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Stress Distribution Near Cylindrical Tunnel

Motoo Otsuka
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Introduction

This report lists elastic and elasto-plastic solutions for stress distribution around horizontal
circular-cylindrical tunnel.

The idealized materials considered include ideally elastic materials and plastic frictionless (g=0)
and frictional (c-¢) materials.

1. Elastic Stress Distribution
The problem is considered a plane strain problem and the material is elastic. We now assume a
horizontal rock pressure equal to the vertical rock pressure. We have the stresses given by

Lame 's solution of the elastic equation.

fFe = p (1 - 2-)
r Yevesennoar (1)

fEe = p (1 + S5
2. Plastic Stress Distribution, g = O
A plastic material is considered in which yielding will occur when
fp =~ TP = K cecenvaee. (2)
where K is shear strength or compressive strength.
For fp - 0rp = (¢, and 2p ¢ fc, no plastic zone will develop.
For tp - (rp > Oc, and 2p > {fc, the stresses in the plastic zone are

frp =p 1 -—
Yeveranenns (3

al
fip =fec+p (1 - = )
where ¢ is compressive strength.

A plastic zone of radius r will develop

r o= oax /—;;L~ U ¢ 8}

%, Plastic Stress Distribution, ¢ - g Material

where

A material is now considered which will yield when

1 h e
ﬁp_q—‘::%é— [Fp - 08 = 0 eeeenenee  (5)

For 2p 4 (¢, no plastic zone will develop.

For 2p > {§c, the stresses in the plastic zone are

a*

fep = » (1 -—)

1 + sin a
P - SR p - v

A plastic zone of radius r is

_ p (KX + 1)
r = a x d/ P (=1 ¥ G Cetteanaee )

Jeaessaaeas  (6)

H

where

_ l+singd
o= = sin

We obtain the stresses distribution near cylindrical tunnel with plastic and elastic zone by using
expression (1), (3), (6).



