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Analysis of dynamic properties of loess in Weibei area under cyclic loading
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(1. School of Civil Engineering,Xi'an Univ. of Arch. & Tech. ,Xi'an 710055, China;
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Abstract: In order to study the dynamic characteristics of loess in Weibei area, the dynamic constitutive relationship
and dynamic backbone curve of loess under different confining pressures were studied by TYS-20 soil dynamic
triaxial testing machine. The relationship between dynamic shear modulus ratio and damping ratio of loess was
analyzed, and a dynamic shear modulus attenuation model and a damping growth model were proposed. The
influence of different confining pressures on the dynamic strength and residual strain of loess was studied, and the
reasons for the change of dynamic characteristics of loess were explained theoretically, so as to better ensure the
minimization of the influence of loess seismic subsidence on underground space. Finally, the microstructure of loess
before and after earthquake was compared, and the mechanism analysis was carried out to provide theoretical
significance for the development of underground space in this area. The results show that the dynamic constitutive
relationship of loess conforms to the hyperbolic model, and the dynamic shear modulus ratio decreases exponentially
with the dynamic shear strain, while the damping ratio increases logarithmically with the dynamic shear strain. The
dynamic strength and dynamic strength index are greatly affected by the test conditions, and the dynamic strength
increases with the increase of confining pressure, indicating that the dynamic strength analysis can better explain
the dynamic characteristics of loess. The microstructure of soil before and after earthquake is compared by electron
microscope. The microstructure of soil before and after earthquake is compared by electron microscope, and the
mechanism analysis is carried out, which provides theoretical support for the development of underground space in
this area. The results show that the loess in Weibei area, which belongs to slight seismic subsidence area, is less
prone to vibration deformation under cyclic loading.
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Tab. 1 Basic physical property indicators of undisturbed soil

i TR w L Gs W /g em’ FLBRE e B w0,/ R i/ V6
CLC 24. 62 2.7 1.54 1.18 23.5 38.7
DFC 22.71 2.71 1.6 1. 08 23 36. 5
SIB 10.1 2.7 1.36 1.19 21.7 35.9
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Fig. 3 Test process
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Tab. 2 Dynamic triaxial test program (CU)

kg 5 BKE w ¥ 25 [#] FE 02/ kPa

CLC-1 50

CLC-2 100
24. 26

CLC-3 200

CLC-4 300

DFC-1 50

DFC-2 100
22. 71

DFC-3 200

DFC-4 300

SIB-1 50

SIB-2 100
10. 1

SJB-3 200

SIB-4 300

2 EBXIFABEST

2.1 BEXWBEBEHEIMIER

TE3) 1 faf BAE M E, X F 8 3 T 4
FEH BN H) 5 3 AR 2 6] ) 56 AR E AR R Y,
LSRR o PR VA e o e A A R T



538 o @ R Bk % % WREARER) %56 %
R A SRR AR Sy RIAS S B, T LA E ] o
S LI 3 9 TR M4 7 A W [ B, 035}
] B 5 TS 4R 15 /NS PR T 2 A 030}
MRS = R R 2 S, 4G B0 A B B ) Bl
Hofim S MR, SRJG R Origin % PEE 4T 49 B7 |
A, AHIIEIR AR T AR 2 0 oe, ool
SR, HIVE T, FR N e 0 5 16 0.05}
IV F AT 1 45, H 0 1) 6 ok 160 57 A7 3 7 o 0.00f

B — JA B0 i o] B8 R SO (BN 22, T IE] 4 P,

120 —=—DFC-1
—e—DFC-2
100 F —~—DFC-3
DFC-4
80
Z 6ot
S
40F
20 4
ok

L 1 L L L L L )
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

B4 BAMRELH 6red KEME
Fig. 4 6,-¢, relationship curve of loess in Weibei area

Hi & 4wl g, Rl B B3 K, ih 4l B
gy, B AR AL ) . Bl A 1 PR A 0 fE
BRI, B AR A LS B K S 22 18 K
RS GO A SR e, JRUIR b s Py R ORE
1) 6 J52 445 A 0D B 95 o 38 i 4 ) R 996 K B T
I, Pl T 258 0 AR T, iR
B P AR R FL IR SR B0/, A A A B R Y
HAT.

A A ) i X6 5 - Bl 7 g A Bl AR SR AR 5
BEATIHE. RS P R A CR(), R)ETT
SR EER far 2T T AL JSUHR B ) 20 R A R DL K
Eo R G =0 DA IR - QR B e N 2 Y =9 e
BOEEATILEL, Fah i vE s E, Shi7E B0 s
Hilh 1V Eeq MHEZBEATIRIG B MIE 5 Pros.

E,=% (1)

€a
HI &5 BT 50, AFEHLX E 0 UV Eres 43
ZIEFWHEMEME KRR, HELT Origin HAFRIE
i, ZEREW, AREEAE L0 VE e, 4

THU T ARBETE, HER(2).
E%,:a+b€d (2)

TR RBR LA 0. 972~0. 987, H53 (1) HA
K2 HEHK(E).

_ &
0 T be, (3)

B 5 100 kPa EETHME 1/Ee0 LA ML E
Fig. 5 Fitting curve of dynamic strain 1/E,-g, under different

circumferential pressure

R3 WHEKXERSH

Tab.3 Parameters of hyperbolic model
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SJB-1 1.776 5 1.557 8 0.987 5
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CLC-1 1. 506 4 1.598 5 0.985 4
SJB-3 1.802 3 1.490 7 0.972 1
DFC-3 1.437 1 1.450 1 0.980 7
CLC-3 1.484 1 1.6359 0.982 7
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Fig. 6 Hysteresis loop of level i record in the test
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Tab. 4 Results of G;,-y, logarithmic curve fitting
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B /1077
SJB-1 —8.3513 2.7961 —2.1897 0.9615
DFC-1  —15.6635 4.1192 —0.6145 0.984 5
CLC-1 —16.3327 4.1739 —0.5034  0.992 1
SIB-2  —29.1372 7.7926 —0.2953  0.931 4
DFC-2  —13.1875 7.0434 —1.3793  0.9454
CLC-2  —15.0451 4.3266 1.0344  0.9456
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Tab. 5 In-situ soil dynamic strength index

L1278 Bk N

TKE o W

Wk N, % kPa FERS ¢

10 15. 74 17. 66
10.1

20 17. 94 18. 65

10 13.42 16. 39
22.71

20 15.12 17.42

10 11. 87 15. 45
24. 62

20 13.08 17.01
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Tab. 6 Dynamic stress reduction factors for

loess at different depths

3.0 4.5 6.0 7.5 9.0 10.5 12.0
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Tab. 7 Calculation of loess plateau seismic subsidence

based on theory
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2.5 0.00049 0.0267  0.0559
5.0 0.00001  0.4431 0.1289
L st/ 4.17
10.0  0.00042  0.0610  0.410 3
15.0 0. 000 59 0.035 7 0.354 9
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Fig. 12 Pore-soil particle unit (pre-test and post-test)
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AN | 8 Ao w2 AR S S N T
K, KM FEEZSATE 0. 20~0. 35 ZJa);
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