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VIBRATION STUDIES OF A SURGE SHAFT SLAB 

A.S. ARYA* AND S.K. THAKKAR· 

INTRODUCTION 

Vibrations of slabs in the.surge shaft chambers of hydroelectric power stations are 
often caused due to dynamic effect of upsurge and down surge conditions and water 
hammer effects due to sudden closing or opening of the gates. It is generally feared 
that if the frequencies of the dynamic forces match with one of the natural frequency of 
the slab, a resonance condition may arise which may lead to severe amplification of 
forces. The problem of computation of natural frequency is complicated by the fact that 
the slab being submerged in water, a virtual mass of water will act with it which is 
expected to modify its frequency considerably. This contribution of the water can only 
be determined by model test. This paper presents the results of an investigation carried 
out by the authors in regard to the vibrations of Surge-shaft slab of Dehar power plant in 
the Beas-Sutlej Link Project. 
THE STRUCTURE 

The general arrangement of water carrier tunnel, the surge-shaft chamber and its 
top slab is shown in Fig. I. The clear diametlr of the slab is 22.9m and thickness 2.14m. 
There are three port openings of 3.66m X I.07m each in the slab. The slab is anchored 
to the rock through rock bolts and it is to be designed for the following two loading 
conditions: 

(I) A differential water head of 73.2m acting upward from below in ca.e of worst 
Uupsurge" condition. . 

(2) . A differential head of 33.6m acting downward from above in case of worst 
"down-surge" condition. 

(3) A load of 4.57m of rock is to be taken as if suspended from the slab through 
rock bolts when the upsurge condition occurs. The same load is assumed to act in esti
mating the lowest natural frequency of slab. 

Figures 2 and 3 show the results of upsurge and down surge studies. The slab 
is also subjected to water hammer corresponding to gate closing time of 6.5 seconds. 
Figure 4 gives the maximum pressure rise wave at the slab location due to water 
hammer (1). 

METHOD OF ANALYSIS 

As seen from Fig. I, the surge shaft slab is a circular slab of 22. 9m over'all diameter 
having a cut of 7.62m diameter at one end, a tapering thickness from 5.18 to 2.14m in 
the portion where the inlet tunnel joins the chamber, and three rectangular openings of 
3. 66m X 1.07m where the penstock tunnels take off. The slab is monolithic with the 
shaft lining as well as the riser wall and is assumed to have fixed boundary condition 
there. The main problem was to determine the natural freqllency of the slab of varying 
thickness and having an irregular fixed boundary. The natural frequency of such a com
plex system cannot be determined in a closed form and numerical technique had to be 
used for obtaining the results. The finite difference approach was used for obtaining the 
frequency determinant and computing the natural frequencies and mode shapes of the 
slab. To have a thorough check of the numerical work, the same finite difference operators 
as were used for the actual slab conditions, were also used for finding the deflections and 
moments under uniform load and also frequencies of solid uniform circular slab for which 
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