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ABSTRACT: Experimental and numerical research of the effect of blasting vibrations during tunneling on 
surrounding structures (rock mass, existing tunnels, buildings, etc.) was widely studied in recent years. 
However, the effect of blasting vibration from a new tunnel on an existing adjacent tunnel is still unclear. A 
few researches were carried out to study the relationship of the observed Peak Particle Velocity (PPV) on the 
lining areas along the existing tunnel direction, due to either the lack of in situ test data or the difficulty in 
conducting field tests, particularly for tunnels that are usually old and vulnerable after several decades of 
service. This paper introduced two dimensional and three dimensional numerical with field data investigations 
on the effect of tunnel face blasting on the surrounding rock mass and on an existing adjacent tunnel along the 
existing tunnel direction.  The Croix-Rousse tunnel project in Lyon (France) was adopted as a case study. The 
derived results allow predicting the tunnel lining damage areas under the impact of blast loads.  
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1. INTRODUCTION 
 

The effect of blasting from the new tunnel on 
the existing tunnel was studied in the past using a 
variety of approaches: physical model testing, field 
observations, empirical/analytical methods and 
finite element modeling. Some researches were 
carried out using physical models to study the 
effect of blasting vibration on an existing tunnel [2], 
[3]. Smith et al presented the results of 
experimental studies carried out at small scale into 
the propagation of blast waves along straight 
tunnels roughened by means of different-sized 
roughness elements fixed along the two model 
tunnels sides. The results indicated that the use of 
rough-walled tunnels could provide an efficient 
protective solution to a sensitive structure. 
Khosrow studied the impact of joints and 
discontinuities on the blast-response of tunnels 
using physical modeling at 1-g [3]. However, the 
physical model testing method was just used to 
analyze the effect of blasting vibrations due to a 
blast at the tunnel face.  

The theoretical researches are relatively scarce 
and mainly adopt the integral equation method and 
the ray theory method [4].  In addition, [5] used a 
closed-form transient solution for the case of 
circular tunnels and blasting loading. In the 
research of [6], a theoretical method to predict the 
underground tunnel behavior considering the peak 
particle velocity (PPV) and the stress distribution 
is also presented. The influence of the explosion-

induced wave on an adjacent tunnel is explicitly 
considered in order to evaluate tunnel stability. 
However, this method usually uses a simple tunnel 
shape such as a circular tunnel and the obtained 
results are limited.  

The influences of blasting vibration on 
underground structures have also been studied 
using field experiments [7] - [12] and numerical 
simulations [13] - [21]. The results obtained by 
numerical simulation can be compared with field 
experiments during all the blasting time period or 
in terms of magnitude values. The comparison of 
time results obtained with these two methods is 
usually used in the case of a sole explosion such as 
in metro due to terrorist acts [12], [13]. A 
comparison of magnitude values can be used in the 
case of blasting shots with time delay such as 
explosions at a tunnel face during tunnel 
excavation by blasting method [16], [18-21].  

Previous publications have indicated that the 
strongest vibrations of the existing tunnel lining 
occur on the side closest to the blasting center, and 
are proportional to the maximum segmental 
explosive charge instead of the total charge. Rock 
masses with harder rock and fewer discontinuities 
seem to contribute to stronger tunnel vibrations 
than softer rock and more discontinuities. This fact 
induces greater risks for tunnels in ‘high-quality’ 
rock masses [18]. However, a few researches were 
carried out to study the relationship of the observed 
PPV on the lining areas along the existing tunnel 
direction, due to either the lack of in situ test data 
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or the difficulty in conducting field tests, 
particularly for tunnels that are usually old and 
vulnerable after several decades of service. It is 
therefore necessary to conduct both experimental 
and numerical research to improve the knowledge 
of the blasting impact on the lining areas along the 
existing tunnel direction. The main objective of 
this research is thus to analyses such problems by 
comprehensive use of in situ testing, namely the 
PPV, and numerical simulations in which 
parameters are determined from laboratory tests. 

In this paper, a research based on real scale 
blasting tests performed on the Croix Rousse 
tunnel (Lyon, France) is presented. This tunnel was 
excavated close to an existing tunnel. 2D and 3D 
numerical models of the real site were conducted 
using the finite element software Abaqus/Explicit. 
The dynamic responses of the tunnel concrete 
lining and of the surrounding rock mass subjected 
to blasting vibrations were analyzed. The impact of 
blasting at the tunnel face on the existing adjacent 
tunnel was considered. Measurements during 
blasting in the new tunnel were performed to verify 
the stability of the lining in the existing tunnel. 
These field data were used to validate the 2D and 
3D numerical models developed in this research. 
The real parameters of blasting in Croix-Rousse 
tunnel were considered. A parametric study was 
then conducted using these 2D/3D models to 
evaluate the most dangerous section in the existing 
tunnel. The idea was to check the lining areas along 
the existing tunnel direction which can be partially 
damaged. The numerical results indicated that the 
concrete lining in the existing tunnel has not 
suffered significant damages.  

 
2. THE CROIX-ROUSSE TUNNEL  
 
2.1 Site Description 

 
The Croix-Rousse tunnel is located in Lyon, 

France, between the Rhône and the Saone rivers. 
The length of the tunnel is 1757 m with a cross-
section area of 84.10m2. A new tunnel was 
excavated in parallel of the existing one. The 
distance wall to wall between these two tunnels is 
of around 29.27m (Fig. 1.a).  The cover depth of 
the tunnels varies between 70 and 100m (Fig. 1.b).  

 
2.2 Geology Conditions 
 

The tunnels were excavated through granite 
and gneiss layers with uniaxial compressive 
strengths higher than 100MPa, using drilling and 
blasting method. The dynamic parameters of the 
rock were determined on the basis of the Split 
Hopkinson pressure bar tests [22], [23]. During 
laboratory tests, the pressure was increased until 
the rupture of the rock sample is observed. The 

rupture pressure value of 3.5 bars is indicated in 
Fig. 2. Dynamic parameters of the rock mass are 
listed in Table 1. 

 
a. Tunnels geometry 
 

 
b. Geology of the site 
Fig.1 Tunnels geometry and geology conditions 
along the tunnel (b) 
 

 
 
Fig.2 Results of the Split Hopkinson pressure bar 
tests on a rock sample (Granite)  
 
Table 1 Dynamic parameters for the rock mass  
 

Parameters Unit Value 
Density (γr) kg/m3 2650 
Dynamic Young’s modulus (Er) GPa 60 
Poisson’s ratio (νr) - 0.25 
Friction angle (φr) degrees 54 
Dilation angle(ψr) degrees 4 
Cohesion (Cr) MPa 23 
Compressive strength (σcry) MPa 120 
Dynamic tensile strength (σtr) MPa 5.70 
Shear wave velocity m/s 3800 

 
2.3 Blasting Parameters 
 

On the tunnel face, eight blast hole groups were 
set up: I-cut holes, three stopping grounds, two 
wall holes grounds and lifter holes. Blasthole 
groups at the tunnel face are presented in Fig. 3. 

Due to the importance of the existing tunnel 
and of the structure on the ground surface, the 
definition of the upper limit of the PPV was 
required by both the owner and the designer in 
order to reduce the impact of the new tunnel 
excavation. 
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Fig.3 Blasthole groups on the tunnel face in the 
Croix-Rousse tunnel 
 

The result of blasting vibrations induced in 
concrete tunnel lining is presented in Table 2.  
According to measuring data, frequency of 
blasting vibration during Croix-Rousse tunnel 
excavation varies from 1Hz to 250Hz. Also 
according to measuring data, two important 
frequencies of 10 Hz and 100 Hz, which 
correspond to the largest vibration velocity, were 
adopted for the parametric study. 
 
3. IN SITU MONITORING RESULTS  
 

The blasting vibrations induced in the existing 
tunnel during the excavation of the new Croix-
Rousse tunnel were monitored using sensors of 
Geophone type. The sensors (A, P and T as seen in 
Fig. 4) were embedded in the concrete lining along 
the tunnel axis. Results of the PPV values are 
monitored in three directions, including the 
transverse direction, the vertical direction and the 
longitudinal direction of the tunnel. The maximum 
value of the three orthogonal components (x, y, z) 
are presented in Table 2. 

 

 
Fig. 4 Location of sensors in the existing tunnel  
 
4. NUMERICAL SIMULATIONS 
 

Numerical simulations were performed using 
the Finite Element Method with the 
Abaqus/Explicit 6.11-2 software [1].  Both 2D and 
3D models were used in this research. Using 2D 
models permits to validate the mesh and 

investigate some parameters of the model. For the 
propagation problem, the 3D model gives results 
which are better than the 2D model if compared 
with the monitoring data. Indeed, the blasting 
energy was absorbed in the 3D model by the rock 
mass in closer conditions to the real condition. 
Whereas, blasting energy was absorbed in the 
cross-section in the 2D plane strain model. 
 
Table 2 Monitoring data of blasting velocity  
 

Order number 
 of blasting 

Explosion weight,  
Qmax (kg) 

Vmax 
(mm/s) 

230 544.0 3.58 
231 574.5 8.99 
232 647.0 12.12 
233 662.0 15.36 
234 1153.0 14.59 
235 870.0 10.08 
236 871.0 7.21 
239 849.0 5.69 

 
4.1 Description of the Numerical Models  
 

Numerical models were carried out to 
investigate the blast vibration of the newly 
excavated tunnel close to the existing one. A rock 
mass of 160 m in height and 160 m in width is 
considered. A concrete tunnel lining of 0.75 m in 
average thickness is taken into account. The 
existing tunnel has a vaulted roof and vertical walls. 
The radius of the arch is 8.05m and the height of 
the vertical wall is equal to 1.0m. The newly 
excavated tunnel is a horseshoe arch with the 
radius of 5.55 m. The distance between the two 
tunnels from center to center is equal to 42.6m. The 
2D model geometry is presented in Fig.5.  

The transversal section of the 3D model is the 
same as the 2D one. A parametric study on the 
length L was done (L= 28m, 42m, 57m, 84m, 
108m) [35]. Results indicated that when this length 
is equal to 57m, the peak particle velocity value is 
constant inside the tunnel lining. A model length 
of L=57m was then considered for the following 
study [35]. This length was chosen for the 
parametric study purpose.  The length of an 
excavation step is equal to 4.0 m. 

The numerical model consists of 388742 
elements, including 375062 finite elements of 
C3D8R type and 13680 infinite elements of 
CIN3D8 type. The minimum size for the finite 
elements is equal to 0.34m and the maximum to 
0.65m. The maximum dimension of elements in 
the model was checked according to Kuhlemeyer 
and Lysmer (1973). The absorbent boundaries are 
placed at the border between the finite and the 
infinite elements. 
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a) 2D numerical model 

 
b) 3D numerical model 

Fig. 5 Geometry of the numerical models 

4.2. Validation of the mesh: Raleigh velocity 

The velocity of the Rayleigh wave is used to 
validate the numerical model mesh (Fig. 6).  

 
 

Fig. 6 Location of the applied time-dependent 
force and of the monitored points 
 

A time-dependent force was applied to a point 
at a distance of 5m from the left boundary. The 
stress magnitude was equal to 1500 GPa (this value 
was randomly taken), the relation between load 
and time can be seen in Fig. 7 and Eq. (1): 

 
F(t) = 1.5 1012*f(t)                                              (1) 
 

In order to validate the mesh, the velocity of the 
Rayleigh wave propagation is considered. The 
theoretical velocity of the Rayleigh wave is 
calculated using the Bergmann-Viktorov [36] 
formula: 

 
S
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=                         (2)                                                                            

where: ν is the Poisson’s ratio, VS is the S-wave 
velocity: 
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SV                                               (3)                    

 
Fig. 7 Time pressure profile  

The VS wave was calculated using the above 
formula and compared to the finite element 
numerical one. A difference of less than 2% was 
found which permits to conclude that the mesh is 
convergent. 
 
4.3 Boundary Conditions 
 

For the 2D models, coupled finite-infinite 
elements were used including CPE4R and CINPE4 
typed elements. The top surface is free, while for 
the three other surfaces non-reflecting boundaries 
were used and assigned using infinite elements 
CINPE4.   

For the 3D models, finite and infinite elements 
which are CD8R and CIN3D8, respectively, were 
also used. The three surfaces of the numerical 
model in the transverse direction and in the vertical 
direction were assigned as non-reflecting 
boundaries. The displacement in the tunnel axis 
orientation was assumed to be zero. The reflection 
conditions at boundaries of 3D model are similar 
to those of 2D model. 
 
 
4.4 Damping Matrix 
 

This research used Rayleigh damping method. 
The damping matrix of the given system is a linear 
combination of the mass matrix and stiffness 
matrix, i.e.  as Eq. (4): 
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where: α and β are the damping constants 
depending on the energy damping properties of the 
materials. Their values can be calculated by the 
following equations:  

2
1ω2

2ω

)1ω2ξ2ω12(ξ
β

2
1ω2

2ω

)1ω2ξ2ω1(ξ2ω1ω2
α

−

−
=

−

−
=

               (5)                                                 

where: ω1 is the first tone vibration frequency, 
and ω2 is the maximum tone vibration frequency of 
important interest (usually f1 = ω1/2π and f2 = 
ω2/2π).  The factors of modal damping ξ1 and ξ2 
correspond to values of frequencies ω1 and ω2. The 
damping ratio is associated to the j mode of 
vibration through the expression.  

2

jβω

jω2

α
jξ +=                                                (6)                                                                        

 

4.5 Blasting Load Model  
 

When the explosion is detonated, the explosion 
energy is released under wave types. A part of the 
explosion energy is applied on the tunnel 
boundaries. There are two typical categories of 
detonation, namely, ideal and non-ideal detonation. 
The ideal detonation profile corresponds to an 
emulsion-type explosive where the peak pressure 
rise time is very short and the post-peak pressure 
drop is steep. The non-ideal detonation profile 
corresponds to an ANFO type explosive where the 
rise time for the peak blast-hole pressure is longer 
and the post-peak pressure drop is much slower 
than in the case of the emulsion type explosive [14].  

For the Croix-Rousse tunnel, emulsion 
explosive was used to excavate the tunnel. The 
ideal detonation shape was chosen to calculate the 
blasting loads. These blasting groups are usually 
detonated at different times using delay electric 
detonators in the tunnel face. In this study, blasting 
has been simulated into eight separated shots with 
the same peak blast-hole pressure (see Fig. 8). 
Blasting loads time history curve of each shot is 
presented in Fig. 8. Blasting pressure is radially 
applied to the all the tunnel boundaries and it is not 
applied to the tunnel face.  

Generally, the detonation pressure is not fully 
charged on the blast-hole due to the existence of an 
empty space between the explosive column and the 
blast-hole wall. The following calibration equation 
was used to estimate the blast-hole pressure PB 

[15]: 

                                                           
(7) 

 
 

 

 
Fig. 8 Optimized pressure-time profiles of different 
explosive characteristics simulated in this study 
[14] 

 
where: PB is the blast-hole pressure considering 
decoupling (kPa; dc and dh are diameters of 
explosive and blast-hole (mm), respectively; Pd is 
the peak borehole pressure estimated using the 
following equation of [24] (kPa): 

eSG0.81

xVexSG10x184.
P
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d
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e                           (8) 

     where: SGe is the density of explosive (g/cm3); 
Ve is the detonation velocity of explosive (ft/s).  

The non-electric millisecond delay detonators 
labeled MS1÷MS8 are adopted. Their delay times 
are listed in Table 3.  
 
Table 3 Time interval of every shot  
 

Series of 
detonator 

(1) 
MS 1 MS 2 MS 3 MS 4 

Time of 
peak 

pressure 
from 

beginning 
(ms) (2)  

0.025 27±10 54±10 156±10 

(1) MS 5 MS 6 MS 7 MS 8 

(2) 250 ±10 360±10 560±10 760±10 

 
The peak pressure value of each shot was 

calculated using Eq. (7) and resulted in 
PB = 7.48x106 kPa. The blasting load applied on 
the tunnel boundaries P(t) is estimated by Eq. (9): 
 
P(t)=PBf(t)=7.48 106 f(t); kPa                            (9) 

 
4.6 Constitutive model and parameters of 
ground 
 

The granite rock mass was modeled using the 
linear elastic-perfectly plastic constitutive model 
(with Mohr-Coulomb failure criterion). The 
dynamic parameters of the rock mass see in Table 
1. The concrete tunnel lining was simulated using 

3

h
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the concrete damaged plasticity constitutive model. 
Parameters of concrete tunnel lining under 
dynamic load see in Table 4.   

 
5. PARAMETRIC STUDY  

 
In order to follow the velocity in the tunnel 

lining during blasting, some sensors named A, P, T 
as seen in Fig.4 were installed in the concrete 
lining of the existing tunnel. A parametric study is 
carried on the 2D numerical model. The 
investigation result is used for calculating on the 
3D model. 
 
Table 4 Dynamic parameters of the concrete lining  

Parameters Unit Value 
Thickness (d) m 0.75 
Density (γc) kg/m3 2400 
Young’s Modulus (Ec) GPa 35.00 
Poisson’s ratio (νc) - 0.200 
Compressive strength (σcc) MPa 35.00 
Tensile strength (σtc 

) MPa 2.90 
 

5.1 Influence of the Materials Damping Ratio  
 

For geological materials (e.g., soils, rock), 
damping ratio commonly falls in the range of 2% 
to 5% [26]. Two frequencies of 10Hz and 100Hz 
were used to determine the damping constants 
material in Eq. (5). The damping ratio of concrete 
lining was set equal to 4%. Several values of the 
damping ratio applied to the rock mass were 
considered in the 2D numerical models: ξ = 3%, ξ 
= 4%, and ξ = 5%.  
The numerical results presented in Fig. 9 indicated 
that when the damping ratio increases, the PPV 
generally decreases. On the basis of the 
comparison between the monitored data and the 
numerical results, the obtained results for ξ = 3%, 
ξ = 4% and ξ = 5% are very different. The PPV 
obtained with damping ratio 3% is larger than the 
one obtained with a damping ratio of 4%. The 
average difference between them is about 18.2%.  
It can be explained by the fact that the smaller the 
damping ratio, the greater the blasting energy 
absorbed by the rock mass. The PPV obtained with 
the damping ratio equal to 5% is closer to the one 
obtained by the monitored result. A damping ratio 
equal to 5% was therefore adopted and used in the 
following study (Fig. 9). 

5.2 Influence of the Rock Mass Constitutive 
Model 

In order to highlight the effect of the rock mass 
constitutive model under blasting load, the 

behavior of the rock mass has been assumed to be 
linear-elastic and elastic-perfectly plastic. The 
latter constitutive model of the rock mass is based 
on the Mohr-Coulomb failure criterion.  

 
Fig. 9 Effect of the Rayleigh damping on the PPV 
values (sensor A) 

The results presented in Table 5 and Fig. 10 
show an insignificant difference between the 
numerical results and the monitored data in terms 
of the PPV in the tunnel lining when the Mohr-
Coulomb constitutive model is used. On the other 
hand, the PPV in the tunnel lining observed with 
the linear-elastic constitutive model is about 50% 
greater than the monitored one (Fig.10). It is 
reasonable to conclude that the linear-elastic 
constitutive model is not sufficiently complex and 
is then not able to study the effect of blast vibration. 
 
Table 5 Peak particle velocity (mm/s) obtained 
with the numerical model and the monitored data 
 

Time (s) Linear 
elastic 
model 

Mohr-
Coulomb 

model 

Field 
data 

Difference 
(%) 

Difference 
(%) 

 (1) (2) (3) (1)/ (3) (2)/ (3) 
t=0.0064s 22.743 11.422 9.230 0.59 0.19 
t=0.033s 20.713 10.619 7.179 0.65 0.32 
t=0.061s 19.291 9.816 9.523 0.51 0.03 
t=0.163s 24.342 10.543 10.100 0.59 0.04 
t=0.264s 29.168 12.584 8.058 0.72 0.36 
t=0.366s 27.617 12.407 12.161 0.56 0.02 
t=0.568s 37.356 13.176 9.816 0.74 0.26 
t=0.771s 50.356 11.422 10.246 0.59 0.19 

 

 
Fig. 10 Influence of rock mass constitutive model 
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6. EFFECT OF BLASTING LOADS IN THE 
NEW TUNNEL 
 

In this section, 3D numerical models were used 
to investigate the effect of blasting load from the 
new tunnel on the existing tunnel considering 
various distances in the longitudinal direction of 
the tunnel. The layout of the two tunnels is 
presented in Fig. 11. D represents the distance from 
the section in the existing tunnel to the tunnel face 
of the new tunnel. The numerical results indicate 
that the biggest particle velocity induced in the 
tunnel lining of the existing tunnel is obtained 
when the section is closer to the blasting location 
(the case of D = 0 in Fig. 11).  

 

 
 
Fig.11 Layout of two tunnels 

   
In other words, the smaller the distance from 

the blasting location in the new tunnel, the more 
dangerous state of the concrete lining in the 
existing tunnel. Figure 12 and Table 6 show a 
comparison between the numerical results and the 
monitoring data in terms of PPV induced in the 
tunnel lining. Numerical results obtained with the 
3D model are closer to the monitoring data 
(Fig.12). This may be concerned with the fact that 
the blasting energy in the 3D model is also 
absorbed by the rock mass in the longitudinal 
direction. This phenomenon is not considered in 
the 2D model, a 3D model is therefore necessary 
to be used.   
 
Table 6 Comparison between 2D and 3D 
numerical simulations with monitoring data 
 

D 
(m) 

Field data 
(mm/s) 

3D model 
results 
(mm/s) 

Difference 
between (1) 
and (2) (%) 

2D model 
results 
(mm/s) 

 (1) (2) (3) (4) 

-12 3.58 2.784 22.222  

-8 8.99 6.242 30.562  

-4 12.12 14.960 23.433  

0 15.36 15.532 1.126 17.357 

4 10.08 8.094 19,700  

8 7.21 7.190 0.271  

12 5.69 5.623 1.163  
 

 
Fig. 12 Comparison between 2D and 3D numerical 
simulations with monitoring data 
 
7. STABILITY OF CONCRETE TUNNEL 
LINING 
 

In order to estimate the failure state of the 
tunnel lining under the blasting vibrations impact, 
two criterions were used including: (1) the 
threshold PPV and/or (2) the dynamic tensile 
strength. The threshold velocity was determined by 
using the DIN4150 standard [27]. The allowable 
level of PPV depends on the type of tunnel 
structures, and is specified in the design 
regulations [27]. The typical frequency range of 
the underground blast-induced vibrations is in the 
range between 50 to 100 Hz. Accordingly, 
threshold velocities of about 40 to 100 mm/s with 
frequency changing from 1 to 100 Hz are 
considered by the DIN4150 standard. In this 
research, the PPV measured by the sensors was 
equal to 15.53 mm/s (Table 7) which is smaller 
than the threshold velocity calculated by the 
DIN4150 standard (minimum 40 mm/s). In 
addition, the maximum tensile stress induced in the 
lining of the existing tunnel is about 2.69 MPa 
which is under the dynamic tensile strength of 2.9 
MPa used for the concrete material [28]. It is, 
therefore, reasonable to conclude that the lining in 
the existing tunnel is stable under the impact of 
blasting vibration from the new tunnel.  

To evaluate the blasting parameters influence 
which caused damage to the existing tunnel lining, 
a parametric study was conducted. The blasting 
load acting on the new tunnel perimeter was 
increased gradually from the actual value used in 
Croix-Rouge tunnel to values at which damages in 
the existing tunnel lining can occur. Keeping the 
time function of blasting load (see Eq. (9)), 
damages in the existing tunnel lining were 
observed when the blasting load is equal to 1.5 
times the previous value as seen in Fig.13. 

The most dangerous zone in the existing tunnel 
lining with the highest density of damaged 
elements is in the section which is parallel to the 
new tunnel excavation face (Fig. 13b, c).  
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a)

 
 

b)  
 

c)  
 

Fig. 13 Damaged zones in the existing tunnel 
lining at the time equal to 0.00332s: a) Location of 
the two tunnels; b) Side facing to the new tunnel; 
c) Side not facing the new tunnel. 

It is also interesting to note that in the existing 
tunnel, damaged elements were predominately 
observed at the tunnel walls on both sides of the 
lining zones which are behind the new tunnel face. 
Less damaged zones are observed at the left 
shoulder of the existing tunnel lining sections 
which are in front of the new tunnel face (see Fig. 
13b, c). This damaged zone ranges difference in 
the existing tunnel lining and at the two sides of the 
new tunnel face may be concerned by the effect of 
the blasting wave propagation from the new tunnel 
to the existing tunnel along the new tunnel 
direction. 

 
8. CONCLUSION AND DISCUSSION 
 

This paper presents a numerical study that 
investigates the impact of blasting on an existing 
adjacent tunnel. Analyses were carried out using 
2D and 3D numerical models. A good agreement 
between the numerical results and the monitoring 
data was found. Several conclusions can be drawn 
as follows: 

- The PPV is inversely proportional to the 
damping ratios. On the basis of the comparison 
between the monitoring data and the numerical 
results, a damping ratio of 5% was adopted. 

- A significant influence of the soil constitutive 
model of the rock mass behavior under blasting 
loads was indicated. It is reasonable to conclude 
that a linear elastic constitutive model is not 
realistic to simulate the effect of blast vibrations. 

- The 3D numerical model results indicate that 
the largest particle velocity induced in the tunnel 
lining is obtained at the section closer to the 
blasting location. In other words, the smaller the 
distance from the blasting location in the new 
tunnel, the more dangerous state of the tunnel 
lining in the existing tunnel. 

- The numerical results derived from the 3D 
models are in a good agreement with monitoring 
data. The 2D models are not able to simulate all the 
3D effect of the blasting loads. 

- The lining of the existing tunnel is stable 
under the impact of blasting vibrations with the 
maximum explosion used for the Croix-Rousse 
tunnel. Damages in the existing tunnel lining can 
appear for blasting loads 1.5 times higher than the 
previous ones. 

- The rock mass close to the new tunnel is 
drastically damaged by the effect of blasting 
energy. Insignificant damage is however observed 
in rock mass closed to the existing tunnel. 
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