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ABSTRACT

With the increase in population and the shortage of ground space, underground exploration has
become an important part of modern infrastructure. Today’s civil infrastructure depends largely
on underground structures. Underground facilities are used for a wide range of civil and military
applications such as subways and railways, highways, material storage, and water and sewage

conveyance. The most important of these applications are the metro tunnels.

Numerical simulation is relatively affordable compared to experimental studies and is becoming
more and more indispensable in engineering analysis and design. The use of it is essential in the
understanding of the complex response seen in some experiments prior to the development of
any design guidelines. It is costly and difficult to conduct field test of blasting every time for
reasoning proper support system required to resist such loads. There must be a generalized
simple, empirical equation or correlation relating heavy devastating blast load with simple and
low profile impact testing or impact load. From the simple static loading or low strain rate
dynamic/impact load coming to the structure, one can predict the high strain rate blast induced
deformations without performing any real blast test. There is a great urge in the researchers and
scientists all over the world to predict the behavior of tunnels under surface blast and impact

loads.

The thesis provides a detailed parametric study of shallow tunnels subjected to impact and blast
load. It comprises of seven chapters. The thesis basically divides into four different stages, which
are covered in Chapter 3, 4, 5, and 6 respectively. The first part of the thesis deals with the
characterization of some new laboratory modeled synthetic rockmasses like GM1, GM2, and
GM3. These rockmasses are formulated by mixing available geomaterials like kaolinite clay,
Badarpur sand, PoP, Mica etc in different proportions and water content. Basic idea is to
replicate the weathered and weak rockmasses which is found at upper few metres in natural field
conditions. In order to capture deformations to the rockmass and shallow tunnels with and
without lining in field, it is important to create a scenario where laboratory modeled rock tunnel

assembly is subjected to dynamic loading conditions in the laboratory.



For achieving that, a servo controlled large scale impact testing facility (ITF) of 40 kg capacity is
designed and fabricated, having immense capability of conducting drop tests rigorously. Impact
testing have been performed on physically modeled rock tunnel assembly with C/D ratio varying

from 1.0 to 0.5.

The second part of the thesis comprises of extensively framed experimental programme on
casted rock tunnel models both lined and unlined case. Parameters responsible for
increase/decrease in longitudinal deformation along tunnel length are varied and physical
modeling is carried out. Load- displacement and Energy-displacement curves for different C/D

ratio is determined with the help of Impact Testing Facility (ITF) in the present study.

The third part presents a detailed numerical procedure using ABAQUS/CAE 6.13 FEM
commercially available software. It also depicts about the validation part of the experimental
studies carried out in small scale models. An exhaustive numerical simulation have been carried
out featuring shallow tunnels subjected to different loading conditions like static and impact

loading.

It is observed that the designed numerical programme is capable of predicting deformation
profile of tunnel but longitudinal displacements is over predicted for lined and unlined tunnels
when compared with experimental results. Based on the tests conducted on rock tunnel model
both experimentally/numerically with different cover depth to diameter of tunnel (C/D) ratio and
varying surrounding rockmass, a new model based on Buchingham m theorem (Jones, 1989) for
predicting deformation along the tunnel length is proposed. The general proposed equation based

on numerical and experimental observation is given below.

Ymax EI/CD3)( E/c

) -0012
D 35.6 C/D 10407

where Ymax 1s the maximum deformation obtained at the point of impact loading (mm), D is
diameter of tunnel (mm), C is cover depth (mm), E is elastic modulus (MPa), c is cohesion of
surrounding rock mass (MPa) and E’ is incident energy (J) which is equal to kinetic energy of

drop hammer and is function of mass of drop weight and velocity at time of incident.
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The proposed equation is in good agreement with experimental investigations and numerical
simulations. Due to difficulty in undergoing gigantic experimental and numerical programme
very time when tunnels are subjected to impact loading for a given site condition, the proposed
equation provides an insight about the crown deformation in the tunnel and deformation to the

surrounding rockmass.

In the fourth and final part of the thesis, work is extended for incorporating deformations in the
tunnels for real field conditions. Prototypes of rock tunnel assembly is created according to
proper scaling laws and then subjected to both heavy impact loading and surface detonations. It
is observed that the scaling of the velocity is very important to get the accurate results. It is found
that the velocity of hammer in prototype is 2 times the velocity of hammer in the small scale
model. It is also observed that the deformations of the tunnel crown in prototype are 100 times
the deformations of the scaled model. The numerical investigation suggests that the deformation
of the crown increases with increase in the blast loads. In the present study an exponential
relation is developed to calculate the crown deformation under impact and blast loads. The

proposed relation of U/C ratio with C/D ratio is expressed as:

where U is crown deformation (mm), D is diameter of tunnel (mm), C is cover depth (mm), A
and B are material parameters which depends on the type of loading. These parameters can be

calculated by conducting the experimentation on the small scale models.

Several numerical analyses are illustrated in the thesis to demonstrate the efficacy of the
developed methodologies. The results obtained from this study suggests that the proposed
methodology in understanding the behavior of shallow tunnels in fragile ground conditions has
the potential to provide useful information to the engineers before undergoing designing of blast
resistant underground structures. The proposed equation and detailed study is capable of
providing a basic understanding of the key parameters responsible for the failure and fracture of

surrounding rockmass and tunnels under static and dynamic loading conditions.
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GM1 geomaterial 1

GM2 geomaterial 2

GM3 geomaterial 3

C cover depth of tunnel (in cm and m.)

D diameter of tunnel (in cm and m)

C/D cover depth to diameter ratio

ITF Impact testing facility

g acceleration due to gravity (in cm/s?)
LVDT linear variable displacement transducer
EH rockmass with low strength and high modular rario

Ly, Ly’, Ls....Ls Ivdt locations in rock tunnel model

SW slightly weathered basalt

MW moderately weathered basalt

HW highly weathered basalt

PoP plaster of Paris

TNT tri nitro toulene used as explosive

XXX1V



	SWAPNIL MISHRA_PhD Thesis.pdf
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R




