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Abstract

Forthe research on the fatigue fracture behavior in the welded joints of steel structures,
base metal specimens and welded ones were selected, and the direct fatigue tests were carried
out. Thereafter, fatigue-life (S—N) curves, plastic strain-number of cycles (ep—N) curve,
thelextrapolated fatigue-life (¢, —N,) curve, and da/dN—A4K curves were plotted.

By these results the followings were obtained.

It was shown that the ratio of fatigue strength at 2«10° cycles of the welded specimen to
that of the base metal one was 0.6, and that 0.72 for the base metal and 0.65 for the
welded one were the ratio of fatigue strength at 2%10° cycles to yielding stress.

The S—N curve for the welded specimen was separated into two sections, the low gradient
section and the steep section. As this result, it was shown that the more ‘stress became to
reduce, the more the reduction of fatigue strength became to be great. It was shown that
fatigue strength at 2#10° cycles from this case was about 83 % of that fram the S—N curve

_-piotted with one section. It was thought that the reason was that weld flaw acted greatly
on the fatigue strength within the low stress range,

It was shown that at the instart of crack initiation plastic strain increased abruptly in the
case of the welded specimen more than the case of the base metal specimen, and increased
abruptly in the upper stress range in both cases.

1t was shown that the experimental constant @, 0.42, in the base metal nearly accorded
with Manson-Coffin’s result, but this made a great difference with the case in the welded
specimen. It was thought that it was due to the abrupt change of plastic strain and the

influence of weld flaw.
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¥ 2-1. Chemical Composition of Base Metal and Electrode.

Chemical Composition (%)
& Si Ni T S
Base Metal 0.20 0.55 1.50 0.040 0. 040
Electrode 0.13 0.03 0.60 0. 020 0.023
B 2-2. Mechanical Properties of Base Metal and Welded Metal. ‘
Yielding Stress|  Ultimate Elongation Reduction of ' Shore
Strength Area Hardness
(kg/mm?) (kg/mm?) (%) (%) (Hs)
Base Metal 43.2 68.1 18.3 40.9 31.5
Electrode 28.7 43.1 21.5 513‘-‘ 7 29.5
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8] 2-1. The Shape and Size of Tension Specimen.
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(b) Welded Connection

2%l 2-2. The Shape of Specimen for Fatigue Test.

8 2-3. Welded Section.
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28] 3-8. Flow Chart for the Calculation of 4K
and Plotting da/d N—4K Relation.
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E 4-1. Correlation between Yielding Stress and Fatigue Strength.

Yielding Stress [Fatigue Strength
L) (en) as/oy 03,/05, osslon
(kg/mm?) (kg/mm?)
Base Metal (1) 43.2 31.0 0.72 0.66 0.60
Weld Metal (2) 28.7 18.7 0.65
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8] 4-2. Relation between Stress Range and
Fatigue Life for Welded Specimen.
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No 1 No 2 No 3

MK 4-1. Figure of Rupture Section fo
Weld Metals.

H 4-2. Flaw Ratio in Welded Section Related to

Fig. 4-6.
No. | Tiaw Afea ) TTaw Rate J “Stress

(mm?) (%) (kg/mm?)
1 ‘ 32.3 14.7 34.72
2 65.1 29.4 40.5
3 f 58.0 26.0 37.10

da/dN—JK BB 2] EFIHF BE C=7.05
¥107¢~2.89%107° o] HWHE 2RI T m=0.22~
1.13 9 #EE eyl

BepEERe] 1t 22 No.1-2 WHiGZT4: #%
crack o] 7mm 7}x] #1T78hE <k BUREED
of THAIMel™, crack Ro] 7mm LI WK
REEL BistE o @Rig#Re] 714 & No.3
2 TIEARRBBAE LI BRI ST Ele) o
EA Jebwel. No. 29 #8d ol &B
REES ] MHABE # crack o] ¥ 5mm
7R BRI T BERBEEA glol4q R
EHM 9 FHEAlC) BAsigl et

e RAA o235t 22 Be BRY &
gt

A, BEHR =27 & FHENY =274 ¥
B WAA EHBEARE Ko WLE BRA
713 o] Kyoll &5t WHMBMERE da/dNe) #H
Byl BEE vt EAR, Bl REM
ole] TNRAWLZ HHY 4% RUNREHL
hi(detention) B st WEEES ko] B4
4t

ol &2 BRERS S U Bl s wr w8
Bl AEbTel B uhe,

Mot HIW- 19864 9

5. 8 W

FENRBA A 3] SERBEAFS fHgon
EYRBE 75l (FRABRAEH—ES RS —
NYBE, BHEBPE—-HEREEEE—N#H
W, FRIBZB ARG MW 4 e (o
—N#E ¥ @ERER—EHEACFEBRMHE
B (da/dN—AK)MME 2ol A S Wi
ol 49 ¥ 7} EHRES HEed.

A WA deojxl HRE B gt
2

FEREIE 2>X10° cycle o A &} FHAEE =
SFERI BHTY B 60%d o BRESA
& FSEEY e R HERS £%
0.72, 0.65 % ‘el $EEEIL S di8 o
5 Hoggg & 5 UglH

FERBA ] S—NGEE FHEE M7
Rigs B FHEES MAvl 2 Bz
S¥EE fERRAEN & &5 HEESHEY
Bz AAE BHRE 2380 F EEex B
THEA e S—NEM o8 FHEE Hal
2X10° cycle o) A ¢] HHWE 7} # 83%0] B2
gk ol& g FENC A HBER AR
Mol =A {ER3HE Wl Eo] obdrst A=y,

HHERBAS HB RHRBH K3, = £
BT el & 45 milGaE L] w21 &
AN BEMERY Bt 28T A
4 =+ g9l

EHRBAANA — N RS B o gk}
0.42 2 Manson, Coffin &) Brac#sgst A —
el 2 BERBAAAE o ghol 0.282 o
£ WEMR) 2 28E Jehigleul, o
Bl o3 ST WHEEY MY Mt
AR el fEAEStEy] Wl ol okhdst
A 25l e},

o] ¢} & fERR ¥ o EEfre] MlEY 9
M FRY gD S SE 9 ESd
gt Z&tdl BT BRe] BRsH, o 4
ol wgr ol g2 Bt fFeixck HElzln
BrRd.

—_f 1 —



10. E|HE—

11.

12.

. Munse,

. Gurney, T.R.;
. Cambridge University Press, 1968

#oEH

Rolfe, S.T. and Barsom, J.M.; “Fracture and

Fatigue Control im Structures”, Prentice-Hall,
1977.
Fisher, J.W.; “Fatigue and Fracture in Stee!

Bridge®, John Wiley & Sons, 1984.
Munse, W.H. and Grover.L.; “Fatigue of

. Welded Structures,”, Welding Research Council,

N.Y., 1964.

W.H.: “Fatigue Behavior of Plain
Plate and Bult Welded Joinis in T-1 and
T-1A Steel,” University of Illinois, 1963.3
“Fatigue of Welded Structures®,

Radziminski, J.B. and Lawrence, F.V.; Welding
Journal, Vol.49, No.8, 1970.8

Boulton, C.F.; Welding Journal, Vol. 56, No. 1,
1977.1, pp.13~22

Lawrence, F.V.; Welding Journal,
No. 5, 1973.5, pp.212~220

Mori, T. and Horikawa, K.; “The Effect of
Welding Residual Stress on Fatigue Crack
Propagation Rate”, JSCE, 1984, pp. 134~141

., BREEFN, “ShiEel-2Y MRS EIER
Biol 4 HEGUMEEY, AMRBRmC
M, Vol.4, 1984.6, pp.133~142
AR, ‘&BORSE L BET,
pp. 33~37, 61~75

Langraf, R.W., Morrow, JoDean, and Endo, T.;
the

Vol. 52,

= ey, 1972,

“Determination of Cyclic  Stress-Strain

13.
14.

15.

16.

17.

18.

19.

20.

21,

22.

Curve”, Journal of Materials, JMLSA, Vol. 4,
No. 1, 1969
Coffin, L.F.; Trans. ASME, 76, 1934, p.924
a&mm,‘ﬁﬁmamm" RS A T,
1980: 5, p.78

A et Mmmﬁuﬁ, “ﬁnm@m&m

and Hardéﬁberg, M.
Behawor in Strain Cycling in Low and
Intermediate-Cycle Range”, Fatigue An Inter-
diciplinary Approach, 1964

Miki, C. and Nishijima, T.; “Strain-Controlled
Low Cycle Fatigue Behavior of Structural
Steels”, Proc. JSCE, No.279, 1978.11

Tanaka, K. and Nishijima, S.; “Low and High
Cycle Properties of Various Steel Specified in
JIS for Machine Structural Use”, Fatigue of
Engineering Materials and Structures, Vol. 4,
No.1, 1981
Bz, =B
ReEgRe-oLT,
1968

Nishijina, S. and MiKi, C.; “Fatigue Crack
Growth Rates in Structural Steel”, Proc. JSCE,
No. 832, 1982

MiKi, C., Mori, T., Chang, D.I., and Chung,
Y.W.;” Fatigue Crack Growth Rate in Welded
Metal?, Technical Report of Tokyo Instiiute
of Technology, No.31, 1983.8

Fuch, H.O. and Stephens, R.l.; “Metal Fatigue
in Engineering”, John Wiley & Sons* 1980
(Ei 1 1986. 7. 15)

“YEH A 2 AFERICET BY)
HR BRI, 208 9,

KL AREHRE



