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Influences of the Combined Horizontal and Vertical Excitations on the
Seismic Responses of Tiered Geosynthetic Reinforced Slope

FAN Cheng, WANG Chunhai, LIU Huabei
(School of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: A validated finite element approach was employed to investigate the seismic responses of a
tiered reinforced slope under the combined loading of horizontal and vertical excitations. The seismic
performances with different earthquake intensities and different vertical excitations were analyzed. It is
shown that the plastic deformation of the backfill soil distributed in a dispersed manner. With the in-
crease of the vertical excitation intensity, the reinforcement loads increased. The earth pressure also in-
creased due to soil compaction caused by vertical acceleration. The increase of earth pressure resulted
in an increase of the soil stiffness, which led to a decrease of the surficial lateral displacement. But
with a further increase of the vertical excitation intensity, the soil-hardening modified the natural vibra-
tion characteristics of the slope, which resulted in an aggravation in the seismic response. The upper
tier tended to rotate externally and caused the increase of the surficial lateral displacement. With the in-
crease of the earthquake intensity, the influences of the upper tier on the lower tier aggravated, and
the influences of vertical excitation became more evident.

Keywords: tiered reinforced slope; horizontal and vertical excitations; numerical simulation; seismic
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Table 1 Parameters of soil layers
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+EH K M+ Feiit MR+ iR XAk e A XA g A R D A
JEEE /m — 0.5 2 2 2 —
EN AR HSS HSS HSS FEIR-PE EEIR-FEC 2 ik
FE y/(kNem *) 20 19 19.3 23.5 24.5 23.5
ZFH® 41 ¢/(kPa) 5 15 25 12 24 —
PR ¢o/ (°) 42.4 15 13.2 18 22 —
Sk 0/ (7) 6.6 — — — — —
Mg E/kPa — — — 10 000 45 000 75 000
E&/kPa 44 000 8 000 5000 — — —
EX\/kPa 25000 8000 5 000 — — —
EX'/kPa 155 000 40 000 30 000 — — —
HEL /N A — — — 0.3 0.3 0.25
HA-T MR o, 0.2 0.2 0.2 — — —
TEm 0.4 0.67 0.8 — — —
IR R, 0.9 0.9 0.9 — — —
Yor 0.000 1 0.000 1 0.000 2 — — —
G'/kPa 180 000 60 000 112 140 — — —
B 1t 48 TR T R e 0.75 0.75 0.75 1 1 1
0.10F xR2 IRASE
Table 2 Load case combinations
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