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Dynamic response of asphalt concrete face rockfill dam under random
combination of P wave and SV wave oblique incidence

GAO Chuan, SONG Zhiqiang, WANG Zongkai, LI Chuang
(State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China,
Xi’an University of Technology,Xi’an 710048, China)

Abstract: The uncertainty of the combined incidence angle of seismic waves often has a significant effect on the dynamic response
of faced rockfill DAMS. In this paper, the motion field of surface control points is decomposed by the principle of wave field super-
position, and the time history of incident P and SV waves is obtained by two-dimensional inversion. The angle of incident P wave
and SV wave in the wave input model are randomly selected by the method of number theory. The influence of the uncertainty of
combined incident angle on the seismic response of asphalt concrete faced rockfill dam is studied by the dynamic calculation of differ-
ent combined incident angles. Taking a practical project as an example, by analyzing the mean value, coefficient of variation, 95%
confidence interval limit and extreme value difference of the horizontal peak acceleration of foundation surface, panel stress and ac-
celeration, dam body horizontal peak acceleration and permanent deformation, and other statistical laws and distribution type tests,
and compared with the vertical incidence of seismic waves, The influence of random combination incidence Angle and input ground
motion intensity on random response dispersion degree and obedience probability distribution is analyzed. The results show that
considering the uncertainty of the combined incidence angle, the seismic response dispersion of the foundation surface of the dam
will increase. The maximum principal tensile stress of the panel increases by at least 40% compared with the calculated result of
vertical incidence. The influence of the horizontal peak acceleration on the dam crest and the panel crest is greater than that on the
permanent deformation. Compared with the results of vertical incidence, the permanent deformation of the three groups of seismic
waves has a transcendental probability of more than 70%. The statistical results of seismic response of dam body may not accord

with normal distribution. The dispersion of seismic response results of overlay layer is greater than that of dam body.
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Tab.1 Finite element static force calculation parameters of materials

(A o/(gecm™?) K ", R, ¢/kPa ¢/(°)  Pa/kPa K, m K./K
FHEAX 2.30 770 0.32 0.65 0 47 100 398.2 0.06 2.00
YA IX 2.25 720 0.35 0.72 0 45 100 389.3 0.03 2.00
i P X 2.09 650 0.52 0.89 50 100 561.1 0.05 2.00
HEX 2.20 1000 0.52 0.67 42 100 358.8 0.23 2.00
HiiE—X 2.24 990 0.68 0.76 80 38 100 283.0 0.20 1.95
HEE X 1.55 1170 0.68 0.59 60 39 100 276.0 0.17 1.80
BHHE =X 1.44 990 0.70 0.70 80 38 100 253.0 0.15 1.75
PR RSk 1.62 1620 0.65 0.65 70 40 100 261.0 0.18 1.87
Wi IR EE+ 2.43 350 0.33 0.76 200 25 100 1035.6 0.99 1.97
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Tab.3 Material finite element dynamic and permanent deformation calculation parameters

o7 ky ky n" v A Q/% C Cs 54/% Cs
FHEA X 26.0 2336 0.430 0.330 0.235 10.08 1.35 0 20.14 0.35
WHE A X 25.0 2270 0.425 0.330 0.235 10.38 1.35 0 20.14 0.35

X 24.0 2200 0.420 0.330 0.245 10.02 1.26 0 19.25 0.39

#ZIX 20.0 1200 0.385 0.330 0.260 6.90 1.37 0 20.03 0.36
iR —X 15.2 1155 0.618 0.350 0.245 6.73 0.71 0 5.86 1.13
HEE KX 17.4 1200 0.612 0.380 0.250 1.36 1.23 0 4.49 1.19
HHE KX 16.0 1100 0.648 0.380 0.270 1.18 1.41 0 3.50 1.44
PR i B A 8 18.6 1404 0.562 0.350 0.238 7.85 0.73 0 5.86 1.28
Vi IREE + 19.0 720 0.470 0.345 0.280 0.03 0.18 0 15.00 0.90

TE L N R B RN 2.4 g/em’®, BRI Bl 8 GPa, AR L 0.25, v b RHE % L .
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Fig. 8 Spatial distribution of horizontal peak acceleration of foundation surface and corresponding coefficient of variation
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Tab.4 Summary of responses of control points to A B B g R 4 Bk 108.73. 172.59 Al
horizontal peak acceleration on foundation surface 168.71 kPa, X4 % F& 3 72 Uk 40 & A f0 B S W0 e
f dam bod - N
o7 Tam Pocy L IR B 2% 1 i A H 7 ) i 22 ) A7 E 1Y 25 S
el HoRE GAE L T VA 5 NI % N S .
b3 4 = g 3 i 124.20. 199.04
JP I e o  Ew 3ﬂiﬂz;§/ﬂz?é’33{ﬁnﬁu{ Qio 99Ioju
0 A 71> e
1 1.710.77) 0.265 1.72 2.18 1.34 62.8% 206.38 kPa, AT LL IR HAMSE T (9 1F5E 408 2 1K
ZdE 2 2.84(3.14) 0179 2.81 341 240 42.1% T 10760 AR R R Jy B(E AR T R A
3 5.31(5.23) 0.100 521 641 4.98 28.6% IERIRGEE N (RS FNESTIVPIE - PN
¥ 1.44(1.29) 0.212 143 1.71 1.22 40.7% 154.38.,249.35 F1 245.14 kPa, #H It 5 B A 55 F 193t
v 27 2.43(2.20) 0.151 243 280 2.11 32.9% BERBDHR T 40%, @t A-D Gt E 5 4 1
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RS BT R T AT IS F IR B m /s
W (9 HE PR SR BOM [R] 5 9 0t , 5 IR & A B Y

ANy s P ELTR] I 25 Ry A M 5= Bl (i 22 ) A7 1Y) 22
S5 R AR Sl T 7 - 1) 3t 7 W 7 140 82 W AT A 1

3.2

i R B AR R 1 5 oK T N E BE 43 A

K6 56 VEAl 7T LA 3 3 20 M 72 B AE 5 IR 5 A B A
JE A 2 P L[] 5 25 P At 7R 2l WL 2 ) A7 A 1Y)
ZES I EE 1A AN 2 2 M 7R Il ) B R B IR A
AV MNITERE RN $14:5 - FNEX TIPS
TEAS A NI, 5 I8 LA A #2049 A 1 2 4 L TR
2% 18 i A 75 2l D8 {HL =2 [0 A A 19 22 5%, XTI AR

5 ORI R BE - AR N GE AR AT LA B

T 8w 157 LA KA DA A1 6 5 Wi e A e EE Y

x5 HE IR ERNGE ST ST R
Tab. 5 Statistical table of response analysis of asphalt concrete panel
S [GEI§ N AW AT AR TOU7AC ST W (L o 3
17 2° 3* 1 2* 3

A 108.73 172.59 168.71 4.32 7.85 7.65
IE 124.20 199.04 206.38 4.03 7.84 8.13
5 R AL 0.026 0.021 0.020 0.118 0.066 0.074
LRRIR 4 124.40 196.25 207.80 4.04 7.82 8.04
ISONI 154.38 249.35 245.14 4.51 8.54 9.30
B/ME 102.49 172.59 168.71 3.61 7.33 7.49
A-DGiHE 0.688 0.672 1.645 0.682 0.675 1.655
AL % P 0.071 0.068 0.032 0.073 0.062 0.043

O5% WEEAE X [122.87,125.52] [196.91,201.18] [204.12,208.64] [4.004,4.0623] [7.816,7.885]

[8.077,8.172]
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Fig.9 Distribution of horizontal peak acceleration at the top of dam body
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Fig. 10 Histogram of frequency distribution of horizontal peak acceleration of dam crest
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Distribution test diagram of horizontal peak acceleration at the top of dam body
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Tab. 6 Table of probability statistical parameters of horizontal peak acceleration of dam crest
M i ¥ 18 TRRE s mKRME mOME A-DGIHME  MFEEER P 9520 I EAF XA
17 3.99(4.28) 0.12 3.99 4.47 3.54 0.679 0.062 [3.963,4.023]
2° 7.91(7.86) 0.06 7.89 8.62 7.38 0.663 0.068 [7.881,7.946]
3* 8.11(7.64) 0.07 8.04 9.30 7.49 1.672 0.031 [8.065,8.159]
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Fig. 12 Numerical distribution of vertical permanent deformation of dam body
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Fig. 13 Histogram of frequency distribution of vertical permanent deformation of dam body
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Fig. 14 Distribution test diagram of vertical permanent deformation of dam body
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Tab. 7 Statistical table of vertical permanent deformation response of dam body

Wi P BRAY P mRKE RME ADSGIHHE R P 950 B {H B A5 X 1]
N 16.61(16.39) 0.030 16.54 1745  16.33 9.102 0.002 [16.581,16.645]
2 20.72(20.42) 0.029 20.60  21.96  20.28 7.703 0.003 [20.673,20.770]
3 30.21(29.11) 0.028 30.05 3235 29.11 4.517 0.005 [30.109,30.301]
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Fig. 15 Distribution of horizontal peak acceleration and
coefficient of variation at the central axis of dam
body
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Tab.8 Horizontal peak acceleration and magnification

statistics table

HFEd @ /m BE/(mes ) BRRE MO
. 0 3.31(3.29) 0.118 1.66
! 73.76  4.92(5.27) 0.119 2.49
. 0 5.28(4.93) 0.101 1.32
73.76 7.89(7.85) 0.064 1.97
" 0 4.89(4.55) 0.092 1.22
73.76  8.11(7.64) 0.074 2.03
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