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ON THE STATES OF STRESS AROUND TWO PARALLEL FRESSURE TUNNELS
by Toghikazu KAWAMOTO

1., Introduction

Recently, the construction problems of two parallel pressure tunnels have been discussed. 4nd distence
between the two holes came into question. The stability of rock around a pressure tumnel is influenced by
overburden load, slope of ground surface end ground water as well as geomechanical characteristics such as
strength, deformability and fissuration of the rock masses. For the two parallel pressure tunnels, the inter-
sctions by approching of two tunnels shoudd also be consfderéd. The stress concentrations aroind thé tunhels
become high when the distance between two tumnels is shorter and its stability is reduced. It is therefore
necessary to find the states of stress around the two tunnels subjected to internal preassure.

Since the ground genersally includes many geological discontinuities, the mechanicel characteristics of the
rock masses and consequently its mechanical treatmeuts are very complicated. In this report, this case is
trested as two dimensional problem of elasticity under the assumption ef isotropic and homogeneous elastic ground
in order to find the relationships between the interval of the two tunnels and the stress concentrations. The
mathematical analysis in such case has not been performed for the reason of its difficulty, so the stress
analysis is tried by the photoelastic method herein.

2. Photoelastic Mnelysis of Stress States under Internal Pressure

The models are made up by boring two circular holes of diameter d=25mm in epoxy resin plates at the inter-
vals of .?/d = 1.,06~4.0 and single hole, When internal pressure is applied in normal temperature, high pressure
up to about BOkg/cinz is necessary in order to obtain the enough. numbers of isochromatic fringe to enalyze the
stresa., Therefore, this experiments is cerried out in a constant-temperature oven at 125°C where the photoelas-
tic sensitivity becomes higher and the internal pressure can be used only at about 2.5 kg/cm’.

A method of applying & uniformly distributed loed to each immer boundary of the two holes of a photoslas-
tic model consists of a rubber tube in a grooved fixture which conforms to the shape of the boundary. Since the
rubber tube has some resistance and its effect depends on the temperature end the duration of test, the plate
with single hole, for which the stress states can be easily estimated theoretically, is prepared in order to
check the effective pressure. The comparison between the experimental and the theoretical stress distribution
over a radial crosg-section is shown in Fig.l, and it makes clear that both results coincide each other under
consideration of the resistance of the rubber tube equivalent to 0,125 times the applied internal pressure
in this case.

Figure 3 shows the distributions of tangentisl stressé‘e around the circular hole from the photoelastic
fringe patterns with the relative intervals of f/d. The stress concentration factors at the top or the bottom D
and the both side walla A and B of the tumnels are celculated from the measured results as shown in Fig. S.

The stress concentrations at these points indicste high when £/d is less than about 3.0. Flgure 4 shows en
example of the stress distributions on the specified planes in the rock. The vertical stress 6} 8t point C
between the two tunmels increase for £/d 5.

3. Stresses Developed around Two Tunnels Due to Ground Pressure
The solutions for infinite plate with two ¢ircular holes due to uni-and bi-exiel uniform losds given by
Chih-Bing Ling. His solutions may be applied to find the states of stress around the two tumnels subjected to
ground pressure. The relationships between the stress concentration factors on the wall of the tunnel and the
distances of two turmel with parameters of coefficients of lateral ground pressure sre represented in Pig, 6.

4. Internal Pressure Which Causes Tensile Fracture on Wall of Tummel

In this report fracture of tumnel may be considered to occur when the maximum induced stress around the
wall of the tunmnel reaches & critical valus (tensile strength), i.e. when the tensile stresseé induced by the
internal pressure overcome the compressive stresseé sround the walls of the tummels induced by the ground
pressure. Since tensile stress is denoted as negative, rock tensile stremgth under fracturing conditions K is
also negative. The fracture (crack) will propagate perpendiculer to the least compressive stress.

If we denote by §j E and sa’ the tangential stiresses by the ground ard the internal pressures respectively at
each point with an angle of @ from the horizontal axia, we obtain for initiation of tensile fracture:

0+ G =K-=F (K<0, £,<0) :

where p,is the joint wager pressure %nd represents a nega%ive quentity. The internal pressures which cause the
fracture at points A, B or D on the wall are estimated by applications of o‘;‘in Fig. 6 and 0‘,‘ in Fig.5 under the
agsumption of values of X and p,. We consider, for example, single tunnel and two parallel tumnels with l/d -
1.0~ 4.0 located at the depth of h=80m below the surface, and assume that temsile strength under fracture
stress condition Kw-20kg/ca’ specific weight of rock 6‘-2500kg/m? Joint water pressure p;-']kg/cmzsnd coefficients
of laterel ground pressure A=1/3, 1/2 and 1.0. Then, we can obtsin the fracturing internal pressures p; at
points A4, B and D, respectively, as shown in Fig.7 , This figure reveals that magnitudes of the fracturing
internal pressure depend on/to much great degree. Whenl=1/3~1/2, a tensile fracture is initiated at poimt D ,

When A, is nearly equal to uniiy, the tensile fracture is initiated at point B where the internal pressure
to cause the fracture decreases more rapidly as the two turmmels close each other.

IfA=0, nemely the ground pressure acts uniaxially in vertical direction, the tensile stress at point D
is equel to(]f::-p'=-20kg/cut2 and already beyond frecturing tensile stress, K - po--likg/cm’. In this case the
fracture may be developed on the wall of the tunnel without the internsl pressure.

The fracturing internal pressures as well ags the stress concentrations due to only the internal pressure

for two parallel tunnels with Z/d >3 are almost identical for single tunnel. Consequently, it is obtained
that the effect of approach of two parsllel pressure tumnels 1s extremely small for / /d >3 .
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