
International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 14 (2019) pp. 3195-3205 

© Research India Publications.  http://www.ripublication.com 

3195 

Effect of Lining Thickness on the Behavior and on the Distance between Two 

Adjacent Circular Tunnels 

 

ABD EL SAMEE W. N1  
1Faculty of Engineering, Beni- Suef University, Civil Engineering Dep Beni- Suef, Egypt. 

 

 

Abstract: 

There are many factors affecting the design of tunnels such as 

type of soil, method of construction, lining thickness, the 

distance between two adjacent tunnels, shape of a tunnel, 

dimension of cross section and location of ground water table. 

In the present study, finite element analysis has been selected to 

develop numerical models to study the effect of lining thickness 

on the distance between two adjacent circular tunnels in soft clay 

soil. The analysis program consists of single and two adjacent 

tunnel model of a typical section of the circular tunnels having 

a diameters (D =7.5, 10.0 and 12.5 m) and a lining thickness (d 

= 0.015 D, 0.020 D, 0.025D, 0.030D, 0.035 D and 0.040 D) with 

spacing between center lines of parallel twin tunnels (S =1.0 D, 

1.5 D 2.0 D, 2.5 D and 3.0 D). It was concluded that, the 

increasing lining thickness decreases spacing between two 

adjacent circular tunnels at the same total displacements and at 

same stress in soil as well as at the same deflection. In addition, 

total displacements and total stress in surrounding soil decreases 

with increasing thickness of lining and increasing spacing 

between two adjacent circular tunnels. However, total 

displacements and total stress in surrounding soil increase to 

increasing tunnel diameters. In addition, deflection of the crown 

point decreases with increasing thickness of lining and decreases 

with increasing spacing between two adjacent circular tunnels. 

However, the thickness of the lining (d = 0.030D) is considering 

the optimum lining. In addition, bending moment and shear 

force at the upper crown induced in lining increase as thickness 

of lining (d) increases. However, bending moments shear force 

induced in lining decrease with increasing spacing between two 

adjacent circular tunnels (S) up to S = 2.0D. 
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1. INTRODUCTION 

Tunnels are constructed for transportation purposes. In addition, 

tunnels are used in mining to reach the layers of ores that are 

required to be extracted.  

Hefny, A.M. and Tan, F.C (2004) presented numerical study on 

the factors affecting the bending moment and shear force 

induced in jointed tunnel (segmental lining). The effect of 

number of joints has been investigated. The number of segments 

of lining increases the bending moment and decreases shear 

force [1]. 

Abo-Alanwar, M.M. (2006) studied the effect of the depth of the 

tunnel, tunnel diameter and thickness of lining tunnel on the 

internal forces values and deformations induced in lining by 

numerical program. In addition, the interaction between parallel 

twin circular tunnels constructed together was investigated with 

varying the spacing between centerlines [2]. 

Akhaveissy, A.H. (2010) presented non- linear 2D finite 

element numerical analysis of Sao Paulo tunnel to determine the 

ground surface settlement due to tunneling. Lining has been 

modeled as linear elastic behavior element [3]. 

Elsamny M.K., et al (2011) presented experimental study using 

physical models to understand the behavior and the properties 

of physical systems of tunnel. A two-dimensional (plane strain) 

physical model has been constructed in order to examine the 

behavior of parallel twin tunnels embedded in cohesionless soil. 

The tunnel lining has been simulated using an aluminum foil 

sheet. The spacing between the two parallel twin tunnels was 

selected as 0.30 m (i.e. 2.0D). The physical model has been used 

to study the effect of the cover above the tunnel (C) from (0.5D) 

to (2.0D) under different values of both centric and eccentric 

loads (e) from (0.0D) to (1.5D) on the values of deformation and 

stresses introduced in the tunnels cross section. The vertical 

deflections of tunnel crown (c) as percentage ratio from tunnel 

diameter (D) have been recorded as (δc/D) %. In addition, the 

strains at selected points have been determined. The 

relationships between the applied stresses at surface of soil and 

vertical deflections of tunnels crown were presented as well as 

the stresses inside tunnel linings [4]. 

Saied Mohammad, et al (2012) investigated the effect of the 

distance between two circular tunnels on the internal forces for 

Tabriz metro tunnels using finite element analysis. However, the 

second tunnel affects the internal forces in the first tunnel. In 

addition, increasing the distance between the two tunnels 

decreases the internal forces in the first tunnel [5].  

Othman A. S. et al (2014) performed a numerical analysis using 

the finite element software ADINA. The dynamic analysis 

results indicated that as the clay stiffness increased slight 

differences between the tunnels lining thickness began to 

valuable. It was found that slight increase is obtained in the 

internal forces due to increasing lining thickness [6]. 

Shahram P., et al (2014) employed Finite Element analysis with 

recording settlement of the structure throughout tunnel 

excavating. However, the horizontal distances between the 

tunnel and buildings and the settlements of buildings have been 
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determined. In addition, the vertical distance between tunnel and 

buildings was taken into account [7]. 

Fu, J. et al. (2015) investigated the displacement and stresses 

around two parallel tunnels in elastic have space elastic soft soil. 

The relative position of the two-parallel tunnels has been 

investigated to determine the settlement of the ground surface. 

The displacements and stresses in soil have been obtained 

analytically [8]. 

Elsamny. M. K., et al (2016) investigated for soft clay soil the 

effect of vertical and horizontal distance between two adjacent 

tunnels on the internal stresses. Elsamny. M. K., et al used finite 

element software program a ADINA version 8.5. The soft clay 

soil has been simulated using nonlinear Mohr-Coulomb model. 

The analysis indicated that the horizontal distances have slight 

effect on the internal forces and stresses for two adjacent circular 

tunnels. Also, slight effect on the internal forces has been 

obtained with increasing the modules of elasticity of soft clay 

soil [9]. 

Abo-Alanwar, M.M. & Elbatal, S.A. (2017) examined for two 

circular tunnels executed in sandy soil the effect of the position 

of the second tunnel on the behavior of the existing one. In 

addition, the effect of spacing between the two tunnels has been 

taken into consideration. However, spacing between the two 

tunnels has been examined. It was found that spacing between 

the second tunnel more than four the diameter has no effect of 

the internal forces for the existing tunnel [10]. 

M. A. Khan. et al. (2017) discussed the various factor 

responsible for the stresses in tunnel lining in soft soil. Also, 

give brief idea about the method of analysis and construction of 

tunnel developed in recent year [11]. 

Thus, it can show that the effect of lining thickness on the 

distance between two adjacent circular tunnels in soil. In 

addition, it is necessary to study the effect of changing the 

thickness of lining of tunnel on the total displacements in 

surrounding soil, internal stresses in surrounding soil, and 

deflection in tunnels as well as the internal forces tunnels 

bending moment and shear force in analysis. 

 

2. FINITE ELEMENT ANALYSIS 

The using of computer program for proposal a numerical model 

of a circular tunnel embedded in soil is a finite element package 

of the PLAXIS version 8.60 (a finite element code for soil and 

rock analyses). Formation of a numerical model has been 

adopted in order to determine the effect of lining thickness on 

the distance between two adjacent circular tunnels. In addition, 

it is necessary to study the effect of changing the lining thickness 

of tunnel on the internal forces bending moment, shear force and 

deflection in tunnels as well as the internal stresses in soil 

surrounding tunnels.  

 

2.1. SOIL BEHAVIOR: 

The soft clay soil has been selected in this study. The value of 

modulus of elasticity is taken Es=1200 KN/m2 and Poisson's 

ratio is taken νs = 0.35 as shown in table (1) table (2). The values 

are taken from the Egyptian code of foundation part (3), ECP 

202 – 2001. 

Table 1: Young’s Modulus (Es) according the Egyptian code 

of foundation, ECP 202 – 2001. 

Soil Type Classification Es (MN/m2) Es (MN/m2) 

Clay Soft 0.50 – 2.0 500 – 2000.0 

Medium Stiff 1.50 – 6.0 1500 – 6000.0 

Stiff 2.50 – 10.0 2500.0 – 10000.0 

Very Stiff 5.0 – 20.0 5000.0 – 20000.0 

Hard 10.0 – 40.0 10000.0 – 40000.0 

 

Table 2: Poisson’s ratio (ʋ s) according the Egyptian code of 

foundation, ECP 202 – 2001. 

Soil type Passion’s 

ration, (νs)  

Coarse Sand 

Medium loose sand 

Sandy silt and silt 

Saturated clay-lightly over consolidated (Drained) 

Saturated clay (undrained) 

0.15-0.12 

0.20-0.25 

0.30-0.35 

0.2-0.4 

0.50 

 

2.2. SOIL AND TUNNEL PARAMETERS: 

In order to determine the boundary conditions of the numerical 

model and the used material properties the following parameters 

are listed in Tables (3) and (4).  

Table 3: Soil properties. 

Parameter Name Value Unit 

Material model Model 
Mohr-

Coulomb 
------- 

Type of material 

behavior 
Type Drained ------- 

Dry soil weight γdry 18.5 KN/m3 

Wet soil weight γwet 19.00 KN/m3 

Permeability in hor. 

direction 
Kx 1 m/day 

Permeability in ver. 

direction 
Ky 1 m/day 

Young's modulus Eref 1200  KN/m2 

Poisson ratio νs  0.35 ------- 

Cohesion Cref 0 KN/m2 

Friction angle Ǿ 20 ------- 

Dilatancy angle ψ 0 ------- 

Interface Strength 

reduction 
Rinter 0.67 ------- 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 14 (2019) pp. 3195-3205 

© Research India Publications.  http://www.ripublication.com 

3197 

Table 4: The tunnel lining parameters and properties. 

Parameters Tunnel 

Diameter of tunnel (D) (m) 7.5, 10 and 12.5 

Thickness of lining (d) (m) 0.015 D, 0.020D, 0.025D, 0.030 

D, 0.035 D and 0.040 D    ( m ) 

Normal stiffness (EA) kN/m\ 51.2 x 103 

Flexural rigidity (EI) kN.m2/m\. 2.73 x 10-3 

Poisson’s ratio, ʋ  0.20 

 

2.3. DIMENSIONS OF THE NUMERICAL MODEL: 

Dimensions of tunnel cross section refer to the diameter of 

tunnel (D) and thickness of lining (d). For single tunnel and twin 

tunnels, the taken dimensions of the proposed numerical model 

are shown in Fig (1) and (2). In case of single tunnel is shown in 

Fig. (1), the boundary dimensions of the numerical model are 

the width of model (B) and the effective depth (Heff.) which 

have no effect on the values of deformation and internal force of 

the tunnel cross section. In case of parallel adjacent twin tunnels, 

the taken dimensions of the proposed numerical model are 

shown in Fig (2).  

 

Fig. 1: Dimensions of the numerical model in case of single 

tunnel 

 

 

Fig. 2: Dimensions of the numerical model for twin tunnels. 

 

Where: 

D : Tunnel diameter. 

d : Tunnel lining thickness. 

S : Spacing between center lines of  parallel twin tunnels. 

B : Horizontal boundary dimension. 

Heff : Vertical boundary dimension and Diameter of tunnel (D) 

r : radius (D/2).  

C : The upper tunnel crown point. 

3. NUMERICAL PROGRAM 

In the present study the tunnel diameters were taken D = 7.5, 

10.0 and 12.5 m and a lining thickness were taken d = 0.015 D, 

0.020 D, 0.025D, 0.030 D, 0.035D and 0.040 D with spacing 

between center lines of parallel twin tunnels were taken are  

S =1.0 D, 1.5 D 2.0 D, 2.5 D and 3.0 D. Tables (5) and (6) 

summarize all parameters used in the analysis for the single and 

two adjacent circular tunnels.  

Table 5: Details of all variable's numerical cases with different 

lining thickness for single tunnel (d). 

Test No. D (m) Heff (m) h (m) d (m) 

1 

7.50, 10.0 and 

12.5 
2.00 D 1.50 D 

0.015 D 

2 0.020 D 

3 0.025 D 

4 0.030 D 

5 0.035 D 

6 0.040 D 

 

Table 6: Details of all variable's numerical cases with different 

lining thickness (d) with different spacing between center lines 

of parallel twin tunnels (s). 

Test 

No. 
D (m) Heff (m) h (m) S (m) d (m) 

1 

7.50, 

10.0 and 

12.5 

2.00 D 1.50 D 

1.00 D 

 

0.015 D 

2 0.020 D 

3 0.025 D 

4 0.030 D 

5 0.035 D 

6 0.040 D 

7 

1.50 D 

0.015 D 

8 0.020 D 

9 0.025 D 

10 0.030 D 

11 0.035 D 

12 0.040 D 

13 

2.00 D 

0.015 D 

14 0.020 D 

15 0.025 D 

16 0.030 D 

17 0.035 D 

18 0.040 D 

19 

2.50 D 

0.015 D 

20 0.020 D 

21 0.025 D 

22 0.030 D 

23 0.035 D 

24 0.040 D 

25 

3.00 D 

0.015 D 

26 0.020 D 

27 0.025 D 

28 0.030 D 

29 0.035 D 

30 0.040 D 

 

4. NUMERICAL RESULTS 

In the present study, PLAXIS program was used to study the 

behavior of single and two adjacent circular tunnels in soft clay 

surrounding soil media. The numerical results in the present 

study are presented as the values of internal forces, deflection 

and internal stress. The vertical displacement in soil due to 

change the lining thicknesses with different spacing (distance) 

between the centerline of tunnel are presented. However, the 

vertical deflection of the crown point (δc) has been obtained 
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using the finite element model. The obtained results of two cases 

are shown in Figs. (3) to (22). The first case was taken in case 

of single tunnel and the second case was taken in case of two 

adjacent tunnels. 

 

Fig. 3 Total displacements in surrounding soil as vectors for 

single tunnel diameter (D) = 10.0 m. 

 

 

Fig. 4 Total displacements in surrounding soil as contour lines 

for single tunnel diameter (D)= 10.0 m. 

 

Fig. 5 Total stresses in surrounding soil as vectors for single 

tunnel diameter (D) = 10.0 m. 

 

Fig. 6 Total stresses in surrounding soil as contour lines for 

single tunnel diameter (D) = 10.0 m. 

 

Fig. 7 Deflection of tunnel cross section for single tunnel 

diameter (D) = 10.0 m.  

 

Fig. 8 Bending moment in tunnel cross section for single tunnel 

diameter (D) = 10.0 m.  

 

Fig. 9 Axial forces in tunnel cross section for tunnel diameter 

(D) = 10.0 m. 

 

Fig. 10 Shear forces in tunnel cross section for single tunnel 

diameter (D) = 10.0 m.  

 

 

Fig. 11 Total displacements in surrounding soil as vectors for 

two adjacent circular tunnel diameter (D) = 10.0 m and Lining 

thickness (d)= 0.015 D with spacing (S)=1.0 D. 

 

Fig. 12 Total displacements in surrounding soil as vectors for 

two adjacent circular tunnel diameter (D) = 10.0 m and Lining 

thickness (d)= 0.015 D with spacing (S)=1.5 D. 

 

Fig. 13 Total displacements in surrounding soil as vectors for 

two adjacent circular tunnel diameter (D) = 10.0 m and Lining 

thickness (d)= 0.015 D with spacing (S)=2.0 D. 

 

Fig. 14 Total displacements in surrounding soil as vectors for 

two adjacent circular tunnel diameter (D) = 10.0 m and Lining 

thickness (d)= 0.015 D with spacing (S)=2.5 D. 
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Fig. 15 Total displacements in surrounding soil as vectors for 

two adjacent circular tunnel diameter (D) = 10.0 m and Lining 

thickness (d)= 0.015 D with spacing (S)=3.0 D. 

 

Fig. 16 Total displacements in surrounding soil as contour lines 

for two adjacent circular tunnel diameter (D) = 10.0 m with 

spacing (S)=2.0 D. 

 

Fig. 17 Total stresses in surrounding soil as vectors for two 

adjacent circular tunnel diameter (D) = 10.0 m with spacing 

(S)=2.0 D. 

 

Fig. 18 Total stresses in surrounding soil as contour lines for two 

adjacent circular tunnel diameter (D) = 10.0 m with spacing 

(S)=2.0 D. 

 

Fig. 19 Total displacements of right tunnel cross section for two 

adjacent circular tunnel diameter (D) = 10.0 m with spacing 

(S)=2.0 D. 

 

Fig. 20 Bending moment in right tunnel cross section for two 

adjacent circular tunnel diameter (D) = 10.0 m with spacing 

(S)=2.0 D. 

 

Fig. 21 Axial forces in right tunnel cross section for two adjacent 

circular tunnel diameter (D) = 10.0 m and with spacing  

(S)=2.0 D. 

 

Fig. 22 Shear forces in right tunnel cross section for two adjacent 

circular tunnel diameter (D) = 10.0 m with spacing (S)=2.0 D. 

 

5. ANALYSIS OF RESULTS 

In the present study the numerical analysis is presented to get 

the effect of the lining thickness (d) and the spacing between two 

adjacent circular tunnels (S) on the total displacements in 

surrounding soil, total stresses in surrounding soil, deflection of 

the crown point (δc), bending moments and shear forces induced 

in the lining. 

 

5.1. EFFECT OF LINING THICKNESS AND THE 

SPACING BETWEEN TWO ADJACENT CIRCULAR 

TUNNELS ON DISPLACEMENTS IN SURROUNDING 

SOFT CLAY SOIL: 

Figs (23) to (25) show the effect of the lining thickness (d) on 

the total displacements in surrounding soft clay soil for different 

spacing between two adjacent circular tunnels. Figs (26) to (28) 

show the effect of the spacing between two adjacent circular 

tunnels (S) on the total displacements in surrounding soft clay 

soil for different lining thickness (d). 

 

 

Fig. 23 Relationship between thickness of lining (d) and total 

displacements in surrounding soft clay soil for circular tunnel 

diameter (D)= 7.5 m at different spacing between two adjacent 

circular tunnels. 
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Fig. 24 Relationship between thickness of lining (d) and total 

displacements in surrounding soft clay soil for circular tunnel 

diameter (D)= 10.0 m at different spacing between two adjacent 

circular tunnels. 

 

Fig. 25 Relationship between thickness of lining (d) and total 

displacements in surrounding soft clay soil for circular tunnel 

diameter (D)= 12.5 m at different spacing between two adjacent 

circular tunnels. 

 

Fig. 26 Relationship between spacing for two adjacent circular 

tunnels (S) and total displacements in surrounding soft clay soil 

for circular tunnel diameter (D)= 7.5 m.. 

 

Fig. 27 Relationship between spacing for two adjacent circular 

tunnels (S) and total displacements in surrounding soft clay soil 

for circular tunnel diameter (D)= 10.0 m. 

 

Fig. 28 Relationship between spacing for two adjacent circular 

tunnels (S) and total displacements in surrounding soft clay soil 

for circular tunnel diameter (D)= 12.5 m . 

 

From these figures, it can be concluded that increasing lining 

thickness decreases spacing between two adjacent circular 

tunnels at the same displacement. In addition, the displacements 

in surrounding soil decreases with increasing thickness of lining 

and spacing between two adjacent circular tunnels. However, 

total displacements in surrounding soil increases with increasing 

tunnel diameters.  

 

5.2. EFFECT OF LINING THICKNESS AND THE 

SPACING BETWEEN TWO ADJACENT CIRCULAR 

TUNNELS ON TOTAL STRESS IN SURROUNDING 

SOFT CLAY SOIL: 

The effect of lining thickness (d) and the spacing between two 

adjacent circular tunnels on total stress in surrounding soft clay 

soil have been investigated. Figs (29) to (31) show the effect of 

the lining thickness (d) on the total stress in surrounding soft 

clay soil surrounding the circular tunnel for different spacing 

between the two adjacent circular tunnels. Figs (32) to (34) show 

the effect of the spacing between two adjacent circular tunnels 

(S) on the total stress in surrounding soft clay soil surrounding 

the circular tunnel for different lining thickness (d). 

 

Fig. 29 Relationship between thickness of lining (d) and total 

stress in surrounding soft clay soil for circular tunnel diameter 

(D)= 7.5 m at different spacing between the two adjacent 

circular tunnels. 
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Fig. 30 Relationship between thickness of lining (d) and total 

stress in surrounding soft clay soil for circular tunnel diameter 

(D)= 10.0 m at different spacing between the two adjacent 

circular tunnels. 

 

Fig. 31 Relationship between thickness of lining (d) and total 

stress in surrounding soft clay soil for circular tunnel diameter 

(D)= 12.5 m at different spacing between the two adjacent 

circular tunnels. 

 

Fig. 32 Relationship between spacing between two adjacent 

circular tunnels (S) and total displacements in surrounding soft 

clay soil for circular tunnel diameter (D)= 7.5 m at different 

thickness of lining. 

 

Fig. 33 Relationship between spacing between two adjacent 

circular tunnels (S) and total displacements in surrounding soft 

clay soil for circular tunnel diameter (D)= 10.0 m at different 

thickness of lining. 

 

Fig. 34 Relationship between spacing between two adjacent 

circular tunnels (S) and total displacements in surrounding soft 

clay soil for circular tunnel diameter (D)= 12.5 m at different 

thickness of lining. 

 

From these figures, it can be concluded that increasing lining 

thickness decreases spacing between two adjacent circular 

tunnels at the same total stress in soil. In addition, the total stress 

in surrounding soil decreases with increasing thickness of lining 

and increasing spacing between two adjacent circular tunnels.  

 

5.3, EFFECT OF LINING THICKNESS AND THE 

SPACING BETWEEN TWO ADJACENT CIRCULAR 

TUNNELS ON DEFLECTION OF THE CROWN POINT 

(δc): 

The effect of lining thickness (d) and the spacing between two 

adjacent circular tunnels on the deflection of the crown point 

(δc), bending moments and shear forces induced in the lining 

has been investigated. Fig. (35) shows the effect of the thickness 

of lining (d) on the crown point's deformation (δc) for singles 

circular tunnel. Figs (36) to (38) show the effect of the lining 

thickness (d) on the crown point's deflection (δc) for the circular 

tunnel of different spacing between two adjacent circular tunnels. 

Figs (39) to (41) show the effect of the spacing between two 

adjacent circular tunnels (S) on the crown point's deformation 

(δc) for the circular tunnel for different lining thickness (d). 

 

Fig. 35 Relationship between thickness of lining (d) and the 

crown point's deflection (δc) for single circular tunnel of 

different diameters at different spacing between two adjacent 

circular tunnels. 
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Fig. 36  Relationship between thickness of lining (d) and the 

crown point's deflection (δc) for circular tunnel diameter (D)= 

7.5 m. 

 

Fig. 37 Relationship between thickness of lining (d) and the 

crown point's deflection (δc) for circular tunnel diameter (D)= 

10.0 m. 

 

Fig. 38 Relationship between thickness of lining (d) and the 

crown point's deflection (δc) for circular tunnel diameter (D)= 

12.5 m. 

 

Fig. 39 Relationship between spacing for two adjacent circular 

tunnels (S) and deflection of crown point (δc), for circular tunnel 

diameter (D)= 7.5 m with, different thickness of lining. 

 

Fig. 40 Relationship between spacing for two adjacent circular 

tunnels (S) and deflection of crown point (δc), for circular tunnel 

diameter (D)= 10.0 m with, different thickness of lining. 

 

Fig. 41 Relationship between spacing for two adjacent circular 

tunnels (S) and deflection of crown point (δc), for circular tunnel 

diameter (D)= 12.5 m with, different thickness of lining. 

 

From these figures, the followings can be concluded: 

i. Increasing lining thickness decreases spacing between two 

adjacent circular tunnels at the same deflection. 

ii. Deflection of the crown point decreases with increasing 

thickness of lining. 

iii. Deflection of the crown point decreases with increasing 

spacing between two adjacent circular tunnels. In addition, 

thickness of the lining (d = 0.030D) is considering the 

optimum lining.  

 

5.4. EFFECT OF LINING THICKNESS AND THE 

SPACING BETWEEN TWO ADJACENT CIRCULAR 

TUNNELS ON BENDING MOMENT OF THE CROWN 

POINT: 

The effect of lining thickness (d) and the spacing between 

two adjacent circular tunnels on the bending moment at the 

upper crown has been investigated. Figs. (42) to (44) show the 

effect of the thickness of lining (d) on the bending moment at 

the upper crown of the circular tunnel for different spacing 

between two adjacent circular tunnels. Fig (45) to (47) show the 

effect of the spacing between two adjacent circular tunnels (S) 
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on the bending moment at the upper crown for the circular tunnel 

for different lining thickness (d). 

 

Fig. 42 Relationship between thickness of lining (d) and the 

bending moment at the upper crown for circular tunnel diameter 

(D)= 7.5 m at different spacing between two adjacent circular 

tunnels. 

 

Fig. 43 Relationship between thickness of lining (d) and the 

bending moment at the upper crown for circular tunnel diameter 

(D)= 10.0 m at different spacing between two adjacent circular 

tunnels. 

 

Fig. 44 Relationship between thickness of lining (d) and the 

bending moment at the upper crown for circular tunnel diameter 

(D)= 12.5 m at different spacing between two adjacent circular 

tunnels. 

 

Fig. 45 Relationship between spacing between two adjacent 

circular tunnels (S) and the bending moment at the upper crown 

for circular tunnel diameter (D)= 7.5 m at different thickness of 

lining. 

 

Fig. 46 Relationship between spacing between two adjacent 

circular tunnels (S) and the bending moment at the upper crown 

for circular tunnel diameter (D)= 10.0 m at different thickness 

of lining. 

 

Fig. 47 Relationship between spacing between two adjacent 

circular tunnels (S) and the bending moment at the upper crown 

for circular tunnel diameter (D)= 12.5 m at different thickness 

of lining. 

From these figures, the followings can be concluded: 

i. Bending moments induced in lining increase as thickness of 

lining (d) increases. 

ii. Bending moments induced in lining decrease with increasing 

spacing between two adjacent circular tunnels (S). 
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5.5. EFFECT OF LINING THICKNESS AND THE 

SPACING BETWEEN TWO ADJACENT CIRCULAR 

TUNNELS ON SHEAR FORCE OF THE CROWN POINT: 

The effect of lining thickness (d) and the spacing between two 

adjacent circular tunnels on shear force at the upper crown has 

been investigated. Figs. (48) to (50) show the effect of the 

thickness of lining (d) on shear force at the upper crown for the 

circular tunnel for different spacing between two adjacent 

circular tunnels. Figs. (51) to (53) show the effect of the spacing 

between two adjacent circular tunnels (S) on shear force at the 

upper crown for the circular tunnel for different lining thickness 

(d). 

 

Fig. 48 Relationship between thickness of lining (d) and shear 

force at the upper crown for circular tunnel diameter (D)= 7.5 m 

at different spacing between two adjacent circular tunnels. 

 

Fig. 49 Relationship between thickness of lining (d) and shear 

force at the upper crown for circular tunnel diameter (D)=10.0 

m at different spacing between two adjacent circular tunnels. 

 

Fig. 50 Relationship between thickness of lining (d) and shear 

force at the upper crown for circular tunnel diameter (D)=12.5 

m at different spacing between two adjacent circular tunnels. 

 

Fig. 51 Relationship between spacing between two adjacent 

circular tunnels (S) and shear force at the upper crown circular 

tunnel diameter (D)= 7.5 m at different thickness of lining. 

 

Fig. 52 Relationship between spacing between two adjacent 

circular tunnels (S) and shear force at the upper crown circular 

tunnel diameter (D)= 10.0 m at different thickness of lining. 

 

Fig. 53 Relationship between spacing between two adjacent 

circular tunnels (S) and shear force at the upper crown circular 

tunnel diameter (D)= 12.5 m at different thickness of lining. 

 

From these figures, the followings can be concluded: 

i. Shear force at the upper crown induced in lining 

increases as thickness of lining (d) increases. 

ii. Shear force at the upper crown induced in lining 

decreases with increasing spacing between two adjacent 

circular tunnels (S) up to S = 2.0D. 

 

6. CONCLUSIONS 

From the present study, the following conclusions are obtained: 

i. Increasing lining thickness decreases spacing between 

two adjacent circular tunnels at the same total 
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displacements and at same stress in soil. In addition, total 

displacements and total stress in surrounding soil 

decreases with increasing thickness of lining and 

increasing spacing between two adjacent circular tunnels. 

However, total displacements and total stress in 

surrounding soil increase with increasing tunnel 

diameters. 

ii. Increasing lining thickness decreases spacing between 

two adjacent circular tunnels at the same deflection. 

However, deflection of the crown point decreases with 

increasing thickness of lining and decreases with 

increasing spacing between two adjacent circular tunnels. 

In addition, thickness of the lining (d = 0.030D) is 

considering the optimum lining.  

iii. Bending moments induced in lining increase as thickness 

of lining (d) increases. However, bending moments 

induced in lining decrease with increasing spacing 

between two adjacent circular tunnels (S). 

iv. Shear force at the upper crown induced in lining increases 

as thickness of lining (d) increases. However, shear force 

at the upper crown induced in lining decreases with 

increasing spacing between two adjacent circular tunnels 

(S) up to S = 2.0D. 
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