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Effect of Groundwater on Ground Motion Parameters
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2.Institute of Engineering Mechanics .CEA , Harbin 150080, Heilongjiang » China)

Abstract: To analyze the impact of groundwater on ground motion parameters,in this study, we
selected three practical sites and used two real seismic waves as input ground motions for calculat-
ing the seismic responses of the soil layer in conditions with and without groundwater. We used a
two-phase model and a single-phase model for the conditions with and without groundwater, re-
spectively,and applied the finite-difference and artificial transmitting boundary methods.Based on
the obtained horizontal acceleration time history, we extracted peak acceleration and response
spectrum data.From our comparative analysis results,we draw the following conclusions: (1) The
peak ground acceleration of site soil with groundwater is significantly lesser than that without
groundwater. (2) The value of the surface acceleration response spectra of site soil with groundw-
ater is greater than that without groundwater. (3) Due to the existence of groundwater,the char-
acteristic period of the amplification factor response spectra becomes long.

Key words: soil seismic response; two-phase media; peak ground acceleration; groundwater; re-

sponse spectrum of amplification factor

MAEF LR ILTF— BV AR TR R

il

0 35i
TR MR SRR AR A L e sh sk R ARSI AL BRI AR Z 1 K

O Wi E#:2015-10-15
HEEWB b o @ S AR 55 P80 5% A2 B A 3 4 00 H (Z2Y20150301) 5 B K A 2R Bl 2 5L 4: 101 H (50978237)
TEEB Y W R 1990—), B, WL s A e i, FEMNE S £ TRPIUZEMI . E-mail: changchaoyu@126.com.,



38 & 5 3

W SEH A L M A M R B B T 367

il o, 5 R 24 1.49 42 km? , 3 F 7K 4345 1 ALk 1.30 12
km? , 5 i s 1 AR ARG 87.25 % . 8 A SN Bl A 37 b 3
A b HBAEAE MR K MR & AR B M AR U AL K AR
ZEIH R KPR . M K AE ) I A E
2P IE S M 7R R AT RS R R TR
1 AT RE S LA A, — 2 b kAR A W AR T ]
IR, I — > S W 7R B A (] 3 BN (] ) 45 )
W B WAL IR T 28 B A 5% T E S, SR T K
[ A7 16 X)L 732 20 2 8000 5% i - W A 15 81 52— 1
WL R R Z —,

Yang "7 M4 1995 4F PR Kb R AT — S AT
B b5 B % B Y R BT ORMUT 5T & B, LR UK A
HEXTHE R B S 50A BRI, o N A5 35 il
IR IEE 1Y) 7 4 2 X T b X R R i e LA
FEERW, S AN A P oA G
Ao KO0 22 SO 1) 5% i K T 4 J2 45 4 AR AR ) 52
e s 7 = e w5 B2 L) 25 QA 12 = AR < e )
M T S0 B B G AR 0 AR AR M T ik
THE T E M X MR K R B RE S B R AR
D\ B S T A e X R KA
b TR M 7R N B S

W 5% 3 Hb R0 R — A 5 B i A% g E AT BU(E 55
Bt o BV 37 b 1 5% S 07 43 B o o 25 AT R A7 47 b Hi 7=
J I 43 BT S A 0 R A A B S L AR T b
B K 1 e ol =) 7 e 2 N [ = €7 N i 15 B /R 0
T B8 K A A AR T el AR T AR O R
T K 7 b b 72 7 ) 7 B2 K R A 22 ] R
HYEHL,

T R H R A u 7 B S K i B AR B
TR AT T R K, SR FEAS [ 9 O ik 4647 1l 78 2 e
BT . HHR X R A T K A AR FH R A B
W X MR KA A DU SR B A A BB IS . I
Je X He A A7 R 3 G 2 R L A5 S R AKX KT ] Ml AR
EIEGIEAR
1 HEFE

— B DU 22 LR SRR 2 R LT
K12 280 2 0 R A 1) AR 1R L R )
Jr a1/ AT LA AR R K R B AR SCH KO 4y
275 18 T )2 R N A BT B AL, AR 4 )2
IKAE B IC PR AE A, 138K 1 H ST 5 IR AN K Bt
(LTI A N A 7 N o N O P N AL O O S B £ S
Hi A= e HOU IR B AR .

1.1 WHENREER

EHL Biot BEAI 2 HETT 43 T, 6 5V A AL (1Y
filt b e shr f A F
N Viu 4+ grad[ (A + Nde+ Qe ] =

PR J
ﬁ(Pllu+P12W)+b E(M*W) @)

2

J J
grad(Qe +R8) :?(leu +P22W> —b T

t(u*w)

(2)
Hob A N QR 320 B sw o 43531 2 WOR 1 [ AH
B RS K e =divw e =divu 43 5] S 8RR LR A6
RN ZE 5011 w012 w022 NI R E 01 =p. (1 — @)
+ 0o (8 —1)s01o =0p (1 —35) 02 =0@pisp.pi 77
il Shy [ AR AURE J57 6 %85 BE L WROAH BT B R L O AL
R0 NEBHEA REGO =pe’ /R HFERRE e H
TR IRk B IEREL

(012:90((%(1*@') 4
P22 = Epp: (5

o, AT B 00 NIRAH TR E B 50
LB EE ;¢ A M . Berryman 78 1980 4R 4F 58 %
A E o R SRy BROIR B4 G BROR B © = 1/2¢ +
1/2,

AR SCAdE AT R 22 43 R AT BB T3 . 1 S e )
BI5)BUZ 0 — 4 AR BER N 8 TR G R o )2
BIZEEN Az, on = 1,2,--,N, I E LK
At ot =p At p NIEEER, 15t = p At WA n J2T0
SR TR AR B R ol WA EIE R wl TR 0 =
(p +1/2)Ar BEZ055 0 J2rh U AHSYE0 598 R 2 .

X bR U B Oy AT S 22 &k b 22
Gy A B A I

ol =l + At{2D,, (1) X (z?/Az,) +

[D, (1) + Dy, (1)]b, (wt —out)})  (6)
v = ol A2 (2 —1t ) /A2, /Y, +

D) X b, (wh —vi)] (n= 2,3,-+,N)

@)
w!™ =w? + At {2D, (1) X ¢ /Az, +

(D, (1) +D,,(D]b, (wt —vt)} (8

w! =w? +At[2X (¢? —<t_)/Y, — D,(n) X
b, (wt —vt)] (n=2,3,++,N) 9)

e =l 4+ At o N(oill —ol™)/Az, 1o
Kb

Y, =Az,/Dypn) + Az, /Dsp(n — 1)



368 woE TR ¥

2016 4

Y,=Az,/D,(n)+ Az, /D, (n—1)

D, (n) =[Az) D, (1) +Az(n) Dy (n) 1/ Az (n)
D,(n)=[Az()D;;(n) +Az(n)Dy, () ]/ Az (n)
D =pu/(pnpse —pi)

Dy =p1/(onps —ph)

D2 =ps/(onp2 —ph)

K (6) ~ (10) F4 BT T SR A — 2 7h 0 4 23 T )3 3k
FE ~ )2 (855 1 7 ) s s = 4 AR A A X
12 R o s SRR SR AR 1Y, TS ]2
PR Ac 00005 /2 LAT 461
At < min(Ah/c,)y n=1,2,++,N (1D
K ee, N n B0 B8 UI i,
SRy Tl R BE LR NG R LA A

Ah, =(1/6 ~ 1/12) T e, (12)
A T A HIRE SRR o i By TR R X
Y f5e /N

TEN T A B Bk #5055 57 BITE =, =
2, Fjc At bt =Cp+ 1A BFZ) L ZEE A A SN
ol SRR L B SR RN R
ot =up ol (13)
Ko AN TIHFAE A IMTIE G BARRIR R .

J
ol =D (— 1) Chut (14)
1

Z AR ST TR A 281 25 S AR T AR A
By bR R N e . R AR
#, UL Intel Visual Fortran2011 fE N 4IFF & .05
T4 5 YA A B )2 Hb AR N o A i B R R
Twophasex 1D, F| FHiZ #2 )5 7] DL 58 00 A 5 19 +
)2 M R SN
1.2 BHENRER

MR 34 22 A0 o B0, SR A 7 R ST AN R

15 3 J7 7

Jdr dou
gfp(z) Z (15)
IR T
(7’}/ 75’7)
ETRmr (16)
LAY
=Gy an

SR A 3R P AR A S5 AR T3] 7 800 5 % DA B 07
FRIEAT 22 53 45 3 B AR A 50 Hb 52 5 07 F) I 38 s 4 AR
I3

A
o1z, o

v =vt +2

(18)

At
M=ol 42 (cf —Th1),
N ve t 0.0z, + 0,102, ‘ o
n=2,3,-",N 19
_vl’v\}_v/’\l

=l AL G 20)

Az,
N T SRV R FH Jry 3355 5 i ok ab 21 i it
9’5 BAFE F Onephasex1D, Fl F 2 ¢ 7] DL it2&
FAAR A Y 4 2 MR R

2 HEERE

21 HELEREER

BB B 55T 75 i 1 3 ol 3 e FMD K 17 g5 FL
TG TR KA 47 Bl FL L IE 26 5 K b 4R 4 K R R AT
TP LT AE S A it 5 2. XLy +
JEEER AT, A S WL, A AR M, B B AT I
BIIHRSMSE., UL 3N LENELmE NI
K, 5 R T L 4 e T 1L T 2
MLA 3, TEHSEFRIILE 1.

MEFFTLIE N, TO 1 FEWRE N 46.2 m B,
BTYI I A] LLIA ] 507 m/s, AT AR A Eg A 3K 25 T . i
BU R T 46.2 m AME AR shim A A, R, T
B2 AT 3 40 A BEEL 53.5 m Al 17.8 m 1E N b 52
BEIISLTPNE TR
2.2 HIEZHBENKIEE

VEILSZ PRiC % B9 El Centro Hb 7% I (NS J7 [i])
F1 Taft M52 P (R 245 60° 77 16)) 7 Jy i 5% sh A,
H.rp El Centro 3 09 W {5 33 B &y 326 gal, 1M Taft
BeR 175.9 gal, B 1 A3 4% HhRE 2l 11 o sk B pof
ity £ R 7 A AR B e 4k

3 ERaoMm

3.1 X ih 5% U {E 0 B A &2 i

W — T 0053 A B b KRR 5 R K P s
W N MRV G R LN 1 By i b - A g
TFOK A TS RSO A BARSARLTH5R . 3 AN 0L W 4%
HES AT AT IS5 12 &R 2 S 72, BI 4% 6
SAE R KRR 2 R KA B EE SR, SR 12
U AR Bl (RN B, LA IR AN SR 2 S,

kR 2 LIS LRI KRR R NEY L T
Hb T 7K R () b 2 04 (N S R X BN T bR K,
P LB AE 0.93 525 47 . 3k Ul B LR 7K I A2 7E 25
foff b 3R b 7R BN W AR W/ . KRB AR A B, £
FKAEAEA X 32 31, 5 g 2 A9 FE 1, T8/ T b
RANAVE A R B WUE TR . AR T AT,



5538 % 4 3 W SEH A L M A M R B B T 369

1 FEIRMTESH

Table 1 Calculation parameters for condition

T =2 + 1 WIE /m BE/m #E/(kgem ?) W/ (mes D) LR BBERY/ (ms D)
1 Fi+ 1.7 1.7 1900 152 0.27 8.0X10°6
2 ik + 6.0 4.3 1920 178 0.28 1.0X107°6
3 M+ 8.0 2.0 2010 182 0.26 5.0X10°8
4 FEk + 9.2 1.2 1950 187 0.26 1.0X107°6
T 1 5 M+ 22.1 12.9 1890 263 0.29 5.0X108
6 A 24.8 2.7 2 050 289 0.23 4.0X1074
7 B K £ 35.6 10.8 2 000 388 0.25 1.0X 1077
8 Hefi + 46.2 10.6 2 050 496 0.23 8.0X1073
9 1P 50.0 3.8 2 200 507 0.18 1.0X 102
1 bR 2.0 2.0 1960 232.2 0.28 5.0X10°6
2 i 11.0 9.0 1960 279.7 0.28 5.0X 1076
3 bR 16.0 5.0 1980 342.8 0.27 5.0X1076
4 wi 20.7 4.7 1980 449.4 0.27 5.0X 1076
) 5 #+ 26.0 5.3 1790 449.4 0.35 1.0X107°
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8 #t 50.0 5.2 2 050 441.2 0.25 6.0X10°7
9 it 53.5 3.5 2 050 441.2 0.25 6.0X10°7
10 ik KA A 60.0 6.5 2 200 986.9 0.20 1.0X 108
1 #+ 3.0 3.0 1 880 211.8 0.31 5.0X1077
2 #+ 7.0 4.0 1 880 211.8 0.31 5.0X 1073
. 3 b 10.0 3.0 1 960 361.3 0.29 7.0X10 6
T4 3
4 bR 13.8 3.8 1960 361.3 0.29 7.0X10°6
5 it 17.8 4.0 2 050 438.1 0.25 1.0X10°7
6 AR 25.0 7.2 2 100 513.0 0.24 1.0X10°°
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Fig.1 Curves of input ground motion at the bedrock
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Table 2 Effect of groundwater on peak ground acceleration

. El Centro I Taft
L Te T 7K L/ gal T KA L/ gal W # A To T KA B/ gal A HLF KRG B/ gal P LE
T4 1 1 597.08 1490.98 0.93 550.27 519.38 0.94
T 2 2 470.83 2 326.58 0.94 660.12 610.42 0.92

T4 3 1 089.05 994.08 0.91 421.52 394.76 0.93
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Fig.2 The surface acceleration response spectra
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Table 3 Effect of groundwater on characteristic period (T,) and platform value (f...) of the amplification factor response spectra
T, Brmax
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R 1% 1 i 4 155 4 1% B R 155 4 LR
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T8 3 0.56 s 0.58 s 0.40 s 0.42 s 2.02 2.20 2.85 2.90
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