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Study on strength characteristics and reinforcement mechanism of clay
improved by biogel and palm fiber composite

Wang Zhengjie' , Hu Shuyan’, Hu Dianjun', Che Wenyue', Qi Changqing', Zhang Xinhao'
(1. School of Earth Sciences and Engineering, Hohai University;
2. Jiangsu Construction Engineering Material Quality Testing Center Co. , Ltd. )

Abstract: Unconfined compressive strength tests, direct shear strength tests, and scanning electron microscope microanalysis were
conducted to investigate the improvement effect and reinforcement mechanism of the biogel and palm fiber composite on clay. The test
results show that the biogel and palm fiber composite can significantly enhance the compressive strength of clay, with a maximum
compressive strength of 876. 4 kPa, and the optimal mixing ratio is a biogel content of 2% and a palm fiber content of 0. 6%. Compared
with the clay improved only by biogel, the modified soil exhibits less brittle failure; compared with that improved only by palm fiber, it
presents better integrity. Under compression, palm fibers can bridge cracks in the soil, while biogel greatly increases the cohesion of
the soil and reduces the outward movement of palm fibers under compression. Scanning electron microscope microanalysis reveals that
biogel wraps the soil by forming a film-like structure, and the carboxyl and hydroxyl groups in its molecules bridge and form hydrogen
bonds with the surfaces of clay particles, filling interparticle pores to improve soil compactness. Palm fibers mainly exert a physical
reinforcement effect, sharing external loads through friction and tension with the soil. Biogel acts as a bonding agent between palm
fibers and soil particles, and palm fibers fill the pores of soil particles, optimizing the arrangement structure of soil particles through
stretching, interlocking, and friction effects, thereby improving the strength and overall stability of the soil.
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Fig.2 Stress-strain curves of improved clay
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Fig.3 Stress-strain curves of composite improved clay under different biogel contents
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Fig.4 Stress-strain curves of composite improved clay under different palm fiber contents
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Fig.5 Peak stress curves
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Fig.8 Variation curves of shear stress under different biogel and palm fiber contents
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TEARBE B ) 25N, A B 1R 2% A% U818 S T 3% B B0, Hob 2% 1) E YA it
T IR ST 98D T ORI A FLER 35 T AR AR R AR E T 3% Y AR B I AL Tl BB R, R 1E
FEo R AT S 0GR A, R BB 28 L ah B e A RO S5 AR AR 1 5 49 1 AR W I RE B8 56 42 T 5 01 A 2 1
KL A FL B, o e AR5 A S D X I R T, i 125 ) IO B0 w8, o 22 2 A A A ) -5 e O 1) 4 i B8 o X
% FLBRAS b, DI T AR YIRS 22 2T e XS LR RO RABCR 32 m T BTy sm B . FE ik B %%
T 2% B HE W RERE 1E LA T 24 5 o3 A1 SR R A RO R 2R ) S 4 s AR, 5 1T 490 O A= W) JEe 45 i s , 7T RE
BAE VI AE L AR o A A Y R B AR IR R ST B i HE AR X LA
2.2.2 WY REIAT

B 11 BRI 5 B AR AL, FEE IR, BB R T B AR AR 22 27 At A R 5 4R T
Horb 4% 5 29014 W5 50 I BB R L 3G 3 0 e T AR B T 4% A= W5 B B LG N BRI A AR



552 1 THON, 5 VSRR 22 2T Y 52 5 U R o R S LR S 183

THALB R, (ESCbr TR, 50 5 R BORBGR M 20 N BRI M it 225 1, aT LR B s B 4 (4% )
A A=A S AR IR B 22 27 AR 3 3R 7 B 52 T SR B2 5B R i/ N BB 3 1B 10 0. 2% I HARBE R
BR U 22 2T AR 271 8.3, ARS8 A5 8 W B R 1B A1

— 0%kR 224 2k - OUWRFLLETYE  —— 0.2% 32247 4k ~0%EWE 1% PR 0% Y 1% YR
= 02985 2L 41 4 - 0.4%FF2LEFHE  0.6%FR 22T 4 2% 3% Wk 2% 3% Pk
2001 - 0.4% k524 274 351~ 0.8% k524 L7 4 2007 490ty fie 351 4% Wl
< Oﬁ%?ﬁii”: ~30b A o . 730
£ 150 L T 0.8% K5 L LT 4k < i il 8ol % B
ﬁm //&%>§%§><\ ﬁ”o Wy @%>\&\j :
B 7 S | - N\ B '/'\\‘ \ L I :
& K. &2 T\ % 100 > 820
~> K 15t . / e - K 15F TR,
. . . . 10 . 50L . . . . 10 . . . ;
0 1 2 3 4 0 1 2 3 4 0 02 04 06 08 0 02 04 06 08
EYRIB % EYRAB R % KL Ui 5% FELL L Ui 5%
(a) AFEEYKB (b) RIFEA:Dfeis (c) REkEee e et it (d) ANRkRLL Yt it
ERUNE i RN A ERUNE il R PN EEE A

B HRENENEZERTW

Fig. 11 Changes in cohesion and internal friction angle
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