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Seismic response characteristics of ECC pile-energy dissipation
anchor ductile retaining structure

DING Xuanming, LIU Xuecheng, WANG Chunyan, REN Jiyu, LIU Shimin

(School of Civil Engineering; Key Laboratory of New Technology for Construction of Cities in Mountain Area,

Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: As one of the most common support structural systems against seismic landslide, pile-anchor
structures have become a hot topic of research in the current engineering field for their enhanced seismic
resilience under strong earthquake. This study optimizes the seismic performance of pile-anchor structures by
introducing viscous dampers and ECC (Engineered Cementitious Composite) ductile components. Based on
shake table tests, the characteristics of dynamic behavlors of the new pile-anchor structures are analyzed from
aspects of macroscopic failure, model dynamic properties, acceleration response, pile displacement response,
dynamic bending moment response, and dynamic axial force response. The experimental results indicate that
installation of dampers effectively reduces the dynamic axial force of the anchor cables and prevents its

accumulation, with a maximum reduction of up to 47%. The reduction magnitude increases and then decreases

Wi B #:2023-11-20

BEETE : HEHARBEE 4 (52178312) s T KT H AR Bk 5L 4 A8 #F (R RL 2% 3L 4 (este2020jeyj-cxttX0003)

EBRI A TREWI(1979-), 5 U2, W+, FENFE 13 1% 5 TRARZHBIE , E-mail : dxmhhu@163.com.

Received: 2023-11-20

Foundation items: National Natural Science Foundation of China (No. 52178312); The Innovation and Group Science Fund of
Natural Science Fund of Chongging (cstc2020jeyj-cxttX0003)

Author brief: DING Xuanming (1979- ), professor, PhD, main research interests: soil dynamics and engineering vibrations,
E-mail: dxmhhu@163.com.



%248 T, F ECCAHE-TH A B w1 b 3 45 45 M o 3 JE v o LA 77

with the increase of the seismic intensity, and it can be adjusted by optimizing the design of the dampers. The
use of ECC materials improves the deformation capacity of the pile body, enhances the energy dissipation
capacity of the anti-sliding pile under seismic action, and overcomes the problem of increased displacement due
to the installation of dampers. The combined effect of both significantly improves the seismic performance of
pile-anchor structures. The spectral characteristics of seismic waves possesses significant impact on the seismic
response pattern of the new structure. The more frequency components close to the fundamental frequency of
the slope contained in the seismic waves, the more prominent the dynamic amplification effect. Compared to the
action of Sine_5Hz, under the effect of the Wenchuan wave, the amplification factor of the PGA (Peak Ground
Acceleration) at the top of the slope could increase by up to 100%.

Keywords: shaking table; pile-anchor structure; energy dissipating anchor cable; seismic performance; viscous

dampers
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Table 3 Acceleration amplification coefficient of each

measuring point under seismic wave action

iERIRe Jon B R B A

i J% /m 0.1g 0.3g 0.5g 0.7g 0.9g
1.25 1.19 1.15 1.17 1.30 1.61
1.10 1.18 1.15 1.16 1.29 1.57
0.95 1.16 1.13 1.14 1.25 1.40
0.80 1.12 1.10 1. 11 1.19 1.29
0.65 1.08 1.07 1.07 1.14 1.21
0.50 1.07 1.06 1.06 1.10 1.13
0.35 1.01 1.00 1.00 1.02 1.03
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Table 4 Acceleration amplification coefficient of each

measuring point under WenChuan wave action

A S TR R 7 A

= /m 0.1g 0.3g 0.5g 0.7g
1.25 2.36 3.05 2.95 2.39
1.10 2.21 2.91 2.80 2.19
0.95 1.87 2.47 2.30 1.74
0. 80 1.62 2.05 1.84 1.40
0.65 1.45 1.76 1.52 1. 20
0. 50 1.21 1.26 1.06 0.84
0.35 1.05 1.02 0.97 0.85
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