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Shear capacity degradation law of stud connectors under fatigue loading

WANG Bing, HUANG Qiao, LIU Xiaoling

(School of Transportation, Southeast University, Nanjing 210096, China)

Abstract; To explore the mechanical properties of the stud connectors under fatigue loading in steel-concrete
composite structures, static, fatigue and non-complete fatigue loading tests for stud connectors were conducted.
Based on this, the existing non-complete fatigue push tests for stud connectors were summarized. Two parameters
including fatigue life cycle and residual shear capacity were normalized, making all the tests comparable; in
addition, based on residual strength theory, an applicable residual bearing capacity model of the stud connectors
was developed and the parameters were fitted by the test data. Finally, the established model was verified through
the data in literature. The results show that the residual bearing capacity of stud connectors presents a nonlinear
trend of ‘slow first and fast later’ after fatigue loads. The proposed exponential degradation model can well describe
variation law of residual shear capacity of the stud connectors under a certain number of fatigue loads.
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Fig.1 The size and structure of the push-out specimen (mm)
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Fig.2 The specimen loading process and test equipment
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Tab.1 Test results of stud push-out specimens

95 Pow/P. Pun/P. AP/P, N/10° PJ/KN P /KN
SCP-1 — — — 0 — 274.4
SCP-2 — — — 0 — 282.9
SCP-3 — — — 0 — 285.1
FCP-1 0.6 0.35 0.25 2742 — —
#*FCP-2 0.6 0.35 0.25 1753 — —
FCP-3 0.6 0.35 0.25 2618 — —
SFCP-1 0.6 0.35 0.25 500 275.2 —

SFCP-2 0.6 035 025 1000 2555 ~ —
SFCP-3 0.6 035 025 1500 2331  —
SFCP-4 0.6 035 025 2000 2162  —
SFCP-5 0.6 035 025 2500 1797  —
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Tab.2  Test data of the residual bearing capacity of stud connectors used for fitting

s P/kN N/10° ApP/P, P/ P, n/10° P./kN n/N P/P, B ke U
1 54.3 1379 0.25 0.30 250 46.1 0.18 0.85 Ochlers (12
2 54.3 1379 0.25 0.30 500 43.6 0.36 0.80 Oehlers 3%
3 54.3 1379 0.25 0.30 750 40.1 0.54 0.74 Oehlers 46
4 54.3 1379 0.25 0.30 1026 30.0 0.74 0.55 Oehlers R
5 54.3 1379 0.25 0.30 1250 26.5 0.91 0.49 Oehlers 10
6 189.0 6 400 0.25 0.30 1216 111.0 0.19 0.59 Hanswille %313
7 189.0 6 400 0.25 0.30 4 672 114.0 0.73 0.60 Hanswille X%
8 205.0 6 200 0.20 0.44 1984 154.0 0.32 0.75 Hanswille X5
9 205.0 6 200 0.20 0.44 4340 129.0 0.70 0.63 Hanswille X5
10 201.0 5100 0.25 0.44 1224 133.0 0.24 0.66 Hanswille X%
11 201.0 5100 0.25 0.44 3519 123.0 0.69 0.61 Hanswille X5
12 184.0 1200 0.25 0.71 384 174.0 0.32 0.95 Hanswille i3
13 184.0 1200 0.25 0.71 840 154.0 0.70 0.84 Hanswille X%
14 181.0 3500 0.20 0.71 1015 181.0 0.29 1.00 Hanswille X5
15 181.0 3 500 0.20 0.71 2 520 156.0 0.72 0.86 Hanswille X5
16 70.2 2705 0.25 0.60 500 68.8 0.19 0.98 AR S
17 70.2 2705 0.25 0.60 1 000 63.9 0.37 0.91 A
18 70.2 2705 0.25 0.60 1 500 58.3 0.56 0.83 A SR
19 70.2 2 705 0.25 0.60 2 000 54.1 0.75 0.77 AR S
20 70.2 2705 0.25 0.60 2 500 44.9 0.93 0.64 AR
TE R P A B AR 8 ) A 57 75 A 1 R ATl i il 45 2R
*3 HATRIEMBITHEZEGRIRAER TN EIE
Tab.3 Test data of the residual bearing capacity of stud connectors used for verification
LR e P,/kN N/10° Ap/P, L n/10% P /kN G S
21 100.5 4192 20.1 0 500 89.6 Ahn 1 Kim i %)
22 100.5 4192 20.1 0 1 000 86.3 Ahn F Kim i85
23 100.5 4192 20.1 0 1500 77.6 Ahn FI Kim i %
24 181 4900 107.5 71.3 400 166.1 Bro I Westberg 145 '®)
25 181 4900 107.5 71.3 1 000 161.9 Bro il Westberg 38
26 181 4900 107.5 71.3 1200 159.6 Bro Fl Westberg 4
27 181 4900 107.5 71.3 2 000 164.1 Bro Fll Westberg i
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Fig.4 Residual analysis of data
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Fig.7 Comparison on calculated and tested values of residual

bearing capacity of studs under fatigue loading

H T3 3 MBS IEE R SR IR 2L, Sy it — 2 L 8%
FIRAIE 3 ANATAY S P, BUE A SCrb BT A B3R 56
SEIR SN S AR e, 51 T3 4. AR f 3 4
H 3 AR ATHEE SR A L — 2 ST
B O E bR 22 FAR S R 8015 3] . Oehlers
A HIBIER 0.64, 7524 0.26, B HLRECH 0.40;5
Hanswille AR EI(E N 1.08, 75258 0.17, B HL &
R 016 A SCA K MBS 0.99, 752 4 0.08, 55

(2) WSS ERIEAT LU A RO 7. BT ATRL, sz 0.08.
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Tab.4  Comparison on calculated and tested values of residual bearing capacity of studs
P, iR {E / Oehlers A3 Hanswille A P (2)/ ALAK P(3)/
vl ’ P(1)/p,  P(2)/P,  PJ(3)/P,
kN P(1)/kN kN kN
1 46.1 44.5 48.7 50.5 0.97 1.06 1.10
2 43.6 34.8 46.6 44.6 0.80 1.07 1.02
3 40.1 25.0 45.0 37.7 0.62 1.12 0.94
4 30.0 14.1 43.1 28.9 0.47 1.44 0.96
5 26.5 4.9 40.4 20.8 0.18 1.52 0.78
7 114.0 51.0 150.5 102.2 0.45 1.32 0.90
8 154.0 139.4 177.6 180.1 0.91 1.15 1.17
9 129.0 61.5 164.4 133.8 0.48 1.27 1.04
11 123.0 62.3 161.6 132.5 0.51 1.31 1.08
12 174.0 125.1 159.4 172.4 0.72 0.92 0.99
13 154.0 55.2 147.6 150.9 0.36 0.96 0.98
14 181.0 128.5 157.8 171.0 0.71 0.87 0.94
15 156.0 50.7 144.5 147.2 0.32 0.93 0.94
16 68.8 55.7 61.5 65.6 0.81 0.89 0.95
17 63.9 43.3 59.0 61.0 0.68 0.92 0.95
18 58.3 30.3 56.9 55.2 0.52 0.98 0.95
19 54.1 17.2 54.5 48.7 0.32 1.01 0.90
20 44.9 4.8 50.4 42.0 0.11 1.12 0.93
21 89.6 88.5 92.1 95.8 0.99 1.03 1.07
22 86.3 76.5 88.7 88.7 0.89 1.03 1.03
23 77.6 64.5 86.4 80.2 0.83 1.11 1.03
24 166.1 166.2 168.8 178.4 1.00 1.02 1.07
25 161.9 144.1 161.2 172.3 0.89 1.00 1.06
26 159.6 136.7 159.5 169.8 0.86 1.00 1.06
27 164.1 107.1 154.0 158.9 0.65 0.94 0.97
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