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ABSTRACT

In metropolitan cities underground railway lines of Mass Rapid Transit Systems (MRTYS)
are the lifeline to the daily commuters. When trains move along underground tunnels
vibrations are generated at wheel-track interface. These generated vibrations then travel
through the tunnel lining and surrounding soil to reach the ground surface and nearby
structures. The major concern of this ground-borne vibration is annoyance of residents
living nearby underground metro alignment. Moreover, although vibrations induced by
railway traffic do not structurally damage modern buildings, there are incidences of
structural damage or facade damage of heritage buildings and non-engineered masonry
buildings. Therefore, detailed study of vibration characteristics of underground tunnels
naturally becomes an important research subject. The objective is to develop an analysis
method based on earlier research works on similar problems and validate the obtained
results with the field measured results from operational metro line. Thereafter performing
parametric study by varying parameters which influence the vibration characteristics of
the problem. Using analysis results of parametric study perform regression analysis using
ANN model to find relationship of individual parameter with the vibration response at the
ground surface. Finally preparing design charts which may be used for accurately
predicting peak vibration response at ground surface based on salient input parameters for

any tunnelling project.

Numerical analysis model in 2D FE using coupled analysis of two sub-models is
proposed. Another study in 3D FE is performed and the results are compared with in-situ
measurements and 2D FE results. It is observed that 2D FE results are reliable and
reasonably accurate. Therefore, parametric studies are performed in 2D FE analysis. The
ground borne vibrations caused by underground train is influenced by several factors such
as tunnel's shape, depth and distance of tunnel, the stiffness of the surrounding soil and
the speed of the train. In some conditions of shallow depth tunnel and soft ground
condition, the vibration levels at the surface can surpass the threshold that may cause
damage to sensitive buildings. The vibration amplitude also exceeds the threshold limit of
human perception for shallow depth tunnels. The produced design charts and ANN model
can be useful for design engineers working in industry for assessment of ground

vibration.
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Cy = vibration attenuation due to propagation through the ground

Cgb = vibration attenuation (coupling loss) between the ground and the building

Cyp = vibration attenuation due to propagation in the building

[C] = viscous damping matrix comprising viscous damping terms arising from the
structure and vertical and horizontal boundaries of the model

o0 = Dirac’s delta function

E = Young’s modulus of the beam material

Es = dynamic modulus of soil

Er = modulus of elasticity of rail

f = octave-band centre frequency

G = dynamic shear modulus

Ir = Second moment of area of rail cross section

| = second moment area of the beam cross section about its neutral axis
k = spring constant per unit beam length

Kr” = foundation stiffness defined as the force required to displace unit length of the
foundation through unit distance
[K] = stiffness matrix

[K] = hysteretic damping matrix of the soil

Lr = rail velocity level

La(tunnel) = Octave band acceleration on the wall of a subway tunnel during a train pass
1= Poisson’s ratio of soil

[M] = mass matrix

N = Uncorrected SPT Values
v = Effective internal viscous damping per unit length of foundation

P =applied concentrated load
Rir = track transmission loss
Riw = tunnel transmission loss

Rg = ground transmission loss
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Rb = building transmission loss

{R} = nodal load vector

{r},{r}, {#¥} = nodal displacement, velocity and acceleration vectors respectively
p = Effective vibrating mass per unit length of rail / mass per unit length of beam
ps = density of soil

t =time

v = Velocity of train

Vs = Shear wave velocity in m/sec

W = strain energy at maximum shear stress

AW = amount of energy dissipated per cycle of loading at maximum shear strain

w = deflection of the beam

X = space co-ordinate measure along the length of the beam
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