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Triaxial shear test of sand improved by polymer composite

WANG Longwei', LIU Jin®, XI Lingzhi', WU Lilin®, ZHENG Chuan', QI Changqing’
(1. Powerchina Huadong Engineering Corporation, Hangzhou, Zhejiang 311122, China;
2. School of Earth Sciences and Engneering, Hohai University , Nanjing, Jiangsu 211100, China)

Abstract; The effect of sisal fiber and polymer curing agent on the engineering properties of sandy soil is
examined in this paper. Through a series of triaxial shear tests, the shear strength characteristics of sand
improved by sisal fiber and polymer curing agent with different content and lengths are studied. The
improvement mechanism is studied in terms of peak deviation stress, stress-strain curve characteristics and
shear strength parameters. The results show that the peak deviating stress and cohesion of pure polymer curing
agent improved sandy soil are obviously increased. Because the curing agent binds sand particles, the relative
sliding of particles during deformation is limited, and the internal friction angle is slightly reduced. With the
increasing fiber content, the peak deviation stress and stress hardening characteristics of the soil improved by
curing agent increase obviously under different confining pressures. The cohesion and internal friction angle of
the soil keep a monotonous increasing trend with the increasing fiber content. Given the fiber content of
0.4% , with the increasing fiber length, the shear strength of composite sand improved by fiber and polymer
curing agent increases first and then decreases. When the fiber length is 18 mm, the shear strength of soil

reaches the maximum and cohesion reaches the maximum of 207. 57 kPa. The change in fiber length has little
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effect on the axial strain and the internal friction angle of soil when the sample is damaged.

Keywords : polymer curing agent; sand; sisal fiber; triaxial shear strength; stress-strain
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Fig.1 Grain distribution of the sand used in the experiment
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Table 1 Parameters of polyurethane curing agent
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Table 2 Summary of deviatoric stress of the unreinforced

sand and the fiber and polymer stabilization sand

b Elitjll 2Téf 2TZ’E Fil Fi./kPa
g R Bt KE
P./% F./% F/mm 100 200 300 400
1 0 0 0 343.19  642.95 857.74 1118.14
2 1 0 0 562.31 849.35 1028.95 1 202.81
3 2 0 0 575.35 868.25 1050.96 1 352.10
4 3 0 0 679.58  895.03 1089.95 1 368.69
5 4 0 0 749.79  938.97 1 253.67 1 390.22
6 2 0.2 18 726.04 1061.15 1269.12 1459.17
7 2 0.4 18 966.64 1 158.19 1489.72 1 673.67
8 2 0.6 18 1109.67 1420.40 1681.59 2 059.17
9 2 0.8 18 1266.30 1603.09 1 865.03 2 348.27
10 2 0.4 6 730.43  956.92 1 217.23 1 403.37
11 2 0.4 12 873.05 1104.55 1 383.06 1 590.41
12 2 0.4 24 924.46 1085.97 1 356.13 1 608.36
13 2 0.4 30 881.38 1046.26 1 322.26 1 561.57




-152- FIBL, S TR0 T E SR R =8 R T e

2020 4

1400 |-
1200 -
D‘E
S 1000 |
-
== 800
R = [ AL TR AE0%
R 600 - o [EGFIREE1%
o BEEFIIRSE2%
400 | v BELLFIR 3%
o BEHFIRE%
200 1 1 1 1 1 1 1
100 150 200 250 300 350 400
[l F/kPa
(a)
2 500
2000
£
=< 1500
i
=
=R 1000 F
=R
500
1 1 1 1 1 1 1
100 150 200 250 300 350 400
[l F/kPa
o RAEHELE 4 FUAEEE02% ¢ £F 0.6%

Y
o Y E0% v FYEER0.4% « FYEEE0.8%
(b)

1 800 | w £F4EKBFO mm
o FYEKE6 mm
1600 |- a ZF4EKFE12 mm
v SRR 18 mm
1400 |- * %ggg%l i
<« 414 30 mm
/

1200 |-

BUD)3RE/kPa
% o
g 8

(=)

(=3

(=}
T

1 1 1 1 1 1 1
100 150 200 250 300 350 400
[l F/kPa
(c)

2 KMEMERALEEUFNLRW I r-oc XEME
Fig.2 7 -0 curves of the unreinforced sand and

the fiber and polymer stabilization sand

BRI 27 28 0 307 47 76 e P K B, 2R 4 K X B R
1 - 3 B ) 5 0 BN T 4T G B RS R o i RE 0
i 7 3 5 R R 22 1) JU P DR 3 e 1 38 ik i 34, o LG
I/

7, = 105.595 0 +2.539 65 ,R> = 0.994 2
7, = 385.580 0 +2.101 1¢,R> = 0.975 1
7, = 333.4250 +2.51290,R* = 0.987 6
T, = 442.750 0 +2.262 2¢0,R* = 0.990 9
75 = 524.040 0 +2.236 20 ,R* = 0.978 7
7o = 105.594 2 +2.539 65 ,R* = 0.994 3
7, = 333.429 8 +2.5129,R* = 0.987 6
T = 527.028 3 +2.407 40 ,R* = 0.970 3

T, = 708.896 8 +2.452 65 ,R* = 0.979 6
7o = 790.281 0 +3.109 7¢,R* = 0.992 3
T, = 893.713 8 +3.507 8¢,R* = 0.976 6

T, = 507.208 5 +2.279 1¢,R* = 0.994 3
T, = 630.120 1 +2.430 60 ,R° = 0.995 7
7., = 663.268 5 +2.321 90 ,R> =0.984 3
7,5 = 623.727 0 +2.316 60,R* = 0.986 3 (2)

HMEHELWAE R R HKTF 0.97, KWK
AU BB R, AT LAR >k 300 3R e At B R I
GERIONES (NI
2.2 R AE h 2

3N ARA 4 5 UL S = o T AR A
R AY AN 6] R R B R g AR 2k . AL 3 ()
TR LUF R A BRAD B 1 g 0 AR A A B S Y A
BALB G, HaXAe 5T DN S Ak, i AR 1 3 (a) ~
(e ) W, Bl A 144 500 9 B8 4 386 i, 4% Bl 3SR 10 B
DIR I BEZ 4 v o HLBCR S 0 10 W {8 Ak 4 45 3
G AR AR RN o 1R 2% ARG B R A D v
B 2T 242 5 B9 30, I g 7 728 it 2 2 i ek v 2R AR Al
Ry B AR AE AL AL S, YRR F, >0.6% B, N
705 S A S T B ek, 3 WD A Y n A feE R 1
W . IS 4 fY 2 R D 5T U1 R 7 B Ok
ISR 21127 RO WA i N PIVAGISY St [5: NS i B Sl DS
T, B AT AR B 0L g 0 A il 2 14 5 I R A Y iR i
NP ERNEAARSE P =2% MAHBREF, =
0. 4% G FEIY I 3 N A% SR B G 21 48 K RE 3G i
I, FEEF HE R RE IR B 18 mm I, 35RE A 57 U1 R ) 3k #)
KAE . BJS LF 4 KT 18 mm 4k 22 18 hink 5 3L
JEva S RO AP & (AR (2 N1 71 DA K Vi N 2 A R I
PRAD T BYYI N 7o FR RN £F 4 RE X URE B IR
X I )l 1) 1 78 TG W S B ), HCAE S 2 4R 48 R
M) AH LG AR
2.3 PR EESE

H T S MR A 1 6 29 2R 22 A () PR T R ) R
LR IR, 25 1 58 3 A0 A ] ok B b il A N IR R . B
R g5 /N Z3fe i v X SR N ) R EAT LG B p - g 5,
R LR ME 4 fros, AXWF

q = a + ptana
¢ = arcsin(tana) (3)

e _ a
cosp  cos(arcsin(tana) )

PS5 bt 5 5 B 2 5B 41 4 95 5 8 Ak 1 OC &
2, AP R T R Ak BEED 4T 5T 58 B S B0 Sy xR




E 7K 3C b 5 TR M R -153-
2400 2 400 2400
—— 100 kPa —— 100 kPa —— 100 kPa
2000 | —— 200 kPa 2000 | —— 200 kPa 2000 | —— 200 kPa
< —— 300 kPa o —— 300 kPa ) —— 300 kPa
% 1600 |- —— 400 kPa £ 1600 |- — 400 kPa & 1600 |- — 400 kPa
Hd L B L B L
$§ 1200 E% 1200 §§ 1200
2] B 2 L 2 0L
o800 o800 gl
400 400 | 400 |
0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
11 AR/ % i) AR/ %o i) AR/ %
(a) P =0% (L) P=1% (¢) P=2%
2400 2 400 2400
—— 100 kPa —— 100 kPa —— 100 kPa
2000 | —— 200 kPa 2000 | —— 200 kPa 2000 | —— 200 kPa
© —— 300 kPa o —— 300 kPa @ —— 300 kPa
& 1600 |- — 400 kPa & 1600 |- —— 400 kPa & 1600 |- — 400 kPa
Hd e L i L
f§ 1200 Ei 1200 ﬁﬁ 1200
=g = - =800 |
W o800 & 800 j
400 400 400 H
0 O 1 1 1 1 1 1 1 O 1 | 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
1] 23R/ % Kl B2 AR/ % i REAE /%
(d) P=3% (e) P =4% () F=0%
2400 2400 2400
—— 100 kPa —— 100 kPa —— 100 kPa
2000 | —— 200 kPa 2000 - —— 200 kPa 2000 - —— 200 kPa
o —— 300 kPa o —— 300 kPa @ —— 300 kPa
& 1600 |- —— 400 kPa & 1600 |- —— 400 kPa £ 1600 |- — 400 kPa
H e £
E% 1200 ii 1200 | E§ 1200
i & 800 & st
400 - 400 400 |-
0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 O 1 1 1 g
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 0 3 6 9 12 15
Al 23R /% i) AR/ % Al 3R/ %
(2) F=0.2% (h) F=0.4% (i) F.=0.6%
2400 2400 2400
—— 100 kPa —— 100 kPa
2000 | 2000 - —— 200 kPa 2000 - —— 200 kPa
© © —— 300 kPa © —— 300 kPa
2 1600 | % 1600 |- —— 400 kPa % 1600 | —— 400 kPa
R A A
E§ 1200 | §§ 1200 | Ii
2 L —— 100 kPa | £ L £
H £00 ~200kpa| # 30 ul
—— 300 kPa L
400 s 400
0 1 1 1 1 1 O 1 1 1 1 1 1 1
0 3 6 9 12 15 0 2 4 6 8 10 12 14 16
Al 23R/ % i) AR/ % Al 238/ %
() £,=0.8% (k) A b fE 4+ (1) =6 mm
2400 2400 2400
—— 100 kPa —— 100 kPa —— 100 kPa
2000 (- —— 200 kPa 2000 |- —— 200 kPa 2000 - —— 200 kPa
© —— 300 kPa ® —— 300 kPa & —— 300 kPa
& 1600 |- —— 400 kPa % 1600 |- —— 400 kPa & 1600 |- —— 400 kPa
H i W
Eﬁ 1200 §§ 1200 | E§ 1200
= 800 =800 | = 800 |-
H H H
400 400 - 400 |-
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 I 1
0 3 6 9 12 15 0 3 6 9 12 15 0 3 6 9 12 15
1) A/ % i) 23R/ % i 3R/ %
(m) /=12 mm (n) =24 mm (0) /=30 mm

B3 RAERRSYHES E L SR A i R R i 2%

Fig.3 Stress-strain curves of the unreinforced sand and the fiber and polymer stabilization sand
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parameters of sand
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Fig.5 Relationship between the shear strength parameters

and the fiber contents
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