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Strength Characteristics and Deformation Mechanism of Modified Sand by
Using Polymers and Fibers

HUANG Tingwei, LIU Jin', ZHU Xufen, CHE Wenyue, SUN Mengya

(School of Earth Sciences and Engineering, Hohai University, Nanjing 211100, China)

Abstract: To improve the unfavorable engineering performance of sand and make it applicable for riverbank slopes,
foundation, and road reinforcement, a method for modifying sand using polymers and fibers is proposed. Through
unconfined compressive strength tests and numerical simulations, the strength characteristics and deformation failure
modes of the modified sand are analyzed. The results indicate that the combined use of polymers and fibers can
effectively enhance the compressive strength of sand, and the compressive strength of the modified sand increases
with the dosage of polymers and fibers. The maximum compressive strength of the modified sand 1s 414.53 kPa,
with the optimal recommended dosages of fibers and polymers being 0.6% and 4.0% , respectively. The addition
of fibers forms a force chain network in the sand, thereby increasing the stress transmission paths and effectively
delaying the development of micro-cracks within the sand. The incorporation of polymers creates a membranous
substance that intertwines with the fibers, forming a new network structure, which significantly improves the
deformation resistance of the sand.

Key words: modified sand; polymer; failure deformation; numerical simulation; improvement mechanism

W AF W LR TR AORE TR DR R R AR AT I [ Ak B AR SRR i [ AR
JUZ A RSO R AR ED M BUALE A AR TR K A K A TR A IR B I B )32 T R
Yy KA RBEVER 5 R MR TTRE | BRI A SN RBL [ (E RN S 5 R A M OR A TR A R
U UG RN R AR B S KO PRBE TS Y AR R R 4y T A i [

Wk H 91 :2023-10-05; 81T H 11:2023-12-18

FEEIE < E R [ SRR A S BT B H (42307189)

F—AEE R (2001—) , 3 W Eg HEBH , J0 3 K 22001 A E-mail: huangtw728@163.com
WIRAER X H(1983—), 2, fm A M, Wi R 02, WA § 0, 1 E-mail: jinliu920@163.com



5 8]

BEAR A - R LT A E o ROED B O B R R S AR TR AL 745

AR — R A AR Rk A OB TR S
TN T A ROR G 6 A A IR T i Y A A
UTAE R, AR A W T EAT RS, R LR
B INE AU 0 H A 2k GRS &5
2R AR g —Fhon A5 A REAE AR BCR Pz N R
G R B, £T A RE A RS b AN PR B R AIE 42
TR AR A T B R 8 R [ A LR v
AR5 B Sy 21T TR £ 2 4 b AN A DA 0 AR
PUETERE 1 £l R A Y S AT R A X ik
PEATE G ECR BN ST AT 4E MR S 4% A
DL FA Lk B 30— e A AE Y R BRI i T BT i
X B B R B HG R IR o A PR A Al
P TR AR S A A5 R P S ROT R XD WAL
Je W — AR AR e AT AU A, S T RD R fb s
RN T3 — A8 G AR B R B A g )i A — 2B BT
FE T A A B YR ) ) 0T RS L I S A
BB R ST 1 A D7 0k XD 1 WA T 2 P T
5 M) bR R S X 2 2 o A - S S B
37 hRE AR LR BETE LU 2R & Y 2 2k B —
BERLAUURY - 32247 9 o 3, 5 T T v 2R W A0 AT 4

525 O R MR A BB ADU AT 5 S A 4

L5 b AR SCR I i 0 1 3R A W R SR TR AR £ Mk
AU RS 0 I R 5 B, 2 B ik
B A7D i R R ) 2 2R A ST R L Y S
JLFAT REAS R AR LA 23 A 2l R0 A A A8 T Al O A
X, a B H RS (SEM) X s R Y- 492 &
2 RAD B SIOUL S F A BB B R AT 20 b, O 2 b
BB 5 2 B R I — R A B SO M R
Eih

1 HRS

1.1 R #

W B TR A VLT X, A X % R 2,66, 47
BORLAE Dy FPE R AE D A HIRL AR Dy 53 518 0,12,
0.22.0.36 mm, & /LB # Ry 0.38, Fe K ALK H
0.59. Fm A FRAW(SP) h—K & EH AW RN
45Ky B 5T ((R-NH-CO-O-R) B HLE 7 T &
(Bl 1(a)), Y SEn R 1R 45 (FP) RN
W2 (B 1(b)) , B stk Pk () TR 4 i
P B G WK P /NS A A A B S BN R 2 B

H,C

<{n,c=cuk;

CH,
R, = ©/ R,=Polyethylene glycol/polypropylene glycol

(a) Superpolymer

(b) Polypropylene fiber

1 st bsort
Fig.1 Modified material
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Table 1 Basic physical parameters of superpolymer

Appearance pH value Specific gravity

Solid content(by mass)/ %

Viscosity/(MPa-s) Setting time/s

Light yellow clear liquid 7 1.15

=90 700-800 50—1 600
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Table 2 Basic physical parameters of polypropylene fiber
Density/(g* . Average length/ Tensile Modulus of Elongation at Melting Ignition
2 Diameter/mm . ) e e
cm ) mm strength/MPa  elasticity/MPa break/ % point/°C point/°C
0.91 0.04 18 =400 =3 500 30 165 580
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Dashpot force(F?®),not shown.
Linear force(F"),linear elastic
(no tension) and frictional.

Bond load (Fand M),

linear elastic & bonded.
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Parallel bond model
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Fig. 2 Contact placement and numerical model(size: mm)
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Table 3 Initial parameters of the model

Category Parameter Parameter value
Model height/cm 8.00
Model width/cm 3.91
Minimum grain size/mm 0.02
Sand particle parameters Maximum to minimum grain size ratio 30
Particle density(kg-m ™ *) 1500
Initial porosity/ % 0.1
Damping coefficient 0.7
Particle density(kg-m™*) 2700
Fiber particle parameters
Grain size/mm 0.2
Linear effective modulus/Pa 4.0X10°-9.0x 10"
Linear model parameters
Linear stiffness ratio 1.5
Effective modulus of parallel bond/Pa 0.65x10°-1.00x 10°
Parallel bond stiffness ratio 1.5
Parallel bond model Bonding activates the gap/m 0.5x10™"

parameters

Tensile strength/Pa
Cohesion/Pa

Angle of internal friction/ (")

2.0X10°-4.0x 10
2.0X10'-8.0x 10"
16—26
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Fig.3 Stress-strain curves of improved sand with different fiber dosage
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Fig.4 Influence of superpolymer and fiber dosage on compressive strength of modified sand
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Fig.5 Local diagram of samples with high dosage of fibers and superpolymer
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Fig. 7 Force chain distribution of samples with different fiber dosages
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Fig. 8 Change of contact force chain parameters of samples with different fiber dosages
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