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The Method of Deformation—-measurement

and the Results for Underground Power Station

Tatsuo Nishigori
The Kansai Electric Power Company, Inc.

To cope with a great demand for electric power in recent years, it has been absolutely
necessary to build large-scale pumping-up power stations. At The Kansai Flectric Power Company,
Kisenyama Power Station (power: 233,000 kW at 2 units = 466,000 kW) was comwpleted in 1970,

- Soon after, Okutataragi Power Station (power: 303,000 kW at 4 units = 1,212,000 kW) was projected
and is being constructed.

Since these power stations need to found on voluminous pump water-wheels by the fact that
the development is run on an extensive scale, the underground opening for the water-wheel plans
to be spacious such as 25.65 m in width, 44.00 m in height and 60.40 m in length (total space
volume 68,000 m2) for Kisenyama Station, and 24.90 m, 43.90 m and 133.40 m (space volume 146,000 m3)
for Okutataragi Station.

In regard to excavation for such a station, the arch-portion of opening, being excavated,
is placed in concrete to begin with and then the concrete flows alternately down in the side-walls.
On these processes the side=walls are protruded inwards, due to release of rock initial=-stress
and loosening ground that occurs soon after blasting along the vicinity of side-walls.

So consequent as to meet the requirements of rational methods to design and of construction
operation to perform safely (for the station), the physical properties of rock could be determined
through the explorations such as the measurements of rock initial-stress and elastic modulii,
shear=testing and the physical properties of boring's core, in accordance with the elaborate
geological survey at the site of the stations.

Presented here is an attempt to predict the deformation behaviour and loosening portion of
the material immediately surrounding the wide opening in the rock mass during excavation, by
means of the analysis "Finite~-Element-Method" on the basis of values of the rock properties.

In order to verify the propriety for the application of the analysis, the displacement gauges
which the magnitude of rock—deformation is measured, were buried in surrounding rock at the stage
of opening excavation finished, and reinforcement strain gauges, strain-and stress-gauges which
the concrete stress is measured, were buried in the arch-lining of the opening. Those gauges
brought to the data during and after the construction.

According to the comparative studies between calculated=and measured-values for those two stationms,
(up=towdate), the results are as follows:

for relative displacement to horizontal direction,
in Kisenyama, the calculated values are predicted to be 2 —= 19 mm and instead 10,0 ~ 44 .8 mm
were measured and, which the measured show larger than that of the calculated. The author
presumes that those discrepancies depend upon the rock quality being poor in condition as
mutual laminations amongsandy-argillite,chart, slate, etc. Especially, the largest measured
geems to hit in the poorest.

in Okutataragi, the calculated was 10 — 19 mm for the measured 11.3 — 13.4 mm which shows
as fairly good correspondings, and

for the concrete stresses in arch-lining, in both stations, the calculated are in agreement with
the measured.

Judging from those results, the analysis due to "Finite-Element-Method" shows to be applicable
for the prediction of the defdrmation of opening=perimeter with accuracy. And the variations of
relative displacement in horizontal, of the perimeter with respect to time represents that 80 -

90 % of ultimate displacement reaches at the duration between the start and the end of the
excavation, and 10 - 20 % occurs at the stage cf the side wall lining is finished. The former
should be taken precaution against the manners on excavation and latter, account of the dis~
placement to be designed.

Herein, the calculated-and the measured— values are correspondingly presented with respect

to the methods and to the results of measurement in the open perimeter in Kisenyama and in
Ckutataragi Stations.





