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Finite element analysis of foundation unloading and relaxation
effects of Xiaowan Arch Dam
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Abstract: The effects of unloading and relaxation during the excavation of Xiaowan arch dam foundation are evaluated by 3-D
nonlinear finite element method. Based on the analysis, the relaxed and un-relaxed cases are compared on the basis of stress,
deformation, yield zone and the shear safety factor of critical section in shallow dam foundation. It is found that the relaxed
foundation mainly affects the deformation and stress distribution in local section at low elevation, but has little effect on the whole
dam. Compared with the un-relaxed case, the first principal stress in dam heel on dam foundation surface(EL.953.0 m) have increased
to some extend after the foundation relaxation, while the third principal stress in dam toe decreased appreciably. It is also found that
the contribution of cantilever beam has been weakened slightly and the shear safety factor of crown cantilever has a little decrease.
The shear safety factor of dam foundation surface in the original design with un-relaxed foundation can basically satisfy the request
of “Design Specification for Concrete Arch Dams”; but in the relaxed case it reduced obviously. Therefore proper measures should be
taken in order for the improvement. This research has provided a reliable basis for the decision-making.
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Table1 Comparison of rock deformation and strength
parameters below EL. 975 m before and after excavation

PPN E/GPa ¢ /MPa  f LI EE/m
THZHT 20 1.8 1.40
11 1.0 1.15 0~2
TH2fE 14 1.2 1.20 2~6
18 1.8 1.43 6~20
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Fig.1 Schematic diagram of dam foundation relaxation
below EL. 975 m (unit: m)
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Fig.2 Finite element meshes of integer model
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characteristic points
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Table 3 Comparison of characteristic vaules of stress
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Table 4 Comparison of yield zone in dam foundation at
the crown cantilever section
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Fig.3 Computational model of uplift pressure
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Fig.5 Point safety factor at EL. 951 m (relaxed)

4.4.2 THPUBY 22 RE

AT HUAR 951 m WrIHIPLET (W) 24 R
Gtk 7. HERATLLEH, OHIERAGE,
AE RGP, BUBY %4 RECRIBTET Wiz 4 /AL
FEAT TR, (EIEA AL ; QARG 25
FHIBIUGHUAR, WIHTBT W24 RECRIPTEY 24 R AL
R TR OIS DIEY (WD w2 REPE
IR, AN BE L R e 2R

RT MARIBH (B ZERK

Table 7 Shear safety factor of river bed dam section
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