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Dynamic coupled simulation analysis of seepage and stress deformation of
upstream cofferdam of Lava Hydropower Station
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Abstract: The deep low permeability layers in earth-rock cofferdam foundation often need to use the treatment measures such
as gravel piles to shorten the distance between consolidation drainages to control the cumulative quantitiy of the excess pore
water pressure and to speed up its dissipation rate so as to reduce the deformation of dam foundation and improve the security
of the seepage control system and stability against sliding of the dam foundation. Based on the needs of the design
demonstration and optimization of the upstream cofferdam of Lava Hydropower Station, the 2D and 3D finite element
simulation methods for the coupling of seepage and stress deformation in the whole process of cofferdam filling and foundation
pit excavation are developed and implemented in the software LinkFEA, and are successfully used in the calculation and
analysis of the cofferdam. The coupled simulation method for seepage and deformation of saturated soil foundation including
gravel piles and its key simulation techniques are introduced, and the simulation of soil filling in water and construction of
cutoff wall and gravel piles in the coupled calculation as well as the simulation of the permeability coefficient of low permeable
soil layers changing with the compaction is realized. The pore water pressure and displacement at two typical stages are
analyzed, and the variation characteristics of pore water pressure, stress and displacement are described.
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Fig. 1 Construction plan of Lawa Hydropower Station
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Fig. 2 Structural profile of upstream cofferdam
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Fig. 3 Schematic diagram of 2D model for gravel piles
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Table 1 Soil permeability coefficient vs. consolidation pressure in consolidation test

F LS T KB E R R (s )

HRA 0~50kPa 50~100kPa 100~200kPa 200~400kPa 400~800kPa 800~1600kPa  1600~3200 kPa
WEFR  2.38x10° 8.83x1010 4.39x1010 2.94x1010 2.03x10°10 1.31x1010 8.60x10 1!
wEHLt  231x107 1.26%10° 5.75x10710 4.83x10°10 3.06x1010 1.77x10°10 6.23x101!

wt 5.92x10°° 1.28x10° 4.70x10°10 3.02x10710 1.86x10°10 9.04x1010 5.94x101!
it 2.41x10°  7.20x10710 5.16x1010 3.86x1010 1.77x10°10 1.27x1010 2.92x101
=2 HEREER
Table 2 Computation-level information
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Fig. 5 Finite element mesh
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Table 3 Parameters of soils for Duncan £E—B model

AL T2/ (grem?) LB c/kPa o/(°) K n Rt Ko m Kur
WIE 1.90 0.30 0 38 900 025 0.85 393 022 1500
IR R 1.60 0.38 0 29 1000 028 0.75 400 022 1200
TR s 2.05 0.25 0 21 900 025 085 393 022 1500
P 2.05 0.25 0 38 900 025 085 393 022 1500
Qs 2.05 0.25 0 35 1000  0.35 0.8 340 020 1200
Q- 1.40 0.48 28.7 22 125 057  0.68 90  0.56 150
Qe 1.36 0.50 45.0 20 87 058  0.62 60  0.58 105
Qr® 1.38 0.49 31.0 21 100 0.56  0.65 73 0.56 120
Qr® 1.36 0.50 42.0 20 85 057  0.63 60  0.57 102
Q! 1.95 0.25 10.0 36 1000 035 0.80 340 020 1200
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Table 4 Permeability and consolidation parameters of soils

+= & 1 240 Ko BIE RZH(em's ) T B W45 2480 (cm?s ) AT il 25 280 (em?s )
Qs 0.35 5.5x10'! — _

Q! 0.36 3.0x102 — —

Q3 0.50 6.8x10° 4.4x103 4.5x103

Qrx® 0.60 2.9x10°6 3.1x10°7 3.9x107

Qrx® 0.55 3.5x10° 3.8x107 42x10°

Q¥ 0.66 2.0x10°¢ 3.1x103 3.9x103
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100 kPa, JAFALLEY 0.49. % KALFEER A 117515 R 5L
TR 2 25 DR R0 PR A1) DS o B2k [ B G Y g - AR
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