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ABSTRACT: By increasing the number of underground excavations in populated areas, new underground 

structures are constructed near the existing ones. During the design stage of such constructions, it is important to 

consider the interaction effects between the new and existing structures. The measured data from a close-

tunnelling case of linings is studied. The new tunnels have an oval-shaped cross section and are excavated parallel 

and in very close proximity to an existing box-type tunnel. Interaction problem mainly focuses on the ground 

surface settlement, deformation of new non-circular tunnels, and displacement of existing tunnels.    

 
RÉSUMÉ:  En augmentant les structures souterraines dans les zones urbaines peuplées, de nouvelles structures 

devraient être inévitablement construites à proximité des structures existantes. Pendant l'étape de conception 

d‘une telle construction, il est important de considérer les effets d'interaction entre les nouvelles structures et 
celles existantes. Dans cette étude, des données mesurées d'un cas de tunnels proches au Japon sont utilisées. Les 

nouveaux tunnels ont une section transversale ovale et sont excavés parallèlement et à proximité d'un tunnel de 

type-boîte (EBT) existant. Un outil numerique est utilisé pour évaluer l‘interaction entre les nouveaux tunnels et 
ceux existants. Le problème d'interaction se concentre principalement sur le tassement de la surface du sol, la 

déformation de nouveaux tunnels non circulaires et le déplacement des tunnels existants. 
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1 INTRODUCTION 

By increasing the numbers of underground 

structures in populated areas, new structures are 

constructed near the existing ones. By excavation 

of tunnel in proximity to existing structures, 

stress and strain condition of soil near excavation 

face is altered and deformation is induced on the 

existing structures. 
A large amount of study has been done to 

investigate the interaction induced by the 

construction of twin tunnels or more (e.g., 

Addenbrooke and Potts, 2001; Chapman et al., 

2003; Ahn et al., 2006; Laver, 2011). 

Addenbrooke and Potts (2001) performed 

numbers of plane strain analyses to investigate 
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the effect of tunnel position (side-by-side or 

piggyback), space between tunnels, rest periods, 

and evacuation sequence on the interaction 

between two circular shape tunnels in 

overconsolidated London clay with high K0 

values. It was concluded that after passing of new 

side by side tunnel, horizontal diameter of the 

first tunnel lengthen and vertical diameter is 

shortened and behaviour diminishes if the 

distance new between new and existing structure 

goes beyond seven diameter. Paul Sweeney 

(2006) analyzed and discussed the effects of twin 

tunnels excavation in Singapore marine clay and 

considered three configurations of side-by-side 

tunnels, piggyback tunnels and angular-offset 

tunnels. It was concluded that in the case of side-

by-side tunnels, the bending moment is larger if 

the tunnels are closer together. Qian Fang et al. 

(2014), presented details of two closely spaced 

tunnels excavated beneath two other existing 

closely spaced tunnels in Beijing, China and 

investigated the response of existing tunnels to 

new tunnels construction based on the monitoring 

data.  

In most of the underground interaction 

problems, numerical studies and field 

measurements were pertinent to the tunnels with 

circular cross-sections. There is less study on the 

underground interaction problem between non-

circular tunnels based on the actual field 

measurements and numerical computations. In 

this study, the interaction between new and 

existing tunnels are presented for non-circular 

tunnels. Measured ground surface settlement and 

displacements induced by new excavation on a 

large box-type (EBT) tunnel of this interaction 

problem are also given. Interaction mainly 

focuses on the ground surface settlement, 

deformation of new non-circular tunnels, and 

displacement of EBT tunnel.    

2 A CASE STUDY OF CLOSE 

EXCAVATIONS WITH NON-

CIRCULAR LINING SECTIONS 

In the case under this study in Tokyo, two metro 

lines named as Yurakucho line and Fukutoshin 

line connect the northern part and center part of 

Tokyo to each other. These two lines are crossing 

each other in several locations.  

 

 
Figure 1. Route map of the underground metro 

lines before and after the relocation plan.  

 

 
Figure 2. (a) Plan view and (b) cross-sectional 

view of the new and existing tunnels at section 

7k210m.   
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In order to enhance the safety of the subway lines 

and decrease the number of trains crossing, it was 

planned to relocate the lines in the level crossing. 

Fig. 1 shows the route map of both lines before 

and after applying the relocation plan. The 

existing tunnel lining of Yurakucho and 

Fukutoshin lines are the box-type shape. As 

shown in Fig. 1, two new lines of A and B which 

were excavated between years 2010 to 2015 

located in close proximity to an EBT tunnel with 

four lanes. The excavation and installation of line 

A were followed by excavation and installation 

of line B. Fig. 2 (a) and (b) show the plan view 

and cross-sectional of the existing and new 

tunnels. The tunnels pass through the soil layers 

contains fine sand and gravel with a standard 

penetration test (SPT) values varies between 30 

to more than 50  (Mg and Tos layers). Properties 

of the soil layers were mainly obtained by 

performing normal laboratory tests on samples 

obtained from two boreholes near to the new A 

and B lines and in-situ field tests including SPT, 

lateral load test, and in-situ permeability test. 

Table 1 lists the geotechnical properties of the 

soil layers. 

The lining of new tunnels has an elliptical 

cross-section with a major and minor diameter of 

6.5 m and 5.5 m (Dmaj/Dmin = 1.18) respectively, 

the thickness of 30 cm, length of 1.5 m and six 

segment pieces that are connected to each other 

with joints.     

3 EFFECT OF CLOSE UNDERGROUND 

EXCAVATIONS  

The excavation-induced ground surface 

settlement trough may not be symmetrical above 

a tunnel alignment if it is excavated close to an 

adjacent structure. Amount of excavation-

induced stress and also deformation of near 

structures might be also noticeable. Fig. 2 (a) 

shows locations of monitoring points for ground 

surface settlement along the lines of A and B (9  

for line A and 13 for line B).  

 

Table 1. Geotechnical properties of the soil layers.  

Layer 

code 

Descrip-

tion 
γ E ν c φ 

Lm Loam 12 7.74 0.45 60 - 

Lc Soft clay 13 8.04 0.45 90 - 

Mg 
Sand and 

Gravel 
20 24.3 0.3 - 35 

Tos Sand 18 93.9 0.3 - 35 

Tog Gravel 18 95 0.3 - 35 

* γ = Unit weight (kN/m3), E = Young’s modulus 

(MPa), ν = Poisson’s ratio, c = cohesion (kPa), φ = 
internal friction angle (°). 

 
Figure 3. Measured ground surface settlement at 

measurement points along (top) line A, and (bottom) 

line B.  
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Fig. 3 presents the measured amount of 

greenfield settlement at monitoring points before, 

during and after passing of the shield machine 

face. The maximum settlement of 4 mm was 

recorded 3 months after completion of line A. 

Similarly, maximum 4 mm was observed along 

line B one month after completing the line. The 

small amount of ground loss in both cases during 

excavation (settlement less than 3 mm in both 

lines) highlights the accurate control of the 

machine forces. Fig. 4 shows the measured 

vertical displacement of a point on the platform 

level of the EBT tunnel caused by the excavation 

of the new lines. By excavation and installation 

of line A, vertical movement of point A is zero, 

however, during and after excavation of line B, 

downward and upward displacement of 

approximately less than 1 mm were recorded 

respectively.   

In order to further study the interaction effect 

of new excavation, a numerical tool was 

employed.  The stress-strain condition of ground 

near the tunnel head can be truly monitored using 

a three-dimensional model, however, for the 

purpose of this study, the plain-strain condition is 

adequate. Because of the very small amount of 

measured ground surface settlement (0.5 mm 

above line A and 2 mm above line B after the tail 

pass of the excavation machine), no considerable 

plastic behaviour of soil around tunnels after 

unloading of soil by excavation is expected. The 

linear elasto-plastic and Mohr-coulomb failure 

criterion for soil layers and linear elastic model 

for concrete lining were used. Tunnel excavation 

is modelled using a ground loss-related parameter 

called relaxation factor (0 ≤ 𝛼 ≤ 1) . The 

elements inside of tunnel were deactivated and 

(1-α)% of the initial stresses were applied in 

reverse direction to the node of the tunnel lining. 

The value of α is decided by fitting calculated 

ground surface settlement with that of the 

measured value at section 7k210m above line A 

(according to the Fig. 3 (a), it is 0.5 mm after the 

tail pass in line A). An identical amount of 

ground loss is also allowed for line B excavation. 

After ground convergence, the lining elements 

are activated and applied nodal forces were 

removed.   

Fig. 5 shows the transverse ground surface 

settlement at section 7k210m (see Fig. 2). In this 

Figure, numerical results, measurement values 

and ground surface settlement using Gaussian 

approximation are displayed.  

 

 
Figure 4. Measured values of vertical displacement 

of point A on section 7k210m on EBT tunnel induced 

by excavation of A and B lines.  

 
Figure 5. Distribution of longitudinal surface 

settlement at section 7k210m by numerical results, 

measurement values, and Gaussian approximation. 

 

The measurement values are read after 

machine tail pass along new lines through the 

section (see Fig. 3) and the Gaussian 

approximation (Peck, 1969) is calculated and 

plotted using:  

 𝑠𝑦 = 𝑠𝑚𝑎𝑥 ∙ 𝑒𝑥𝑝(−𝑦22𝑖2 ) (1) 
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where 𝑠𝑦  (mm) is a surface settlement at a h 

orizontal distance y (m) away from tunnel 

centerline, s𝑚𝑎𝑥  (mm) is the maximum surface 

settlement above tunnel cenetrline, and i is the 

horizontal distance from tunnel centerline to the 

point of inflection of settlement trough (m). The 

i value for stratified soil layers is recommended 

to obtain through the following equation (Selby,  

1988):  

 𝑖 =  𝐾1𝑧1 + 𝐾2𝑧2 (2) 
 

where 𝐾1 is the trough width factor for soil type 

in layer 1 of thickness 𝑧1, and 𝐾2 is the trough 

width factor for soil type in layer 2 of thickness 𝑧2. The trough width factor depends on soil types; 

for clayey soil, 0.4 to 0.6 and for sand and gravely 

soil, 0.25 to 0.4 are recommended. Using Eq. (2), 

and profile shown in Fig. 2(b), i = 7.095 was 

computed and then put in Eq. 1. According to the 

Fig .5, the Gaussian approximation for ground 

surface settlement (sy) almost follows the values 

of numerical results. Equal amounts of ground 

loss are considered for both of tunnels in A and B 

lines in numerical calculations. This might be the 

reason for the difference between measured and 

calculated values.  

The process of excavation changes the initial 

k0 value (= initial horizontal stress/ initial vertical 

stress) in the soil near the tunnel. Fig. 6 shows k 

variations by a sequence of constructions at the 

middle of pillars of soil between A, B and EBT 

tunnels. The tunnels were excavated in coarse-

grained sandy and gravely soil (Mg and Tos) with 

k0 =  0.5. After excavation of each line, the k value 

decreases gradually. The ratio of soil pillar width 

between the line A and EBT tunnel (x1) is almost 

3.5 times of that between the line B and EBT 

tunnel (x2).  

 
Figure 6. Change in the value of the coefficient of 

horizontal earth pressure k0 by a sequence of 

construction at two pillars between A, B and EBT 

tunnels. 

 

 
Figure 7. (a) Vertical (δv-A) and (b) horizontal (δh-

A) displacement of a point A in EBT tunnel by 

normalized pillar width between B line and EBT 

(x2/Dmin). 
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The reduction in k0  value is larger when a 

pillar width is smaller. Method of excavation, 

amount of introduced ground loss, and stiffness 

ratio of lining to the surrounding soil affect the 

final deformed shape of the lining and k value of 

soil. By increasing the pillar widths of x1 and x2, 

induced deformation on the wall of EBT tunnel 

diminishes. Fig. 7 shows the vertical and 

horizontal displacement (δv and δh) of point A in 

EBT tunnel by changes of x2/Dmin ratio in which 

Dmin is the minor diameter of new lines. It can be 

seen that after s = 1Dmin, δv-A becomes negligible, 

however for δh-A, this range in limited to 4Dmin. 

The dashed lines in Fig. 7 demonstrates the 

amount of δv-A and δh-A in the absence of the line 

B. By increasing of s/Dmin ratio, the amount of 

displacement approaches to the value of this line. 

A measured value of δv-A = 0.8 mm after passing 

of line B (see Fig. 4) is also shown in Fig. 7 (a). 

By excavation of line B, first downward and then 

the upward movement was recorded. The 

downward movement of adjacent EBT tunnel 

after passing of line B is believed to be under the 

effect of machine face pressure before arrival to 

that section and upward movement of it after 

lining installation is thought to be because of the 

vertical movement of lining invert in line B. Fig. 

8 which plots the total displacement vectors in the 

elements of the Mg and Tos soil layers after 

installation of lining in B line shows this 

behaviour. 

In the lining with circular cross-sections, final 

deformed shape of the lining can be considered to 

be the under effect of three main modes: (1) 

uniform radial contraction due to ground loss, (2) 

ovalization or distortion of the section, (3) 

uniform vertical movement without distortion 

(Gonzalez and Sagaseta, 2001). For the lining 

with a non-circular cross-section, a similar mode 

of deformation can be defined. By using of 

ground loss relaxation factor parameter (α), 

uniform radial contraction happens, and after 

lining installation, simultaneous modes of 

ovalization of the section and uniform vertical 

movement without distortion are attributed to the 

lining. Fig. 9 shows changes in the major and 

minor diameters of the lining in line B (Dmin and 

D maj) by s/Dmin ratio. The influence of overburden 

load on lining in B line is confined when B line 

is adjacent to EBT tunnel, but for the case of s ≥ 
4Dmin, lining bears full overburden load and Dmaj 

does not change anymore. Horizontal 

displacement of left and right springline (δh-right, 

δh-left) are also plotted in Fig. 9 (b). 

 

 
Figure 8. Upward movement of EBT tunnel after 

installation of lining in B line. 

 

 
 

Figure 9. Change in the (a) major diameter and (b) 

minor diameters of the tunnel in B line by normalized 

pillar distance between tunnel B and EBT tunnel.   

 

5.6

5.7

5.8

5.9

6

0 1 2 3 4 5 6 7

C
h
an

g
e 

in
 D

m
aj

 (
m

m
)

s/ Dmin

+

s = Pillar width between 

B line and EBT tunnel 

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0 1 2 3 4 5 6 7

C
h
an

g
e 

in
 D

m
in

 
(m

m
)

s/ Dmin

Change in Dmin

δh-left

δh-right +

(b)

Change in Dmin

δh of left springline
δh of right springline

(a)



Influence of close tunnelling on deformation of new and existing underground structures in sandy soil 

 

IGS 7 ECSMGE-2019 - Proceedings 

The amount of δh-right is larger than δh-left adjacent 

to EBT tunnel as EBT tunnel confines full 

overburden load on the left-hand side of B line, 

and their values become equal after s ≈ 4Dmin. 

4 CONCLUSIONS  

The interaction between a pair of new tunnels 

with non-circular cross-sections and an existing 

box-shaped tunnel was discussed. The interaction 

mainly focused on the ground surface settlement, 

deformation of new non-circular tunnels, and 

displacement of EBT tunnels.  

The results show that the reduction in value of 

k0 in the pillar between tunnels is larger when a 

pillar width is smaller. Also, the upward 

movement of tunnel invert after lining 

installation displace the nearby structures and this 

effect diminished as the s ≥ 4Dmin (s = pillar width 

between line B and EBT tunnel) for the diameter 

ratio of Dmaj/Dmin = 1.18. The s ≥ 4Dmin criteria 

also show the width in which after that interaction 

influence of EBT tunnel on changes of major and 

minor diameters of new excavation is negligible. 
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