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Abstract:
between reinforcement and ballast on the performance of

The influence of the appropriate spacing

pullout resistance in multi-layer reinforced soil structures
were explored. By improving the conventional single-layer

geogrid-ballast pullout numerical test model, discrete

Wk HiW: 2023-07-18

HAWH . BEEARBERA(52178341,52278360, 51809191) ; 1LTH4E HAlHFFE 4 (202303021224001)
SV MR, B TR W, TR, EERS T 10 S s TR,

E-mail: miaochenxi@tyut. edu. cn

MEEE: k2 ERECTRN, T, F8H55 W AN 458 . E-mail: zj_sxjt@hotmail. com

element simulations of synchronized pullout under

equivalent displacement amplitudes for multi-layer
geogrids were achieved. The rigid clump particles were
used in the numerical model to mimic the non-spherical
and bonded

incorporated to simulate the

characteristics of the ballast particles,
particle strings were
uniformly loaded triaxial geogrid, by considering both
particle interlocking effects within the ballast and the
tensile behavior of the geogrid. Using criteria such as
average pull-out force, interfacial strength at specific
layer positions, and strain in the reinforcement, the
interfacial coupled behavior between multi-layer geogrid-
reinforced ballast was scientifically determined, and the
interlayer interference mechanism within the system was
investigated at the particle scale. The results show that the
pull-out force and its rate of increase in multi-layer
geogrids are lower than those in single-layer geogrids,
especially at high normal stresses, and there is non-
uniformity. As the number of reinforcement layers
increases, significant differences in the resistance of the
reinforcement are observed, along with an increase in the
frictional energy dissipation.
particle

Overlapping interlayer

displacements weaken the macroscopic
mechanical response of the reinforcement because of
of particle

investigation of normal

insufficient development force chains.

Subsequent contact forces

indicates that inter-layer interference in multi-layer
geogrid-reinforced structures may lead to instability in the

distribution of normal contact forces.

Keywords: geogrid; ballast; multilayer pull-out test;

disturbance mechanism
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Fig. 2 Particle size distribution of ballast'™

134 mm 130 mm L=120 mm

g

g

(e}

=,

I

9

g IS
g g
A i [
g HiEE Bt -

E3 &t EFEAILE
Fig. 3 Characteristic and plan layout of geogrid

2 ZEWEMMEERESREEXIITA

2.1 FEHRRAEREEREE
Pl 4 Sk DU 232 1) 7 H1 (0,) T AS TR 2 B0RS P15
PR SRR A e R dh gk . IR 4 nl g, 78

JEEE I AAFAELMEOC R | R SRR AL RS 254 A
L EWAY RS N O s S S S S E VR A) S ER VT
TBURLAR Z AT o R Bl B Ik AU AR 2 25 A Y R 2K
PR HEE i SRk (D 4 WA A5 ) s AH ELAE
FH DX BRAE R R 7 1) L W5 b S AR oA e RS
A B R AH B AR FH X AT BEAF 7R A S IX 3k, 3 4658
28 27 UG v [ Ml i N =75 B3 - AL T 1 T A
L EIWARSY T %)= s O I IHE |53 655

b piints A 1 ERER D IVAR R NV E A=Y 911 1]
TERE R, 2 BRI TR A T A BUR A 56 1
T R g SR R R R Rk, (1)
VAR BY N 7, FF LA 3 Tl b R 2 AL AR (sl 1
JIrs ) SR BE S AE AR , PR A B S B0 A R
REAYSEZ .

Frx
=g (D

Kb PP SR L s FLL N PR e s L B 4)
R TEL 3 BT AT B8 s X A BE RN TEJE



6] 5% K 2 2 (A 4K BE 2 B

%52 %

1396
7000
—=— LA M
il —~ 2l
Z 5000 F —— TR
™
R 4000 F
=
& 3000 |- ..______.___.--..___.
B 2000 F g eepmitiaatiatiteniiti
1000 | MM
. 1 1 | 1 ]
0 20 40 60 80 100
A% / mm
a 0,=20 kPa
TO00 T
6000 L —o— —JEHEME
~ 5000 - -
§ 4000 + __..::.'::,..MW’J:"-
= "
*g“ 3000 F _.-:':,MMMM
‘51‘ 2000 F “#.ﬂA
1000
I.‘. L L L ! J
0 20 40 60 80 100
P A% / mm
¢ 0,—40 kPa

E 4

7000
L —=— HLZAR AN

6000 e A b
E 5000 | —— TLEAE
R 4000 - __.._.-'"" "-._
= e
£ 3000 _.-'--'"...,.- =
= - WM
52000 ___:“,,xn“

1000 } _.ﬁ'

I. ! ! ! " '
0 20 40 60 80 100
Bk AiF%s / mm
b 6,=30 kPa

7000r e
L 6000 — ZJEAa
g —— TLJZ
= 5000
fz 4000 |
& 3000

2000 F

1000

0 20 40 60 80 100
PRAIFS / mm
d 0,=50kPa

AEEE R AT F IR Nk i # 2 L i 2k

Fig. 4 Average pullout force versus pullout displacement under different conditions
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