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Fig. 2 Typical profile of combined rock-fill dams(unit; m)

2 HREREARMITE SN

TREIEE - SR I AR FH 2 PR AR AR | MR SR FH R 7K RS R T e S PR 70 | T A ] s 4% R 1 %R P 3
HGTANER TR 2 TREE I i R (A1 B Goodman BT, B M A R . SRR S50
1R, IREE LA E S N p=2.40 g/em® ,E=28 GPa,v=0. 167, Goodman HILEE N . K=
4 800,n=0.56,R,=0.74,0=36°,

F1 FOMREAERSH

Tab. 1 Parameters of Nanshui double-yield-surface model

Uk py/ (g em™) ©y/° Ap/° K n R, cq/ % ny R,
HZHE 2.25 54.8 8.7 1023 0.32 0.61 0.72 0.46 0.56
i R 2.17 56.2 10.9 1439 0.23 0.72 0.32 0.77 0.68
FHEA R 2.15 56.6 11.3 1413 0.22 0.72 0.31 0. 86 0. 69
WHEA R 2.15 54.6 10. 6 1 000 0.25 0.65 0.45 0.82 0.71
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Fig. 3 3D FEM meshes of combined rock-fill dam
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Fig. 4 Horizontal displacement of largest profile of rock-fill dam (unit; cm)
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Fig. 5 Dam body settlement of largest profile of rock-fill dam (unit; m)
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Tab.2 Maximum deformation of rock-fill dam

iy YR T IR W2 T TR BT FIKIA Ll FKI R EIKI
W/ em I/ em HWUAGTRE/ cm I/ em A5IE./ em WA/ cm
BRI 7.5 7.0 43.3 5.0 7.4 46.2
HAEI 5.4 5.2 40.8 2.3 6.0 43.8
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Fig. 6 Axial deformation and deflection of slab during full storage period (unit; cm)
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Fig. 7 Axial stress and longitudinal slope stress of slab during full storage period (unit; MPa)
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Tab.3 Maximum values of stress and deformation of slab during full storage period

W mAREEIE/em AZERZE/ecm 55 /em A RN S1/MPa ShE BN S1/MPa % (6] K8 F1/MPa W 47 5 F1/MPa
H RN 1.27 1.56 19.5 6.43 -1.15 8.27 -0.16
HAEM 0.84 0.84 11.3 4.71 -0.78 6.38 /

IEEHIAR  \\DzI4\D\FEHRUKFIKIZ\2018-5 $H1\2018-5.PS 6 4% HERR.FRHE  2018/10/16



60 KoOF O ok B TOB O MR 2018 4 10 A

3.3 RETIN AT

TREE - U] [ia) 57 A% R0 3 B 1) TE R S350 A5 20 51 WL IR 8 ~ 9 YRR 30 T /R 25 A2 X 5 o, it T30 % K
WA AT R 1] LAY f KA 0. 24 em, 3817 A2 K 128 8, [ P IE , S RAEK 0. 33 em,
TE FL ) it T AN ES A AR 5 457 e, e R e ELAE N 1405128 1. 46 Fi1 2. 31 MPa,, i T2 &5 K TR ¢ 1
WU B 3AZ R, F 0 3 AN BRAR /NG BB it T4 53 A F 9 e 003k TRV TaT , 57K 0100 A R R 10k - digimn, L
PR SRR e KAAART 0. 3 MPa, ZKARBUREE - 454 B TAE SR A (AR IR AT, i R 22K

Bk TR A7 R, AR R TR R TR BT A R B 2 — A E % R T A R R R AT R E
AR T AR A BRIt A H RS R 14 32 8h 1 6 iR s e i AT T /AT, 1R
SEH RS T T IR EE 30 0V 0L T T AR e A R AT I R EER

83% 4 2.1
024 0 s
0.20 8 12
0.16 : '
0.12 6 0.9
0.08 4 0.6
0.04 2 03
(a) SR T (b) F /K] (a) R TH (b) #F7KHA
8 TRBE - I 17 25T (A7 : em) B9 JREE IR B R IE R S (B2, MPa)
Fig. 8 Horizontal deformation of concrete dam (unit; ¢m) Fig. 9 Vertical normal stress of concrete dam (unit; MPa)
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Stress and deformation properties of combined CFRD

WANG Yuxiao'?, SHEN Ting’, LI Guoying’
(1. Xi’an University of Technology, Xi’an 710048, China; 2. Engineering Construction Branch Company, Qinghai
Yellow River Upstream Hydropower Company, Xining 810008, China; 3. Nanjing Hydraulic Research Institute,
Nanjing 210029, China)

Abstract: Embedding a concrete dam at the upstream bottom of the conventional CFRD’ s slab is called combined
“CFRD”. Studies and analysis of stress and deformation properties of the combined CFRD using 3D finite element
method based on a 150 m high dam are introduced in this paper. The analysis results show that the rock-fill
deformation of the combined CFRD is not much different from that of the conventional CFRD. However, because the
length of the dam slab and the vertical joints are reduced, the stress state of the dam slab is improved. By extending
the dam crest width of the concrete dam, the deformation of the peripheral joints can be controlled. At present, the
most prominent problem existing in the 200 m high concrete-faced rock-fill dams is the structural cracks and
crushing failure of the dam slab, and the combined CFRD can effectively improve the slab stress state. So the
combined dam has some technical advantages, especially under the conditions of irregular terrain, narrow valleys

and other adversity. Therefore, this new dam type can provide a new idea in the design of the high CFRD.

Key words: combined CFRD; conventional CFRD; stress and deformation property; FEM
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