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Abstract: In order to analyze the effect of shear-torsion interaction on the shear strength of single-
keyed dry joints, a model of shear-torsion combined action of keyed dry joints was established based
on ABAQUS finite element software. Firstly, some finite element models of pure shear tests of shear
keys were established to prove the reliability of the modeling method. The results showed that the ra-
tio of shear strength between the numerical simulation and the experiment was 0.94, the cracks loca-

tions of the simulation were close to those of experimental results, and the evolution of cracks was in
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good agreement. On this basis, a new numerical model was established by the same method, and the
shear-torsion composite effect was exerted on these shear keys by changing the load position. The re-
sults showed that the shear strength of single-keyed dry joints decreased with the increase of torsion,
and torsion had a significant effect on the shear strength reduction. When the thickness of the key was
400mm, the load offset distance was 275mm, and the load movement distance versus the thickness of
the key was 1/1.45, shear strength was reduced by more than 40% compared with pure shear models.
After linear regression on 60 shear-torsion composite models, the relationship between shear strength
reduction factor P and offset load distance S was P=1.758 X 10 °S—0.042, and accordingly, a modi-
fication proposal was proposed for the prediction formula of shear capacity of dry joints in AASHTO.
Eight shear-torsion composite models with different parameters were established to verify the accuracy
and generality of the revised formula, and the ratio of shear strength obtained by numerical simulation
and the modified formula was 1.01 on average and 1.06 on maximum.

Keywords: shear-torsion composite action; precast concrete segmental bridge; shear strength; FEM;

dry joints; shear failure
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Table 1 Comparison of experimental and numerical val-

ues of ultimate shear strength of single-keyed dry

joints
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V./kN V./kN

M1-D-K1-1 38.7 193 202.3 1.05
M1-D-K1-2 50.0 211 225.8 1.07
M2-D-K1-1 56.2 335 293.1 0.87
M2-D-K1-2 59.6 337 299.3 0.89
M3-D-K1-1 80.1 448 376.2 0.84
M3-D-K1-2 48.8 360 329.2 0.91
M4-D-K1-2 37.1 354 346.9 0.98
M4-D-K1-2 36.7 392 345.8 0.88
M4.5-D-K1-1 37.7 375 366.2 0.98
Keyed dry-0.69 MPa 48.4 66 63.3 0.96
Keyed dry-2.07 MPa 47.6 84 81.4 0.97
Keyed dry-3.45 MPa 49.4 111 99.1 0.89
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Table 2 Shear strength of shear-torsion models

B BT 58 BE /KN
S/mm
1 MPa 2 MPa 3 MPa 4 MPa 5 MPa
0 329.8 412.3 500.5 584.3 648.2
25 327.7 409.7 496.5 580.2 644.0

50 320.7 400.8 485.0 561.4 625.6
75 310.0 387.4 467.3 538.3 600.6
100 296.1 370.1 443.3 510.1 569.0
125 280.8 350.5 418.8 480.4 535.4
150 265.0 328.7 392.8 450.6 502.8
175 248.9 308.5 368.9 422.5 469.7
200 231.2 288.2 344.9 394.3 438.2
225 211.2 268.8 317.2 359.9 399.3
250 196.3 250.8 298.8 339.4 3744
275 179.3 234.8 282.0 320.9 355.3
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Table 3 Comparison of calculation results of pure shear-

ing action:AASHTO versus numerical

QISR RnW L
o o AASHTO A=t E
RIS BT L V.V
Py V,/kN
V/kN

M1-D-S0 329.8 321.6 0.98
M2-D-S0 412.3 400.3 0.97
M3-D-S0 500.5 479.0 0.96
M4-D-S0 584.3 557.7 0.95
M5-D-S0 648.2 636.5 0.98
-3 He fi 0.97
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Table 4 Reduction factor of shear - torsion composite ac-

tion P
P
S/
1 2 3 4 5 SEMME BEEE
MM MPa MPa MPa MPa MPa
0 0 0 0 0 0 0 0

25 0.006 0.006 0.008 0.007 0.006 0.007 0.121
50 0.028 0.028 0.031 0.039 0.035 0.032 0.132
75 0.060 0.060 0.066 0.079 0.073 0.068 0.110
100 0.102 0.102 0.114 0.127 0.122 0.114 0.090
125 0.149 0.150 0.163 0.178 0.174 0.163 0.073
150 0.196 0.203 0.215 0.229 0.224 0.214 0.058
175 0.245 0.252 0.263 0.277 0.275 0.262 0.048
200 0.299 0.301 0.311 0.325 0.324 0.312  0.035
225 0.360 0.348 0.366 0.384 0.384 0.368 0.038
250 0.405 0.392 0.403 0.419 0.422 0.408 0.027
275 0456 0.431 0.437 0.451 0452 0445 0.022

V,=(1—P)V,=(1.042 — 1.758 X 10°°S) [(12+

2.4660,) A,/6.792 X 107° £ +,1A§ma,l 9)
A, g 45 fol 1 EE R TR RK, PRI SO A I e = 0,725
Voo 9 R B 1152 & 1 B0 59 9 12 A 5 2L b 5 B 5 X
(7)) F(8)—5 .
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Table 5 Comparison of results with different parameters:modified formula versus numerical

I EEE 2 FAEBE BRI TR Vv
o,/MPa  f.'/MPa S/mm A/m? Ay /m? YRRV, /KN V. /KN o
1 3 40 150 0.04 0.04 399.7 382.0 0.96
2 4 50 225 0.04 0.04 396.1 403.9 1.02
3 5 50 275 0.04 0.04 383.1 397.2 1.04
4 2 35 125 0.03 0.03 249.9 239.2 0.96
5 1 35 225 0.03 0.03 146.4 150.7 1.03
6 4 35 175 0.03 0.03 302.1 298.3 0.99
7 3 50 200 0.056 0.04 407.5 433.6 1.06
8 4 40 175 0.056 0.04 524.9 553.2 1.05
A 1.01
(1) B 55 400 45 46 59 UI A A B BT 5 5 5
3 &£ X. Zhou %" O. Buyukozturk %" 56 fif 15 Bt 87 55

AWEIE & e 5 3 H 2 A R T 4 4 0T o
JE R TSR, o3 B B H 52 A A OO 4 4% A e
VR B g BB 9 SR, A5 LR S8
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