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Stress-strain characteristics of geogrid reinforced

rubber sand mixtures
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(1. College of Civil Engineering, Hunan University of Technology, Zhuzhou 412007, China; 2. School of Civil
Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Based on the static triaxial shear test, the stress—strain characteristics, the modulus attenuation
properties, and the normalized stress—strain behavior of reinforcing rubber sand mixtures were analyzed.
Five kinds of rubber content (0%, 10%, 20%, 30%, and 40%) , four kinds of geogrid reinforcing
patterns (lateral arrangement with no layer/one layer/two layers/three layers) , and three kinds of
confining pressure (50 kPa. 100 kPa.200 kPa) were taken into account in tests. Results indicate that D The
geogrid reinforcement makes stress—strain curves of rubber sand mixture raised obviously, and the
hardening characteristics of the reinforced specimens are enhanced. @ The stress—strain behavior of the

rubber sand mixture could be simulated well by the extended Duncan—chang hyperbola model, and the
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model parameters are evaluated with rubber content in the rubber sand mixture. With the increase of rubber
content, the initial modulus of the rubber sand mixture decreases, and the attenuation parameters can
quantitatively reflect the degree of modulus attenuation. The attenuation degree of rubber sand mixture
increases for geogrid reinforcing cases lateral arrangement with three layers/no layer/two layers/one layer,
but the overall difference is insignificant. @ With the use of geogrid reinforced, the reference strain of the
rubber sand is increased while the index of the stress—strain model is decreased. To illustrate, the degree of
nonlinearity of the normalized stress—strain curve of the modulus is weakened. With the increase of the
geogrid-reinforced density and rubber content, the reinforcement effect of geogrid on the stress—strain
characteristics of rubber sand is more significant.

Key words: geotechnical engineering; rubber sand mixture; geogrid reinforcement; triaxial shear tests;

stress—strain relationship; geo—reinforcement effects
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Table 1 Physical properties of tested materials
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Table 2 Technical parameters of glass fiber geogrid
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Fig. 1 Grading curves of rubber and sand particles
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Table 3 Mass densities of RSM with different

rubber contents
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0 1.51 1.86 0.7 1.74
10 1.38 1.71 0.7 1.60
20 1.21 1.50 0.7 1.40
30 1.04 1.29 0.7 1.20
40 0.87 1.17 0.7 1.06
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Fig. 4 Tested and fitted curves of the deviatoric stress—axial strain relations of RSM with RC=0% (Pure Sand )
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Fig.5 Tested and fitted curves of the deviatoric stress—axial strain relations of RSM with RC=10%
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Fig. 6 Tested and fitted curves of the deviatoric stress—axial strain relations of RSM with RC=20%
400 0001 & 54 1000 4545
o 1ZNfE e 1JZ o 1M
3000 & 22 fmffs L 4500 s 22 i 8001 & 2w
;2 + 3 % + 3% - § 600l * B
g 00F € 300} = ? -
& s £ 400
100F L S
07=50 kPa 120 4 ;=100 kPa 200¢ 07=200 kPa
) RC=30% ¢ RC=30% RC=30%
o (] T S . T S S
0 3 6 9 12 15 18 0 3 6 9 12 15 18 0() 36 9 12 15 18
&1/% &1/% &1/%
(2)50 kPa (b)100 kPa (¢)200 kPa
E7 30%GEu(4irb) M A-HEXRRIUEG HE
Fig.7 Tested and fitted curves of the deviatoric stress—axial strain relations of RSM with RC=30%
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Fig. 8 Tested and fitted curves of the deviatoric stress—axial strain relations of RSM with RC=40%
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Table 4 Values of failure stress and fitted parameters of stress—strain relationship of geogrid reinforced RSM

RC/%  o/kPa T A L2 0 2 JZ= i 3R

E,/MPa ¢/% @ E,/MPa ¢/% a E,/MPa ¢/% a E,/MPa ¢/% a
50 22.64 1.76 1.38 31.80 1.29 1.22 37.78 1.07 1.11 26.90 2.01 1.14
0 100 26.24 2.78 1.39 31.18 2.45 1.30 25.89 3.43 1.41 28.09 2.68 1.12
200 35.86 4.36 1.63 37.09 4.57 1.52 41.23 4.24 1.34 47.55 3.28 1.15
50 7.97 4.89 1.49 7.09 6.88 1.61 9.12 6.02 1.62 11.88 4.87 1.31
10 100 10.49 6.79 1.85 10.88 7.04 1.52 9.76 9.08 1.66 12.33 7.72 1.39
200 14.97 8.52 1.89 15.46 9.03 1.65 20.45 6.97 1.35 20.03 7.75 1.33
50 3.57 10.00 1.85 5.51 6.08 1.10 5.47 7.48 1.01 3.97 17.00 1.83
20 100 5.77 11.48 2.20 6.59 11.42 1.52 6.29 14.12 1.76 6.31 16.56 1.47
200 8.53 12.73 1.99 9.59 13.47 1.77 9.16 17.42 1.38 10.91 15.06 1.38
50 2.58 11.44 1.88 4.20 6.65 1.16 3.98 8.69 1.18 2.64 21.50 1.61
30 100 4.34 12.82 1.87 4.53 14.27 1.57 4.61 15.34 1.29 4.29 21.61 1.41
200 5.93 15.88 1.85 6.58 15.63 1.26 5.70 25.21 1.14 6.32 22.31 1.38
50 2.19 11.59 1.60 2.17 15.19 1.59 2.20 17.11 1.39 2.13 23.76 0.71
40 100 3.14 15.20 1.69 3.29 16.00 1.01 3.88 13.84 0.64 4.40 23.81 0.70
200 4.13 19.70 2.27 4.62 22.19 1.26 5.18 20.70 1.14 5.28 21.33 1.71
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Fig.9 Comparing the stress—strain parameters of RSM tested in this paper to those in published papers
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Fig. 10 Variation of the initial elastic modulus of RSM

with rubber mass content

Wi G AR I R & RCIIG KRB B T, £ T
& AN A7 68 32 SAOAS 7 A s e 5 O Bl R FTAR
I 5 1) 1 R, A TR I A X AR IR ) e R
B 52 WA el /s o A B i R M A e B AR S
Y BN O, OB I L 6 e, sann W
O, rsm/E 9\1\11):; (2)
1+ A-RC

00 wowe, sano N AR IR Y 4] 1 B it A X T 4
WO ) B A 1) TRk L 5 A S IR S 4

BT 25 T [ 4393124 50,100,200 kPa i,
AN TR A7 T 00T AR SR ) G A5 ek B A 1 AR Ak
BRI B . AR (2 E,~RC & R IEFTHIA
i gl S HAMSHEHMERS TR, RS
U AN TR fn A5 75 =R A I b 4 il 2o —
S, 5 kR bR 55 A AR AR K Ok KT 3R A
Tl K2 2 oK 12

K12 AR RS TEAR [R5 77 R 2% 1 A2 e,
Bl AR i RC AR i 4ot &1 12 0] WL,
FAR D 5 TC i AR B0 1 A8 AL R — 3, LR IR
T R 2090 T AT e BEAR I B A B R R
T B R PR P R W e B 13 AN [ N A
T X ZH o (152, AT UL AS [R5 7 =2XF 145 2]
M) o ¢ B0 H 2 ARUR A, BBl 5 AR IS & B I 3 KL @
FeBE KGN FAR I & 1 29 R 20 % .

Ry S i AR KT N A J2 O AR D I T g AR
SR RE W, 5| 0 B2 R 3 38007 R AT

ox=nB/H (3)
g:EO,R/EO.nonR (4)
§£R - Er,R/Er,nonR (5)

gé{:aR/anonR (6)



- 2548 - THRAXFFR(OL F R % 53 %
1.0 ",,g’.-.- =
08 - =% —

2 —KFIE

2 0.6 - kTR

8 —--Kk®E | ST e

Z 04

& - = KRR, 50 kPa
02 T T Sea s~ — P : - & JKF2RI,100 kPa
0% — —0— JGf.50 kPa - A K2 NSE,200 kPa
0.0 L ] —o— J5#.100 kPa —a—7KF3ZMHE,50 kPa
30 40 —0— T $55.200 kPa —z— JKF3 NS, 100 kPa
RC/% —t— KFUZ .50 kPa —2— K32 M.200 kPa
: —a&— JKF 1 Z N, 100 kPa
(a)Bl FE3=50 kPa ] —4— K1 SH,200 kPa
]00 g L L L ]
1.0 0 10 20 30 40
0,
08 —- —EH RC/%
— KT e

! 7 B12 REMGHAN S % RE B

g —--KEE Fig. 12 Variation of reference strain and

7] 04 F

V;: with rubber mass content
o N 5
e 3.

0.0 1 | 1 ]

10 20 30 40 =

RC/% -
(b)FE FE03=100 kPa
1.0 2F 3 8
£

0.8 - —EH S 5 &

2 g

“o6t $ g

2 0al : 8 X :

& o AT IS
02} A K2R
- . \ . . © KPR
) 10 20 30 40 0 " . ' )
0 10 20 30 40

RC/%
(c) B He05=200 kPa
11 BERBBEEEEHRERSENT Uik
Fig. 11 Variation of the initial elastic modulus of RSM
with rubber mass content
x5 BRUMNKREER RS EIEE
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