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1. Introduction

The judgment of the stability for caverns in rock mass can be estimated by critical strain &,.:

1 . Sakurai ( 1 997 ) E Sakurai's critical strain condition
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G,,/P, = rock mass strength /in situ stress
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2. Method to determination grade deformation alert value

Underground cavern complex

Busbar tunnel

® Rock mass are not homogenous

7

Powerhouse

® Geology structure intersected

Transform hall .
Influence to adjacent tunnels

?

How to determine the alert value for different monitor devices?
« different location, excavation stages
e extensometers, prisms, etc.

4

Numerical model
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2. Method to determination grade deformation alert value

Elastic
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2. Method to determination grade deformation alert value

3D numerical model of PH complex
|

Input date of rock mass

v

GSI

avr

GSI,,,,

A 4 v v

dispinc,,,, disptoal,, . dispinc,,,.

A 4

Grading deformation alert index

The monitor device pre-installed before excavation, the . . . . .
. . . ) ’ ; <di disptoal ,, < dis, < disptoal dis, > disptoal
monitoring results is obtained the total displacement Aisp o < disptodl, PLOan Pron PLOW max Prnon PO ma

The monitor device installed delayed, the monitoring . . L . o . .
results is obtained the displacement increment dispyon < dispinc,, dispine s, < disp o, < dispinc,e, disPryon > dispincg,

the deformation of the cavern is too
large, and the additional
reinforcement should be performed
in time

e _ _ the cavern deformation meets should be paid attention to the deformation of the cavern. It
Stability judgment of rock mass and the engineering . . .
expectations, and surrounding also needs to carry out denser monitoring and analyze the

countermeasures . ..
rock is stable reason, study the additional support




3. Application in Pumped Storage Project in Israel
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3. Application in Pumped Storage Project in Israel

Ic

a. Layout of monitor of powerhouse b. Extensometer of typical section B-B

bs=strong, I
pyr, 1y

Rock lithology:  Basalt, pyroclastic, etc.
Rock mass quality: Class IILIV.

In-situ stress: SyacSvSh Smax =1-3SV (With a angle of 19° of the axial of PH)
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3. Application in Pumped Storage Project in Israel

average value | minimum value

Lithology Rock classification a, m;
s ' of GST of GSI

bs-strong 1013 12 35 S0
30.81 12 30 45
33.90 9 40 35
8.80 12 35 30
330 3 20 15

bs-weak

pyroclastic

Take monitor point A for an example. For all the 11 lithology in the left
 bs-strong class IIT figure:

pr o o . take the average value of GSI in above table, dispinc,, can be

o IV 14 v

obtained, which is means the upper limit value of alert level 1 for
—_— each sub-excavation stage;

z 4 = take the minimum value of GSI in above table, dispinc,, . can be
DAt Af A B 4 o p ot . L o
b g oD L8RS S T FH b haid L YA obtained, which is means the lower limit value of alert level 2 for
each sub-excavation stage.

Excavation parts of PH complex(top view) 12 excavation substeps of PH

In-situ stress condition;

Rock mass constitutive(MC)

Rock mass parameters(laboratory tests, geology mapping) » Two separate models with GSI,, and GSI ..
Excavation sequence (sub-excavation steps);

Support installing(cables, rock dowels and shotcrete)
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3. Application in Pumped Storage Project in Israel

deformation increment d in the crown of section B-B(unit/mm)
Exaction stage

Safety level Alert level 1 Alert level 2

I o<14 14<6<18
II 020 20<06<26
025 25<6<32
1A% 0<26 26<06<33
\Y 0<27 27<86<34
VI 0<28 28<6<36

The cavern Should be paid attention to

Stability judgment of . the deformation of the The deformation of the Powerhouse
deformation meets :

rock mass and the . cavern. It also needs to carry | cavern is too large, and the

: : expectations, and o .. .

engineering . : out denser monitoring and additional reinforcement
surrounding rock is ..

countermeasures analyze the reason, study the | should be performed in time.

stable. additional support.

Busbar tunnel

7 Transform hall

® The alert value could be estimate for each monitor point;

® Dynamic adjust according to the new information of geology exposed and back analyzed results.
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4. Discussion and Conclusion

I. Cavern group effect, excavation support scheme, etc., can be reflected with this method.

Besides the deformation alert value, support force(load of tendons) also could be established.

. The stability characteristic of caverns should be determined the safety margin of support, the EDZ depth

comprehensively.
. Due to variation of the lithological and the existing of the faults, in-situ stress may have abnormal features

locally, therefore, the application of deformation alert index needs to consider the impact of this factor

according to specific conditions.
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Thank you for your attention!
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