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Fatigue Life Assessment of Steel Bridge Butt Joint Weld with Defects
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* Mechanical Engineeing Dept. Kyung-Hee Univ. 449-701, Korea
**Tech. Supervision Dept. Korea Testing Laboratory, 152-053, Korea

Abstract

There are many weld defects such as surface crack, lack of fusion. and incomplete penetration(IP) in
the butt joint weld of the existing steel bridges. The crack-like defects may significantly reduce the
fatigue life of the structure.

This paper presents the procedure and the results of the fatigue life assessment of the butt joints
with weld defects in the existing steel girder bridge. The butt joint welds with incomplete penetration
were instrumented with strain gages to determine the stress histogram under normal traffic. Based on
the measured stress histogram the crack propagation analysis were performed for the fatigue life
assessment.

By using the suggested procedure and methodology. one can decide the time of periodic inspection and
the necessity of repair of the butt joint welds with serious weld defects in the existing steel bridge.
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Fig. 1 Cross section view of deck and box girder

(a) Cross section of butt joint weld with IP

(b) Radiography image of IP in butt joint lower flange

Fig. 2 The shape of incomplete penetration in butt
joint weld
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(a) Butt joint weld point of the lower flange
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(b) Butt joint weld point of the side web

Fig. 3 Stress measurement areas

B2 (SB-120B) & AH&3std & HeA (full
bridge) 3 28 TA3AH &% WdFHE Fig. 3
T} Zo] £RZF Ago] EAldte IF-FAA Fh7]
£R5el g9 FHo] EA%e B woiy] 3%
A4 WP E Ao E wiy] &3 AdFolA 20cm
Golzl Ao WY G Alo|A & Faretd FHHUT

sEYYuE 2L 32813 # 20 (histogram
recorder) & AMHE3N FPIATE. S FA
Auje] A4 2 AGA S 21 HA3] AT o4
z27 A o3 iR FRBF R A EH, FAAE
71, B471, 110V ARl o3 4 A9 fie A
oz gadqgr) U L P FHF
oM Ao A= rainflow o2 39
ol e )& st S22 3¢, 7Y, 1
MY 992 sgey, 23¢FHYE 13kg/em® 5
o2 At

23 S| YT AHU

H7t AN 23 SHAANE £XF
40kg/cm’® °]39] MFEH L wolz2d AT ASL
a2 o 23d WS Frhgel slof d&ol W
+& nfdte FASAG. MEEY AS7IT 34, T
d, UiE dEE SHEMIE 2XFEE vr*}o}
3 A g8l eate] zpolzt glo] RA LR T &
AANE AHEEY P 2EYYTIE FIYSiT. d=
Eg 7t AHER SHEMANIE EXEE Fig 4%
2.

3. IE&AE It

7w Bajel o284 Hrke Fig. 59 2ol #go)
e A% FANE 45 Brle o] LA
Ao 08 FHAN S 5 H2ELE FrlE £ F
g 4 den ¥HI A o7 HZELE Hule T
2E4E FHol 1.022 HAS | H3FHA I

KRB EEEIE £18% F25%. 20004 458

7.783

10,000

1,000

) I I I I I I I
l 1 1 1

1 7

1

Stress range kg/cm

Ln, = 13246(7days)
4 o, =80kglcm’(7.84Mpa)

Number of cycles

w—
[o37 .V}
Ow
ww

~1Or

(=Y

WM
w

(PN S
fe2]

1
8
4
)

(a) Stress histogram acquired at butt joint weld point of
the lower flange(CH18)
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(b) Stress histogram acquired at butt joint weld point of
the side web(CH16)

Fig. 4 Acquired stress histogram at the lower
flange and the side web of box girder
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Table 2. Correction factors according to the location of the crack
Crack model Calculation of the stress concentraction correction factor
F=F,-F,-F,
F=\sec(mo./ T)
2a/T £ 0.7 ;. error 0.3%
F={1-0.025Qa/Ty +0.06(2a/T)*} X\} sec (wa/T) : error 0.1%
F ={1-0.5Qa/T) +0.370Q2a/T)* -0.044(2a/T)’} % ‘ﬂ 1-(2a/T) ; error = 03.%
Internal
crack
F=1.12-0.231(a/T) + 10.55(a/T)?- 21.72(a/T)* + 30.39(a/T)*
al/T = 0.6 ; error 0.5%
F=0265 {1- @D} + {0.857 + 0.265(a/T)} / {14a/T)}**
al/T<02;emor < 1.0%
al/T02;ermor < 0.5%
Fe ’ 2 an na y 0.752 + 2.02(a/T) + 0.37 { 1-sin (ra/2T)}?
@D 2T cos(ma/27)
Surface serror < 0.5%
crack
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Table 3. Results obtained by the crack propagation analysis of the butt joint welded lower flange
a AK C(aK)" LN,
(mm) (Mpa m) (m/cycle) (cycle)
3.500
4.000 0.933 0.1238E-10 0.3485E+08
4.500 1.043 0.1682E-10 0.6040E+08
5.000 1.168 0.2300E-10 0.7894E +08
5.500 1.317 0.3202E-10 0.9207E+08
6.000 1.503 0.4603E-10 0.1010E+09
6.500 1.749 0.6974E-10 0.1067E+09
7.000 2.099 0.1153E-09 0.1099E+09
7.500 2.674 0.2244E-09 0.1114E+09
8.000 3.938 0.6501E-09 0.1117E+09
4 | 1.00+08
P _* T=12mm
T a=dmm 1.00E+07 /—f
1 B
Fig. 8 The shape of the surface crack on the butt é’ 1.00E+06 |
joint welded web &
) 1.00E+05 |
=+ Fig. 4.bs} 2t}
SHE B9 Fig. 87 Zo] 27|d¥ge] e B+ LOOE+04 . . - -
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Fig. 9 Result of the crack propagation analysis of

the butt joint welded side web
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Table 4. Results obtained by the crack propagation analysis of the butt joint welded side web

a AK C(aK)" LN
(mm) (Mpa +m) (m/cycle) {cycle)
4.000
4.500 1.771 0.7228E-10 0.8689E +07
5.000 2.081 0.1125E-09 0.1428E+08
5.500 2.45b 0.1774E-09 0.1785E +08
6.000 2.914 0.2842E-09 0.2010E+08
6.500 3.487 0.4654E-09 0.2149E+08
7.000 4.214 0.7836E-09 0.2233E+08
7.500 5.160 0.1367E-08 0.2282E +08
8.000 6.424 0.2498E-08 0.2310E+08
8.500 8.174 0.4845E-08 0.2325E+08
9.000 10.710 0.1019E-07 0.2332E+08
9.500 14.614 0.2394E-07 0.2335E+08

10.000 21.170 0.6635E-07 0.2337E+08
10.500 33.741 0.2391E-06 0.2337E+08
11.000 64.088 0.1395E-05 0.2337E+08
11.500 187.202 0.2660E-04 0.2337E+08
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Table 5. Fatigue life assessment results according to the applied stress range

Lower flange Web
Applied stress range doe * doe
Zn; y Zn;
! (ke/em?) (d) ", (kg/cm?) year
53kg/cm® = 13246 80 50.4 4413 77 37.8
66kg/cm® < 5463 104 59.3 4025 78 39.8
79%g/cm® = 4275 111 63.5 2796 83 48.3
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