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This paper aims at studying deformation mechanism and mechanics property of high-resistance steel wire 
mesh in slope flexible stabilization system and makes theoretical analysis under unilateral tension, and the 
analytical results are compared with the FEM and experimental results. It makes it uncovered that shape 
parameters of high-resistance steel wire mesh effect towards deformation mechanism and mechanics 
property; Above results provide a technical reference for engineering application. 

1. Introduction 

Slope flexible stabilization system refers to strengthen potential disasters of slope surface by flexible net (steel 
cable mesh, steel wire mesh), which has notable technical and economic advantages and environmental 
protection advantages compared with traditional slope rigid stabilization system represented by sprayed 
concrete, mortar rubble, etc. (Shi, Wang and Sun (2013); Yang and Zhou (2006); Wang and Shi (2011); 
Bertolo, Oggeri and Peila (2009); Yang, Zhou and Jiang (2005); Daniel and Luis  (2009)). 
In recent years, the use of GTC flexible stabilization system (as shown in Figure 1) is becoming increasingly 
wider, as a new kind flexible stabilization system with better resistance against creep deformation. The 
engineering practices show that GTC flexible stabilization system can replace the traditional flexible 
stabilization system (Luo, Lei and Zhou (2006); Shi, Wang, Peng and Yang (2013); Díaz and Nieto (2009)) in 
a more economical way under the circumstances that protection function and capacity needs are guaranteed. 
GTC flexible stabilization system is mainly made up by the high-resistance steel wire mesh weaved by high-
resistance steel wire. It has the characteristics of high-resistance, easy to stretch, corrosion resistance. Yang 
(2006) and some experts (He, Peng and Yang  (2006); Xiang, He and Ouyang (2014)) introduce the basic 
working principle and characters, and J.J. del Coz Díaz (2009) makes FEM and experiment of high-resistance 
steel wire mesh under unilateral tension, however, high-resistance steel wire mesh in the field of GTC flexible 
stabilization system mainly focus on specific applied experiment(Díaz and Nieto (2009)) instead of in-depth 
study of basic theory, design and calculation method, which has influence on the application of high-resistance 
steel wire mesh in the field of GTC flexible stabilization system. 
This paper, simplifying the force towards high-resistance steel wire mesh to uniform load, analyses its 
deformation mechanism and mechanics property, and the analytical results are compared with the FEM and 
experimental results.  

2. Deformation Mechanism of High-resistance Steel Wire Mesh 

High-resistance steel wire mesh is made up of special steel wire mesh with high-resistance, easy to stretch 
and solid surface. It is a type of mesh weaved by diamond-shaped net hole without bonding which can realize 
optimal transmit under the external forces through adaptive adjustment linked by special steel wires and avoid 
overstress in part. The deformation capacity of GTC flexible stabilization system is rested with deformation 
capacity of high-resistance steel wire mesh. 
Deformation capacity of high-resistance steel wire mesh depends on the shape and size of high-resistance 
steel wire mesh unit. The shape and size of unit applied in this paper are as shown in Figure 3. The length of 
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slanted side of the unit cell is l , and the diameter d , the angle θ  ( 0 2θ π< < ), elasticity modulus of special 
steel wire SE  

.                              
Figure 1: GTC flexible stabilization system Figure 2: The force diagram of high-resistance steel 

wire mesh unit in the Y direction 

The diameter d  of high-resistance steel wire mesh unit wall is short compared with the length of slanted side l

. Beam theory can be applied to analyze the deformation mechanism of high-resistance steel wire mesh 
(Lorna and Michael (1999)). Make use of symmetry of high-resistance steel wire mesh unit to choose feature 
shape as shown in Figure 2, when uniform stretching stress in the Y direction is σ , the component force in the 
X direction is required to be 0 by balance condition and deformable coordination condition. Point 1 and 2 
which tend to make the unit wall bended suffer from the equal moment Μ  and tension P . 
In analyzing the unit wall 1-2 of Figure 2, it can be learned from static equilibrium:  

cosl dσ θΡ = ⋅  (1) 

cos
2

l θΡΜ =
 

(2) 

From standard beam theory, the bending deflection is: 
3 cos

12 s

l θδ Ρ=
Ε ⋅ Ι  

(3) 

Ι  in the formula means sectional inertia moment (for circular sectional unit wall, 4 64dπΙ = ). 
If sheer load on the wall 1-2 is cosθΡ , sheer deflection is: 

cos
s

l

GA

θδ κ Ρ=
 

(4) 

For circular cross section, 210 9, 4A dκ π= = ; G  refers to shear elasticity, and 2(1 )sG ν= Ε +  (ν  means 
Poisson ratio of special steel wire).  
Axial load on wall of hold is sinθΡ , so axial deflection is: 

a
sin

s

l

A

θδ Ρ=
Ε  

(5) 

Therefore, total deflection in the Y direction is： 
3 cos cos sincos cos sin

12Y
s s

l l l

GA A

θ θ θδ θ κ θ θΡ Ρ Ρ= + +
Ε ⋅ Ι Ε

 

2 23
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l d d

d l l

νθ θ θ
π

 Ρ +    = + + ⋅    Ε ⋅      
(6) 

In the formula, 

2 2 2 216 80(1 )( , ) cos 4sin
3 9Yg

νθ β β θ θ β+ = + + ⋅ 
   

(7) 

d lβ =  refers to the ratio of sectional diameter and length of the unit slanted wall. 
The equivalent strain of high-resistance steel wire mesh unit in the direction of Y should be: 

2 ( , )
64 sin

Y
Y

s

l g θ βε
θ

Ρ ⋅=
Ε ⋅ Ι ⋅  

(8) 

If the pull rod acting force in the direction of length of unit wall is N, the compound normal stress of max 
bending stresses and tension stresses of the peripheral point in the direction of sheer in Point 1(or 2)’s circular 
section is: 
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max
sincos

4 4
d d

l
θσ θΡ  = + ⋅ Ι    

(9) 

Then, the max normal strain is: 

max
sincos

4 4s

d d
l

θε θΡ  = + Ε ⋅ Ι    
(10) 

Consequently, strain amplification coefficient defines as: 

max

( , ) YR
εθ β

ε
=

 
(11) 

When β small, axial deformation and sheer deformation caused by unit wall is can be ignored compared with 
bending deflection. Simplified formula (11): 

cot( , )
3Yg

θθ β
β

=
 

(12) 

  
Figure 3: Changing curves of strain amplification 

coefficient R  over β  

Figure 4: Changing curves of strain amplification 

coefficient R  over angle β  

The reference (Díaz and Nieto (2009)) gives a uniaxial resistance test of 1000 1000mm×  high-resistance steel 
wire mesh (dimension unit size 83 143mm× , 3d mm= , 1770s MPaσ = ), and its maximum deformation is 60 mm 
in Simple Tension. The corresponding parameters are into formulas (10), (11) and (12), when

max 1.25t sσ σ σ= = , getting that R is 5.332 and deformation is 56.176 mm. It illustrates the rationality of the 
paper’s analysis involving deformation mechanism of high-resistance steel wire mesh. Strain amplification 
coefficient is only concerned with θ  and β  from the formula (11) and (12), and changing curves of strain 
amplification coefficient R  over β and angle θ  are demonstrated in Figure 3 and 4. It can be seen from 
Figure 3 and 4 that the deformability in the direction of Y reduces as β  enlarges; the deformability of high-
resistance steel wire mesh in the direction of Y reduces as angle θ  enlarges; β  has a greater influence on 
strain amplification R  coefficient from the comparison of these changing curves. 

3. Mechanical Property of High-resistance Steel Wire Mesh 

Strain in the direction of X-axis: 

Y
Y

E
σ
ε

∗ =  (13) 

3.1 In-plane load 
The structural shape and size of high-resistance steel wire mesh unit decides its in-plane mechanical property, 
and equivalent elastic modulus is often used to represent mechanical property of engineering structure(Zhang, 
Zhou and Qiu (2013); Wang, Shi, Yang (2014); Murray, Gandhi and Bakis (2010)). 
Elasticity modulus of unit in the direction of Y as shown in Figure 2 is: 
Adding above formula with formula (7) and (8): 

3 tan
( , )Y s

Y

E E
g

π θβ
θ β

∗ =
 

(14) 
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In the formula, 
2 216 80(1 )( , ) 4 sin

3 9Xg
νθ β β β θ+ = − − 

   
(16) 

So 
( , ) sin
( , )

X
YX

Y

g

g

θ βν θ
θ β

∗ = −
 

(17) 

Similarly, when loading in the direction of X: 
3 cot

( , )
2

X s

Y

E E
g

π θβ π θ β
∗ =

−
 

(18) 

( , )
2 cos

( , )
2

X

XY

Y

g

g

π θ β
ν θπ θ β

∗
−

= −
−

 
(19) 

Maxwell formula Y YX X YXE Eν ν∗ ∗ ∗ ∗=  still can be applied which shows that in plane of high-resistance steel wire 
mesh generally has orthogonal anisotropic. Axial deformation and sheer deformation produced by unit wall 
can be ignored compared with bending deflection when β  is a small number. It can be conclude that: 

3
3

3 sin
16 cos

Y

s

E

E

π θβ
θ

∗

=
 

(20) 
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3
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X

s

E
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π θβ
θ
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(21) 

2tanYXν θ∗ =  (22) 

2cotXYν θ∗ =  (23) 

33
16 sin cos

s
Y XY X YX

E
E E

πν ν β
θ θ

∗ ∗ ∗ ∗= =
 

(24) 

Therefore, 3 moduli are independent among YE∗ , XYν ∗ , XE∗ , YXν ∗ . After convering the results of the paper’s 
analysis involving equivalent elastic modulus, comparing them with the results of FEM and experimental test 
in the reference (Díaz and Nieto (2009)), and the table 1 shows the comparing results. 

Table 1: In-plane equivalent elastic modulus 

equivalent 
elastic modulus 

theoretical 
analysis 

experimental test(Díaz 
and Nieto (2009)) 

FEM(Díaz and 
Nieto (2009)) 

( )YE KN m∗  1880.95 1886.3 1690.6 
( )XE KN m∗  213.45 222.47 319.9 

 
It can be seen from Table 1 that theoretical analysis results are basically consistent with the results of 
experimental test, which shows that theoretical analysis of mechanical property for high-resistance steel wire 
mesh is reasonable and right. 
 
 
 
 
 
 
 
 
 
 

Figure 5: Changing curves on in-plane equivalent 

elastic modulus over angle θ  

Figure 6: Changing curves on in-plane equivalent 

elastic modulus over β  
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Figure 5 and 6 reflect the changing on in-plane equivalent elastic modulus of high-resistance steel wire mesh 
over angle θ  and β . It can be learned from figure 5 that as the angle θ  increases, the equivalent elastic 
 modulus in the direction of Y gradually increases, but the equivalent elastic modulus in the direction of X 
gradually decreases, when 4θ π=  and Y XE E∗ ∗= , in-plane direction of high-resistance steel wire mesh is 
manifested as isotropy; It can be learned from figure 6 that the equivalent elastic modulus in the direction of X 
and Y increase as the β  increases; It can be learned from the comparison between Figure 6 and Figure 7 
that β  has greater effect upon in-plane elastic modulus than θ . 

3.2 Out-of-plane load 
When high-resistance steel wire mesh suffering from the stress of rock, soil and soil-like material in the out-of-
plane vertical direction, the bearing capacity need to be considered in the out-of-plane vertical direction. If the 
uniform equivalent pressure stress which is parallel to Z-axis is sσ ∗ , the stress F of unit’s Z-direction is: 

24 sin cossF lσ θ θ∗=  (25) 

Equivalent pressure strain of unit in the direction of Z is: 

2z
S

F

E ld
ε ∗ =

 
(26) 

Equivalent elastic modulus in the direction of Z can be defined as: 
Z

z
Z

E
σ
ε

∗
∗

∗=
 

(27) 

Adding formula (25), (26) and (27): 

sin 2
S

z

E
E β

θ
∗ =

 
(28) 

4. Conclusions 

The following results can be got from the analysis on deformation mechanism and mechanical property of 
high-resistance steel wire mesh. 
 (1) Analyze the deformation mechanism of high-resistance steel wire mesh, deduce the relationship between 
in-plane deformability and shape parameters, define that the ratio of diameter and length of unit wall is the key 
factor to affect in-plane deformation of high-resistance steel wire mesh, make separately influence curves of 
β  and θ  towards strain amplication coefficient and analyze their effect. 
 (2) Deduce separately relationships between elasticity modulus and β  and angle θ , draw influence curves 
of β  and θ  towards in-plane elasticity modulus and have the conclusion that is generally orthogonal 
anisotropic material (when angle 045θ = , it’s isotropy material); make comparison between theoretical 
equivalent elastic modulus obtained and results of test and FEM to verify the reasonability and correctness of 
in-plane mechanics property analysis of unit in this paper; study on out-of-plane vertical mechanical property 
of high-resistance steel wire mesh. 
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