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Mesoscopic mechanisms of collaborative working of composite soil
nail-anchor supporting wall subjected to tension
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Abstract: Composite soil nail-anchor supporting walls have been widely used in practice because of their
flexibility, strong supporting capacity, short construction period and low cost. However, researches of composite
soil nail-anchor supporting walls leg engineering practices and the working mechanisms are not fully understood,

which may lead to some uncertainties in design. Combining three-dimensional(3D) discrete element method
(DEM) and experimental model test, displacement field, motion trace, porosity and shear stress of sand particles
as well as anchorage resistance during the process of pulling anchor were investigated at the mesoscopic level.
The results reveal that the larger the diameter of the anchorage plate, the larger the vertical influence range, and
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that the displacement field has a convergent bell-mouth shape. During the process of anchor-pulling, sand particles
between anchors and soil nails tending to rotate or slide can be divided into three zones with different particle
movements for each zone. When the anchor spacing is twice the diameter of the anchorage plate, the composite
soil nailing method can achieve an optimum result. Meanwhile, dilatation and contraction occur in sand. The
change of the porosity can be described by sinusoidal wave curve and the minimum porosity appears around the
nails. Sand particles are squeezed together and blocked by the soil nails, which enhances the synergistic effect of
composite soil nail-anchor supporting system. The results presented in this study may provide useful references
for upgrading current design methodology of composite soil nail-prestressed anchor supporting system.

Key words: soil mechanics; composite soil nail-anchor wall; synergistic mechanism; physical model test;

mesoscopic analysis
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Table 1 Material parameters for numerical simulation

EIRIEE

ZIEy)

SPATIERRS WIS, AT EERE R N

A FLAE rimm Il m ) (N.m? (N-m? (Pa-mY (Pasm PR
SRS 1.0~15 2500 5.3x10° 1.5x10° - - 0.3
ik - - 3.8x10% 3.8x10" - - 0.1
ikt 10 7500 2.6x10" 5.2x10" -
+4T 8 7000 - - 2.1x10" 4.3x10" -
SRR 6 2500 - - 1.0x10% 5.0x10" -

e

() Hfouk

(b) Rz itge
K2 #irsE
Fig.2 Schematic diagram of anchors

22 REHE

(1) B, @BRGEREAR, FELEA MDA
P E s P FLIH . R W, e R B
(LK 3), T RN I 250, KB WIaEH N /-
7. UL KASFAT J7 bR bR 5P, 5 KA
ST AN T 10 B, BRIA AR R I BUAR R R e
HIRAS

Hiv T i
4 y
Y I
I O R I
o sl
2L ]
-
ki gﬂ\iI —
= =T T T T T [v=01mmmin
I T B
I I T R
O T I R
[ I S N
K3 KA

Fig.3 Model profile
(2) B SCH IR B RIRTRLI R, A AT B

L AATHM, JFE AARRIHIE, T BB
MBS B2 JE, FEAT— TN A 0

DAV BRI, B SRR 8T A2 B SR R S o
(3) 7 TR T3 At 37 L = UKL 4 RS 1~ AR A
Yo, DTEEAIS S B Rt R RIS, AT
PR RIS 0 2 AN P O h Ak I2 3, LA BT 52
B PR
2.3 BUERMGRMIHT
ST R R R REAT 1T i R S R A A
Frivahoiss, mESERUERE S, O T AR
FUET 4t 2 18] (R W RV FH ML A& a0 e R 2R 1) TR S
BRI R 3237 B2tk B G IN T — AL B A AT )43
POEREAEXFEE T, kB R WK 2.

F2 WRBiTE
Table 2 Experimental design scheme
HitR BRI ETHERE AR RRIESR v/
an - Bft  #kPa BE M/em JE L/cm (mm +min %)
A UHHIFT (2~6)D 6 - 50 1
B fIHifl4G (2~6)D 6 10 50 1

#: D NEIT A AR 10 mm.

2.3.1 RIGLH A: ANTRIE ] ity AR ) AR AT R e

(1) HEFFRARAL RS b

Kl 4 N AR AT R O R IR 37 = B
AT B S=0.01 om I, F7EEARL T B4R AR
BRITHTE I, TERR T IARIAE = E (LA 4(a));
2 S=1cm B, BT RS L B0RL 2 25 AR
AAFEESE, TR T LA TN I TR TR B
IEPEIX, AT CATE MG BB AR AMA S SRV B
T, BE DX TE B P B0RE M 27 1 8 1 AR T o B
HENIBHEB R B ERR G, ik 5+
WORE 2 [a) 2 BRI 2= B, FORLAE B I/E R R
LRI (LI 4(b)). 24 S = 7 em I, SSFFRIALRE &
BIAR b B R R R FE I e AR B
IR T BN R REERN Y, HHBT 2



38 53 REMESE R AR AR 55 TSP U R R P AW L R F 7 *595 ¢

(@ S=0.1cm (b)S=1cm

(c)S=7cm

(d)S=10cm
Kl 4 AR FFRL OO AR )
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