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Influence of Geocell on Capacity of Subgrade with Retaining Walls
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Abstract: The effect of geocell on the performance of ordinary subgrade is significant, but the improvement of
the bearing capacity of subgrade by adding geocell to the high fill subgrade with two side retaining walls is not
clear. To explore the application of the geocell in this structure and mechanical characteristics of geocells be-
tween different layers and retaining walls, three different reinforcement spacings and one unreinforced operating
condition are set to model test. The results show that: In addition to the significant influence of reinforcement on
bearing capacity, it also greatly improves the initial modulus of subgrade. When the allowable load is reached, it
can still maintain the integrity of the structure itself.The tensile stress of reinforcement is inversely proportional
to the depth. The tensile stress and the lifting rate of the first layer are much greater than those of the other lay-
ers.The stress distribution of retaining wall is triangular and increases suddenly at 0.22H.

Key words: geocell; retaining wall; subgrade; bearing capacity

Citation format:HUANG Y C,WU T Y,WANG N,et al. Influence of geocell on capacity of subgrade with
retaining walls[J]. Journal of East China Jiaotong University,2023,40(1) :19-24.

Y 75 B 85 :2022-05-07
HETH EEARRFI4T H (51868021,52168047) ; 11144 H R B2 54 1 H (20202BABL204051)



20 R LR ¥R 2023 4F
[ AR 2z 8 = TR = PR RE N SR T T a9 AR R B
Kim o1, 720 3k i 36 | 38 o 3% 8 AN [\ A9 _EPF _ol*
m= F 97T2_/J“57T3_ F (7)

FZBCS IR, BT AS 2 A9 s R R [, A H
TR R L - TR T A 2 B 1 R AR K X
S O 2 R AR 3R B HOR R ERD s
TS B Bk SR E M DAk 2 — 25 52 i i
FIRCR , B A 2 6 IR AT AF 5% IR0 25 B2 s A
RS2 Juah B 4 T8 20 TR 5% R &
T R 55 2548, G R PR B THR K B 319 FEAR I
o BN R A 0 2 R AU B 5 A 0 P A 2 Ik
NARTE i i I 3 7R 32 496 B 48 1) BB 1) A 300 0k e
WABEOT, £ T = AR AR, KB
e N S RNES S oy R T

AT RIE R R E—F T X —RVL =
Hb AR T X Hrh g KAR SR T 9.0~
14.0 m 988 = £ 38, R 3B 47 28] 38 250 kPa LA
o ARSCUBLG R JE AL IEA TR AL G i 2 R e
B B BT, 5T 4 AR 5 00 I A e 34 - S
HEEIZ TR LR, BRR & TR E R
355 ) R AR T R

1 REAE

1.1 AEMUEN KX e R A

AR A AL A R IR B 1:20 AR LE , 85 A i
JIt R B S TR RL, HIAM e, B
y SRR E SE SR E R T S B
N HIEHE

B o ik S ik o nl ok

o=f(F,E u,l) (1)
S=f(F,E u,l) (2)
Kl U RS F T gy,
KRB 2L T EH LR
Lo J=f(F" E" 1) (3)
Zm W
o Er
Hp
al” 1_||EP\ .
[ F H( F )“} )
75 3] 1) Vhir 7 T
T o

25 LA 25 Irip AL OC R R 1 TR
Jir 2R A A AL 4 RCSE A 1000 mmx500 mmx1000
mm (K xFEx 5 ), B AERE R 10 mm JE 3% WA AL
PEISTHIAR, DA O SRR 14 A8 TP 1 O

F1 HBRAXYWEEHEMUXER
Tab.1 Similarity of test related physical quantities

Physical quantity Similar constant

Size [ C=1/20
Density y =1
Elasticity modulus £ C=1
Poisson’s ratio u C=1
Stress o C,=1

Concentrated forces F C,=1/400

Displacement S C=1/20
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Tab.2 Physical characteristic parameters of soil

o/ (glem?) /% e /()

1.35 2.1 0.55 28.4
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Fig.2 Model geocell
1.3 KEESE

TNAHE B R AN 20 ¢ BT T I 6 H e
TR BT v, I 38 i e 07 A% AR A FIAE 150 mmx
200 mm (RN I 78R AR PN 2% 1 4 3, LA
pURIIEZSTIRN

b I A A B S R N K P Sh A A L
N, FEE 48 h,

P 5% . oA T AT BE AL UL R OF T AR A IR
AP 445 5 B S AU 56 B AR

B BRSO mm R PRI 02
HU, FHIREMAAT I I, N TS T 00 % 5
JEFRHITE 95% 2 A7, 0 3 B AR B RITARURE 2 i 5
W B RD R 184 ke 24
14 KBS E

RIS T o0 A S 4 Fp T, TR &
A TS E AR E AR b o, ARE
TARIL R Y £ T % 0 R RSB S A [ 1%
FE b=2h,3h,4.5h FITCH 4 Fl T80 (h A+ TR E 5
)

Jnak gy = A& R T ORI B SE R, LA 40 kPa 19
WITRAE AT 40 kPa B0 238G S L4000 2 38 N 4%, B %
hn#kic 5% 1=0,10,20,30,45,60 min B TR, 2 )5
AN/ L SR — U | Y S AN B
A TR /N T 0.05 mm BFED ] 3E47 T — 22 n 4%

R R ) . 225 (N I s BT TR ), S TR R

T 15 mm B, BIALABE IR 27 TR R AR R F) 15 mmbT
Tz H BRI AEL | UJA Ok B L 3R B e RSV AR 38

2 RBERESH

21 THH-TPEAB %

3 s A AR AR B 4 Fb T 00 Y faf 2% - DR A
RO . AT, 0 7 J2 2500 in Xy 44 - i i B A
) R AR AR 3 AH EL T T A % 8 L 4.5k 3k 2h [H]
FE 0 A% B L AE TR A B 15 mm BT 32 107 48043 il 4
1 32.5% .60% . 100% . 1 T4 % K45 5 =45« W
YUV RN, — 7 T B A 24 R AR R [ AR e
] AR 2% 1, o5 — 77 AR BT A = AH B iz
TR FERE I BORURE SO, A5 il S T A R
1A 8 il = 8 RS ), DT A A5 ) TR )
Y. FEVILRY 40 kPa FEH T, A JC ¥ % 56
4.5h [a] B fin A3 ff B = AR TR, 43 518 0.653 mm Al
0.454 mm, i #35 200 kPa LU ,b=2h Fl b=3h T./%
PEILGUFE T A IR F) 1 mm LA b, 158 B 1 58 5 n 4 3%
TR S SRR GRS

Pressure/kPa
0 100 200 300 400
2+
g ~4r
g
Elll
£t
s -10F Unreinforced
“12k b=4.5h
b=3h
-14+ b=2h

B3 - i
Fig.3 Pressure—settlement curves

67 2 BT o A7 5 A RN S 4, 4 Rk T80 AE
T B B VRS, 208 T R AR DT
B, P24 g ) BB S A R AR AR TR
T BB R AR S He B M EE 210 0.012 2 rad, B
B b TAR S R B TR AR 1 B2 Sl AR LA
/N R
22 TIWRELEHNS

K4 3 FARTR o0 T AN ) )2 0] 4 TS 2 4l
JO7 7 BN AR AL B ML £, b H Rt
i R

M 4w LU AL faf 200 F T R T B 23 A B
TR RS LE 3B sk, JIr LA b ¢ 2= 80 T2 Ak 28 T 32 41 17



22 %?Eié@j(??*& 202335
s00F BB AT 2 AN A% 5 kS B 0B B BOR AAE T, IS A% =
ool 06 B OB T BT AR K kP

& 600 - 8:‘2‘5 J157 A FEAE E RN S g,
7 500 LS g BIFRR T TR B 6 260 F 0.4H A
%400_ 0.8H Ab Ay b1 32 S5 %k b o Horbr G Tl % P2 i 4 =
E 300 (- PO BTS2 1A N . BARFR AL 240 kPa 1E
=200 T ,b=3h FILL T b=4.5h 7E s=0.8H Fl s=0.4H &by
100 ZRU 155 BIBN T 24.7% 1 34.6%., 71 L+ T 4%
0o ) 100150 200 250 F 2 hi g 7 AT DA RR il 2 1 i — 2P S R g,
( f)’rZiS:rsf’l/kPa PN 25 V246 25 T 32 P00 7 34947 S i, 8 301 S50
v 175 5L TE A G
1200F 0.93H
0.80H 800  h=4.5h,5=0.8H

<1000 0.67H i b=3h,s=0.8H

£ 0.53H 700 b=4.5h,s=0.4H

= 800 0.40H € 600 F b=3h,s=0.4H

3 0.27H %:

E 600 0.13H E 500

Z I %400

& 400 Z 300 F
2001 =200

0 1 1 | 1 1 1 100 [
0 50 100 150 200 250 300 0 , . , , ,
Pressure/kPa 0 50 100 150 200 250
(b) b=3h Pressure/kPa
1 800 E5 AEAIRERSEESERMN 3T
1 600F 8225 Fig.5 Comparison of geocell tensile stress at the same

1400} 8223 height under different working conditions

[a W .

—\;1 200 0.58H 23 HIBEMNA

5 = 0.49H I .

2ol odon FE] 6 g 1L 2 44 1 P Jo 5 0 N L T, 42 - il

% ol 002 SN R AR L T LA B, P S ) v

= 400k 0.13H “HIE R A T AE 2/9H Ab B A AR, X
2001 S PR SRy A e B R T O FH R TS Y A 28 T e A

05 o 560 a0 (4 A R 7 R AR 2/9H Jl i, HAYEA T 7
Pressure/kPa TR 2R 52 0/ o X — G 5 — Rl R TR AR
(¢) b=2h FH g 28 B 18 855 75 a9 U iR A e MW A (F

4 FREIRTEERRNHNE
Fig.4 Geocell tensile stress pattern under different
working conditions

Ty MRS W e BB N A G R R E
PN A8 I AR BT HARZ X w T
JZ2 AR A A I ) AR R A
EJEME A NS — N T, A L T E RS A
SR AP B ORI TR S, RN W2 4%
2PN ) AR T R ER TR oA A A0 2
I AR R B A W AT | e AR T B AL,

7Y, IR B Y B A A 3 g B X
o 28 R — 7 3 BB N 3R 75 R o A e AR S
T2 30 1BV ity 15 J 8 A A R g 3 R 1 AR B R
@/2+45° G T EAS A 570, 5 B E AR
U, 5 ChenIr f5 tH 258 25 0L, BRI + 5 & i
- EEAEAEAGR S 25 A AT IS 0 D EE A AN
ShlRBE R,

8 2k 200 kPa 1 FH T A ) T 0[] $4 5% 25 4
XF LRI, 4 Bl T 00 A AR ) for 0 4E R, RO 34 4
B AR BT P AR A AN R, DA Ak 2/9H



514

R A, A b RS S A 6 R e SR e R A Y R 23

%1 ,2h ,3h ,4.5h [B)EE NG 7EF 200 kPa fiof 285, H:
T 7= AR A A A T G A S A B s/ 8.28%
16.43%,29.97%., W] FHi b e it & 17 LR b ey
EEEO

50
40 kPa
80 kPa
40 120 kPa
160 kPa
200 kPa
g L
£30 240 kPa
£ 280 kPa
£20r
10 -
0

L L L L |
0 2000 4000 6000 8000 10000 12 000
Bending moment/(N-m)

6 HINBTESHARE
Fig.6 Bending moment distribution pattern of retaining
wall

7 BRMERATENLIEAHETEE
Fig.7 Schematic diagram of earth pressure calculation
under local load

50 -
Unreinforced
b=4.5h

40 b=3h
b=2h

=301
L
=
220
jum

101

0 1 1 1 1
0 2000 4000 6000 8000 10000
Bending moment/(N-m)

B 8 200 kPa 7573 TR[E TR B 4 H T EXTLL
Fig.8 Comparison of retaining wall bending moment
under different working conditions under 200 kPa load

3 &g

1) 7644 8% 6 3 b Bk 1 TS = B T X i
HRE A W] AR T LA G B R A ) G A Y
PETHB A E

2) FFIEHMAMBRET, Himiikss T
FEVEAH, T 5 AU A e A 3 3 i Jon 3 5% AT
TRFREE M AR YR IE A A+ TAR Ak

3) H& % i SZ N A7 b R B R 2 Ok N B
JEHEE LR ) AT R i R AR E . B
AN J2 B0k AR A TR A 48T B2 A M A2 B0 1
AR A

4) R R Z 2 =M A, 16 022H
AbA AR A4l A5 TR AR FH far 8 9 +
SEAEVR AL, UL B N AN 23 10 25 AR b - B 1Y
PR A, (ELH T HE - e B i R R v W

B % 30k

[1] BIRE KT B R, A5 5 SRS = FIAR A = n 5 Jtb

B XT U], LR s A4 (A A BEA ) ,2019,25(5)
796-806.
DAI Z H,ZHANG M X,HOU J,et al. Experimental com-
parative study of new lock enhanced integral geocell and
geogrid mesh elements reinforced foundation[J]. Journal of
Shanghai University (Natural Science Edition),2019,25(5):
796-806.

[2] FBABRE 5K B, 22 36 T, A o 5 TR 2 N A D b B A
BRI AR TE 3 M ()], LR 2 (B SRR ) , 2015,
21(5):606-616.

ZHENG C Y,ZHANG M X,JIANG S W et al. Deformation
analysis of model test of sand foundation reinforced with
high—strength geocell[J]. Journal of Shanghai University
(Natural Science Edition),2015,21(5):606-616.

[3] KARGAR M,HOSSEINI S M. Influence of reinforcement
stiffness and strength on load —settlement response of geo-
cell-reinforced sand bases[]]. European Journal of Environ-
mental and Civil Engineering,2018,22(5):596-613.

[4] et ok B b g, 45, B o b AR AR LI A
WG Hr(]). %+ TR 4 ,2015,37(S1) : 26-30.

HOU J,ZHANG M X,HAN X, et al. Mechanism of a high—
strength geocell using FEM[J]. Chinese Journal of Geotech-
nical Engineering,2015,37(S1) :26-30.

[5] M7 B, 22 80, X 9, 45+ A% & 2 R fib ) 2 et i 0
W] A & TR 2E i ,2021,43(4) . 760-767.

YANG G Q,ZUO Z,LIU Y ,et al. Experimental investiga-



R %

xR

S

24

Jo 2

R 2023 4

tions on tensile mechanical properties of geocell strips[J].
Chinese Journal of Geotechnical Engineering,2021,43(4):
760-767.

[6] L€, TIess ATARAS, 45 B B0 A B3 0 1 -+ 1A%
ZE 0T i B R E VR e AF SE[T]. 4 B TR, 2019,44(5)
210-215.

WANG X C,DING L T,FU L J,et al. Influence of geocell
on subgrade stability based on centrifugal model test[J].
Highway Engineering,2019,44(5):210-215.

[7] @8 A8 R 55, b A% 28 Al 3 )22 B R i IR AT =X
FFZEPEVFA ()], 7K SCH BT T2 b 7 ,2019,46(1) :86-94.
JIN'J Q,XU C,LIANG C,et al. Failure mode and stability
evaluation of geocell-reinforced cushion embankment|[]J].
Hydrogeology and Engineering Geology,2019,46(1) :86-94.

[8] AF MG, SFAK #5525, 5. % IRIE R -+ TAS A B AR Y

A % e 3 2E W A ST, A 1 TR SRR, 2015,
34(3):621-630.
DENG P,GUO L,CAI Y,et al. Mechanical behavior of re-
inforced embankment considering interaction between grav-
el and geocell[]J]. Chinese Journal of Rock Mechanics and
Engineering,2015,34(3) :621-630.

[9] ZE AR TR 4 R I 45, b TS i il o i = Jal 0
DITERE(]. b 2 24, 2017,30(10) : 1724
YAN C G,GU L J,YANG X H,et al. Triaxial shear behavior
of geocell reinforced loess|J|. China Journal of Highway and
Transport,2017,30(10) : 17-24.

[10] MM, ik B, 22 36 T, SRIBfar T b s = I b + it

PR AL IR A 5[], A 1 TR 4441, 2015,37(S2) :170-

175.

SUN Z,ZHANG M X,JIANG S W. Model tests on sand

embankment reinforced with geocell subjected to strip

loading[J]. Chinese Journal of Geotechnical Engineering,
2015,37(S2):170-175.

PE KRG R, m R TR S N A R

A, LR (H AR R ) ,2017,23(4)

590-599.

PENG A X,ZHANG M X,ZHU H C. Triaxial test of high

strength geocell reinforced soil[J]. Journal of Shanghai Uni-

versity (Natural Science Edition),2017,23(4):590-599.

22 WEE M. A TR 5 R B X B - 2 R E Y

M SE[)]. A% ,2020,65(10) . 11-17.

PENG X Q,XIA S S. Study on the influence of geocell

type selection on slope stability of retaining wall[J]. Highway,

2020,65(10):11-17.

[13] EJa e, et 2 KR B JE 204 1A% = R R 2 )
KAFTE A B[], BB R = 5 TR % H,2017,14(5) :980-
987.

WANG Q L,YANG X H,YAN C G. Analysis of the stress

[11]

[12

—

and deformation characteristics of geocell flexible retaining
wall for subgrade shoulders|J]. Journal of Railway Science
and Engineering,2017,14(5) :980-987.
[14] SUKU L,PRABHU S S,RAMESH P,et al. Behavior of
geocell-reinforced granular base under repeated loading[J].
Transportation Geotechnics,2016,9(12):17-30.
e SRR B R 5 AL AR GOAIR PR AT AT AR A
BRI A TR [T]. & 1% ,2016,37(8) :2213-2221.
GAO A,ZHANG M X,LIU F,et al. Model experimental
study of embankment reinforced with geocells under
stepped cyclic loading[J]. Rock and Soil Mechanics, 2016,
37(8):2213-2221.
DASH S K,SAIKIA R,NIMBALKAR S. Contact pressure

distribution on subgrade soil underlying geocell reinforced

[16]

foundation beds[J]. Frontiers in Built Environment,2019
(5):137.
ARIAS J L,INTI S,TANDON V. Influence of geocell rein-

forcement on bearing capacity of low—volume roads|J]. Trans-

[17]

portation in Developing Economies: A Journal of the
Transportation Research Group of India (TRG),2020,6
(420):1-10.

WORNE VIR, SR, . N TR AT £ T T
i e B i 5E )] AN RIKYT,2017,48(10) :9-12.
ZENG L H,JIANG H,HUANG H Q,et al. Experimental
study on erosion resistance of geocell under artificial rain-
fall[J]. Yangtze River,2017,48(10):9-12.

WETE, G IR, A5, 5 BB 2 A L X R
A B AT A ST [T AR 2R 200l R 2 2 4k, 2022, 39
(1): 19-28.

XU X Y,JIN C Q,ZHU J H,et al. Study on deformation

control of existing roadbed with cantilever retaining wall of

[18

—_

high—speed railway[J]. Journal of East China Jiaotong Uni-
versity ,2022,39(1):19-28.

[20] CHEN R H,HUANG Y W,HUANG F C. Confinement ef-
fect of geocells on sand samples under triaxial compression

[J]. Geotextiles and Geomembranes,2013,37.35-44.

E—EE M EA(1983—), 55, m g LA 04 A ok

ARG (e GE ) BT 1 T B0 B B I ST

AR E M . E-mail :35647532@qq.com,
(TS . X

%

M EL4T)



