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Experimental study on influence of geo-cell reinforcement on dynamic
properties of rubber-sand mixtures
LIU Fang-cheng, WU Meng-tao, CHEN Ju-long, ZHANG Yun-fei, ZHENG Yu-feng
(College of Civil Engineering, Hunan University of Technology, Zhuzhou 412007, China)
Abstract: The rubber-sand mixtures (RSM) are more and more widely used in civil engineering as light filling and energy
absorbing materials. The geo-cell can be used to reinforce RSM to improve its shear strength and stability. Little knowledge has
been reported on the dynamic properties of RSM or geo-cell reinforced RSM (GCRSM). Based on this, the hysteretic properties
of RSM with or without geo-cell reinforcing under cyclic horizontal loadings are investigated through large-size cyclic simple
shear tests. The hysteretic curves, dynamic shear modulus curves and damping ratio curves of RSM and GCRSM are obtained
by tests and fitted by the Stokeo-Darendeli model to gain parameters of dynamic properties. The comparative analysis of
dynamic properties between RSM and GCRSM is carried out, and the rules and mechanisms of how the geo-cell influences the
dynamic properties of RSM are verified. The test results show that: (1) Owing to the restriction of local shear band development
in the specimen by the geo-cell, the S-shaping characteristics is less pronounced and the damping ratio increases under large

strains when comparing GCRSM to RSM. (2) The dynamic shear modulus of RSM is increased by the geo-cell reinforcement,

and the increment becomes more pronounced with addition of rubber content of RSM, which is believed due to the normal

researches and engineering applications.

stress increment between particles in RSM caused by tuck net effect of geo-cell. (3) The influence of cycle numbers on dynamic
RSM with both rubber content and vertical pressure is reduced when the geo-cell is used to reinforce RSM. Quantitative

El

properties of RSM decreases with use of geo-cell reinforcement. The decay velocity of the maximum dynamic shear modulus of

it

influences of geo-cell reinforcement on the dynamic characteristics of RSM are also provided for reference of the following
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Table 1 Physical properties of test materials
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Fig. 2 Grading curves of rubber particles and sand
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Fig. 3 Equipment and specimen of large-scale cyclic simple shear
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Table 2 Density properties and initial void ratios of rubber-sand

mixtures with different mass ratios
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0 2.06 1.48 0.65 1.81 0.31
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30 1.42 0.92 0.65 1.19 0.40
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Table 3 Test conditions
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Fig. 4 Loading type used in cyclic shear tests
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Fig. 5 Comparison of hysteretic loops of RSM and GCRSM under vertical pressure of 100 kPa

5] S BLGAHXT RSM B sk, it + A% == 1
BRI T B 9] I R -

(2) PEEBREGER A, RSM dE &R S
FEILRIZHTN 2%, RSM 5 GCRSM Jiff [a] il £k 22 18] (1) 7
RZE TN X BT AR R A 3 g b 7 8
ik R HH R R [B] R e FNERR, A3 AR AR T
TEBARRE S LA R A, SR T8IV IR A

(3) MRS EBARKT, GCRSM i [=] [ (1) 7R
5 RSM EAMA, HERIES/NTEE, MEGR

FrEIE K, GCRSM [ A1 i 28 &L R AT RSM [
[ il £ AR RGBT . XA RUNTERR A & B
I, Wb 4 A 2 B AR T B4R, BRI £ TAS =

I 2 7 BEWT T3 b A% T Bk AR W% GCRSM #H
XFF RSM BUBYWIEE FF%; BEEARIR & R IIR, -
Bz il e T e 184 2, AR D Eﬁ%ﬁs? BYRIFERAR,
U ION = T =, O E T 2 ) P 07 A6 73 o
IS FRY D S A3 38 0 R ) e 2B ARG B8 T 7 7 R )
BH AR, M _ERBAN GCRSM A% T RSM HiiBY




Ly

1620 =

+ T O

nL
¥

Eibd 2017 4F

NIl S =
(4) 7E[A)— M AR T, GCRSM Jii [0 i 28 BE 177G
R RBOM AL R E /N T RSM. BB & R 1
i, GCRSM 55 RSM s [ it 28 il 7 P 0 £ 48 b 2 1)
ZERIN e FIRK TN T3l 1R 2 R IR R B
M) P AL 38 2 Ak v A ) S I o a8 ) A T T R R
B0 MG EEURHT , MRS A% B 2L Db —Hb 12
filoh 3z, BEEGIRBUIMIEEAT, L0848 ki &
HATFF LR BRI 2 Ak, fRAE R R
FLHES T RABRE 2, B D) W Bl A7 B K 50T A2 Ak
WO, MR TR ERIMALR T8+
FORL [ E T HES, A4S GCRSM i [=] i 28 52 16 34
PRI RSM P UGS B, 1%
WHDAE Ty B 2R b b« B FRe B Ak I o5 B3 n, e
TR AT i, ke R b Ak AR
TR AONE B= RS I A= Eya -l N U AT < T 71 P Y
T RO IEURL I B AR, ARG D 6 B4 B D4
PERZ IR BRI, 5 TS S R R 2
Bhe WO T mR IR S =& RS, GCRSM 5 RSM i
[ 1 26 BE AR IR B B, HLF o 22 )N
3.2 TTHREMMXG, - y, D - y, BiLkHFIN
R W 6 fron i w Fih 2k oR i, LshEy
P G, B E L D A LA AR E
Gy=t,1y, - (1)
D=4, /4, (2)
b, GoNBIETEE, D ONHEL, <, y, 25N
i 121 28 1R BY I g (R0 BY AR MRS, 4, A [Tl

Loop

L P AT, AL DNy [ Y 2 T A JE 2T P Bk =

TR .

e T)

B 6 sAEEEI L
Fig. 6 Typical hysteretic loop
Bl 7 45t TR S EIKITCN 0%, 10%, 20%, 30%
AT 50%H], RIS TE R [A] 7728 100 kPa B 1) 2 B A
3B N ARIRAE AR LI 2R (G, - y, B2k FIFH )
LL Bt 2l B B AR R AR 28 (D -y, BhZk) . TEfg
—AEH, B H T MIE TR T RSM A1 GCRSM (1)
RIGEE BN L. B 7 .
(D {EFR—HF) AR T, GCRSM 384
& G, etk D 35 U A AHX T RSM I B 956
U BE T 0 AR R D B 4R P SZ A A N E
DAL RN o
(2) PEEBIR RGN, GCRSM 1 RSM 3]
JVREIE S PR U HI ] (1) 22 98
KH Darendeli £ /34t 05 PRI e wb 5 11
R ARG 45 R AT G
G

dmax

=T, v 3)
‘ 1 + (7a /ya,ref)

10

0.30

10

Ry R I
o RSM 25 |- o RSM = RSM
s 8F o GCRSM = o GCRSM g3 o GCRSM
= & ik ~ 020" o5 ik & A ek
S 6f == -RSM e == -RSM = 6
= ——GCRSM ™ 015+ ——GCRSM = ——GCRSM
Z 4t = ' R 4}
B g
= 0.10
2 SRSy : 100 kPa 0.05 [ EFEII: 100 kPa 2 i S : 100 kPa :
B 0% e iit: 0% et 10% h
0 L 1 L L Il 1 L L 0 L 1 Il L
0.01 002  0.03 0.040.050.06 o1 0.02 0.3 0.040.050.06 0.01 0.02  0.03 0.040.050.06
Y 13 AF WALV Uima A 0 K7 ZE WAL Va
(a) Gy - 7,MiZ% (RC=0%) (b) D - y,ili% (RC=0%) (e) Ga- 1, Mi%% (RC=10%)
030 - 10 0.30
K%séﬁ BRI A WE [ FE A1 : 100 kPa
025 o GCRSM 8 o RSM 0.25 - BEEE . 20%
a Hladhes o o GCRSM -
3 0201 - = RsM s ey o 020} E
] ——GCRSM 5 o - - -RSM 2 N D
@ 015 —% == = ——GCRSM m 0.15 el
& # 4 = o ReM
§ o10r % 0.10 o GCRSM
0.05 | B : 100 kPa 2 (61 7 : 100 kPa 0.05 e
[1] ponk: "}?6 1 L L 0 il 20‘1% 1 L 1 0 L FCR!?M
0.01 0.02  0.03 0.040.050.06 0.01 002  0.03 0.040.050.06 0.01 002  0.03 0.040.050.06
DY R AR Y Y R AT Y By R Y

(d) D -y,liZ (RC=10%)

(e) Gy - 7,k (RC=20%)

(f) D - 7,12 (RC=20%)



55 9 1 HTTHG . A% SN AR B B R S )1 S6 7 1621
10 0.30
. B k) : 100 kPa
EL ey .
s 8l o RSM 025+ 1@!&'#&: 30%
£ o GCRSM .
£ EREIER 020 o 5
S 6 -~ -RSM Q s
= ——GCRSM B oistH s o : il #
® FFs oLy OAGhRSM
T wpES: 100kPa © 005t il i
JUMEET: 30% 8 l _——CGCRSM
0.01 0.02 0.03 0.04 0.05 0.06 0.01 0.02 0.03 0.04 0.05 0.06
WY R AR AR e AT
(8) Gy - 1,k (RC=30%) (h) D -y, £k (RC=30%)
10 U] FE T : 100 kPa Rk . S 100 kPa
¢ 3 A 50% 5 RSM 025 MEEHE: 50%
S °l o GCRSM
= ik 0.20f
S 6 - = -RSM 2 ° _oge
H ——GCRSM H o sLES =
= 5CRS m 015 el
24 = 10} " Rom
" .T'M . ﬁz&%&sm
2t I &
e e ] 0ns - - -RSM
0 1 1 L I 0 ) i FCRﬁM
0.01 0.02  0.03 0.040.050.06 0.01 0.02 0.03 0.04 0.050.06
Y R AU s 0y R AR WA
(i) Ga- 7,H1%E (RC=50%) (i) D -7,k (RC=50%)
& 7 AEIEEL RSM #1 GCRSM HI G, - 7, M D - y, iRIE L
Fig. 7 Curvesof G, - y, and D - y, of RSM and GCRSM with different rubber contents
R4 BREHDFESEABMEE
Table 4 Fitted values of parameters of dynamic curves of rubber sand mixtures
. RSM GCRSM
RC/%
/kPa 0 10 20 30 50 0 10 20 30 50
Gimax/MPa 12.64 8.876 5.584 3.275 1.998 11.98 9.447 5.411 3.806 3.311
Vaef 0.014 0.019 0.023 0.042 0.047 0.015 0.017 0.03 0.042 0.045
100 a 1.23 1.37 1.037 1.841 0.93 1.266 1.261 1.179 1.326 1.122
b -0.191 -0.068  -0.135  -0.045 -0.134  -0.183 -0.089 0.08 0.043 0.197
Dnin/% 17.482 17.281 18.335 17.652 17.659 17.238 17.683 15.07 15.936 14.17
Gamax/MPa 13.96 11.61 9.522 5.976 3.541 10.38 8.372 9.67 6.493 5.176
Vaef 0.028 0.025 0.029 0.04 0.055 0.038 0.043 0.029 0.042 0.051
200 a 1.456 1.221 1.319 1.147 1.122 1.889 1.579 1.093 1.066 1.067
b 0.012 -0.019 0.058 0.009 0.008 0.209 0.064 0.111 0.164 0.241
Dnin/% 12.574 14.646 14.278 16.501 14.714 9.66 13.712 13.565 13.591 12.318
Gamax/MPa 16.19 12.05 13.27 8.18 4.982 12.91 11.65 11.39 8.107 4.993
Vaef 0.037 0.038 0.025 0.039 0.056 0.046 0.041 0.036 0.046 0.065
300 o 1.547 1.42 1.002 1.15 1.037 1.659 1.178 1.204 1.011 1.019
b 0.174 0.139 0.181 0.126 0.019 0.168 0.057 0.116 0.12 0.16
Dyin/ %o 8.509 10.545 12.122 13.872 14.005 10.06 13.573 12.899 14.075 12.379
G, 01 e =-1.1143a* +1.8618c +0.2523 7
D=b D_ . +D._ , 4
G masing mn “) c, = 0.0805a> —0.07100 +0.0095 (8)
2
Dmasing = chmasing,a:l.O + CZDmasing,a:l.Oz + CBDmasing,a:I.03 , (5) G = —0.0005¢” +0.0002¢ +0.0003 (9)
vy K G WK G, Jy2458) AR MR 55
a ref ] e e NS N N
100 Va _ya,ref ln( ¥ > J 3: 7a Hﬁ‘Engjggﬁc%%; 7a 7'92‘1759&/}5[%{5: }/a,ref j‘jj}%
ref g e — N e DR ITR % N
Doing 10 (%0) =——| 4 " - =20, (6)  ZhEINARWEME: o NEEMAEHSE: D NHJEL:
fﬁf* D, ne 57 Masing ¥ [FIHEMIFRTHBHJEEL; - Dy, R/
a aref
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