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REPAIR FOR FATIGUE CRACKS AT CONNECTION BETWEEN MAIN
GIDER WEB AND LATERAL GIRDER FLANGE BY
BOLTING-STOP-HOLE-METHOD WITH ATTACHED PLATES

09R5113 Akiya SHIRAI

The number of highway bridges of 15 meters or more in length in our country is about
140,000, and the number of steel bridges occupies 40 percent of them. In addition, 90
percent of them is girder type of bridges. The main fatigue damage reported in the |-girder
bridge isin saul plate weld, yardarm notch that has circular arc flange and gelber hinge part,
out-of-plate gusset welded joints installed in main girder web to install in the under lateral
bracing, and connection between main and lateral girders. Especially many fatigue cracks are
detected in welded joints connection between main girders and lateral girders or bracing.
these cracks are very dangerous damages, because these crack progresses in a bridge axis
right-angled direction. And these cracks are prone to extend and may induce collapse of
bridge. Therefore, detection of the crack at the early stage and adequate repair method
against the damage is needed.

The purpose of this study is examining the best repair method against fatigue cracks on
main girder web at connection of lateral girder and an effect of repair method. The
examinations are as follows.

(1) For the purpose of clarifying an effect of “Bolting-Stop-Hole-Method with attached steel
plate”, fatigue tests and FEM stress analyses have been performed on girder specimens.

(2) Fatigue tests and FEM stress analyses have been also carried out on small specimens
modeling the repaired parts in order to investigate the fatigue strength and the fatigue
crack origins of the repaired parts.

(3) The effect of the repair method has been compared with those of stop-hole method and/or
bolting stop-hole method though the fatigue tests.

(4) Fatigue strength evaluation method for Bolting-Stop-Hole-Method when polishing a
surface of circular holes is reexamined.

(5) It clarifies the influence that the repair exerts on other parts though FEM stress analyses
intended for the actual bridge.
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-2.157 2 -2.158 1

-2.159 2 -2.160
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-2.163 -2.164

-2.165 -2.166

-2.167 -2.168
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-2.171 -2.172

-2.173 -2.174
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3.1

3.1.1

-3.1

-3.1 a

6mm

300A

3.1.2

Tig-Dressing

Tig-Dressing

6mm

-3.1 ¢

TIG-dressing

12.5cm/min

Tig-Dressing

2mm

SM400A

AP

Tig-Dressing

75

BSH

150mm

TIG-dressing

Tig-Dressing

SH

700mm

Tig-Dressing



-3.2

200N/mm?2

3.1.3

SH
10Hz

2 BSH
BSH
12Hz)

180, 200N/mm?2

3 AP

AP

10 13Hz

200, 220N/mm?2

-3.1

-3.2

2.0x 105N/mm?

-3.2

200kN

500kN

500kN

-3.3

2

-3.3
10kN 11N/mm?2
60, 80, 100N/mm?

/ ( -3.4
10kN 11N/mm2
120, 140, 160,
10

-3.5
10kN 11N/mm?2
150, 165, 180,
10
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2000

3.1.4
1 SH
SH TIG-dressing
18mm
S10T-M16
2 BSH
BSH -3.1 b
#80
S10T-M16
3 AP
AP -3.1 ¢
2
#40
750 m

S10T-M16

-3.1 a
70mm
#80
SH
#80
6
#80
50mm 160mm
#80

6mm



3.1.5

3.

SH BSH
AP
10 4
10mm 2
1.6
-3.3
2
SH A 0 907
BSH A 0 826
AP A 0 n434
156N/mm?2 AP
-3.4
SH
2

-3.6 -3.19
3.20 3.29
3.30 3.39
10mm
3
3
-3.4
3.1 3.3
N=3.36x 1023 3.1
N=2.51x 1024 3.2
N=1.28x 1016 3.3
200 SH 79.1N/mm?2 BSH
182N/mm?2
BSH
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3.2

3.2.

3.2.

1

-3.7

2

AP

700mm 150mm

SH

Imm

CAEFEM VERG6.0

12)

13) 3.1

ALzazl

AL

BSH
6mm
1/8
BSH AP 3
-3.5
18mm 16mm
8 3
2.0x 105N/mm?2 0.3
AL
3.1
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0.lmm
3.2 13)
E=12.6 © 3.2
E N/mm?2
o N/mm?2
3.2.3
-3.4 -3.8 AP
SH 0.20 BSH
SH 0.35
3.3
y=0-ag)/1-as) 3.3
aS
Ug
0.222
0.044
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-3.1

(

)

(mm) ( C S Mn P S
(N/mm?) | (N/mm?) x100 | x100 | x100 | x1000 | x1000
SM400A | 6 339 459 30 13 19 92 18 3
-3.2
U
(mm) (N/mn?)
75 - -156 31.2
70 191 171 181 -36.2
60 163 222 | 1925 | -385
50 69 120 945 | -18.9
40 269 | -161 | -215 43.0
35 - -817 | 163.4
-35 - 879 | 175.8
-40 204 | -190 | -242 48.4
50 9% 185 | 1405 | -28.1
-60 172 290 231 -46.2
-70 186 207 | 1965 | -39.3
75 - -157 314
-3.3
N
(N/mm?) (cycles)
SH-1 100 185462
SH-2 100 423323
SH-3 80 2123534
SH-4 80 1117828
SH-5 60 20000000
SH-6 60 20000000
BSH-1 200 159070
BSH-2 200 228540
BSH-3 180 807037
BSH-4 180 927879
BSH-5 160 1419323
BSH-6 160 2833926
BSH-7 140 3793517
BSH-8 140 4307220
BSH-9 120 15620970
BSH-10 120 12374836
AP-1 220 1002532
AP-2 220 1096892
AP-3 200 1202168
AP-4 200 1066217
AP-5 180 1922341
AP-6 180 2663801
AP-7 165 2805617
AP-8 165 2440359
AP-9 150 4515188
AP-10 150 4939661
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-3.4

AP 1.23
BSH 2.17
SH 6.28

0.222
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-3.3 SH -3.4 BSH

-3.5 AP
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-3.6 SH-1
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-3.7 SH-2

88



-3.8 SH-3

89



-3.9 SH-4

90



-3.10 BSH-1

91



-3.11 BSH-2

92



-3.12 BSH-3

93



-3.13 BSH-4

94



-3.14 BSH-5

95



-3.15 BSH-6

96



-3.16 BSH-7

97



-3.17 BSH-8

98



-3.18 BSH-9

99



-3.19 BSH-10

100



'

-3.20 AP-1

101



-3.21 AP-2

102



-3.22 AP-3

103



-3.23 AP-4

104



-3.24 AP-5

105



-3.25 AP-6

106



-3.26  AP-7

107



-3.27 AP-8

108



-3.28 AP-9

109



-3.29 AP-10

110



-3.30 AP-1

11



-3.31  AP-2

112



-3.32  AP-3

113



AP-4

-3.33

114



-3.34 AP-5

115



-3.35 AP-6

116



-3.36  AP-7

117



-3.37 AP-8

118



-3.38  AP-9

119



AP-10

-3.39
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4.

1
12)-23)
4.1
Aom N C I[ylas 1) 1]m »
Ao N mm?2
N cycles
C m
C 1.51x 1020 m 5.39
a s
o 4.2
C mm W mm
mm
Y (1 as 1 as)
a B
y 1.0 0.297(M t) i3

t mm
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4.2

4.2.1 C,m
4.1

6mm
12mm
SH
-4.2 SH

12mm

9mm

C 8.98 m

4.2.2
4.3

12mm

12mm

#80

9mm

0.lmm

t 9 36mm

12)

M/t 2.78

122

1.58x 1030

4.1

400 800N/mm?

SH

9mm

33)

#80
9mm
SH

9mm 12mm

4.4

12.6
M 18 25mm



6mm 18mm M/t=3

M/t 3 6mm 18mm
18)19)21)
-4.3 CAEFEM
VERG6.0 8
2.0% 105N/mm? 0.3
-4.1 t 6,9,12,18,25,36mm 6
¢ 175,100, 150, 300mm 4 18, 25mm
45 18mm
F10T-M16 25mm F10T-M22
3.5
-4.2
M/t -4.4 4.3
M t 2 4.3 vy - M t
M t 2 y -4.4
y-M t 2
4.5
y 0.052(M//t)2 0.399(M/t) 1.000 4.5

M mm
t mm
4.4 vy - M t 2

4.2.3
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-4.8

1/8
-4.5

Y

1/4

AP BSH
-4.6 SH
3.2.2
-4.3
-4.7
0.75
0.92
0.119
3.26
E=12.60
4.2.2
-4.4 y
Y
Y
19)
M/t -4.9
log-scale y M/t
18mm 25mm y M/t

M=18mm M=25mm 2

124

-4.10

4.6



4.7

M=18mm Yy exp 0.465(M/t) 4.6
M=25mm Yy exp 0.531(M/t) 4.7
M mm
t mm
M=18mm M=25mm M/t 3
M=18mm 0.248 M=18mm 0.203 40%
M=18mm 4.6
4.2.4
4.1 C m 4.4 4.3
4.6
Aom N C [ylas 1) 1]m 4.8
Ao N mm2
N cycles
C m

C 1.58x 1030 m 8.98

a s 4.9
C mm w mm
mm
y 1 as (1 as)
a B
y  exp 0.465(M/t) 4.10
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M=18mm

Y
4.3
4.3.1
-4.12
0.28
4.3.2
-4.18
SH
SH 0.30
0.032

BSH

-4.16

-4.20

0.18

-4.5
-4.17
0.38
0.73
-4.6
-4.21 AP
BSH
0.172
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-4.1

M=18mm M=25mm
t C t C
6 70 9 100
6 100 9 150
6 150 9 300
6 300 12 100
9 70 12 150
9 100 12 300
9 150 18 100
9 300 18 150
12 70 18 300
12 100 25 100
12 150 25 150
12 300 25 300
18 70 36 100
18 100 36 150
18 150 36 300
18 300
25 70 mm
25 100
25 150
25 300
36 70
36 100
36 150
36 300
-4.2
M/t | c70 | c100 | c150 | c300 M/t 70 | c100 | c150 | c300
6 3 10.262 | 0.274 | 0.287 | 0.306 9 1278 0.258 | 0.270 | 0.288
9 2 10.410 [ 0.419 | 0.428 | 0.439 M25 12 |2.08 0.364 | 0.373 | 0.384
M18( 12 | 1.5 | 0.515 | 0.522 | 0.529 | 0.535 18 11.39 0.516 | 0.521 | 0.525
18 1 |0.653 | 0.659 | 0.663 | 0.665 25 |1.00 0.631 | 0.635 | 0.635
25 [ 0.72]0.748 | 0.752 | 0.755 | 0.756 36 |0.69 0.742 | 0.745 | 0.742
36 | 0.5]0.833 [ 0.836 | 0.838 | 0.837
-4.3
a
AP 1.15
BSH 1.63 0.119
SH 6.28
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-4.4

M/t c70 | c100 | c150 | c300 M/t 70| c100 | c150 | c300
6 3 [0.221 |10.234 [ 0.249 | 0.271 9 [2.78 0.210 | 0.225 | 0.247
9 2 [0.375]0.388 | 0.399 | 0.412 M25 12 12.08 0.316 [ 0.327 | 0.342
M18| 12 | 1.5 [0.487 | 0.495 | 0.503 | 0.512 18 ]11.39 0.470 [ 0.477 | 0.484
18 1 ]10.631 | 0.637 | 0.643 | 0.647 25 11.00 0.591 [ 0.596 | 0.599
25 1 0.72]10.733 | 0.738 | 0.741 | 0.744 36 |0.69 0.711 [ 0.715 ] 0.715
36 | 0.5]0.824 | 0.827 | 0.831 | 0.831
-4.5
721.2 5.383
274.7 2.050
200.1 1.494
-4.6
a
AP 1.17
BSH 1.91 0.172
SH 6.28
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---y =1-0.297(M/Y)
— y =0.052(M/t)>-0.399(M/t)+1.000

0.5f
t(mm)
- 6 912182536
M=18mm @ A v & H M
[ M=25mm O A v & O X AN
0 L L L *
0 1 2 3
M/t

-4.4

-4.5 BSH -4.6 AP
7r O b
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1k 1
\ — — y =0.058(M/t)?~0.431(M/t)+1.000 0.9
- \\ 0.8
I \{‘ 0.7
\N 0.6
r N 0.5
‘3 >
- N 0.4
\\
0.5 o¥. 0.3
N
L \\%\
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-4.13 -4.14

-4.15

5.51 5.38

2.37
2.05

160149

-4.17
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NN

-4.18 SH 1/4 -4.19 BSH 1/4

-4.20 AP 1/4
7t | 1
- 6.28 [ | ]
6_ 4
5_ -
al i
3_ 4
i 217 1
ol 191 ]
- 1234 47
1_ 4
0
s B A
H s P
H
-4.21
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3
34)-39)
Dizirizer Ver.1.0.1
-5.1
2 2
AP
JSSC B
-5.1 B Ao
AP
B
B
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—~ 400t
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<
200}
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3
6.1
30000mm 29300mm 18200mm 1600mm
2666.7mm 7 4
-6.1 -6.2 E W
N
-6.2 G1
move fix
6.2
NASTRAN
FEMAPver9.31 solid
shell
shell
-6.3 -6.4
-6.5 -6.6 -6.3 -6.4
-6.5 -6.6
G1 G7 -6.7
fix -6.8 -6.9
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-6.1

2.0x 105N/mm?2

0.3 3.0x 104 N/mm?2

0.1667

T -6.10

40)

G2 G6

-6.11

10mm

6.3

-6.2
-6.102
Gl

G2 G6

G7
G7
10
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G1

-6.38

S5N/mm?2

1/7

G7

-6.39

50%
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-6.1

-6.1
1llane | 1llane 2lane | 2lane llane | llane 2lane | 2lane
1llane 2lane 1lane 2lane
126 | 127 | 0.00 | 6.08 | 6.11 | 0.00 | 327 | 325 [ 0.03 | 15.9 | 15.8 | 0.02
- - - - - - |1797 1785 | 281 | 8.12 | 8.06 | 1.02
move - - - - - - 178 | 17.7 [ 295 | 9.21 | 9.16 | 1.83
-3.28 | -3.55 | -3.61 | -8.77 | -8.90 [ -8.93 [ 51.1 | 51.1 | 50.4 | 36.6 | 36.6 | 36.3
- - - - - - 346 | 347 | 343 | 26.0 | 26.0 | 25.8
Gl - - - - - - 48,9 | 49.0 | 48.6 | 43.8 | 43.9 | 43.7
121 | 0.0 [ 000 | 6.13 [ 0.00 | 0.00 | 334 | 0.0 | 0.04 | 157 | 0.0 | 0.02
- - - - - - 186 | 30 [ 297 | 793 | 0.98 | 0.97
fix - - - - - - 181 | 29 (293 (914 | 1.88 | 1.88
-2.70 | -2.76 | -3.03 | -8.83 | -8.86 [ -8.98 | 50.1 | 49.4 | 494 | 36.7 | 364 | 364
- - - - - - 337 [ 333 [ 334 | 26.1 | 259 | 25.9
- - - - - - 479 | 475 | 47.7 | 440 | 438 | 439
39.1 | 36.0 | 0.01 | 27.9 | 25.7 | 0.01 | 40.9 | 37.8 | 0.02 | 30.0 | 27.8 | 0.01
move 190 | 173 | 583 | 157 | 145 | 6.86 | 183 | 16,6 | 5.65 | 153 | 14.0 | 6.85
G2 193 | 175 [ 6.34 | 165 | 152 | 755 | 193 | 175 [ 651 | 16.1 | 148 | 7.55
387 | 00 |001]279] 00 | 001|411 | 00 |[002 |299 | 00 | 001
fix 19.1 [ 680 | 593 [ 155 | 7.26 | 6.64 | 182 | 6.60 | 5.73 | 151 | 7.29 | 6.67
193 [ 718 [ 628 [ 167 [ 841 | 7.76 | 19.2 | 7.38 | 6.48 | 16.2 | 838 | 7.73
222 [ 204 | 001 | 390 | 36.2 | 0.01 | 21.2 | 195 | 0.01 | 39.3 | 36,5 | 0.01
move 657 | 570 | 024 | 274 | 25.7 | 16.6 | 6.70 | 5.81 [ 023 | 274 | 258 | 16.7
c3 741 | 643 | 037 | 265 | 249 | 158 | 7.64 | 6.65 | 0.37 | 26.4 | 24.8 | 15.8
s 216 [ 0.0 [ 001 [ 389 | 00 | 001 |21.7 | 0.0 | 0.01 | 39.3 | 0.0 | 0.01
fix 6.71 [ 035 [ 024 [ 271 | 171 | 163 | 655 | 0.33 | 0.22 | 27.0 | 171 | 16.3
7.34 [ 051 [ 035 [ 268 | 170 | 16.1 | 747 | 052 | 0.37 | 26.7 | 16.9 | 16.1
124 | 114 [ 001 [ 293 [ 27.1 | 0.01 | 122 | 11.1 | 0.01 | 28.0 | 259 | 0.01
move 279 [ 240 [-0.05 | 173 | 16.1 | 930 | 285 | 245 |-0.05 | 175 | 16.3 | 9.26
G4 3.08 | 263 | 0.00 | 17.6 | 16.3 | 950 | 3.11 | 2.65 | 0.00 | 18.0 | 16.7 | 9.54
120 [ 0.0 [ 001 [ 291 | 0.0 | 001 | 126 | 0.0 | 0.01 | 281 | 0.0 | 0.01
fix 289 [ 000 [-0.04 172 | 9.7 | 9.08 | 2.80 | 0.00 |-0.05 | 17.2 | 9.6 | 9.00
3.06 | 0.04 |-001] 178 | 104 | 9.74 | 3.01 | 0.04 |-0.01 | 18.2 | 10.4 | 9.82
6.82 [ 6.19 [ 0.00 [ 185 | 17.1 | 0.01 | 6.76 | 6.15 | 0.00 | 17.9 | 16,5 | 0.01
move 131 | 112 |-010| 833 | 752 | 255 | 1.35 | 1.15 (-0.10 | 841 | 7.59 | 2.52
G5 144 | 1.22 [-0.07 [ 903 | 819 | 325 | 1.42 | 1.20 | -0.07 | 9.22 | 837 | 3.27
6.46 [ 0.00 | 0.00 [ 182 | 0.0 | 0.01 | 718 | 0.00 | 0.00 | 182 | 0.0 | 0.01
fix 1.39 [-0.07 [-0.09 | 838 | 290 | 250 | 1.33 | -0.07 | -0.09 | 8.23 | 2.83 | 2.42
145 [-0.05 [-0.07 [ 9.11 | 3.75 | 3.33 | 1.38 | -0.05 | -0.08 | 9.26 | 3.81 | 3.38
271|243 | 000 | 11.7 | 108 | 0.00 | 3.26 | 298 | 0.00 | 11.4 | 10.5 | 0.00
move 0.56 | 0.47 |-0.06 | 447 | 3.96 | 0.52 | 0.53 | 0.44 |-0.06 | 455 | 403 | 0.52
c6 0.60 | 0.51 |-0.05| 4.93 | 440 | 0.95 | 0.55 | 0.46 | -0.05 | 498 | 4.45 | 0.94
264 [ 000 [ 000 [ 2125 | 0.0 | 0.00 | 344 | 0.00 | 0.00 | 11.6 | 0.0 | 0.00
fix 0.59 |-0.04 |-0.06 | 452 | 0.72 | 0.50 | 0.54 | -0.04 | -0.05 | 4.47 | 0.71 | 0.49
0.61 |-0.04 |-0.05] 493 | 1.19 | 092 | 0.54 | -0.04 | -0.05 | 493 | 1.20 | 0.93
0.75 | 0.75 | 0.03 | 251 | 252 | 0.00 | 0.02 | 0.02 | 0.00 | 5.18 | 5.14 | 0.00
0.10 | 0.10 | 0.01 | 245 | 243 | 0.32
- 0.11 | 0.11 | 0.20 | 276 | 2.74 | 0.58
o 10.7 | 10.7 | 10.7 | 3.37 | 3.32 | 3.31 |-8.13 |-8.14 |-8.15 | 445 | 4.44 | 4.32
-1.09 |-1.09 |-1.10 | 1.86 | 1.86 | 1.79
G7 -0.60 | -0.60 | -0.60 | 2.04 | 2.04 | 1.98
1.32 [ 0.02 | 0.02 | 283 | 0.00 | 0.00 | 0.02 | 0.00 | 0.00 | 470 | 0.00 | 0.00
0.11 | 0.33 | 0.33 | 259 | 0.65 | 0.64
fix 0.07 | 0.03 | 0.03 | 215 | 0.30 | 0.29
106 | 106 | 106 | 3.05 | 3.04 | 299 |-7.95|-7.97 |-7.97 | 5.06 | 494 | 494
-1.04 | -1.04 [-1.04 | 219 | 212 | 2.12
-0.57 | -057 [ -057 | 240 | 2.34 | 2.34
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Gl
G2
G3
G4
G5
G6
G7

N——S

move

-6.1

18200

fix

5001000500

1100

6@2666.7=16000

1100

-6.3

-6.2
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-6.11 G1 fix

-6.12 G1 fix

-6.13 G1 move
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-6.14 G1 move

-6.15 G2 G1 fix

-6.16 G2 G1 move



-6.17 G2 G3 fix

-6.18 G2 G3 move

-6.19 G3 G2 fix



-6.20 G3 G2 move

-6.21 G3 G4 fix

-6.22 G3 G4 move
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-6.23 G4 G3 fix

-6.24 G4 G3 move

-6.25 G4 G5 fix



-6.26 G4 G5 move

-6.27 G5 G4 fix

-6.28 G5 G4 move
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-6.29 G5 G6 fix

-6.30 G5 G6 move

-6.31 G6 G5 fix
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-6.32 G6 G5 move

-6.33 G6 G7 fix

-6.34 G6 G7 move
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-6.35 G7 fix
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