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Dynamic response analysis of high CFRD under complex terrain conditions
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Abstract: Several strong earthquakes proved that the concrete face rockfill dam (CFRD) has nicer aseismic behavior; but its dynamic
response is still concerned, especially when the dam height comes in the level of 300 m and it is built on complicated valley terrain
conditions, etc. Analyzes the dynamic response of CFRD under complicated topographic condition (the shape of valley is irregular W)
by using the equivalent viscoelastic model. It is concluded that the dynamic response of CFRD under complicated topographic
condition is more complex than under a single topographic condition, but the rules are same. The strongest dynamic response
acceleration locates on dam’s crest of the largest section, the biggest earthquake’s settlement is about 0.30% of the dam height.
Because of the ancient river terraces on the right bank and vertical slope on the left bank, axial and consequent dynamic acceleration
magnification on the right bank are greater than on the left bank; but the vertical dynamic acceleration magnification is contrary.
There is an obvious displacement area near the ancient river terraces. Under the influence of seism and terrain conditions, the larger
net tensile stress appears on the upper panel to the left bank, which may lead to panel cracking damage. According to the results, the
failure forms of high CFRD mainly include the downstream dam slope instability, panel cracking and excessive settlement. Finally,
some viable aseismic measures are discussed.
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Fig. 1 Sketch of dam body and panel of CFRD
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Fig.2 3-D finite element mesh of dam
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Fig.3 The maximum cross-section of CFRD (unit: m)
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Table 1 Calculation parameters of static model
IS P % Ae K " R “ " R,
/ (g/em’) /() /() /%
HEX(2A) 2.31 493 59 920.2 0.29 0.67 0.49 0.45 0.65
FHEAX(3B) 227 50.1 6.3 1294.1 0.32 0.74 0.30 0.67 0.72
UHEA X (3CL) 2.22 532 9.0 1104.4 0.22 0.65 0.40 0.72 0.64
UHEA X (3C2) 2.20 48.5 6.2 704.6 0.35 0.69 0.58 0.62 0.66
B HQs) 2.20 48.5 6.2 704.6 0.35 0.69 0.58 0.62 0.66
15 24(Qq) 2.10 46.4 6.3 401.6 0.37 0.60 0.72 0.63 0.63
K2 RN ERER RSN THHESH
Table 2 Calculation parameters of seismic model
UK X K, n K, A “ N “ N
/% /% ’

HEX(2A) 2084 0.347 235 0.21 0.33 0.62 7.90 0.86

FHEAX(3B) 2503 0.330 274 0.19 0.43 0.70 5.75 0.82

UHEA X (3CL) 2208 0.304 25.1 0.20 0.79 0.83 7.38 0.96

UHEA X (3C2) 1550 0.341 26.3 0.23 0.83 0.90 8.99 0.97

UHEA X (3C3) 1550 0.341 26.3 0.23 0.83 0.90 8.99 0.97

HHEQ3) 1550 0.341 26.3 0.23 0.83 0.90 8.99 0.97

HHEQ4) 1120 0.401 27.6 0.25 0.98 0.96 11.1 0.99
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Fig. 4 Input of ground acceleration curves
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Fig. 5 3D distribution of dynamic response acceleration magnification
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Fig.6 Distribution of dynamic response acceleration magnification of the largest section
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Fig.7 3D distribution of earthquake induced permanent deformation (unit: cm)



5113 Vo AR RSB AT R mmARHE A IS ) R oy A 3335
1700 1700
\E 1600 \E 1600
B~ B~
1500 1500
=250  -150 50 =250  -150 =50 50 150 250
=200  -100 0 100 200 300 =200  -100 0 100 200 300
X/m X/m
(a) NGt fi] (b) TEH I
B8 BAWTEIKAZTE R (AL cm)
Fig.8 Distribution of earthquake induced permanent deformation of the largest section(unit: cm)
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Fig.9 Static and dynamic superposition graph in panel axial(unit: MPa)
1650 L 1650
£ a . > 3?3% y ®o
= 1600 = 1600 " 7 / 0.0
== ) —
1550 1550 . B
1500 |} . 1500 NI L

0 50 100 150 200 250 300 350 400 450 500 550
X/m

(a) M) 5 3 Kl I ) B

0 50 100 150 200 250 300 350 400 450 500 550
X/m

(b)  HN ) B KB N ) S

B 10 TR FEF SN B N E CRAL: MPa)
Fig.10 Static and dynamic superposition graphs in panel slope(unit: MPa)
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Fig.11 Safety factor time history of downstream dam slope
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