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Fig.1 Unconfined compressive strength of coconut fiber
lime soil with different fiber dosages
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Fig. 2 Comparison of the unconfined compressive streng-
th results of fibre lime soil in this experiment with
those of other scholars
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Fig. 3 Stress—strain curves of unconfined compressive str-
ength of soil under different curing ages and differ-

ent ratios
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Fig. 4 Curves of unconfined compressive strength and br-
eaking strain varying with fiber content
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Fig. 5 Effect of fiber content on energy absorption capacity
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Fig. 6 Failure morphology of coconut shell fiber lime soil samples with different ratios at a curing age of 28 days
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Fig. 7 Appearance changes of the specimen at 96% compaction degree after different numbers of wet-dry cycles
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Fig. 8 Mass loss rates of lime-stabilized soil and coconut fiber reinforced lime-stabilized soil after different wet-dry cycles
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Fig. 9 Unconfined compressive strength of two types of stabilized soil samples under different wet-dry cycles
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Fig. 10 Variation of residual coefficient of sample strength with the number of dry wet cycles

2.3 KIS

FHOUL A 36 12 BRI 1R T 52 96% A1 KB 5N
3% EFYEB R 0.75%

23.1 #AEEIR(NMR)

P11 R A0 K L FIBRSE 2T A1 K 00 T, 2345 . T, #h
SRR B AR Ay )l R0 R 1 ORI 2, R Ty
Mr, B WA R A 14325 « TRt I/ NFLIBR , YR s 1 5% 7 o
FLER, i 2 Xt R LB i 11 (a) AT AT H 2 T, 1
LAWY ) WAL, 55 1S IEEL 43 A 7E 0.1~10.0 ms,
M /NI 5 26 2 AN UEAE 43 41 7E 10.0~100.0 ms, A HH AL
Bl s 575 3 IR L P %A o B 11 (b) AT AT T, i 4 fr
3ANIEAR , 43 5043 A E 0.1~10.0 ms ., 10.0~100.0 ms
100.0~1 000.0 ms, 535! A /INLB AR FLBE R AL
11 iR P IGEEAE 0~ L IR TR AT TR, 76 1~6

IR AR PRI i LR IR 0T 5 x A % 3l 2 i 11 1T AR
ARGE , Xof I ALAR AR R S O~ 1T IR AT PRI i £ (B R
W2 Fh A B r JLE T 8 5 S 8 LR S 8
I, JE U5 00 A S, LSRN 3o R L T
TE 1~ 6 AR P A AL Y i, RIS R i 1
A B IS B E R s R, RN
BEAE T RRAG PRGN, 1CRE 28 R A T4, R HUK
I AWRE AR AL, B AN Wi i, - BN/ INBORE Bl 1
VST i L S5 FLB AR R s 2347465 6 T
PRI, W {ELIA B 45 g , st P40 NT ) B2 e VS [ A ),
HNLBTRTR FLBA Bl 2 o 22107 1~ 6 TR A PR 12
FG , L AREEAE ) 25 AR I FL B 548 B Hp 2 R i
HI P& 11 (o) IR, A7 0K A ) /N FLBRE FE AR 2T 4k A7 K 1
N | T b Fap/ S WD SR NSy R a Y/ A



138 TRER2ESH AR

55 57 %

300 o
250+ ——2IK
—0—475(
2001 —— 5]
M ——6IK
= 61X
op 150 L
4\11_E_[ L
100+ NS
0.51.0 1520
50 it P ] /ms
0 L -
102 10! 0 10! 102 10° 10*
il st ] /ms
(a) f1 R LA T RAFFRUCEC N AT, A1
300 ok
—— 1K
250+ ——2
A
200 - < S{é—»\\
Bsot N
op N Eosof
& 8 Tooof
iy
100 42150 A
0.5 1.0 1.5 2.0
S0 NN, il ms
0 A
102 104
R ] /ms
(b) B2 K AR PR AL R T 534
300
—n—L3
250} ,1'.!,! +L3Fuv75
{1
200 H
2 idﬂ.\*"*
/ .
?M: 150} BEERY
i ¥ 1
100 j \I'\
iI
-
0 1 1 1
1072 107! 0 10! 102 10° 10*

iR ] /ms
(¢) AR FRSELT A0 K AT TG B T 53 A

Bl AREMERAEARLEHNT,HH
Fig. 11 T, distribution of lime soil and lime soil with coco-
nut fiber

232 SEMiX¥k

] 12 5T 41 4t 5 A O [ 46+ SEM L. i
Kl 12(a) ~ (d) AT it — RN Zb 2 RO i, A2
B /E - VRN I SN I 2 I R
WP SE h T B BT TR, R T gtk e
F 5 A A A, FLBRA D HL R P A
TSI FE 45 4 o O A - R R, 3 7 - Ok 5 - SR
Z AL, T U A 4l 0, (e R B B sy, B0k

s 1 T 7 B

m X500 LM(UL

(e) 5001%%%&2&25 K+
12 WMEFHESHRMEHE LT SEM

Fig. 12 SEM images of coconut fiber and lime reinforced
solidified soil

WL SR AR T 20 RGN , SRk AL ™
Prikiob , FLBEIE I 30 FAER R A KA E Tt
PR B e A0 LA, X6 L AR EE R 3 AN mT 545 3,
LB W, SO oK SRR AR LER Y 5K,
TR B ABR A AR T R A A — B,
BEHE TRRAIE PR UG, LA 20 B3R i 5



55 6 14

B RS Y O d ) VR Y/ § S S e R A 139

e B 12(e) ATLLE th, BR5e£F 4R MPRLEE PG A
JREBE D ST HE A o — T T, AR AEAE AR 51 Sk Ak
G, KA R A BRI, O B e AR ST AT 4
FAT, L B IS 4G L AR e £ 4 s 55— T T,
BRTCET A R TR , 1152 1P 227 A PR T, X
AR R LA AR AT

3 &% it

ARSCWFSE T AEA R SR W N e £ 4k 45 1)
AR LA VERE R SE I, FE XS B FE 2T 47 K 1A T T
MR AE RN AME 3BT OF 58 T TR PR UCH R S B A
YR RN A K L1 P RE R S KL, I Je 25 B A%
TESEARAFNAA i FL BE S 7 i A7 K L A TR o0 B T
ety (1

D) B BRSC 2T 442 S B, 47 3K - JC 0 FRHT 1 55
JESCHE RGN FEET RIS 50 0.75% ISR BEf kL {H
HEPARTR BRI B R T 6.5%~38.3% ; LRI
ARG R, 1 1.5% 34K 5 2.5%; 17— 2% i 2k il
JO7 AR Al 3 30 17 AR AL, e I 2 e e PR IR e Dy
IRPERIA

2) A SR W G N, B FE 2T A A7 K -0 R
BT RN AL BBl |, 10510 A8 T 2 5
A PG AEWIR A I SRR HR TS TE B A )
REfE SRR RUIELE .

3) THRIEFMET , RS R R AZ T , 41
3 JEE SR D) , LA 8 d = T 1K 5 184.2 kPas
PR UEOAR RN, 5 B 1, b AACHT s it B2 1 .
NEYEIG A K L 3R R AR BN 0.29~1.79 2y
0.46~1.53 A 50 ff T IFETIBARIRN 1 5 LB R
546 T T IRAEER XS T AAVEHT

4) WNAOWL B vl LAt B8 TR A6 2R S
T, AL B 52 B el N R A R TR 6 U T
TEERE, LR FLBR IR B B K, BEBEY) it /b, R4
MNEATK R LB R EIE 2

5)EFYER] LIS SR o3 A1, 7 A 2 Y S BER)
Jit, 2T 4 5 L AR BEES 1E— kS ; £F YRR RDRLKE , 52 1 ik
5 R BOR RS T, BRR T LRSI b, 74
TE L B LS TR s (] IR S5 48, B2 o H.
BIR i - JORE A% 5l , 24 A2 B Sh T Ik, £ 4 REAT 80
TR TR 199
SE K :

[1] Hu Zaiqiang, Liang Zhichao, Guo Jing,et al. Prediction of
seepage coefficient of unsaturated lime improved loess[J].

Chinese Journal of Geotechnical Engineering, 2020, 42
(Supp2):26-3 1.[FHR, B2 4, 500, 55  AREAG IR R

B BK R BT[] £ TR, 2020,42(0 1) 2):
26-31.]

[2] Wang Hao. Analysis of influencing factors and micro-
scopic mechanism of unconfined compressive strength of
lime soil[D].Beijing:China University of Mining and Te-
chnology,2021.[ T3t . A B = Jo Ml BR 47T F 5 B 52 v PR 2%
S3HT OB 5 [D]. b st i E AL R 2%,2021.]

[3] Zhou Baochun,Kong Lingwei, Guo Aiguo. Stress—strain—
strength behaviour and constitutive description of lime-
treated expansive soil[J]. Rock and Soil Mechanics,2012,
33(4):999-1005. [ Jil 4 , £L 415, 50 2 | A K o B ik
A B N 3 — AR i R R A AR (0] )2,
2012,33(4):999-1005.]

[4] Pu Shaoyun,Zhu Zhiduo, Wang Hairong, et al. Mechanical
characteristics and water stability of silt solidified by in-
corporating lime, lime and cement mixture, and SEU-2
binder[J]. Construction and Building Materials,2019,214:
111-120.

[5] LiLihua,Shi Anning,Zhang Lei,et al. Experimental investi-
gations on the mechanically stabilised earth wall under
static load conditions[J].European Journal of Environmen-
tal and Civil Engineering,2021,25(4):575-598.

[6] Li Lihua,Li Zijian,Xiao Henglin,et al.Cyclic shear test of
geogrid reinforced construction waste soil[J].Journal of Ji-
lin University(Engineering and Technology Edition),2024,
54(6):1612—1623. [ HE, 2= A filt, S bk, 55 . RS Al
T e SR I AR ER BT U [J]. 5 RO 2 (T2
h2),2024,54(6):1612-1623.]

[7] Li Lihua,Cui Feilong, Xiao Henglin,et al. Research on per-
formance and bearing capacity of reinforced embankment
with tyres and lattice chambers[J].Chinese Journal of Geo-
technical Engineering,2017,39(1):81-88.[Z= i 1E & CIE,
AR, 55 B iG-S A 0 B S BE SOR B BIFE ().
A T ARA,2017,39(1):81-88.]

[8] Li Lihua,Zang Tianbao,Liu Yongli,et al.Cyclic shear perfor-
mance of fiber bottom ash mixed soils[J]. Chinese Journal
of Rock Mechanics and Engineering,2021,40(1):196—-205.
2R A IR 52, XU AR, 4 . AR 4RSI R A R BT I
REBFSEN]. A1 117 5 TR AH1R,2021,40(1):196-205.

[9] Rong Dezheng, Tang Chaosheng,Zeng Hao,et al. Evapora-
tion process and tensile behavior of fiber-reinforced ra-
mmed earth[J].Chinese Journal of Geotechnical Engineer-
ing,2021,43(4):670—678.[ 5T, R A 1,55 . £F 41
A R 2 A i AR K B BE R D). e AR AR,
2021,43(4):670-678.]

[10] Valipour M,Shourijeh P T,Mohammadinia A.Application of
recycled tire polymer fibers and glass fibers for clay rein-
forcement[J]. Transportation Geotechnics,2021,27:100474.

[11] Chen Lei,Zhang Fuhai,Li Zhipeng. Experimental study on
expansive soil stabilized with lime and fibers[J]. Advanced
Engineering Sciences,2014,46(Supp2):65—69.[ M55, 5Kk
ot A R | R RN G Y 7)) O o I € DV 2 )



140 TRER2ESH AR

%57 %

] PN AR (TR ), 2014,46(H5 1) 2):65-69.]

[12] Jahandari S, Mojtahedi S F,Zivari F, et al. The impact of
long-term curing period on the mechanical features of
lime-geogrid treated soils[J]. Geomechanics and Geoengi-
neering,2022,17(1):269-281.

[13] Jiang Ping, Zhou Lin, Zhang Weiqing, et al. Unconfined
compressive strength and splitting tensile strength of lime
soil modified by nano clay and polypropylene fiber[J].
Crystals,2022,12(2):285.

[14] Ruan Bo,Peng Xuexian,Ma Chao,et al. Experimental study
on unconfined compressive strength of glass fiber rein-
forced lime soil[J]. Journal of Railway Science and Engi-
neering,2018,15(9):2246-2251.[BLil, #5244 5, Sl 55 . B
TELTHEAN A A0 K - T FRBT 0 BE I 5 0], P R
245 T REH1,2018,15(9):2246-2251.]

[15] Wei Li, Chai Shouxi,Zhang Huyuan, et al. Mechanical pr-
operties of soil reinforced with both lime and four kinds
of fiber[J].Construction and Building Materials,2018,172:
300-308.

[16] Li Xinming,Lu Guangyuan,Zhang Haoyang,et al.Strength
characteristics and micro-mechanism of lime-metakaolin
modified silty soil[J].Journal of Building Materials,2021,
24(3):648-655.[ZHT BH, % )L, 5K W5 4, 5 . A K e 08
e RO iR R 5 GO AL (0], SRR 4R,
2021,24(3):648-655.]

[17] Xue Yanhua, Gao Mingxing, Yuan Feilong,et al. Effect of
polyacrylamide on early strength and failure form of lime
stabilized soil[J]. Acta Materiac Compositae Sinica, 2021,
38(4):1283—1291. [FHf e, m W AL 5 COE, 55 R Mk
JHeXss A0 IR R SE - R A5 B FRAIE A2 (1), 26 44
B2 2,2021,38(4):1283-1291.]

[18] Li Lihua, Yue Yuwei,Li Wentao,et al. Mechanical properties
and microstructure of heavy metal contaminated soil solidi-
fied by rice husk ash[J].Journal of Railway Science and En-
gineering,2022,19(11):3275-3282.[ 2= il 4, 1 i 71k , 25 ¢
U A R IR T A 4 15 % 1 ) 2 P RE S O 25 4
WIFEI]. BOE R 5 TRE4,2022,19(11):3275-3282.]

[19] Rajabi A M, Ghorashi S M S, Yeganeh M M. The effect of
polypropylene and glass fibers on strength and failure be-
havior of clayey sand soil[J]. Arabian Journal of Geosci-
ences,2022,16(1):6.

[20] Ruan Bo,Ruan Chenxi,Deng Linfei,et al. Experimental st-
udy on unconfined compressive strength and splitting ten-
sile strength of polypropylene fiber reinforced cement
mixing soil[J]. Journal of Railway Science and Engineer-
ing,2021,18(1):95-103. [BTi, Bt /=24 FoAk €4 BN
RAE MKV R R R RE IR I DT T[], BRiE R
TAE4,2021,18(1):95-103.]

[21] Yadav J S,Tiwari S K.Behaviour of cement stabilized
treated coir fibre-reinforced clay-pond ash mixtures[J].
Journal of Building Engineering,2016,8:131-140.

[22] Hamidi A,Hooresfand M. Effect of fiber reinforcement on

triaxial shear behavior of cement treated sand[J]. Geotex-
tiles and Geomembranes,2013,36:1-9.

[23] Ruan Bo,Zhu Yanzhang, Zhang Xiangjing, et al. Influence
of fiber content on unconfined compressive strength and
pore size distribution of cemented aeolian sand reinforced
with fiber[J].Journal of Railway Science and Engineering,
2023,20(6):2131-2138. [, A2t K 0] 58, 55 . 7 4k 42
SRR Y R RV BE K FLAR 53 A1 B 20 [ 7], 2R TE R
25 TR ,2023,20(6):2131-2138.]

[24] Bi Dongmin, Kong Gangqiang, Chen Geng, et al. Strength
characteristics and failure mode of solidified soil rein-
forced by waste masks[J]. Journal of Disaster Prevention
and Mitigation Engineering,2022,42(5):993-998.[ 4] 4 X,
FLEN 5, R B, A5 TR 7 SRS 614 e ) B R 1
IRBE[T]. B FEI A T R4 417,2022,42(5):993-998.]

[25] Ren Xiaofeng.Experimental study on durability of SH and
lime reinforced loess[D]. Lanzhou: Lanzhou University,
2017.[fEWEE . SH Lz A7 Il 8 - 1in A4k 156 6752 [ D).
=N RA7,2017.]

[26] Jalali J,Noorzad R.Discrete fiber reinforcement efficiency
in the mechanical properties and wet—dry performance of
fat clay treated with industrial sewage sludge ash[J].Con-
struction and Building Materials,2021,284:122739.

[27] Wang Dongxing, Wang Hongwei,Zou Weilie,et al. Study of
durability of dredged sludge solidified with reactive MgO-
fly ash[J]. Rock and Soil Mechanics,2019,40(12): 4675—
4684. [ 173 B2, £ A1, AR 4D, 55 15 T MgO-Bi MK [ fk
TR AERIFGE ). 1 712%,2019,40(12):4675-4684.]

[28] Li Tianguo, Kong Lingwei, Wang Juntao, et al. Trimodal
pore structure evolution characteristics and mechanical ef-
fects of expansive soil in seasonally frozen areas based on
NMR test[J].Rock and Soil Mechanics,2021,42(10):2741—
2754 [ AR AL AR, ARV, 5F B TAE IR A ZR U5
DXIZAK 4= = A FLBRES A T AR SO ) A8 0], 5
J12#.,2021,42(10):2741-2754.]

[29] Zhang R J,Lu Y T,Tan T S,et al.Long-term effect of curing
temperature on the strength behavior of cement-stabilized
clay[J].Journal of Geotechnical and Geoenvironmental En-
gineering,2014,140(8):04014045.

[30] Ye Wanjun, Wu Yuntao, Yang Gengshe,et al. Study on mi-
crostructure and macro-mechanical properties of paleosol
under dry—wet cycles[J].Chinese Journal of Rock Mechan-
ics and Engineering,2019,38(10):2126-2137. [ J1 4%, %
=V A EAE A TR ERE TR it AN GO 2+ K
TS AR RE AT ST (0], 540 5 5 TR AR,
2019,38(10):2126-2137.]

[31] Li Lihua,Huang Chang,Li Wentao,et al.Study on mechani-
cal and microscopic characterization of expansive soil so-
lidified by rice husk ash-granulated blast furnace slag[J].
Rock and Soil Mechanics,2023,44(10):2821-2832.[ 2=l
e BN 2 S0 R ST K A MK g 2 S
MEERFIE[I]. Bt 12£,2023,44(10):2821-2832.]



5 6 1] B RS Y O d ) VR Y/ § S S e R A 141

[32] Ji Hui,Zhang Tao,Liu Jiankang. Experimental study on sh- ademy of Sciences,2021,38(8):120—126.[ 3% 2% 5k i, X1 {4
ear mechanical properties of composite improved loess fa . TR T &2 A 0 R 8 159 U) J) 2 RR v g A ot
under dry wet cycles[J].Journal of the Yangtze River Ac- [J]. KR B B di?,2021,38(8): 120-126.]

Experimental Study on Mechanical Properties of Coconut Fiber Reinforced Lime Improved Soil Mechanics
LI Lihua"’, LIU Wen'?, LI Yutao"*", WANG Cuiying"*, YE Zhi'"?

(1.School of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430068, China;
2. Key Laboratory of Intelligent Sensing and Ecological Restoration of Rivers and Lakes, Ministry of Education, Hubei University of Technology, Wuhan 430068, China)
Abstract:
Objective The application of lime soil in engineering is further enhanced through the introduction of new materials for improvement and optimi-
zation. Coconut fiber, a natural high-molecular material with superior mechanical properties, presents a promising solution. Utilizing coconut fi-
ber to improve lime soil not only reduces construction costs but also increases soil strength and stability while mitigating resource waste and envi-
ronmental pollution. Therefore, this study aims to enhance the mechanical properties of lime soil by employing coconut fiber as a reinforcing ma-
terial and to examine its macroscopic mechanical behavior and microstructural characteristics.
Methods The study analyzed the effects of different curing ages (7, 14, 28, and 60 days), coconut fiber content (0, 0.25%, 0.50%, 0.75%, and
1.00%), dry and wet cycles (0, 1, 2, 3, 4, 5, and 6 times), and compaction degrees (90%, 93%, 96%, and 99%) on the mechanical properties of
lime soil by conducting the unconfined compressive strength test, dry and wet cycle test, nuclear magnetic resonance (NMR) test, and scanning
electron microscope (SEM) test. These tests were performed to reveal the internal mechanism behind the improvement of the mechanical behav-
ior of coconut fiber reinforced lime soil.
Results and Discussions 1) For soils of the same age, the addition of coconut fiber significantly increased soil strength compared to soils without
coconut fiber. As the amount of coconut fiber increased, the strength of the soil showed a tendency to first increase and then decrease, while the
destructive strain of the soil gradually increased, changing the soil behavior from brittle to plastic. This occurred because the random distribution
of coconut fiber formed a spatial mesh structure that restrained soil deformation and particle movement, improving soil integrity. However, fiber
doping exceeding 0.75% created weak planes, reducing strength. Under different maintenance ages, the compressive strength gradually increased,
and the destructive strain became smaller, showing brittle damage. This was mainly due to ion exchange, volcanic ash reaction, and carbonation
reaction of lime, generating cementitious substances that reinforced the soil. 2) Under the action of dry and wet cycles, the soil surface produced
cracks and shedding, and its quality was obviously reduced. However, the mass loss of lime soil mixed with coconut fiber was significantly less,
proving that coconut fiber inhibited crack formation and reduced surface detachment. When the compaction degree was the same, with the in-
crease in the number of cycles, the soil mass showed a trend of increasing and then decreasing, reaching the maximum after the first cycle. This
initial increase was attributed to the ongoing reactions of unreacted lime requiring moisture and the volcanic ash reaction during drying, generat-
ing gelling substances that filled pores and increased strength. However, with further cycles, the lime was consumed, cementitious material and
quality gradually reduced, leading to a decrease in compressive strength. When the cycle times were the same, an increased compaction degree
led to greater soil compressive strength. A higher compaction degree resulted in smaller soil pores and a larger contact area between coconut fiber
and soil, producing greater interface friction and higher soil strength. This indicated that the addition of coconut fiber and increased compaction
degree enabled the soil to effectively resist the effects of wet and dry cycles. 3) The microscopic test showed that the pore space of the soil exhib-
ited a tendency to decrease and then increase with the number of wet and dry cycles, reaching the maximum and having the least cementitious ma-
terial in the sixth cycle. The addition of fiber caused the pore space in the lime soil to increase significantly. Fiber guided the distribution of hy-
drate, producing more gelling material that bonded the fiber and soil together. The rough fiber surface generated greater friction with the soil, lim-
iting soil deformation.
Conclusions Coconut fiber-lime-treated soil shows strong potential for application in road and slope engineering projects. The research findings
provide valuable insights for practical implementation. The study demonstrates that incorporating coconut fiber effectively enhances the mechani-
cal properties and durability of lime-treated soil, increases its strength, alters its failure mode from brittle to more plastic behavior, and improves
its resistance to damaging wet-dry cycles.
Key words: coconut fiber; lime; unconfined compressive strength; dry and wet cycle; microanalysis
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