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Tab.1 The mass proportion of key constituents in the emulation

concrete material
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Fig. 1 The flexural-tensile strength measurement of emulation concrete

material
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Tab.2 Main technical parameters of vibration table excitation system
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Fig. 6 Real object of the arranged sensors
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Tab. 3 Loading conditions for arch dam model testing
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Tab. 4 Acceleration peak values at different time periods for each measurement point
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Experimental testing of arch dam model on shaking table and its structural
dynamic characteristics

QIUJ ianchun', LONG Changlinl , ZHENG Dongj ian”>*, WU Hao’, DING Yue’, ZHANG Hailong7,
XU Pengcheng', CHEN Xinggiao™*, YUAN Cong’

(1. College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009, China; 2. College of Water Conservancy and
Hydropower, Hohai University, Nanjing 210098, China; 3. National Engineering Research Center of Water Resources Efficient Utilization and
Engineering Safety, Hohai University, Nanjing 210098, China; 4. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering,
Hohai University, Nanjing, 210098, China; 5. Jiangsu Hydraulic Engineering Construction Co., Ltd, Yangzhou 225002, China; 6. Jiangsu Huaishuxin
River Administration Office, Huai’an 223001, China; 7. River Basin Complex Administration Center of China Three Gorges Corporation, Yichang
443134, China )

Abstract: The dynamic model test of an arch dam on a shaking table is an important way to study its seismic
performance and failure mode. A shaking table damage model test of the arch dam was carried out. A model
material primarily composed of barite sand, barite powder, and cement was made. The model material had material
possesses characteristics of high density, low dynamic elastic modulus, and appropriate strength, with its average
density being 3,175 kg/m’, average dynamic elastic modulus being 1.05 GPa and average tensile strength being 68.7
kPa. Combining the conditions provided by the selected shaking table and the mechanical properties of the used
model material, the arch dam model was designed with four parts: dam body, foundation, dam shoulder, and
boundary wall. The height of the dam body, the maximum width of the dam crest, the thickness of the dam crest,
and the thickness at the base of the dam body were 1.5 m, 1.0 m, 6 cm, and 11 cm, respectively. The total mass of
the arch dam model was 2.17 t.

Pressure-resistant accelerometers and resistance strain gauges were arranged at different parts and elevations of
the arch dam model to obtain dynamic responses. The structural dynamic responses of the model under different
earthquake simulation loads were tested. A specific working condition (Time period was 32.0 s) of the arch dam

model was selected for analysis, in which the structure began to exhibit evident damage with visible cracks in arch
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crown and gradually progressed.

By analyzing the structural dynamic strain responses under following working condition, the time of the damage
occurrence was determined at ¢ =5.8 s, and the condition was divided into four periods. Multiple acceleration
response measurement points on the arch crown beam were selected for analysis. The acceleration amplification
factors at the acceleration measurement points near the arch crown showed a noticeable and gradually increasing
trend in four time periods, consistent with the characteristic of significant cracks appearing in the middle part of the
arch crown.

The subspace numerical algorithm for modal parameter identification (N4SID method) and the ARX model
identification method were introduced. Based on the collected dynamic response measurements, the identification of
natural frequencies and damping ratios of the arch dam model structure were conducted for four different periods by
the introduced two methods. It was observed that both methods yielded small errors in identifying natural
frequencies at each order, while there was a significant difference in the identified damping ratios. This discrepancy
was primarily attributed to the high complexity of the damping characteristics of the arch dam structure. Comparing
the identified values of natural frequencies and damping ratios at each order for the four time periods, it was found
that the natural frequencies gradually decreased with the development of structural damage, while the damping
ratios increased with the development of structural damage. The identification results were consistent with the strain
response process and the actual damage results of the arch dam model, validating the effectiveness of the dynamic
characteristic parameter identification. The results provided a valuable reference for the preparation and analysis of
arch dam shaking table tests. Additionally, this study can also serve as validation material for the identification of

dynamic characteristic parameters and damage diagnosis methods in arch dam structures.

Key words: arch dam; shaking table; dynamic response; frequency; damping ratio
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