% 48 K% 3 M AR E I IR FROP E L Vol. 48 No. 3
2026 46 A Journal of Civil and Environmental Engineering Jun. 2026

DOI: 10. 11835/j. issn. 2096-6717. 2025. 043 .

A Do R A B LY ) SR PR BB

HFeet RER EEKRL RS
(1. 2 ERMEAREXFTRELETR T (20 KF), b B3 443002; 2. B E TR K F B
EFHERARABEEERZ, & T 210007; 3. P E &7 & WA R4 8 A & R s A8 4 A #
A, ;M 510700)

B 2 RAREEAREOAFRERRTIMAIRREGEAAETLENL, ARRAEIATNAE
MREVHERBEBRENFZHEGRREAR, RAFRI(XG) AR ZIR(GG) AR I &M
(G-X) R aEREHTRM, BT AMRRERE T REAABCE XL, L EY
BRAFE BE AP TR APRATER ARG Y AR RANE, 2R EN . XG.GG.G-X
HRAARGER ZERBR IR ERE  FEAP TRRIREREMBES DB TR mmFER
AT NG R ALE , MERAY TRRERERESBIEE, RSB TAH 10U~1.5%; 40K
GXKRIREZRERG(TEAEFLN2EAL) BHPAEREF, BRTHAERAAR(BRESD
BAHELH2445), FECCHBALEHER S XCHEAAER, 2N L BRI MR R HR,
KBR:EABEARLAMRSY; HRENR B ¥ 40 mApE

RESES:TULLL.3 MERARAERD: A N EHS:2096-6717(2026)03-0099-10

Mechanical characterization and mechanism of granite residual
soil improved by biopolymers
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Abstract: The improvement of mechanical properties of granite residual soil is of great significance for
engineering disaster prevention and control. In order to investigate the improvement effect of eco-friendly
biopolymers on the mechanical properties of granite residual soil, xanthan gum (XG), guar gum (GG) and their
composite gum (G-X) were used to modily granite residual soil, and the effects of biopolymer type, content,

curing mode, and curing age on the improvement effect and its reinforcement mechanism were investigated
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through unconfined compression strength, triaxial shear strength and scanning electron microscopy tests. The
results show that XG, GG, and G-X can improve the compressive strength of granite residual soil, and the
compressive strength of improved soil under standard curing conditions increases continuously with polymer
dosage but the increase slows down, while the compressive strength of improved soil under room temperature
curing peaks, and the optimal dosage of polymer is about 1.0%-1.5%; The composite G-X improved soil has
better compressive strength (up to more than twice that of untreated soil) and age stability, and the shear
resistance is obviously improved (cohesion is about 2.4 times that of untreated soil), which combines the
bonding effect of GG and the filling effect of XG, and presents a synergistic improvement effect.

Keywords: granite residual soil; biopolymer; xanthan gum (XG); guar gum (GG); mechanical properties;

strengthening mechanism
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Table 1 Mineral compositions and contents of test soil

EINL PR/ R/ BT ER/ %

28 2 3 67
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Table 2 Relative clay mineral contents

AT/ v DHRLAT/ 00 e/ e S/ v DYSRIET Y/ %

61 9 4 7 6

0.01 0.001
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Fig.1 Particle size distribution curve of test soil
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Table 3 Basic physical properties of granite residual soil

. PN KR Bk R
AR G
w/% o/(g/cm?) k/(cm/s)
2.65 23.83 1.87 3.58X10°°
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Fig. 2 Xanthan gum and guar gum particles
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Table 4 Biopolymer dosage preparation
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B (XG) 0.5.1.0.1.5.2.0
IR EZIE(GG) 0.5.1.0.1.5.2.0
HAER(G-X) 0.5.1.0.1.5.2.0.2.5
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Fig.3 Specimen preparation and curing process
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Fig. 4 Stress-strain curves of granite residual soil with

different biopolymer contents
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Fig.5 Stress-strain curves of granite residual soil with different curing methods (curing 4 d)
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Fig. 6 Compressive strength of improved soil under different

curing methods and dosages (curing 4 d)
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Fig.7 Improved soil specimens after different curing
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Fig. 8 Relationship between unconfined compressive strength and curing age of improved soil
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Table 5 Deviator stress variation

- (6,—0y)/kPa  (6,—0y)/kPa  (5,—0;)/kPa
(6,=100kPa) (0,=200 kPa) (g,=400 kPa)
0 240.91 340. 52 520. 64
0.5 285.62 375. 14 565. 57
1.0 350. 71 440. 33 635. 27
1.5 437.82 530.43 730.71
2.0 475. 24 567. 04 780. 08
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Fig. 10 Deviator stress-strain curves of G-X improved soil with different dosages
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Fig. 11 G-X improved soil specimen after triaxial shear
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Fig. 13 SEM images of pure granite residual soil and polymer improved soil
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curing periods
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Fig. 15 Schematic diagram of the micromechanism of

biopolymer improved granite residual soil
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