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Dynamic characteristics of unsaturated loess and their influences on ground
vibration parameters of sites

-1 1,2 4 1,2 1 2 1 2 1
WEI Lai', LU Yu-xia" **, ZHOU Zheng-hua®, WANG Qian" >, YANG Bo', TANG Hong-min', LI Tong-lin
(1. Key Laboratory of Loess Earthquake Engineering, Lanzhou Institute of Seismology, CEA, Lanzhou 730000, China; 2. Geotechnical

Disaster Prevention Engineering Technology Research Center of Gansu, Lanzhou 730000, China; 3. Earthquake Administration of Gansu

Province, Lanzhou 730000, China; 4.Nanjing Tech University, Nanjing 210009, China)
Abstract: The dynamic triaxial tests on the unsaturated loess in Xiji region of Ningxia under different water contents are
carried out. Based on the analysis of the influences of water content on the dynamic characteristics of loess, the influences of
water content of soil on the surface motion intensity and characteristics of a loess sites are studied by using the method of soil
seismic response analysis. The results show that with the increase of water content, the dynamic shear modulus decreases and
the damping ratio increases. When the water content reaches the plastic limit, the influences of change of water content are
obviously reduced. On the whole, with the increase of input seismic motion and the increase of water content, the PGA and the
values of reaction spectral in the loess site increase. And the influences of water content on the ground motion intensity and
characteristics are different in different sites. For the thinner site, when the water content reaches 20%, and the input seismic
motion is greater than 50 gal, the magnification begins to decrease, and with the increase of the input seismic motion, the
decrease amplitude increases, while the value of the long period component of the reaction spectrum increases, and when the
input seismic motion of thicker covering site reaches 300 gal, the magnification decreases when the water content reaches 20%,
but the value of reaction spectra increased obviously after 0.3 s.

Key words: unsaturated loess; dynamic shear modulus; damping ratio; soil seismic response; PGA; acceleration response spectrum

it
uyl

0 35 o AHIT AR WA T K 7 7 J2 A AE 3 i

Hh [ b PG AR R )2 B A AN AR ANE R

HISEE, R THA SRR RS IR S T8 i 5 G P A B A 75 AR A % 2
FHO X R AR S R R T R U R A AL (20151ESLZ05)s [H5 A HFR 55 H i (2017YFC1500900)

&) 5 s RO RS AR . B ?fi'}fk 2019~ 04 - 28 )
T N TR R T M R N Lk A e JEIAMEHE (E-mail: yuxial@163.com



146 H O+ T OB % M

2019 4F

IZERFHE 7 T R E R B ER . —BeR A
M= S SE o M TR R TN H AR I e S A\ e o M 2 5l
T R I TS 3 (1 SR B ATRF AL, S BT DR AN P
JELAR NI LB T I S, ARt iR
BN 1L M R AN sk AR . AR — AR K
FLBR AR E A MR R L2, 52 BIK BLAM i 255 A
AP, AR R MR B . IERDY
B 1130 7R s ) 7 b R M T E B S 50T
HERKZ —, Frel S EAK M B sh i
B R AR R o i gy i e 2 e T Bl R
HVRFAE A5 0 o

FE I AT O RS L R R R T T,
ZIFRETARZ TAE, JH3RE T — L oY, Xy
HF N TRI T SR — AR LI A,
P WRIRIS , B[ 455 38 KB R T) - AR
S S LR S~ e s DNTE DN
AR S T O e BN EY LR i B N B
PEIERTTE/), H B B AR P AR TN o AR T
R TR S L Bl ke A 5 5 gt
RMAE S SHRN BB R ER. BT EAAR
SR KBURAE AT 5 B, 75 32 AR M 2 1 2804 A
R Lr AR B, 23 5] R B 2 o (1 bt 7t ol o 5.
FEH R 7K RIS PS B - 37 i b 30 T 5ok J5 I 0 B A f2
IRV PRI MA T THT, AR 25O P 2 R S 243 T
TN B 7K S — e R L b 2 sk P 0
ERARGEIER . 2810, RIRE L RZHUE TR
WE, FN X RZ R T TRE TR, K&
HEERFCR BRSO A R, REHLTHRA R
(¥ o W 2 T E 7 — BUR TR) P 82 R ARR R 5K,
EIHA—ERWILFIEARE . A0k T E
DXFRJEUIR A HEAT B =ik, 7R B & /K SR ANHER
X E R SRR b, SR R E R
JS2 53 BT 7AW Fe it AR 3 JR S KR AN T Lt
T 3 21y 58 B RRFALL PR 5 i B

1 REHE

R TR E T B v BRI, %
X TE 1920 Fifg )5 8.5 AR T IX FEIX, HUhR
JE3~11m, Qs T KR ik B s 2
SKREIHINERR 5 em, & 10 cm FItsdELFE. N THER
B KESS S B U BLEAIBH R L e m, o B AR KR
WEN 5%, 12%, 20%. HELK G IHEARYIESEU [H
SEAPEIER 1o ARIR AT et A B R R S 2k 47
W, GRER, FEESKEMIGLA, BB,
HAREE W 1,

x1 EHERYNSHREISE N
Table 1 Basic physical parameters and consolidation conditions of

soil samples

gﬁ% /ﬁég P 5 ?fé[}ﬁ Vs . G] 63
/m  /(gem©) /% /(m's”)  /kPa /kPa

A-5% 1.37 140

A-12% 3.5 1.48 18 100 61 36

A-20% 1.56 90

B-5% 1.32 170

B-12% 9 1.43 20 120 132 78

B-20% 1.55 108

C-5% 1.37 170

C-12% 11 1.48 18 120 1477 87

C-20% 1.57 108

AR PGRE K H < E Wykeham Farrance 4577 [
WE-12440 Bz =484, FEAT M. #=
A S 7S [ AR B BYAREG o A A 0 AT X A 24T [
g, WSS %A R E S, I R AKX,
[ 25 AR FEAAS . f5 [l 4588 € J5 R 2 o #km 7
3 A [ i ) F /N B IR e N 1 Hz (1) 1E5%9%,
WAL IIIRIKA 10 K A1k Ber i 78 R A 2 (1) & i
BB N7 AR AT HE B DA E 5 3 AR I R Bl AR
sEMHE L.

2 AR ER

0 B DA R A Ak A A B AR T R (1)
BN Sy, RILT HARHSTE DI TEMIRE T, VR
W HARBUERE I HIFE R . I 2 Hr 2 BH B - B B
B SHMREEMGKER. RIEAKIRG L R H
P LA B DI R L 5 3By AR S R4k BoR ()
D, TEBIRIREU/NG, ey Ui L) LA 21,
BB RASTER] 5X10* 1, BIETUIRE LR
s stk . b S KRMFE, shBiii
I R R . X RUNTE S KR BERS, +
PRSIORE ] (P BRSO, B BRI T, A%
Gy s Bl S /K E Tt i, ROORELA] R 25 5 BE PR
SERIPERECRERTS, PUBIEREIBEMK. A B YRR
N 20%, AT WFCIB RIS, ST 18%5 22% M
KRR LR, B R E R IR K R B B
DI i L i 28R AR U

BHJE LLRAE T 4452 3l J 7 FH B HE g BE J1 1K
/N BB EGERR, TARIRUSCTE FESIREINIAE JikaR, 3)
FIERN ARG R R FE R 2 . B 1 AR S
KEM 3 Fhi+ (A, B, C) THRERIFHJE LLBEShET &
AR TS, BB e NI AR (N, BE
5 B0 BY AR (36K BHJE Lz i ok, 76 B B M ARIA
0.01 i}, PHJE 3G KR BAMTLE . AN A& KR LR FH
JE LBl B AR 3G KO R AF TR K ZE 5, maKE L



$ T 2

oK, SF AR 3 ke R O Tt R s 2 U 147

PAPELIE He s Kk ] B, i R MO R R 7 o
K TR

1.0 _— 0.20
—a— B-5%
—o—B-12%
08 _, B 18% 0.15
—¥— B-20%
06l B-22%
s 0.10
5 ~<
]

10 10 y 10-3 102

1 BEhEYIEELE. R ST N T X Rk
Fig. 1 Relationship among dynamic shear modulus ratio, damping

ratio and dynamic shear strain of loess
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Fig. 2 Input seismic motion and Fourier amplitude spectrum
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Table 2 Analytical models

pixl VR RE N * zu:: =3
RET awm WE BRSO W
Kl /m /(m's’)  /(grem™)
1 I+ 10 190 1.50
Mi 2 YA 14 370 2.01
3 YA 20 450 2.01
4 &= 22 638 2.12
1 I+ 17 190 1.50
NI 5
2 gﬁi:j‘%}z 27 250 1.68
M2 " *‘Ei*\
5 R R
3 i+ 39 340 1.75
4 Ve 40 580 2.12
1 I+ 13.6 209 1.50
R
2 i 28.7 285 1.68
R
3 i+ 52.5 364 1.78
M3 B R R
4 P 69.2 446 1.82
R
5 i+ 83.9 532 1.85
6 WHIRWE 895 596 1.98
7 Ve 95.0 700 2.12
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K FH— 4+ JZHRE S B S5 R A A AT 7 VR AT
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Table 3 PGA of analytical models

B RELE ANEH N R PGA/gal
5 JKFE/% R1 RI-50 R2  R3-150 R2-200 R3

5 21.3 104.0 273.1 307.9 507.1 642.5
M1 12 244 115.0 291.0 380.5 5574 693.6
20 245 11477 2885 360.0 486.1 596.4

5 248 111.7 191.7 263.0 314.1 4283
M2 12 269 1194 2075 2902 3674 4925
20 27.6 121.5 208.4 289.8 385.40 445.2

5 21.6 91.7 167.10 213.5 286.5 387.3
M3 12 23.2 100.8 186.50 240.9 328.2 431.0
20 242 105.3 198.10 260.0 360.2 413.5
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M1 KA, ££0.1~02s T, 20% & /KELER
THEZE SR/, 1E 0.3 s FRUTEHEIE K, M2, M3 11
A B\ R SIEE A 150 gal 5L 200 gal I, M1
SONELE 0.1 s B, 7K 20% 2 458N T 5%
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Fig. 3 Surface acceleration spectrum coordinates
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