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Seismic performance of utility tunnel wall-slab joints with

anchorage button-head reinforcement
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Abstract: To evaluate the seismic performance of utility tunnel wall-slab joints using anchorage button-head
reinforcement, pseudo-static tests were carried out on six full-scale wall-slab joint specimens. Bearing
capacity, failure mode, hysteretic energy dissipation, displacement ductility and other seismic performance
indexes of utility tunnel wall-slab joints were investigated. Comparing the test results of the cast-in-place
wall-slab joint specimens with that of composite fabricated wall-slab joint specimens, reasonable anchorage
length of upsetting steel bar was determined. The finite element model of these wall-slab joints was
established and its validity was checked. The results show that the composite fabricated wall-slab joint

using anchorage button-head reinforcement has the same bearing capacity as that of the cast-in-place joint,
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and displacement ductility and energy dissipation capacity are good, indicating that the composite fabricated

wall-slab joints can meet the seismic performance requirements. When the anchorage length of upsetting

steel bar is longer than 0. 5/,r, the seismic performance of joint specimens can meet seismic design

requirements. However, as the anchorage length of upsetting steel bar decreases, the bearing capacity and

deformation capacity of wall-slab joints gradually decrease, and the ductility and energy dissipation capacity

also decrease gradually. The crack propagation at the composite surface of prefabricated wall-slab joints is

greater, and damage in the core area of the joint is severe. Consequently, necessary reinforcement measures

need to be taken and the connection measures of the joint area need to be strengthened in engineering

practice.
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Fig. 1 Specimen of L-sectional prefabricated

concrete joint (mm )
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Fig. 2 Specimen of T-sectional prefabricated

concrete joint (mm)
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Table 2 Failure mode of joint specimens
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Fig. 6 Failure pattern of joint specimens
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Table 3 Test results of specimens
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Table 4 Equivalent viscous damping coefficient of specimens

XJBID-1  ZPB]D-2 XJZ]D-3 ZPZ]D4 XJZID-5 XJZJD-6

0. 320 0. 387 0. 376 0.372 0. 346 0.292
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Fig. 9 Comparison of skeleton curves
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Table 6 Parameters of specimen in numerical simulation
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JD-2 T #80 vf fi] 35 5, s PR e 400 300 18d 288
ID-3 T BRI [a] Ay g1 AR 400 300 16d 256
JD4 T 280 v i) 35 45, A PR e 400 300 14d 224
D5 T 950 e ] 3 45, SR % 400 300 12d 192

TE - d 3% BN 1] 52 71 B30 ELAR  mm,

S ST 3T U I R R Y
JIPERERIREIR 3 7 4 1 R 1 25 A0 5 0 P e AR 12
TR 2 A TR0 R ) B R A, 0
TR BRI L A2 R A 2 (B, Fh 3R 7 AT A%, 25795 ik
14 B4 T R 2 RIS B R AR — 2, 0 JD-4 . JD-5

A G TD-1~JD-13 #% BR A3 B8 e i i 28 B AIK
AL REST T I, JD-5 AL JD-1 1 JD-3 By PR %
B R 30. 46 %6 .28. 89 % :JD-5 AHEL JD-1 il JD-3
WA AL fr 2850 591 R R 9. 26 %6.6. 86 %4 4

£ 7 ID-1~ JD-5 IR EFHHE R A fE AT
Table 7 Displacements and loads at the feature points of JD-1~]JD-5

i g Jat e A A5 B 25
P 5 1) fii#% /mm i gk /kN fi#% /mm i 2k /kN fi#%/mm far g /kN
1E ] 9.71 435. 21 19. 17 566. 03 67.42 481.13
o S 1) —9.22 —432. 46 —18. 97 —565. 78 —68. 25 —480. 91
1E [ 9.98 445. 62 20. 06 558. 69 68. 29 474. 89
b2 J2 i) —10. 06 —444, 24 —19. 86 —562. 74 —68. 06 —478. 33
1E A 10. 10 434. 22 19. 97 552. 88 67.61 469. 95
10 J ] —10. 12 —427. 31 —19. 87 —551. 78 —67.42 —469. 02
1E 10. 04 425. 80 19. 17 538.98 60. 28 458.13
1o S 11 —10. 16 —428. 65 —19.17 —535.75 —59.52 —455. 39
. 1E 10. 12 406. 46 19. 97 518. 05 52. 81 440. 35
1D J2 i) —10. 07 —401. 75 —19. 67 —516. 23 —50. 46 —438. 80
SR EE T SR B BE R T 16d I 77 1 i 3] 5 &
=A

RBEXHRAPFAZIE BE 7 00 82 W 5/ 5 74 5 i I8 4 B /N
T 16 I, A AR T B BRI 19 R A
BIRAVE A% MG iy 2828 i AR, AR TR R 1) T I I
X T BLBE T £rA A8 TR Y AU [ B B AN /)
T 16d.

B Sl T BOR T R 25 A TR S A
PP 3 el i A AR ) S AR Y AT L
TR FEE AU AT X FEIESE T BLGE TN & A < T
G R PE RPN RE R B LT 4598
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fit .
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