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Mechanical properties and seismic performance of prefabricated
thin-walled piers connected by grouted sleeves

HU Sicong, HUANG Zhiqi, HU Fenggiang, ZHI Qing
(School of Infrastructure Engineering, Nanchang University, Nanchang 330031, China)

Abstract; In order to study the mechanical properties of prefabricated thin-walled piers connected by grouted
sleeves and the overall seismic performance of the bridge, firstly, the damage morphology characteristics of a group
of ordinary cast-in-place thin-walled piers and prefabricated thin-walled piers connected by grouted sleeves were
investigated through the proposed quasi-static test, and the differences in the skeleton curves and hysteresis curves
between the two types of piers were analysed by comparing and contrasting them. Then, based on ABAQUS platform
and the test data of this paper, the numerical simulation of the grouted sleeve connected thin-walled piers is carried
out. On this basis, a three-span continuous box girder bridge is selected as an example, the multi-scale finite
element dynamic analysis model of the whole bridge is established, and 100 ground are selected for the nonlinear
time-history analysis, and the differences in the time-history response of the bridge components and hysteresis

curves of the bridges set up with different piers are studied. Finally, the seismic fragility curves of different
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members were established to analyse the damage characteristics of each member of two types of bridges. The test
results show that the damage form of prefabricated thin-walled pier is bending and shear damage, the concrete in
the sleeve area is intact, the plastic hinge region is transferred to above the sleeve cross-section, the overall
ultimate bearing capacity is slightly increased, the hysteresis curve shape is relatively full, with good plastic
deformation capacity, and the hysteresis performance of ordinary cast-in-place thin-walled piers is basically the
same. The model can simulate the overall mechanical properties of prefabricated thin-walled piers. The time-history
fluctuations of prefabricated thin-walled piers mainly occur in the middle period of earthquakes. The difference in
maximum displacement and internal force response between the two types of bridge piers is about 5% and 10%, and
the bearing response is less affected compared to the bridge pier. Prefabricated thin-walled pier bearings and blocks
are easily damaged components, and abutment bearings and blocks are more easily damaged than bridge piers.
Prefabricated thin-walled piers are more easily damaged than ordinary cast-in-place thin-walled piers, but the
difference is small. Prefabricated bridge piers can basically achieve the design principle of equivalent cast-in-place.
Key words; grouted sleeve; prefabricated thin-walled pier; time-history analysis; vulnerability analysis; numerical
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Fig. 1 Reinforcement and construction diagram of two types of thin-walled pier sections
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Fig.2 Schematic diagram of test loading device, components and loading system
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Fig.4 Hysteresis curves and skeleton curves of components
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Fig.7 Cloud diagram of grouted sleeve and thin-walled pier components
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Fig. 10  Time-history curves of ground motion acceleration and pier top displacement
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Fig. 12 The maximum displalement response of the bearing and the maximum bending moment at the bottom of the pier
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Fig. 13 Comparison of hysteresis curves of two types of pier components

5 MERZMESN

5.1 SitESHIRE RSB EREIL
Sy B i) 52 H AR ST AN R 50 B A R A T A 0 s 5 A ) 7 7 R ok 31 sl e L A A
BRORAS MER MR 2 Bt T LU (1) Fom 2

In(S,) = In(S¢|s)

! «/Bi | LS; +ﬁ%
Ko @( ) WIRHEES M REL S, RIS, | s NWHUEET R S, MIBIRERE ST S, HUHIME 8, R B |15, S, A0
Seins BT EbRERE . —BORUL, 45 BIPEIZE L SA S BB, /81482 HU{E 0.4, T L PGA iy F AZ BN,
VBB BUE 0.5,
ARSCHERE SAT, (1 B 1 4 J8 0 5% 17 (33 8 B0 )V Ry M 7R Bh i BEFR A 2 K 403 S 900 e s 493
s AR T E S A SE S 4 Bl TR SR DL KR B 3 R AT A0 . TN, BT
VAR 5 2 1) BTN S -5 4 AT 1) Y S AR T) 25 1 B, AR 1 5 28 T Z [ R A e —— X R e R
W AN ECR TSRS A B8 S M LAV A MR SR 8 b, I80AR SOR I % o A I BRI 5 A 22720 s 3 75 S
KHIERS w AE R IR AR SR8 R FH BT UI I AE o AR B 4 b, P H e £ DAL AR A, A1 i i 4
PR ABASHE Tk e RE ORI e B N T T 2R [ A0 T 0 A — 2
(]IS b T P RESICE AR [ LA SRS 1) 1) ) 22 R PR RO AR X 282 5 B R, AR SCRIT ] XTRACT SR A% 2 A7
(6] BT8R 0 0 EA T T B o T S SO A A D SC SRR, %o TR PO RN 5, USRS R
SRS R AT b B AN A A 1 D G BRI, A A PRI TR AR LR 3,

IM} (1)



194 o T B 5 T & #& 3 %445

®3 BUHHRGER

Table 3 Damage indices of each component
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Fig. 14  Component vulnerability curves
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Fig. 15 Comparison diagram of vulnerability curves of two types of thin-walled piers
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Table 4 Medium damage probability of two types of bridge bearings and blocks

Fa 0.2 g 0.4 g 0.6 g 0.8 g 1.0 g 12 ¢ l4 g
PWB-Hf &5 57 J8& 0.308 0.760 0.920 0.972 0.990 1.000 1.000
CWB-Hf &5 32 0.293 0.746 0.914 0.969 0.988 1.000 1.000
PWB- 57 J3 0.046 0.217 0.398 0.544 0.655 0.737 0.798
CWB-HF 7 0.044 0.207 0.384 0.530 0.642 0.726 0.787
PWB-#f &5 £k 0.257 0.69 0.876 0.949 1.000 1.000 1.000
CWB-Hr 5 Pk 0.248 0.682 0.873 0.947 1.000 1.000 1.000
PWB-Hr i e 0.050 0.229 0.414 0.561 0.670 0.751 0.810
CWB-Hri iy 0.048 0.223 0.407 0.553 0.664 0.744 0.804
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