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Influence of Water Content and Reinforcement
Conditions on Palm Reinforced Soil

HUANG Xiaoru, QU Jili
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Through compaction tests and unconfined compression tests, the unconfined compressive
strength, axial strain and secant modulus of reinforced soil and unreinforced soil were compared. The
influence of water content on the compressive strength and deformation of palm reinforced soil under
different reinforcement conditions was studied. The influence of water content and reinforcement
conditions on the strength and deformation of reinforced soil was explained from the angle of energy
absorption capacity. The results show that the optimum reinforcement ratio and length of reinforcement
are 0.5% and 20 mm respectively, and the effect of fiber reinforcement is the best when the soil sample
has the optimum water content, and the effect of fiber reinforcement decreases near the optimum water
content. The energy absorption capacity of reinforced soil increases with the increase of reinforcement
ratio, fiber length, and water content, while the addition of fiber reduces the stiffness of soil. In addition,
the failure mode of soil samples gradually changes from the single-shear-plane brittle failure of
unreinforced soil to the multi-shear-plane plastic failure of reinforced soil.
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Tab.1 Physical properties of soil
AR WY R MPRRRY  ROR TR
% % % % (g-cm?)
21.72 42.34  20.56 21.78 1.65 2.73
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Tab.2 Palm physical performance indicators

SRS E/mm PR/ MPa FEXTERE SR/ MPa FIAAIC /%

0.192~1.240

87~166 1.24 800~1 900 Sal

1.2 bl &t A %
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Tab.3 Series combinations of unconfined compression tests

THHEE/ (g - om ) LR /mm  MAHR%

10,20,30 0,0.25,0.50,0.75

HE BRE%

1 21.72 1.65

2 17.72,19.72,23.72 1.65 20 0,0.25,0.50,0.75
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Fig.1 Influence of reinforcement ratio on stress-strain of soil
samples
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Fig.2 Influence of palm fiber length on stress-strain of soil
samples
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Fig.3 Influence of reinforcement ratio and fiber length on the
compressive strength of soil samples
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Fig.4 Stress-strain relationship of soil samples under different
water contents
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Fig.5 Influence of water content and reinforcement ratio on
the compressive strength of soil samples
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Fig.6 Comparison of the ductility with different palm fiber
lengths and reinforcement ratios
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Fig.7 Effect of water content on the extension ratio of

reinforced soil
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Fig.8 Influence of palm fiber length and reinforcement ratio

on soil stiffness
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Fig.9 Influence of water content on soil sample stiffness under
different reinforcement ratio conditions
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Tab.4 Energy absorption capacity of soil samples with
different fiber lengths

£S5 TRGKETLHAEEWRHBIEE
Tab.5 Energy absorption capacity of soil samples with
different water contents

L/ TeAMRR BT 58 5/ I AR/ HE M AR/
mm kPa % (kI -m”)
0 76.40 25 194.84
10 101.85 3.0 22127
10 134.40 3.5 353.95
10 110.40 40 360.87
20 110.98 3.5 245.60
20 148.03 40 349.93
20 140.00 45 350.25
30 87.75 40 250.60
30 115.20 45 360.90
30 100.80 5.0 380.40

£ wi% JCONFRGUIREE /P BEIRRIZE/%  AERTRICH/(J - m )

0 17.72 140.20 2.5 148.95

0 19.72 155.00 3.0 150.55

0 21.72 171.8 35 194.84

0 2372 142.00 4.0 211.14
025 17.72 222.00 3.0 229.43
025 19.72 240.00 3.5 238.24
025 21.72 248.25 4.0 245.60
0.25 23.72 230.00 4.5 275.78
0.50 17.72 255.45 35 289.54
0.50 19.72 322.12 4.0 333.47
0.50 21.72 331.11 4.0 349.93
0.50 23.72 299.07 4.5 400.56
0.75 17.72 267.00 4.0 357.77
0.75 19.72 287.00 4.5 362.42
0.75 21.72 305.92 4.5 380.49
0.75 23.72 280.00 5.0 417.85
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Fig.10 Failure modes under different reinforcement ratios
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Fig.11 Failure modes under different fiber lengths
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Fig.12 Failure modes under different water content conditions

3 & i

17 s N 170 5 R U RS 7 WA S Y R P
ZERMATIR, LIS
a. TEAA A E IR K EMTHE) T, +

o AN BR BT e 568 2 i A Al 2T 24 1 < 5 8 1 3
TR . Y AE R LE 4E KON 20 mm, AR K
0.50% I, +HEICMIBR BT s iR e ks HREDT
J 5 J3E I SRR 1 T B, R A A R K R
Ji AR 3 B SR



402 o B TR 2 2 R

2019 4 5 41 &

b i3 % B 16 4k R 78 B A A R AR R
LR YA B LA A B9 5 AR A B I s

c. TEAH R R SORAS (FKEMTHE)T, =
o ) A A (R JBE ) i A 0 453 25 ) 334 0 T A 5
£ D)1 SN 4 e )1 e s e R I S
R S KRB, e R L K R A ik B f
K, T SOZEHETISNN 2R WIAN B W 7R AN W
o

d. Jnh A RE R ACRE T BE A R AR
JBE SRR I

e XF TR £, BRI R A ST DIRIA
T, A b R BIRIE A 2 A UTRR T o AR/
TR K, AT LA E SRR
i B2 A REEE, FRPERERR v s FER TR
FOKARIY, RIMRBUAER, FHAEME R .

EARSE A, DA 5B R 1 % NI IR 4%
FRARR, 7EShr TR P 002 A 2 BAE 2
F, ARLBUAE N —M2%, lid i n R F
TR . LIRERE . RAFRKEEYHSH, R
A AR

S 30K

== T O S - (31 Y 3 e a1 U R 3
2006(4): 19-24.

[2] GHAVAMI K, FILHO R D T, BARBOSA N P. Behaviour
of composite soil reinforced with natural fibres[J]. Cement
and Concrete Composites, 1999, 21(1): 39-48.

(3] BRLL T, MPELL, 50EAR. T8 b bl e sy /e
HIRIRAFFE[T]. K F2E4, 2005, 36(5): 555-562.

[4] ADILI A A, AZZAM R, SPAGNOLI G, et al. Strength of
soil reinforced with fiber materials (Papyrus)[J]. Soil
Mechanics and Foundation Engineering, 2012, 48(6):
241-247.

(5] Bk, Se75 5, EIeE, 45, DLBUR SR BEaf & 2 RS FF
FERIT 1 B N 25 AR D). A B 1%, 2010, 31(10): 3260—

3264.

[6] PRABAKAR J, SRIDHAR R S. Effect of random inclusion
of sisal fibre on strength behaviour of soil[J]. Construction
and Building Materials, 2002, 16(2): 123-131.

(7] ZEM, 5555, BN . ZREFFI0 )2 RE SO s b it
+ BB 38 BEAE 5T (0], TR MR 2F R, 2009, 17(4):
545-549

(87 ARG, Jon iy 2% 2 Xof e 5 o 6 35 - 19 TC O BRFT F 5o 3 5%
MR [J]. REE T E i~ Bes 4, 2012, 18(1): 6-9.

(9] ETEE, Z55F). a2 Ak a8 B AR b i A 5 [9]. Pa L
PB4 (A ARBLERR), 2006, 34(8): 146-148.

(10] T A7, |HER. EKEEXINFMEAK £ 5% B R 2 mi[J]. &
+ 12, 2007, 28(2): 391-394.

(11 SRR, . LT ARFERILA & KA POH LT 58
FE RIS 5T []. LT, 2001(1): 38-42.

[12] FRILIR, B0, BN S, &5, T 55 B A& KR WA R X
IR B 5 B (0 B M —— DL 5 PO ) AR RN
WO, T EAE, 2012, 31(1): 82-86.

[13] ZRET0. ARA AT 4 LA ME RE 5T [D]. FIK: WUR K,
2012: 20-24.

(14] XNREEE, P, AR A4tk ie R 3] FiG 25 LR,
2006, 34(9): 20-21.

(151 BRAST, X5, ZEPRIE . FERE A 22 REFF N _L ks 1
TP TSR BERFSE[)]. + T 3R, 2013, 27(6): 98-101.

[16] ZEMRIV, B4k, 2= DUDL, 26 S /K Sext 2 FEFF N7 L5
BE 52 ) (4 328 40 BIF 5% [T]. UK BE R 5K LR A 4R, 2014,
25(6): 203-206.

(17] BRAkST, XA, 28 DL DL N 2 (0 X AR i 1= 58 1)
FEMRT]. Tk 5, 2015, 45(3): 115-119, 129.

(18] JRAkST, 22 DU UL, Z=PRIVE, S5 A HROn 5 bV 2 i B 4
PRI [T]. A 1 12, 2014, 35(S2): 142-148.

(191 Fhe B, BRAK ST R A 0 A - BT 07 358 B B 52 i [ 2% 43
Hr[I]. AT 5K TRE2#4], 2016, 27(5): 203-207.

[20] BR4kar, RGBT, WRHL. EBYIK Si0, SRl
T HUB R BE S (7], IR TR 2R AR, 2017, 39(5):
497-504.

A


http://dx.doi.org/10.3969/j.issn.2095-1329.2006.04.005
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.05.008
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.3969/j.issn.1000-7598.2010.10.037
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.3969/j.issn.1004-9665.2009.04.018
http://dx.doi.org/10.3969/j.issn.1006-6853.2012.01.002
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.2095-1329.2001.01.010
http://dx.doi.org/10.3969/j.issn.1001-4810.2012.01.014
http://dx.doi.org/10.3969/j.issn.1001-2044.2006.09.008
http://dx.doi.org/10.11705/j.issn.1672-643X.2014.06.042
http://dx.doi.org/10.11705/j.issn.1672-643X.2016.05.38
http://dx.doi.org/10.3969/j.issn.2095-1329.2006.04.005
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.05.008
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.3969/j.issn.1000-7598.2010.10.037
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.3969/j.issn.1004-9665.2009.04.018
http://dx.doi.org/10.3969/j.issn.1006-6853.2012.01.002
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.2095-1329.2001.01.010
http://dx.doi.org/10.3969/j.issn.1001-4810.2012.01.014
http://dx.doi.org/10.3969/j.issn.1001-2044.2006.09.008
http://dx.doi.org/10.11705/j.issn.1672-643X.2014.06.042
http://dx.doi.org/10.11705/j.issn.1672-643X.2016.05.38
http://dx.doi.org/10.3969/j.issn.2095-1329.2006.04.005
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.05.008
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.3969/j.issn.1000-7598.2010.10.037
http://dx.doi.org/10.3969/j.issn.2095-1329.2006.04.005
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.1016/S0958-9465(98)00033-X
http://dx.doi.org/10.3321/j.issn:0559-9350.2005.05.008
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.1007/s11204-012-9154-z
http://dx.doi.org/10.3969/j.issn.1000-7598.2010.10.037
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.3969/j.issn.1004-9665.2009.04.018
http://dx.doi.org/10.3969/j.issn.1006-6853.2012.01.002
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.2095-1329.2001.01.010
http://dx.doi.org/10.3969/j.issn.1001-4810.2012.01.014
http://dx.doi.org/10.3969/j.issn.1001-2044.2006.09.008
http://dx.doi.org/10.11705/j.issn.1672-643X.2014.06.042
http://dx.doi.org/10.11705/j.issn.1672-643X.2016.05.38
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.1016/S0950-0618(02)00008-9
http://dx.doi.org/10.3969/j.issn.1004-9665.2009.04.018
http://dx.doi.org/10.3969/j.issn.1006-6853.2012.01.002
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3321/j.issn:1671-9387.2006.08.030
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.1000-7598.2007.02.037
http://dx.doi.org/10.3969/j.issn.2095-1329.2001.01.010
http://dx.doi.org/10.3969/j.issn.1001-4810.2012.01.014
http://dx.doi.org/10.3969/j.issn.1001-2044.2006.09.008
http://dx.doi.org/10.11705/j.issn.1672-643X.2014.06.042
http://dx.doi.org/10.11705/j.issn.1672-643X.2016.05.38

