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Dynamic Response Characteristics of Loess Slopes
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Abstract: The Loess Plateau is seated on the upper and middle stream of the Yellow River in
northern China, covering an area of 440 000 km?, with loess deposit thickness ranging from sev-
eral meters to more than 500 meters. The Loess Plateau is one of the most tectonically active are-
as of the world and one of the most seismically active regions. More than 1.4 million people have
been killed by the earthquakes in the region. The Wenchuan M 8.0 earthquake in 2008 collapsed
or seriously damaged enormous buildings., houses, and infrastructure. The field investigations,
observations, and analyses indicate that a large number of casualties and tremendous economic
losses were caused not only by the collapse and damage of houses with poor seismic performance,
but also by the amplification effects of site conditions, topography, and the thickness of loess de-
posits on ground motion. The morphological characteristics of slopes determine the predominant
frequency, which may amplify the incident seismic wave with the same or similar frequency

range, and thus, increase the slope dynamic response and even trigger landslides. The field inves-
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tigations of the Wenchuan earthquake indicate that the amplification effects of site conditions and
topography on ground motion were very obvious in loess regions. In this paper, we chose a typical
loess site for temporary strong motion array and numerical analysis, and aim to explore the dy-
namic response characteristics of the loess slope. The results reveal the following: (1) The mini-
mum predominant frequency occurred at the slope crest. The highest peak ground acceleration
(PGA) amplification coefficient reached 1.98 at the slope crest. The phenomenon of the low pre-
dominant frequency corresponding to the high PGA amplification at the slope top may be related
to the ratio of slope height to the wavelength of incident wave. The PGA amplification was maxi-
mum when the ratio was 0.2. (2) The amplification effects are more predominant with increase in
slope gradient. The predominant period amplification coefficient of response spectrum at the slope
top may reach 5. The numerical results are basically consistent with the ground motion observa-
tions, and thus, they have high scientific and practical significances for engineering seismic forti-
fication in loess regions.
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Table 1 Seismic information recorded by mobile obseruvation points
R TS H #1 R I [H] RH/Ms ZRE/ () HEE/ () s EHEE/km
1 2008-05-27 16:37:53 5.7 105.600 32.800 TR 85
2 2008-05-27 21:59:34 4.9 105.167 32.533 HI 62
3 2008-06-05 12:41:08 5.0 105.000 32.300 #HII 76
4 2008-06-07 10:18:00 3.2 104.933 32.333 TR 70
5 2008-06-07 14:28:35 4.3 105.400 32.500 HI 80
6 2008-06-08 06:14:29 4.7 105.100 32.500 HI 61
7 2008-06-10 10:14:00 3.7 105.050 32.400 HI 66
8 2008-06-17 13:51:00 4.5 105.600 32.800 TR 85
9 2008-06-19 18:25:00 4.4 105.500 32.800 HI 77
10 2008-06-22 18:37:00 4.2 104.500 32.200 Fit 83
11 2008-06-23 05:38:00 4.1 105.100 32.400 FH 70
12 2008-06-28 05:42:13 4.8 105.900 32.317 TR 132
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Fig.2 Peak acceleration and PGA amplification coefficients of different monitoring points on the slope

(1) BREE 3 WM RFH AN, e YK/ =
B 3T o L0 TO0 04 {0 J00 8RB 2 O L L o
JEE W DR T LB 0 T 3 R AR I v R G o
B, INT PGA UK R U R R 1,98,

(2) 55 3 HZFNF, PGA Jilt K 22 80 bt 1oy 72 44
T2 B0 HR S0/ 5 B < R R AE , 5 SCEk 2
TG F A3 A 0Lm) 45 SR — 2. W67 2 AH bl
TO0 LS L A=A L0 R X 8 25 85 K QLT 1
M 22 69 m LS LR 22 105 mo) , 1 SC B R
AN R AR T R 22 80N G R L TR L e 2
104 9 m, XA R JE SCEAHIE PGA KR 7 00 & 72
SE 8 /N5 B AN R BH g A TR

PGA AR ZER T 58S A MIEEA L
Hb 30 5 R A LA S I A AR B T I A v
ZEVIM XS . B Em 5 AFREEKZ N 0.2
B B K R BGE B A (E 3,

20r 1 1
== Jif75° ' :
- —b— Y ff45° H=02
5t —e—HiA30° i ' .
o s A :
.K
P
i 1.08 ) __
e i O
L 0.19 4 ~! ]
R ' .
H ! !
0 2 . ] ]
0.01 0.10 1.00

H/A
B 3 43I TAAKF PGA AKX AZHM H/A 5 HF B

Fig.3 Relationship between horizontal PGA amplification

coefficient at crest of slope and H/A
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Fig.4  Acceleration response spectra of different monitoring points (Ningqiang Ms5.7 earthquake)
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Fig.5 Amplification effect of slope terrain on the response spectra of ground motion (Ninggiang Ms5.7 earthquake)
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Fig.6 Slope geometrical model and boundary condition
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Table 2 Physical and mechanical parameters of loess slope
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Fig.8 PGA at different locations of the loess slope with different gradients
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Table 3 Predominant period of acceleration response spectrum at the foot of slope and the amplification factor at the top of slope
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