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Reinforcement loads of geosynthetic-reinforced soil retaining walls under
horizontal earthquake loading

LIU Hua-bei
(Huazhong University of Science & Technology, Wuhan 430074, China)
Abstract: The geosynthetic reinforced soil (GRS) retaining walls generally exhibit good seismic performance. However, the
existing design specifications generally make use of seismic loading parameters that are not totally rational when it comes to the
estimation of seismic reinforcement loads. The inaccurate estimation of the seismic reinforcement loads may then result in an
unsafe structure and lead to hesitations in the applications of this type of earth structures. In this study, based on the previous
research results by the author, a validated finite element approach is employed to analyze the seismic responses of a tall GRS
retaining wall under different earthquake loadings. The important influencing factors on the seismic reinforcement loads are
pinpointed, which include the frequency characteristics of the earthquake excitation, its intensity and the amplification of
seismic motion in the retaining wall. The combined effects are basically determined together by the characteristics of seismic
wave propagation and the elasto-plastic properties of backfill soils. The root-square acceleration a, at the gravity center of
the active soil mass in the retaining wall is a proper seismic loading parameter and can be used to estimate the seismic

reinforcement loads.
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Table 1 Model parameters for backfill soils and soil-reinforcement interface
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Fig. 1 Finite element mesh
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Fig. 2 Input earthquake excitations
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Fig. 4 Comparison of acceleration response spectra of reinforced

soil wall
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Fig. 5 Lateral residual displacements of reinforced soil wall
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earthquake loadings
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Fig. 7 Relationship between reinforcement loads and root-square
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Table 2 Comparison of reinforcement loads by proposed method
and FHWA

(kN/m)

WED)  HIRITTHH FHWA2001 FHWA 2009 A3 777k
C1182 160.51 120.60 122.52 144.50
C1193 201.50 120.60 112.00 258.65
C1244 190.63 120.60 106.21 227.75
C1482 174.90 120.60 111.64 213.24
1173 191.13 120.60 101.75 212.82




2 XA, B i BAE R T £ LA R g RS RE 5 R 1  #r 293
PR EhHEAT HE AL TR, AE AT 2R A BT
5 3¢ T

BIRASTHIBE TERIL, RIT IR SE a7 DAA BEAY
THIR AR A RAR T, B HAER A4 T2 v a1
TP ECATF EEHE— IR T . X T S8 K A (1 0

Lei N N e
E,Eifziﬂuwﬁé@mﬁ%%ﬂ@ﬁﬁ%%
i=1" ¢l

TR0 A7, BIZ 5 EANE T A HE S K AR IS D
DAAE K (ARG S B AU A &5 AR A, A R
BRI R R BN KO AG, (HERI A 3R
Eit. 5Fr, X 2) A—w@EHTHRER
ANBH R AR R AL . e RN, A R AT
REMAR TR RIEN K, WM TRMEZ AR, MIEH
FEAR KA, AR AR AR AL, NI 58
FETHE B ) KRR A AIE N . 2 TR SCHR23]
H G BR TG AT 5 SR I, A5 D91 A s e 5 A 3 72
BLAI5x A, MSCHR[29] 45 SRR B, SHL L&k
BRI HER F1. RPN O E 8 gl
S RIT o a RAGAE— 2 ZR RN 2 —, Wil {E
PLER 707 ¥ v 2 RO S TR 2R R T T ST AR R

UbAh,  BARASCHIRFUSE R, I ks
Bl X R0 Ak AR 7 e FE v T P R M shh g, |
el 8 P 165 45 7 VR SRAAR 7 I FE TR N T IR A A1
Wz —.

6 4 B

AR A AT (AR S 3 A T, T
T T B 5 4 B S ) P
(MFEIA R, AHE TN SR A A S I
IR . MR MURAREE . LA AR
BEPEI S B ACCIORFTUSS B, A R
T U S [ T M R BT« 3P LA B
U A RO AT o 5 RS 2 H A 35 1
s FR R 1 5 BB M R S R R .
B A — - T, H 7 5 R 2 0 4
SRR T B P (3L IR, T Ay —
FBOBIERTRL, PO AT AR BALRON, o RE
B, HEBUBEOC, B Ak

ASCHEFCRIL,  H0 5 458 2 B X5 Lok R
DI a, FT LA A 5 A M S L H 4 B0 57 L b 7
R LA B M RS A R (0 SR R A, AR
SN RS RS X R S, TR £
bR 7

B ERNOTAUERRERE R, EASCHRT L AR

SE -

[1] HEERTEN G Reduction of climate-damaging gases in
geotechnical engineering practice using geosynthetics[J].
Geotextiles and Geomembranes, 2012, 30: 43 - 49.

[2] & 15, MR SmF LA AT, 2016, 49(7):
1 - 8. (LI Guang-xin. Earthquake and earth reinforcement[J].
China Civil Engineering Journal, 2016, 49(7): 1-8. (in
Chinese))

[3] KOSEKI J. Use of geosynthetics to improve seismic
performance of earth structures[J]. Geotextiles and
Geomembranes, 2012, 34: 51 - 68.

[4] Bk 98, BKI, KEL, & 502700 T &N g
TRV S )], BRIE S, 2010, 50(9): 73 - 77.
(CHEN Qiang, YANG Chang-wei, ZHANG Jian-jing, ZHOU
Xin-wen. Damage mechanism study of a high reinforced soil
retaining wall in Earthquake[J].
Engineering, 2010, 50(9): 73 - 77. (in Chinese))

[5]A B TAHIEMIE: JTG B02—2013[S]. 2013 (Specifications

Wenchuan Railway

of Seismic Design for Highway Engineering: JTG B02—
2013[S]. 2013 (in Chinese)).

(6] ¥ IR, &% 8, KdE. AR RN S5 R N
BoRFEH M) JbEat: NI AR A, 2016, (YANG
Guang-qing, XU Chao, ZHANG Meng-xi. Geosynthetics
Reinforcement Soil Structure Application Guidance[M].
Beijing: China Communications Press, 2016. (in Chinese))

[7]1 ELIAS V, CHRISTOPHER B R. Mechanically Stabilized Earth
Walls and Reinforced Soil Slopes Design and Construction
Guidelines Publication[R]. Washing D C: FHWA-NHI-
00-043, 2001.

[8] BERG R, CHRISTOPHER B, SAMTANI N. Design and
construction of mechanically stabilized earth walls and
reinforced soil slopes — Volume I [R]. Washing D C:
FHWA-NHI-10-024, 2009.

[9] LING H I, LIU H B, KALIAKIN V N, et al. Analyzing
dynamic behavior of geosynthetic-reinforced soil retaining
walls[J]. Journal of Engineering Mechanics, 2004, 130(8):
911 - 920.

[10] LING H I, LIU H B, MOHRI Y. Parametric studies on the
behavior of reinforced soil retaining walls under earthquake
loading[J]. Journal of Engineering Mechanics, 2005, 131(10):
1056 - 1065.

[11] LING H I, MOHRI Y, LESHCHINSKY D, et al. Large-scale

shaking table tests on modular-block reinforced soil retaining



294 "+ T OB % M

2022 4E

walls[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2005, 131(4): 465 - 476.

[12] LING H I, LESHCHINSKY D, MOHRI Y, et al. Earthquake
response of reinforced segmental retaining walls backfilled
with substantial percentage of fines[J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2012,
138(8): 934 - 944.

[13] %&mede, 2N, 3 & ACTPHUEMER TG Ly
BE MM AR A BT 0[], A L TTRESER, 2018, 40(8):
1528 - 1534. (CAI Xiao-guang, LI Si-han, HUANG Xin.
Geogrid strain and failure surface of two-stage reinforced soil
retaining wall under horizontal seismic loading[J]. Chinese
Journal of Geotechnical 40(8):
1528 - 1534. (in Chinese))

(14] 15 W8, #%E, BORA, 55 BARNITE R AOIN 5 £ #2455
&AW, & L%, 2019, 4003):

998 - 1004. (XU Peng, JIANG Guan-lu, QIU Jun-jie, et al.

Engineering, 2018,

Shaking table tests on reinforced soil retaining walls with
full-height rigid facing[J]. Rock and Soil Mechanics, 2019,
40(3): 998 - 1004. (in Chinese))

[15] NIMBALKAR S S, CHOUDHURY D, MANDAL J N.
Seismic stability of reinforced-soil wall by pseudo-dynamic
method[J]. 13(3):
111 - 119.

[16] EL-EMAM M M, BATHURST R J. Influence of

Geosynthetics  International, 2006,

reinforcement parameters on the seismic response of
reduced-scale reinforced soil retaining walls[J]. Geotextiles
and Geomembranes, 2007, 25(1): 33 - 49.

(17] e, 7K-F5 R R A H R DA Hibn 85 + #5530
FIHTN. L TR 2R, 2006, 28(5): 594 - 599. (LIU
Hua-bei. Analysis on seismic behavior of geogrid-reinforced
retaining wall subjected to horizontal and vertical
excitations[J]. Chinese Journal of Geotechnical Engineering,
2006, 28(5): 594 - 599. (in Chinese))

(18] Vs, MRk, 0 L fti bt AR Mk AT 7K -F- 2620
JRE. R E R E R 2E, 2009, 30(1): 36 - 40. (JIANG
Jian-qing, YANG Guo-lin. Horizontal slice method for
analyzing the stability of the reinforced retaining wall under
seismic load[J]. China Railway Science, 2009, 30(1): 36 - 40.
(in Chinese))

(191 REIET5, FMRAR, BUived, 5. 0 3 Ae e v
WBh Sy B[], & 1%, 2013, 34(12): 3573 - 3579.
(CHENG Ya-nan, SUN Shu-lin, RUAN Xiao-bo, et al.

Pseudo-dynamic analysis of seismic stability of reinforced
soil walls[J]. Rock and Soil Mechanics, 2013, 34(12):
3573 - 3579. (in Chinese))

[20] /5, kI, B, S WU R 0N 4 ks
Rz JIMA R I]. A TRESAR, 2020, 42(2): 344-353.
(LU Liang, ZHANG Jun-jun, MA Shu-wen, et al. Dynamic
response of prestressed wrap-reinforced earth retaining
walls[J]. Chinese Journal of Geotechnical Engineering, 2020,
42(2): 344 - 353. (in Chinese))

[21] HATAMI K, BATHURST R J. Effect of structural design on
fundamental frequency of reinforced-soil retaining walls[J].
Soil Dynamics and Earthquake Engineering, 2000, 19(3):
137 - 157.

[22] #& W, #ORE, WIMEDT, S5 BARNITERAOIN 5 4 5
EHEm RN R ITE NI &+ %, 2018, 39(12):
4475 - 4481. (XU Peng, JIANG Guan-lu, HU Yao-fang, et al.
Calculation of fundamental frequencies of reinforced
retaining walls with full-height rigid facing[J]. Rock and Soil
Mechanics, 2018, 39(12): 4475 - 4481. (in Chinese))

[23] LIU H B. Analyzing the reinforcement loads of
geosynthetic-reinforced soil walls subject to seismic loading
during the service life[J]. Journal of Performance of
Constructed Facilities, 2009, 23(5): 292 - 302.

[24] LIU H B, HUNG C, CAO ] Z. Relationship between Arias
intensity and the responses of reinforced soil retaining walls
subjected to near-field ground motions[J]. Soil Dynamics and
Earthquake Engineering, 2018, 111: 160 - 168.

[25] LING H I, LIU H B. Pressure-level dependency and
densification behavior of sand through generalized plasticity
model[J]. Journal of Engineering Mechanics, 2003, 129(8):
851 - 860.

[26] CHAN A H C. User manual for DIANA SWANDYNE-II[R].
Glasgow: University of Glasgow, 1989.

[27] LIU H B, YANG G Q, LING H I Seismic response of
multi-tiered reinforced soil retaining walls[J]. Soil Dynamics
and Earthquake Engineering, 2014, 61/62: 1 - 12.

[28] NAU JM, HALL WIJ. An Evaluation of Scaling Methods for
Earthquake Response Spectra [R]. Structural Research Series
No. 499 Department of Civil Engineering, University of
Illinois, Urbana, IL, 1982.

[29] LIU H B, LING H 1. Seismic responses of reinforced soil
retaining walls and the strain softening of backfill soils[J].
International Journal of Geomechanics, 2012, 12(4):

351 - 356.





