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Experimental Study on Compressive Characteristics of Sand
Reinforced by Polymer and Sisal Fiber
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(1. College of Earth Resource Sciences and Engineering, Hohai University, Nanjing, Jiangsu 211100, China;
2. East China Survey and Design Research Institute Co. , LTD. , China Power Construction
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Abstract: Sand widely distributed in engineering is easy to cause a series of engineering geological dis-
asters due to its loose structure and poor engineering properties. In this paper, the unconfined uniaxial
compressive characteristics of sand reinforced by polyurethane polymer and sisal fiber were evaluated,
and the micromechanical mechanism of sand reinforced by different curing agent and fiber contents was
analyzed by electron microscope (SEM). With the increase of curing agent content and fiber content,
the elastic modulus, compressive strength and toughness of sand soil increases significantly, and the

failure morphology of the sample changes from '

'petal-like" to suture line shape with the increase of fi-
ber content. Polyurethane enhances the reinforcing effect of fiber by improving soil-soil/fiber interlock
force, soil-fiber bonding force and soil-fiber friction force.
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Tab. 1 Basic physical properties of sand
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Fig. 1 Cumulative grain gradation curve of sand
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Tab. 2 Basic physical properties of polyurethane

il R A B Tk [ )
B/% /(grem™) T /(MPa-s) [/
85 118 6~7  650~700  30~1800

1. 1.3 SURREF4E

AUGR B B AN BT 2R 4k R R R AF
Ae——CIRR (KL 2(d) ), A A& AR AR, % 22 /MHE
O Hb ) TRy R AT R
SOl B — Pl BB 2T 4k O R 2T 2 R b A i
B G EIRE O, R AR A7 VR SRR A K 7 1)
FILC  HPTRivE R W 3, £F 2 AP i B
H0 k3] 220~ 1 000 MPa F1 10~27 GPa,



34 Wodp TR K M (A R RE ¥R 2021 4§
3 GIRRAFHERAYE N FSR
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Fig. 2 The preparation process of compressive specimens
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Tab. 4 Test results of samples with different C, and C;
C =1% C =2%
C/% L L
o./kPa &,/ % o /kPa E/MPa o ./kPa &,/ % o /kPa E/MPa
0 78. 15 9.68 3.12 1.45 197. 96 9.01 11.43 5.15
0.2 157.30 7.09 10. 57 3.06 399.02 11. 10 31.90 6.52
0.4 240. 38 6.91 3.37 4.58 497. 67 11.50 14.28 7.72
0.6 413.45 8.89 37.80 5.74 608. 82 12.00 34.42 8.69
0.8 492.29 10. 00 25. 67 6.48 833. 62 11.85 68. 69 9.23
C =3% C =4%
C/ % L L
o./kPa &,/ % o/kPa E/MPa o,/kPa &,/ % o /kPa E/MPa
0 238. 65 8.65 12.58 6. 62 257.92 7.72 15.97 8.84
0.2 438.25 13. 67 4.72 6.99 529.21 20. 00 24.19 8.31
0.4 666. 90 13.50 13.85 7.49 754. 82 20. 00 3.85 10. 35
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Fig. 3 Axial stress-strain curves of a group of samples
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Fig. 4 Stress-strain curves of samples with different C,
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Tab. 5 Brittleness index of samples with different C,
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index of samples with different C,

NP 5 ABEBCRE A IR0 [ A 790 T DG 32 B 1918
FEMETE SR RO SO 1, WO 1811200 e 1 45 %L B,
EEST0.07~0. 15 Z ], Z FEAL B0, 1k
JirR R e vE R, Bl C, RN, 2 ¢, <2%
If, B, FEXS KR BEIE I, 24 €, >2% 0, B, Hi BUARXS
TRERESR T BB C, RUBTIm, AEXE R B R
W/ €= 2% W e PR R oML A S o A2 Ak

1 600 ——C=0.0%
1400f--C;=0.2%
1200+ C=0.4%
--x-C =0.6%
1 000F - Ci;O.S%
800}
600}

£0009000000066.60,
400} 00000000000 00000000

37 B F3/kPa

i‘f) ABAALAAL,
200+ DﬁAA AAAAAAAAAAAAAAAAAAAAA
0 0000
i 3

5

10 15 20
B AR/ %
@ C=1%

1600 ==C=01%

1 400 ---e---C:.=O.2%

1200F e C'.:O.4% Goooooooooooooooooooo

-x-C=0.6% o°

1000F 4 '=0.8%"

=0.8%
800f p
s
600 <
400t FA8Y 160000000000000000 000000

200

xxxxxxmxxxxxmxx
(X

xxxx AABAAAAAAAA,
v BAMAAAL

7 BL F7/kPa

nnnnnnnn
nnnnnnnnn
Oong,
uuuuu

10 15
i 7] LB/ %
(©) C=3%

A o, BB € = 2% XN [ B, KR EE RS
SR BT C =298 X8 I 1 e J5 37 3 8 18 A Xof
KNSR ABA G R A, 33X 7] AR -5 4 T S AR 1
AR BT s o B2 AR AL LA AR R R, M €, <
2%, 1AL 79 R RRE S B B R AR R ) 5
M WS 2 8 % 28 4 7 T IR T B 3 149 52 W) A Xof
BN, SHB, MR, 4 C >2%0 HiE C, &
ARG A AR R BT 58 R (1 5 M AH X s
N R BT R AR T R i SRR A TR R BT
Ik B, I T R

2.2 HAHZERM

R T BRI G IRRET 4t F 1 % 52 A I D i e
Rk Ry S, AWK R BE T C,(0% 1% .2% .
3% 4%) 1 C,(0% .0.2% .0.4% .0.6% .0. 8% ) .
— AR I IE AR, R R 2 R LK 4, Bl 6H
AN ) 1 £ 790 B 2 RN £F 4 5 s aURE 18 7 7 -7 A% il
L C AT BEE C, i3gm iR s A
BRI TN C, = 1% 8, B E A
1. 45 MPa ¥ K 5] 6. 48 MPa, #4 K F# 1 300% , Fifi
& C, WHGIN B G AR AT B, aniEl 7 i
NGRS SR EERE C, 3G ik m, I 5 C,
BTGNS, € X R BT 5 R 5 e B B
Pl b R R R B AR X 3 B B € s Rk
TE, 24 €, >2% I R T 58 AR X 3 B C, 3
KGR, BN, 24 € =3%FF R FEHT R B AR R
R0 4 199. 6 .228. 65 .194. 99 388. 64 kPa, #H

1 600

——C=0.0%
1400 }--C=0.2%
< 1200F*CF0.4%
1 o007 C0-6%
R [-o-C=0.8%
- OOOOV0
5 800 e
F 600F S OO0tk
& 400} S —— -
p (1] R
i H L] I
‘ 5 10 15 20
e BEAR /%
(b) C=2%
1 600 ===p17%
o 1400F=-Cm02% _ qo000000000°7%
22 1200 & d.:0.4% .o‘°°°
o Xerm Cx:() 6"/@"’<>
RI000F o (pgel eoed0000000000¢

AAAABAADLNA

ooooooooooo

on
uuuuuuuuuu

(d) C=4%

Kl 6 AR €, C,ialRE b g - 7s 26

Fig. 6 Stress-strain curves of samples with different C and C,
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Tab. 6 Brittleness index of samples with different

C; when C equals to 1%
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Fig. 8 The compressive strength, brittleness index and failure

morphology of samples with different C; when C equals to 1%
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Fig. 10 Failure process of samples in unconfined uniaxial compression test
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Fig. 11 Microcosmic schematic diagram of sand reinforced by

polyurethane - fiber composite reinforcement
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