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Study on the influence of uplift pressure on difference between calculated

and measured heel stresses for gravity dam

ZHANG Guoxin"?, CHENG Heng', GENG Jun’, ZHOU Qiujing', ZHANG Hailong’, DING Yu’

(1. China Institute of Water Resources and Hydropower Research, Beijing 100038, China;
2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, Beijing 100038, China;
3. River Basin Complex Administration Center of China Three Gorges Corporation, Yichang 443134, China)

Abstract: Dam heel stress is an important indicator for evaluating the safety of gravity dams. When the finite ele-
ment method is used for analysis, gravity dams designed according to the no—tensile stress criterion tend to have
large tensile stress. However, there are no reports of observed tensile stress in practical projects. The gravity dam
of some projects even has great compressive stress. Besides, the measured stress variation is often much smaller
than the calculated value. In this paper, the observation results of 24 gravity dams at home and abroad are coun-
ted, and the variation characteristics of the dam heel stress before and after water storage are analyzed. Taking a
typical gravity dam as an example, the dam heel stress is calculated by means of material mechanics and finite ele-
ment method, and the variation law of theoretical dam heel stress and measured dam heel siress is compared and
analyzed. This paper focuses on the contribution of uplift pressure to the stress of two dam heel measuring points,
and reveals one of the reasons for the discrepancy between calculated and observed dam heel stress. The results
show that the theoretical heel stress is the effective stress considering uplift pressure at the bedrock side of dam
heel, while the measured dam heel stress is the total stress inside the concrete of the dam body at a certain distance
from the foundation. There is a stress difference close to the uplift pressure between the two dam heel stresses. For
gravity dams designed according to the criterion of no tensile stress, the measured point in the dam is generally the
compressive stress, and the minimum compressive stress is 0.5-1.0 times the upstream head. The measured effec-
tive stress of the dam heel depends on the seepage field and the pore water pressure coefficient (B coefficient). The
amplitude of seepage pressure at this point is smaller than the upstream head and there is a lag. Therefore, the
measured dam heel stress amplitude is significantly smaller than the theoretical dam heel stress amplitude. The
difference between the effect of uplift pressure on theoretical and measured dam heel is one of the important reasons
for the significant difference between measured and calculated dam heel stress.

Keywords: gravity dam; uplift pressure; dam heel; seepage field; stress
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