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ABSTRACT 

A number of hydro-electric projects are at 

planning, design and construction stages in India t 

exploit the huge untapped hydro-potential in the 

HL malayan region. An important t:Oirporve nt of the 
projects is the single or sonetimes branching c,ressuTe • 

tunnel. Although extensive technical backup in available 

to the designers for design of a single tunnel, there is 

paucity of literature on stress analysis and Lining 

design for the junction zones associated with the branch- 

of tunnels. The simplified design approach in vogue 

to Ignore the contribution of surrounding rock in 

sharing the loads from the liners. Further, in the 

absence of suitable analytical methods, the designers 

have a tendency to play safe and provide the heaviest 

p.a siblA reinforcement around the junction which besides 

being unsconol cal has oth r undesirable consequences. 

The objective of the precent cork has been to make a 

rat:ional analysis and suggest a d•sign approach for 

tackJi nj the problem of branching tunnels am it rally  
xists. 

In the present work*: the circular tunnel 

branchings have hoen analysed using throe-dimensional 

finite element method coneidering linear elastic, 

tropic and homogeneous behaviour of the material of 

lining and surrounding rock 741.460 To suit the complicated 

geometry and curved boundaries, twenty no. d isoparanetric 

brick elenents are used to discretile the concrete liner. 

While comidering the joint action of concrete and 4 toel 

for the case of uncracked concrete, the steel• liner 

i taken to act aN a membrane. and i4if represented by 4 iciht • 

noded isoporomotric elements. However in the case when 

concrete is ossumed to have been cracked, the steel liner 

:16 represented by twenty noded three di nsionol elements. 
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The rock surrounding the liner is simulated by Winkler 
Model. Using the es-fficient of subgrade reaction of 

rock, the passive reactive forces offered by the rock 

arc evaluated a equivalent nodal stiffnesses and added 

to the nodes of the liner. The effect of cracked back- 
led concrete la worked out as equi va lent sti f tness 

and is added to that with the rock. 

A versatile computer program is developed for 

automatic generation of mesh with capability to analyse 

all cases associated with branching of tunnels for both 

with and without rock participation conditions, v.90 
deqreev and oblique branchings, bifurcation and trifur-

cation, thickened and normal junctions, concrete and 

steel liners acting independently and together and 

cracked back filled concrete in case of steel liner 

encased in rock. To ev luate bounary conditionz; for 

the main and branch tunnels in respect of all these 

alternatives, Lamess thick cylinder theory has been 

extended and plane strain derivations for the case of a 

sinqlo circular liner taking into account the interaction 
of concrete li:ner and rock; steel liner and concrete 

liner; steel liner, cracked back filled concrete and rock; 

and steel liner, uncracked backfilled concret and rock 

have been carried out 

Realistic nd practical di onsions of the main 
and branch tunnels and the values of deformation modulus 
of the rock surrounding the branchings o  have been taken 
for analysis. The results of analyses are pr4tsented in 
a user friendly format for th-. tunnel designer . Keeping 
in view that all the tunnel depigners may not have access 
to a sophistic4ted computer progr 	the resuitt; of 
analyses are also ri Uthittietid up to provid simple guidelines 
for the asse4sl*nt of stress concentration zones. Further, 
empirical correlations are presented to predict the peak 
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hoop stresses for critical longitudinal planes with respect 

to both with and without rock participation cases. 

The present work has also contributed t a 

recognition of the assistance of the surrounding rock, 

even of average rock modulus value, in m11E-tying stres 

concentration effect around the junctions of the liner. 

The branching tunnels, when encased in rock of avf-rge 

quality, need not be excessively strengthened with heavy 

reinforcement as is the prevailing practice. It is more 

important to attend to construction specifications so 

that the rock and liner act together to withstand high 

internal hydrostatic pressure. 
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