W0, K8, 435 BHBLMIE K 95 B (1954 8)

(2) A% : SERBFERS % 1388273 8 (1956. 2)

(3) WA, &, HIK: EHERE 4 EHT S (1956: 7)
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