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Back analysis and prediction for displacement of surrounding rock
around model tunnel of a powerstation

QI Jun-xiu', WANG Lian-jie’, LIU Feng-cheng', WANG Wei’, DONG Cheng’

(1. Beijing Guodian Water Resources and Electric Power Engineering Co. Ltd, Beijing 100024, China: 2. Geomechanics Research Institute

of China Geological Academy of Science, Beijing 100081, China)

Abstract: Zhanghewan Pumped Storage Station was provided with four sets of pump-turbine units with a total capacity of 1000

MW, and its underground powerhouse was 151.1 m, 23.4 m and 48.3 m in length, width and height, respectively. In order to

further study the stability of the surrounding rock around powerhouse cavern and to optimize the design parameters, observation

and experimental study were carried out for the surrounding rock around a model tunnel near the underground powerhouse.

And, back analysis was done on the basis of the observed results of convergence, multi-point displacement and anchorage bar

stress, and the calculated results were as follows: horizontal stress 2.52~2.88 MPa, stress ratio 0.7~0.8 and elastic modulus

26.0 GPa. According to the initial geostatic stress and deformation parameters obtained by the back analysis, a prediction for

displacement and stress distribution of the surrounding rock around the machine hall and the main transformer chamber was

conducted, and it was indicated that the deformations of the surrounding rock were smaller and coincident with the measured

values of displacement.

Key words: model tunnel; observation of surrounding rock; back analysis of displacement; prediction of displacement and

stress
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Fig. 1 Arrangement for observation of convergence, anchor bar stress, and multi-point displacement of drill hole
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Table 1 Observed results steady values of convergence mm
It 55 S s2 s3 s4 S5 S6 ST S8 S’ s2' s3  s4' S5
W2
1-3 0.32 0.56 0.49 0.26 0.26 0.39 0.12 0.20 0.39 0.04 0.57 — 0.61
3-5 041 0.33 0.31 0.50 0.33 0.21 0.14 0.13 0.45 0.64 041 — 0.62
1-5 0.44 0.99 0.59 0.56 0.60 0.31 0.39 0.75 0.47 0.58 0.83 043 1.04
2-3 0.99 0.84 0.35 0.38 0.64 0.60 0.60 0.88 0.34 0.39 0.69 0.81 0.76
3-4 0.74 1.06 0.65 0.58 0.75 0.39 0.25 0.35 0.75 0.82 0.51 0.64 0.48
2-4 1.03 1.23 1.65 1.26 1.20 0.86 0.56 0.86 0.99 1.29 1.36 1.85 1.67
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Table 2 Observed results of multi-point displacement of drill Hole
7 1117 44 BE 5 (A5 fir A B A /mm
M3’ -1 Al R 1 2 3 4
M3' -2 Fe il v 0.25 0.49 0.21 0.17
$3' 0+16.8 M3' -3 Tt 1.09 0.74 0.52 0.30
M3' -4 Al 0.57 0.25 0.29 0.32
M3' -5 A7 R -0.04 0.22 0.28 —
MI-1 e 0.61 0.74 0.29 -0.20
MI1-2 JE i b o 0.45 1.13 0.69 —
S1 0+76.1 MI-3 Tiift 0.16 -0.02 0.53 0.10
MI-4 A7 2 B R, T 0.08 0.04 0.00 -0.06
M1-5 AT IR RS, T 0.08 -0.08 0.02 0.09
M4-1 PSR Tl 0.42 0.39 0.69 0.25
M4-2 T K — 0.15 0.15 —
M4-3 Tt 0.06 0.24 0.24 0.10
M4-4 A Kb 0.13 0.05 0.38 0.18
54 0+85.1 M4-5 A7 R 0.24 0.09 0.07 0.08
MS-1 UL AN 0.53 0.36 0.08 0.38
M8-2 il kb 0.95 0.40 0.44 0.04
S8 0497.1 M8-3 Tiigi: 0.30 0.46 0.2 0.17
M3-4 A Kb 0.66 0.76 0.37 0.45
M8-5 ATIEE R -0.17 0.07 0.18 0.12
FI R OMUERE
Table 3 Observed result of stress of anchor bar
o RE o BT | 1) i Pa .
R1-1 UL A 1.78 2.07 1.77
R1-2 iR 6.85 — 1.17
S1 0+476.1 R1-3 Tt 1999 4 10 JJ 18 H -3.85 0.33 2.72
R1-4 PEPLE L aR 0.77 2.12 1.40
R1-5 ESprE -2.61 3.61 2.49
R8-1 FERG R 424 2.99 6.16
R8-2 Fe iR 6.57 6.14 3.96
S8 0+97.1 R8-3 Ti it 1999 F 10 }] 20 H 0.46 10.54 3.55
R8-4 A iR 1.01 1.12 5.79
R8-5 AT B F 0.85 0.48 445
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Table 4 Initial geostatic stress and elastic modulus obtained by back analysis on convergence

i P L
WS4 IMPa 11% Jy/MPa iy
W7 1 11/GPa
poys) KRS BIEN ) W) WLl
o, o, a
O—.w 0_\' r_lj' o-.r / a-_\' -
S1 1.85 3.60 0.18 0.51 3.62 1.83 84.1 15.3
S2 2.04 3.60 -0.15 0.57 3.61 2.02 95.5 14.6
S5 3.05 3.60 -0.12 0.85 3.60 3.02 102.1 24.8
S6 3.08 3.60 0.36 0.86 3.78 2.90 62.8 35.0
S7 2.45 3.60 0.88 0.68 4.07 1.98 61.5 40.6
S8 2.50 3.60 0.64 0.69 3.89 2.20 65.4 25.0
ZEA 2.35 3.60 0.20 0.65 3.63 2.32 81.0 22.0
S1’ 3.39 3.00 -0.60 1.13 3.83 2.56 -36.2 31.5
s2’ 3.81 3.00 0.62 1.27 4.15 2.67 28.4 30.7
537 4.42 3.00 0.31 1.47 4.49 293 11.9 343
LRt 3.59 3.00 0.31 1.20 3.73 2.87 23.2 32.2
RS HILE SUBR TG RPMHHEEER
Table 5 Initial geostatic stress and elastic modulus obtained by back analysis on multi-point displacement
1 i B/ 9 S35 HtMPa i e a8
e - KRS o, HERN S o, o,lo, /GPa
S4 0+85.1 2.57 3.60 0.71 26.0
S8 0+97.1 3.60 3.60 1.00 235
Zrerfi — 3.09 3.60 0.86 24.8
F 6 WA RS TNEIE H RIEHREER
Table 6 Initial geostatic stress and elastic modulus obtained by back analysis on stress of anchor bar
i 1 B2 /m % )43 ik /MPa Wy b R S
4 - KPRy o, HIEN ) o, o.lo, /GPa
S8 0+97.1 2.30 0.64 38.8
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Fig. 2 Section of powerhouse
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Fig. 3 Section of main transformer chamber
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Table 7 Prediction for convergence in main transformer chamber and machine hall
Al 1,
. s Sk
R SR A % tt
L1-3 L3-5 L1-5 L2-3 L3-4 L2-4
KRy o, =2.88 MPa A 28 28 5.1 2.9 2.9 4.9
WY )) o, =3.6 MPa
R 4 WA o,/10,=08 Bl 3.9 39 9.3 4.7 4.7 9.0
KPRy 0, =2.52 MPa EAE 27 2.7 4.1 2.8 28 4.4
BN J) o, =3.6 MPa
. . B 3.9 3.9 8.0 44 44 7.7
R o, /o, = 0.7 MPa =R
KVMEJ) o, =3.6 MPa JerE 2.5 2.5 6.8 3.1 3.1 6.5
WELR.J) 0, =3.0 MPa
EI B 3.3 3.3 12.0 4.8 4.8 11.7

RiJitfio, /o, =1.2MPa

6 & it

(D) g% IBWEIOT, 2 s, Bk vk
ML R A T4 L, i3 330 5 85 N 1 B 3.6 MPa,
LA 0.7~0.8, ZKFV )30k 2.52~2.88 MPa,
FAPERL I 26.0 GPa.

(2) fEHYE N S8 3.6 MPa, 7KFR ) S8y E N
HEAE R 0.7 TR TF, MR B R s N
3.9~4.4 mm, ACFMZWScEh 7.7~8.0 mm; T4
AR, BN 2.7~2.8 mm, AKFHIZ N 4.1~
4.4 mm. ZEERALREE R 2 kg T 2 A A DD EN 4k

(3) FJ BRSNSy 50 A S R 3, HET
AR Ny B e g g K He N S 29 8 6~8 MPa,
AR TR, KTk s e . L8 abi )
L EEANE NS, NAEAK, K 2.2~3.3 MPa.
SUR 1AV O A i

(4) WU R Bradahi— M E A AL el 3.9~
4.6 mm, Hy R )5 G A SN Y 2.4~3.4 mm CR
KRR T 20%~30%A ), P — EUER LT .

(5) SEERIUERT, T 55 52 Brns A7, B BT
18 IR 52 43 BT i R gl R IE i . AT T TR
AESHE 5 T
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