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Fig.l Plate girder specimens with four types of vertical stiffener connections ( * : strain gages).

Table 1 Mechanical properties and chemical composition of steel plates.

Mechanical properties Chemical composition (%)
Material Thickness -
(mm) Y.P. T.S. EL. C Si Mn P S
(MPa) | (MPa) (%) | X100 | X100 | X100 | xX1000 | x 1000
SM490A 12 363 510 29 16 35 124 24 22
SM490A 9 363 519 26 16 39 144 16 3
55400 9 284 431 30 14 15 65 17 3
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Table 2 Welding conditions.

Welding . Current | Voltage | Speed | Heat input
method Material (A) (V) | (ev/min) | (kd/em)
1 YS-56(4.8mm) . . .
Submerged Arc FS-FPI(12x 48) 650 35 60 23
CQO; Arc YFW24(1.2mm) 250 28 20~26 16~21
0.20 1.0
é(,fCutoﬁ i
3 0.15 5 [
5 £ L
3 b 0.5
8‘010 RMC(original)=0.27 5
- i 1
L '{RMC(cut off)=0.29
g il
ﬁ ]
o 0.05
o il
|——>Cut off 0.0 10 20 30
0.00 o I : IO Time (second)
A O/A O max Fig.3 Variable amplitude loading wave form

Fig.2 Stress range histogram.
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after cutting-off.

WEAUTERTH T BETELBETHS. K
HEEESAOIRFEHDIRBELTHESNSGSE
R HBORKXKSDHEBICHNT 3
(Ao /Ao, 1, HIBRET 0.27 i2XL, HIBRE
12045 &£72%. BIBRBODA o, SHIBRETD 656% T
HBMS, TD0.4514£ 029 2720, Fig.2 IZRT
EBDA o, BEIZIZLAEELL TN, Fig.3
IS BRI H W BIRR B O E BT E K O —
ZRTY.

(3) BHEER

JE 5 i BRIZTIAYEE ST £ 400kN OB MEREY
HBREERWTITo /2. WAL Figl IRT
KOO TR ] ERTEL, EHELHE
HMELTANS Bl BFE—A 2 NBRUE) O
1587 7 2 P ORBRKIENMNFIZHFEISS (186MPa)
ERBEDICBREES 294kN CEAE LHaE
ROWMEELE., Z0EE, RBRBOBREHAIZ
140MPa, fG/tkid 0.3~06 BE L2, —Fk
MR BRI, MR ik, WERELEE
3~6Hz TiTH7-.

LMW ERBROBOEFRBBOSHEGE D/A O
SIN=FFERL, N—=UFNACEa—FICEDT
o7 O ESRBREOI - S OB



Photo.1 Input signal and output response of

variable amplitude loading.
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Photo.2 Detected fatigue crack
(Specimen No.1, Detail®, N=0.8Mcycles).

Photo.3 Retrofitting Method
(Specimen No.3, Detail@®, N=5.0Mcycles).
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Table 3 Constant amplitude fatigue test results.

Measured Calculated
Specimen | 7 |Detai] a0 | 6o Tas]no, ac,l o | D¢ | M Ng
(kN) (MPa) | (MPa) { (MPa)| (MPa) } (MPa)} (deg) | (mm) | (Mcycles) | (Mcycles)
O 101 105.5{ 2.4] 105.6f -0.1} -1.3 — > 2.4 > 2.4
" 84 87.7¢ 33.7] 99.2i-11.4:-18.8 18 2.4 3.4
No.1 216 | @ 103 105.6¢ 33.7/ 115.41 -9.8:1-16.3 1 0.8 2.9
® 102 105.6¢ 33.7| 115.4i -9.81-16.3 — > 3.8 > 3.8
@ 98 105.5¢ 33.7] 115.31 -9.81-16.3 3 1.2 2.6
) 82 86.4; 2.0 864 -0.01 -1.3] — > 68| > 6.8
® 85 86.4i 27.5| 94.4i -8.01-16.2 — > 6.8 > 6.8
No.2 176 ® 85 86.41 27.5| 94.4i -8.01-16.2 — > 6.8 > 6.8
@ 87 86.41 27.5| 94.4! -8.0i-16.2 9, 8 4.9 6.8
BH1 118 117.37 2.0{ 117.3§ -0.0 -1.0} 120 4.9 4.9
BH2 94 93.21 2.0 93.21 -0.0: -1.2 12 5.9 6.8
[©) 65 67.11 1.5 67.1i -0.0}% -1.3 — > 10.5 > 10.5
No.3 137 @ 65 67.21 21.4f 73.4%1 -6.21-16.2 — > 10.5 > 10.5
©) 65 67.2¢ 21.4] 73.47 -6.21-16.2 — > 10.5 > 10.5
@ 65 67.17 21.4{ 73.3t -6.21-16.2 — > 10.5 > 10.5
O] 93 9591 2.2f 96.0: -0.11 -1.3 — > 6.6 > 6.6
No.3 196 @ 95 96.01 30.6] 104.9f -8.91-16.3 6 5.0 6.6
(retest) ® 96 96.0f 30.6/ 104.9} -8.91-16.3 — > 6.6 > 6.6
@ 95 95.91 30.6{ 104.8: -8.91-16.3 2 0.8 3.3
*: Stress range at the stiffener end on the web plate. 4
Table 4 Variable amplitude fatigue test results.
Measured Calculated
Specimen APevq Detail DOgq |[A 0l A Te D0 eqi A 0ot 6 2bg Nd Ne
(kN) (MPa) [ (MPa) { (MPa)| (MPa) | (MPa) | (deg) | (mm) |Mcycles){ (Mcycles).
[©) 66 698 16| 69.91 -00!-13] — [> 73[> 73
" 55 58.11 20.8 64.81 -6.71-17.8 15 7.3 12.9
@ 71 69.91 20.8 756! -5.81-15.4 — > 10.6 | > 10.6
[©) 69 69.9: 20.8 75.61 -5.81i-15.4 8 9.0 12.9
@ 70 69.8: 20.8 7561 -581i~-154 5 5.2 12.9
No.4 143 BH 99 92.1 1.6 92.2¢ 001! ~1.0 200 10.6 10.6
®(Comp) 84 84.11 1.6] 84.1f -0.0% -1.1] 23,33 12.9 [ > 12.9
D(Comp)” 70 69.9 1.6 75.61 -0.0i-15.4 10 129 | > 129
(D(Comp) 70 69.8 1.6 69.91 -0.01} -1.3 — > 129 | > 129
Attachment 98 98.0 1.6 98.1 -0.0; -0.9( 33,93 129 [ > 12.9
{Comp)
[©) 61 59.7 1.4 59.71 -0.01 -1.3 — > 9.0 |> 9.0
a* 50 49.6! 17.8 55.4: -5.71-17.8 9 9.0 18.5
@) 59 59.7; 17.8 64.6; -4.9i-154 3 11.1 21.5
(©)] 60 59.71 17.8 64.61 -491-154 4 6.4 12.3
Nos5 | 123 @ 58 59.7{ 17.8] 64.6] -49i-15.4] 30 13.5 17.6
OComp) | 71 | 718f 14 719 -00]-11|3 ‘ég 215 |> 215
®(Comp) 59 59.7; 14| 598! -00%{-13] — [> 215 ][> 215
Attachment 84 83.7 1.4 83.81 -0.0: -1.0| 68, 82 215 {> 215
(Comp)

*: Stress range at the stiffener end on the web plate.
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(@) Detail @ (Specimen No.5) () Detail @ (Specimen No.5)

() Detail @ (Specimen No.5) (d) Detail @ (Specimen No.5)

i i
(e) Longitudinal fillet weld (Specimepn No.4)

Photo.4 Fatigue fracture surfaces.
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(a) Stiffener end on top flange (Specimen No.4)

()

Stiffener end on web (Specimen No.4)

(c) Attachment end on top flange (Specimen No.5)

Photo.5 Fatigue cracks in compression area.
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Fig.9 Constant amplitude fatigue test results (Maximum principal stress range)
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FATIGUE STRENGTH OF VERTICAL STIFFENER JOINTS
IN STEEL HIGHWAY BRIDGES

Masahiro SAKANO, Eiichi YONEMOTO, Ken’ichi KANO and Ichizo MIKAMI

Long-term fatigue behavior of plate girder specimens with four types of vertical stiffener

connections is investigated through fatigue tests under constant amplitude and highway

bridge variable amplitude loadings.

Fatigue cracks are initiated from fillet weld toe at the top and

bottom ends of each stiffener and from blow holes contained in the web-to-flange longitudinal weld. It

is found that the fatigue failure life of all four connection details plotted against the maximum

principal stress range satisfies JSSC fatigue category D.
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