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Influence of fiber content on macro and micro characteristics of

reinforced soil
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(Zijin School of Geology and Mining; Fujian-Taiwan Science and Technology Cooperation Base of Fujian Province on

Intelligent Geo-environmental Engineering, Fuzhou University, Fuzhou 350116, P. R. China)

Abstract: Fiber content is an important parameter affecting reinforced soil. In existing research, the range of
fiber content values is generally small, and the physical and mechanical properties of reinforced soil with higher
fiber content are not well understood. In order to study the impact of higher fiber content on rice straw fiber-
reinforced soil, this study sets up 10 fiber mass fractions and uses direct shear tests for research, exploring the
effect of fiber content on the strength characteristics of reinforced soil. Additionally, scanning electron
microscopy (SEM) and nuclear magnetic resonance (NMR) tests are used to analyze the microstructure features
of fiber-reinforced soil. The results show that adding fibers can effectively improve the shear strength of the soil.

The reinforcement mechanism of fiber-reinforced soil 1s related to fiber content. A small fiber content has little
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effect on the porosity of the soil, and the reinforced soil is based on the soil skeleton. When the fiber content is

high, the porosity increases significantly, and the main structure of the reinforced soil would be composed of

both the soil skeleton and the fiber skeleton.

Keywords: reinforced soil; fiber content; shear strength; micro characteristics
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Fig. 3 Shear stress-shear displacement curves of reinforced soil with different fiber content

8Y~12% I, R R S psg e 7%, RS,

oo BEAN FEARE [ RL T AR TR, BE A 27 4 R
&, 5 40 A b i BT 0T 9 R il 2k BN O 525 TR
) NI FR B AF A S R G, Ho A 5 5
JEE R IR BE B o IR AR RT3k 1) N T A B
AT )T 18 R 2T A8 A ROR a3 FC LA < 7 AR
A IS, A 4 L BOR &5 & R L T A
Y 5 - ST A0 A Sk ol T RR 4R T T - Y
BEBAE 0, 2 W B R B By s B A M R . 5
R A T B SR 2 R B 2T 4k A2 e
BRI, 76— 2 AR P, 2 5 T AN B 45 A 4 B
A LT YT RS MR R S s 3R 1A
Pt £ R 732 2 A B B 2 47 45 B0 006 ~8 06 1t
(o A RIOR IR VR i i NP R R R )

HUBTHRE/kPa

500

400

300

200

100

Fig. 4

r =100 kPa ® 200 kPa
4300 kPa v 400 kPa
™ — - - - X
> = - =
B v v fA’ - ——y = =0
VAL L e~
(Vs < =
®» — == W
E - - -
‘. = -
[ R
-
L L 1 L 1 L 1 L )
0 2 4 6 8 10 12 14 16 18
S R%

AEALSEMH LHRERE

Shear strength of reinforced soil with different

fiber content

PN 458 A B 78 A il 2 mT ) 230 3 B B 2 AR M
O 006 ~400 I, N EE S8 AR JC I W AR AL 5 X 2F 2

Es5

<
a
<
2120}
® - y=—479 Tx*+1 217.1x+80.928
# 100 R*=0.9315
= R
80 - - Waitk
MRS

Y%

(a) FHE 1221

&
&
-3 y=-284.86%+123.77x+21.365
oF R=0.897 1
o PUEER
- - WA
—

0 2 4 6 8 10 12 14 16 18
UL RI%

(b) WEEH ML

HEMF I RESHBALESSEMATR

Fig.5 Variation of shear strength parameters of fiber

reinforced soil with fiber content increasing



%48

MR &M, 5 A A8 xh e i 1 R WL A UL A T 6 R 5

SO AV ~1200 B, N EE AR R 300 T S 2 R K s 2 A
A R 12%~16% BF, BRI A/ o R 5 B
il T EF 4 A 2020 BN AT AR R AR R
R 27 4 & = S BOR G R T, A DU 46 i
B, I FL B ™ 5 A R0 B 4, SO DL T R B
I . 2R 4E 5o 1250 A 16 %6 B0 il 4 e i B i
T rpoAh B AR O ERE X R L AR 4 R
1296 By s + [l s AT 76 w4 32 Ju N AR 2 R
16 % B s LR BLE B I Rk . IR L, &5 A Y
Y1 PR 3B 8 2 00 P DR A0 B B 3R 48 25 R, T i
129 A PR BR 27 4t & 2, B0 AE A 44 o 27 2 mT R34
FR) AR B o7 o

3 SFYEMAE TS T

3.1 HBESAMSN

P 6 Jir 7~ o £ 4 & B0 096.0.5% . 1%0.3% .
620 12 WL e fnfifi LML L. N6l F&
T8 2T 4 & B BRI SRR AE o AR — a0 A R
F 0 B A LT AR RN, B R O R A
U AU (U £ 4 & Bl At 306 ) B AT 4
PO 25 4 g A T A O 1206 I, K 6(f)
I, AR A v Al WSS ORL AR 27 4E A A 4

(a) 0% (b) 0.5%

LTAERELR I

() 1% (d) 3%

CRAEII 2

w».},
4

IR E2Z

(e) 6%

El6 F4Emas KR SEM B A (KX 10001F)
Fig. 6 SEM photos of fiber reinforced soil samples
(magnified 1 000 times)

(H)12%

R RS R 4E B AR 290 0. 1 mm, T R 4
M N AE R EH B A 0.1 mmo AR SO JH 4F 4
FRE D A LT L 20 /0N ) £ 4 T RE R AR R B DT
R A5 7 75 1) 20 /0N 2 2 R R, FE B2 7 AR 0 L ) 47 4
b TR RSP R T b AR BRMLERZESL
I 6 A /N AT Yt B AR
3.2 BwEEAARIIK

K7 S £ 4 il 89 T o0 An 2k, nT LA L, T,
oy A i 2R BOA P B R B . SR T BLA B
X VB T, BIE A 10 ms, B AL B X 43 > L Bt A
AN, FE st 38 T 0] 2 0~10 ms B9 F LR /N AL
FEALBR, 5t 7 B ] 10~100 ms [ YR 4R 3R KL 12
FLBR , 15 5 5 BEAQ R I A FLBR AR AR . Bl KT
U, e BITIRRE p i FL B 2 DU/NAL AR AL B O T2
Wit 7 2T 2 o A ) M B ) AL B R e AR R A B
(14 A, 2 W] AL BT~ A2 52 50 /N I 38 R i 2 A L
Tro 2R 4R 000 BRIl £ 35 W B o i 3% i
YU AN WY S, 2 W RGPl A/ LB O 3 T K AL B
B 5 Bl A 2T 2 5 A A I, U U R ek B g I 1)
Ze ¥, R W AR N TT o AL AR A G N B8 T A AL
B, JHCAH I Y L B A BRI A 1 O 5 2 £ 4 & g
2 300 W, SR £ 5 50 AT T R, i S 4 A v 0
Z 0] ) 5 = 58 B T 0 4 O, B A, SR T/ AL B
G AR AR R AL B R D e Y R LB
Mg RN 3.0%~12.0% B, F 0 (1415 5 98
TF U6 $5 v, = 0 R 0 [ D 907 A A L T R
A W T K U6 52 AR S, 3R I A X — B B Bl 3 41
27 A A 3G, /N £L B A TR L BR AR AR AN W R %
AR H IR AR R LE

1000
—— 0%

—— CFYEE0.5%
— FYEER1%
—_— 3%
P R6%
— Y R12%

800 [

600 |
400 F

200 F

0
102 100 100 100 100 100 100
Gl i) /ms

7 FHEME TR,

Fig. 7 T, distribution curves of fiber reinforced soil

P8 g o fify - FL B R B 21 4 & i H g A2 A
LA B R oAl B fL B AR B A A A R
BETWING . ML HEE RO 000 ~300 IF, FLER AR 1Y
BAEA R X BN s T 45 i i 300 J5 , FLBR R 1Y
LN SR TE N T e s LY A S (W
B, HoA B Hogg — € AL, S 4 e RHR A v
Ja T RN BRI, A SR A AL BRI R Y Ef



6 AR5 xR F RO E L

% 47 %

Y& B EEAN IERE R BURR % D AT
Yi 5 R, E AL BR A A LB A AL BR
BN I e B R AL R 5 A 4
I 70 L BRI /N B L B SR T A R — o Pl M AT A
R Z B, A UK R T 3RS 9 L BR AR S A2 DAY
LRI A R S0 A FL R AR | B SR B AL R
M o TR, BEHIL o A5 0 £F e i 2, B 25 ) B
L EE WAL R 4, I — 2D R AL
MY RN 12% BF , FLBRRA ] 71. 39% .

= Al
0F = = &S .

n=1.999 4 +47.98
.7y R*=0.956 8

45

S P
AR A%
B8 HfEmMmpmTRNFLEERTHL

Fig. 8 Variation of porosity in fiber reinforced soil

4 SF4E AR 1 1R IR R O

21 2 T ity vy 2 B A A AR 9 2T 4 AR
FBURL, A2 S B AR TR B3 A UKL D 5 1R Y
TUIY VL RE A1 ¢ 0 0 th 21 4 5 4 2 18] B S AR gk
FrAQks o Bl 28 45 i A2 AL X R AR AR T
H AR BARTT 23 S 3B B

1) R 2R 45 R AR, A A 38 5ik HL 3= 22
JE 2T 2 A rh AR T Y — AR A AR e 2 B4
SR Ty, R ABURE [] A E0R R BORL e f |
HEZI AL 75 BEHL 70 B AE b B9 25 40T 06 R AR 8 4F
5 R G, AR A BT AR AT Y S &
1 42 fe 5 T80 7 AR S EE R T A 9 () BT . R
T, 2 24 19 55 P AR T = T A A B O — Bl
SR B T 2 A 7 A MR R A S (8 AR AT 4k
FEAE RN Y, 3% 3 I 36 [ R H S i B i =
(78 23 A L 2 0 b 2 B D R BT 0T 9 R A 4R T
WA T — P8 o3 21 4 5 A L 0k 2 S BUm A L
R UKL T L B DR/ 3 A B R B4 5 9 R AT
AE LR T 27 4 5 = JORE A9 R SF 22 5 L0 AR S (47
2 (TR AN 7 1) 25 N 3R A 2T 4R e A 0K Y i
FErp, A REJE — AR LF RIS T R R AL, T B
FL B AR NN 5 55— T 0 45 A 5 AR 0K A9 7 B, B
AT LRI HES S BCALBE ARG O LY
BAR I, 85 A A 1 BORE A A, X i AR B 5
QAR XS EL/AN R, 78 AL B 5 0 39 A0 K B B0 T, m

70 o W S B S E DO B Sl e L 1
TE 0%0~3 0 BT 4 5 B B N, Bifi 3 2F 2 &5 A4 1Y
7 e B W FE T P AL B, BR T R H AR 43 A
FLEAT A, R T S RE B B e A G 0 T A R A
JE o A2 2 5 R, TS A A X s L £F
Y5 b S PR Ll A S R UR ] A
17T AH A5 T R UKL 22 (W) f) B 4, £ 4k - BORE 22 A Y
FEEANARE /N o L, E BT I 25 R SR B 26 2R )
B 5 T PR JEE 9 A T A W AR AL

2) T B UG Y 2, PN EE A G P I AR A A AT R
JE I v A 4 R D IR 2 E BB ST
e ¥ e B9 £F 48 AT A g R R 0,152, 0,396,
0.4%.0. 6% 196296 FEAR KK BF 723
Bl 2 2F 4 5 B A (400 ~12060 ) ), N BE 452 41 3
W RLVER K, B MRS = 12% . IR,
R Y — Ry 5 o 2T 4R AT UK, ORI
L 91 DR W AR, by R A DAy 2 1] R S A i o 79
AP DL R A s . — T EF 43 58 1 LB, {H
B 21 2ty TR A2 4L I U ST B £ AE I 45
P2 ik oA ) B - BORL , B A £ 2 T 1A R 28 Hp IR ST
TR A, S BORL AY 9 il A5 Al £ e A AL
B 23 R R, A A R DL o SR R AT AR
PRI L R R H AN AT 8 AN R IERTT
H1 T 25 4 b 1 00 2T 2 20 . 4 — 7 SR AR IE fE
o A% A 75 e % R AP AR R, Y R A BT U n A
TR BE A5 B 2T 4 5 - MO E] A4 b O A R
USRI EE . MK 9(b) () PR, 2485
S iU DI R e o N R i R T D RS B R R e 1
SRS, 25N A AR B2 A S DA R ik SRR T
2 1 BRI T I A 2T 2 ) A X0 25 A gl H Al T 4k
S f] 52 77, 32— A 1 e M T R RS DR LA AT X
S AEEL9(d) rh Al B 0L 4% B R i 1 4EJE ARG 23
[F1) [ 4% 235 ) % A0 A oL P SRR SR T . 53 4h L 7
BTUI AL i 2k B b, B 2 4 R R3S, 2R Y
DY T b 73 A ) £ 28 L]t 7 ) 52, X e P 0 5l
JEE Pt — A i e A AL

SMMER Sy e rp, AR JE B AR A R 4H 2 BEAE:
JT S 7 2 B4 4 P ) = 22 Sy - J0RE (8] B2 43 B 7,
Y2 2 B b O B BR AT 2 i 1200 I A T 4T 4
B A 1 WORL S 2, ke b R BORE A 5 LR B i
Z IR EOREREAR . MO, Y B 2,
ot L ER A, ME 9Ce) s Fads 1 25 4
55 R UKL 22 () B B i, 2T o e R B R AT R AK L, T
D b R B 0 B R Y AT 2 T R R s A
(N IIR



WA, A B 3 e A £ R WL AR LA 6 B R 7

i
&
)

% 4RI
ors

BT > /

ST A L AL

(e) 12%

9 FEMELIXFERSEMBR (X 50004%)
Fig. 9 SEM photos of fiber reinforced soil samples
(magnified 5 000 times)

5 #ig

DA ZF e G A R & LR R BU oy s B2 . 2
U EBAR (0% ~3%0 ) i, PU By o = Z R N
R R 0 0 1 s P PR 4R A T W AR Ak s B AT 2
BTN, N R AR SRR K AR AE R PR AF
Pt 12% .

2) 7€ SEM EMG 005 3 4 /N £F 2 (K /N T
0.1 mm) £ £ A4 rh 22 ZUE 1Y 2F 4 19 45 4, & W1 Bk
PR HR R UL B £F 4k A 28N £ dE A BT ek R
P

3) B Y 41 4 2 4 (026 ~3 %6 ) % - ML B R
U7 NN 1 o 5 = 2 LS - 3 T I 5 I L o)
BALF YN A AR s AT A A (40 ~1206) B
FLBR B K A Y RS K AR R
OF Y B JL2H B, K SR BB 2 O 2 A A I 4% Jin A A
o B BREF 4 & B 12 % I, T 27 4B 48 b
b - ORI 58, BT 2 b v R U 55 45 K T

5% Uk

[1] GOWTHAMAN S, NAKASHIMA K, KAWASAKI
S. A state-of-the-art review on soil reinforcement tech-
nology using natural plant fiber materials: Past findings,
present trends and future directions [J]. Materials, 2018,
11(4): 553.

[2] CHOOBBASTI A J, SAMAKOOSH M A,
KUTANAEI S S. Mechanical properties soil stabilized
with nano calcium carbonate and reinforced with carpet
waste fibers [J]. Construction and Building Materials,
2019, 211: 1094-1104.

[3] MRA, R, B, 45 . A W 1 A0 2F 24 n A 10 +

PO 58 BRI BT ST (J]. £ 53 TR AR (3 30),
2019, 41(1): 15-21.
ZHENG JJ, SONG Y, LAI HJ, et al. Experimental
study on the shear behavior of fiber-reinforced bio-
cemented sand [J]. Journal of Civil and Environmental
Engineering, 2019, 41(1): 15-21. (in Chinese)

[4] ZHANG D, ZHANG W G, YANG Y, et al. Enhanc-
ing splitting tensile strength of biocarbonated reactive
magnesia-based sand using polypropylene fiber reinforce-
ment [J]. Acta Geotechnica, 2022, 17(10): 4761-4768.

[5] 224, MMank, BRICH . 2F 4 i - 8RB WM 5
R[] AR 5 & R, 2015, 37(3): 319-325.
LIJH, HAO J B, CHEN W L. Advances in study of
fiber reinforced soil [J]. World Sci-Tech R & D, 2015,
37(3): 319-325. (in Chinese)

[6] EE, Mg, 4d, & d4en et L

BTUISR AL A - TR AR, 2013, 35(10): 1933-
1940.
WANG D Y, TANG C S, LIJ, et al. Shear strength
characteristics of fiber-reinforced unsaturated cohesive
soils [J]. Chinese Journal of Geotechnical Engineering,
2013, 35(10): 1933-1940. (in Chinese)

[ 7] BEWT, XP4ese, g, 4 . DUFp N T4 WL 4 i % +

B 4T 5 A M (D], R VLR 2 B B R L 2022, 39(1): 122-
126, 133.
XIONG Y, DENG H F, PENG M, et al. Shear
properties of loess reinforced with four synthetic fibers
[J]. Journal of Yangtze River Scientific Research
Institute, 2022, 39(1): 122-126, 133. (in Chinese)

[8] ma, WEW, MR, % . a4z £y
SREERFPET]. 4 £ TR 4R, 2016, 38(H 1) 1): 231-237.
GAO L, HU G H, YANG C, et al. Shear strength
characteristics of basalt fiber-reinforced clay [J]. Chinese
Journal of Geotechnical Engineering, 2016, 38(Sup 1):
231-237. (in Chinese)

(9] mid, WIENE, BRKME, 55 . %A 2F 4 i 26 4 =%
BUIRATIELT]. A 2 TR 23R, 2017, 39(HE 71 1): 198-203.
GAO L, HU G H, CHEN Y H, et al. Triaxial tests
clay reinforced by basalt fiber [J]. Chinese Journal of



8 B - -

FOAR(OP & L) %47 %

Geotechnical Engineering, 2017, 39(Sup 1): 198-203.
(in Chinese)

(10] ZefEmy, Fwide, S, % . 2R 4By 1 28 ko 7

B i i RE MR T A B TR A% AR, 2021, 43(4):
670-678.
RONG D Z, TANG C S, ZENG H, et al. Evaporation
process and tensile behavior of fiber-reinforced rammed
earth [J]. Chinese Journal of Geotechnical Engineering,
2021, 43(4): 670-678. (in Chinese)

(117 XU, R, 3630 A5 . A 2F 4k 7+ J6 00 BE Bt e
BERB B FE[T]. K Ty Rzl , 2018, 37(2): 12-21.
LIUJL, HOU T S, LUO Y S. Unconfined compres-
sive strength of synthetic cotton fibers reinforced soil [J].
Journal of Hydroelectric Engineering, 2018, 37(2): 12-
21. (in Chinese)

(12] 227, SRR, EX, 55 R VT L 48 i o 90 /=
PR B FE [T ]. A 0, 2021, 42(2): 501-510.
AN N, YAN C G, WANG Y C, et al. Experimental
study on anti-erosion performance of polypropylene fiber-
reinforced loess [J]. Rock and Soil Mechanics, 2021, 42
(2): 501-510. (in Chinese)

[13] OUEDRAOGO M, DAO K, MILLOGO Y, et al
Physical, thermal and mechanical properties of adobes
stabilized with fonio (Digitaria exilis) straw [J]. Journal
of Building Engineering, 2019, 23: 250-258.

[14] NEZHAD M G, TABARSA A, LATIFI N. Effect of
natural and synthetic fibers reinforcement on California
bearing ratio and tensile strength of clay [J]. Journal of
Rock Mechanics and Geotechnical Engineering, 2021,
13(3): 626-642.

[15] BEKHITI M, TROUZINE H, RABEHI M. Influence

of waste tire rubber fibers on swelling behavior,

unconfined compressive strength and ductility of cement
stabilized bentonite clay soil [J]. Construction and

Building Materials, 2019, 208: 304-313.

+ T 86 7 Wk AR - GB/T 50123—2019 [S]. b5t

R ) i et 2019.

Standard for geotechnical testing method: GB/T 50123—

2019 [S]. Beijing: China Planning Press, 2019. (in

[16

=

Chinese)

[17] HUANG W, DU J X, SUN H, et al. New polymer
composites improve silty clay soil microstructure: An
evaluation using NMR [J]. Land Degradation &. Develop-
ment, 2021, 32(11): 3272-3281.

(18] #imi, S5, SR, 55 . 2R FF I fif v i 56 3ot + 1)
POy R 5 e B A B AR (D). R TRESE 4, 2012, 45
(1): 109-114.

WEI L, CHAI S X, CAI H Z, et al. Triaxial shear
strength and deviatoric stress-strain of saline soils rein-

forced with wheat straws [J]. China Civil Engineering

Journal, 2012, 45(1): 109-114. (in Chinese)

[19] Bhmw, S5, SR, 45 . Z RS AT IO A + B v g T
e LA SR TR, 2018, 40(6): 53-59.
WEI L., CHAI S X, CAI H Z, et al. Frictional
characteristics of wheat straw in saline soil and
evaluation of reinforcing effect [J]. Journal of Civil,
Architectural & Environmental Engineering, 2018, 40
(6): 53-59. (in Chinese)

[20] CHEN Y Q, ZHOU Z F, WANG J G, et al
Quantification and division of unfrozen water content
during the freezing process and the influence of soil
properties by low-field nuclear magnetic resonance [J].
Journal of Hydrology, 2021, 602: 126719.

[21] sk, W, FHRT, 4. LM EA R AR 06 R [T].
T ART 24, 2020, 53(2): 105-118.

ZHANG G, WANG G, YIN Z Y, et al. A critical

review on the research of fundamental behavior and

constitutive relationship of the soil [J]. China Civil

Engineering Journal, 2020, 53(2): 105-118. (in Chinese)
[22] BRikHE, AR, TEAESR . — NI A LR AR O

Z[J1. 7J<7F'J%Tb%, 2002, 33(12): 26-32.

CHEN Y H, ZHAO W B, WANG Z Q. The constitu-

tive relationship of reinforced soil [J]. Journal of Hydrau-

lic Engineering, 2002, 33(12): 26-32. (in Chinese)

(23] BRAKWE, MEEE D, Dok . £ T8 mAiE A &4 R
TRy M T[T KR 2R, 2003, 34(1): 28-33.

CHEN Y H, SHIJY, MA W B. Composite FEM anal-

ysis on geotextile-reinforced embankment [J]. Journal of

Hydraulic Engineering, 2003, 34(1): 28-33. (in Chinese)
[24] miE, &MS, PhRT A, 5 RKRCE LA IR EE L hU R R A

gy 5 SO 2 AE [T]. UK J3 J2 i 4 dl, 2018, 37(8):

111-120.

GAO Z, CAO P, SUN X J, et al. Compressive

strength analysis and microscopic characterization of ba-

salt fiber reinforced concrete [J]. Journal of Hydroelectric

Engineering, 2018, 37(8): 111-120. (in Chinese)

[25] ZmiE, T3, KUK R, 45 . 3 2 40 37 ) - 57 1) o8 2
e PR BIF 5 0], 3B R 2 2 4 (L 2% i), 2017, 50(1):
102-106.

LI L H, WAN C, LIU Y L, et al. Shear strength

characteristics of glass fiber reinforced sandy soil [J].

Engineering Journal of Wuhan University, 2017, 50(1):

102-106.

[26] JE A, A=A e XNl 45 . AR N 3 B e 5 U0 5 R R
B MAs g [T]. B# R 5 T, 2020, 20(19): 7832-
7837.

TANG H, LI H H, LIU C Y, et al. Shear strength
characteristics and meso-mechanism of palm-reinforced
loess [J]. Science Technology and Engineering, 2020,
20(19) : 7832-7837



% 44

WA, A B 3 e A £ R WL AR LA 6 B R 9

(27] TSR, 20, 58, 5 A B 1k I 28R (1 = i ik

R[], 3 PR Ac R 2 2 i (H SR B2 i), 2021, 40
(7): 99-106.

WANG 7 J, L1 C, XIAO L, et al. Triaxial test study
on reinforcement effect of reinforced cohesive soil [J].
Journal of Chongqing Jiaotong University (Natural
Science), 2021, 40(7): 99-106.

(28] yvh, 2 KM, B, A5 . TR £ 4k i 8 L e

A SR RE RIS A R M (D] B8 0 i AR 2 4R, 2021, 21
(2): 82-92.

LU H, YAN C G, JIA Z L, et al. Shear strength and
disintegration properties of polypropylene fiber-rein-
forced loess [J]. Journal of Traffic and Transportation
Engineering, 2021, 21(2): 82-92. (in Chinese)

(%# L H%)



