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Experimental research on the seismic damage control techniques for
RC bridge piers by using prestressing tendons

Sun Zhiguo' >  Wang Dongsheng' > Si Bingjun®  Li Hongnan®  Zhang Mingsheng’
(1. Dalian Maritime University Dalian 116026 China; 2. Key Laboratory of Highway Engineering of Liaoning Province
Dalian 116026 China; 3. Dalian University of Technology Dalian 116024 China)

Abstract: The objective of this research is to evaluate the effectiveness of the proposed technique to reduce the seismic
damages to Reinforced Concrete (RC) bridge piers by using prestressing tendons. Six RC bridge piers with vertical
unbonded prestressing tendons and one without tendon were designed and tested under constant axial load and reversed
cyclic lateral loads. The seismic behavior of the piers were presented and compared with each other with special
attention to the seismic damages to the piers including concrete crack width and residual displacement. It is found that
employing prestressing tendons in the bridge piers could result in obvious reductions of concrete crack width and residual
displacement and enhanced strength and lateral stiffness of the piers but the energy dissipation capacity of the piers
would be decreased. Avoiding tendon rupture or relaxation are the key measures for the seismic damage control design of
the piers. Increasing the initial stress of the tendons would result in reduction of the concrete crack width ductility and
energy dissipation capacity of the piers but has little influence on the residual displacement and stiffness degradation of
the piers. And the seismic behavior of the piers including the concrete crack width residual displacement ductility
and energy dissipation capacity and stiffness degradation would not be affected by the location of the prestressing
tendons.

Keywords: Reinforced Concrete (RC) bridge piers; seismic damage control; unbonded prestressing; quasi-static tests;
seismic behavior
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Table 1 Design details of the specimens
n 14 A
RCH 812 0.1 0. 0 0
PRCH 812 4¢°12.7 0.2 0. 0.1 0.61
PRC2 88 44°12.7 0.2 0. 0.1 0.76 PRCH
PRC3 812 24°12.7 0.15 0. 0.05 0.44 PRCA
PRC4 812 44°12.7 0.15 0. 0.05 0.61 PRCAH
PRCS 812 44512.7 0.25 0. 0.15 0.61 PRCA
PRC6 812 44°12.7 0.2 0. 0.1 0.61 PRCA
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Fig.1 Design details of the specimens
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Fig. 6 The relationship between the residual concrete crack widths and lateral loads
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Fig.7 The relationship between the residual

displacement and lateral displacement of the piers
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Fig.8 The relationship between the prestressing stress and lateral displacement of the piers
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Table 3 Comparison of the member ductility parameters
F o (kN) Ay (mm) A, (mm) M Ny R(%) Ey Iy 4
RCH 70.9 7.0 35.3 5.0 47.6 3.2 55.6 44.8 182.0
PRCH 95.3 8.0 37.2 4.7 41.5 3.4 37.0 40.4 107.8
PRC=2 81.5 6.0 31.7 5.3 39.0 2.9 35.0 38.5 85.4
PRC3 83.8 7.6 38.7 5.1 59.3 3.5 60.7 54.6 214.0
PRCH4 84.7 8.0 38.3 4.8 46.3 3.5 41.8 40.4 122.4
PRC-S 87.0 7.7 32.6 4.2 37.3 3.0 29.9 31.9 83.4
PRC-6 93.5 7.5 36.8 4.9 43.9 3.3 44.5 42.0 121.4




47 1 115 -
; PRCA4 PRC-6
RCH
PRCH o
o 2.6
Ma~ Ny A K,
4.0 :
PRC2 2.9 3 3
3.0 K, = ZF max/;Ai 17)
RC4 Fo A i A,
RCH o
o Ey 10 A K,
PRC3 RCH RCH . PRCH o
PRC-S o RCH
Iy w
PRC3 RC4 o PRCH
0 PRC2.PRC3.PRC4 PRCH
PRC-S PRCH PRC-6
o PRCH o
PRC4.PRC4  PRC-S o
10

Fig.10 Comparison of the stiffness degradation of the specimens
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