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Abstract: [Objective] As the core hub of pumped storage power station projects, the stability of the surrounding rock of
underground powerhouses directly affects engineering safety and lifecycle benefits. The control of its excavation poses a
key challenge for the safe and efficient construction of such stations. To ensure safe excavation and rational support design,
three excavation sequences were designed and comprehensively compared using the entropy-weighted Topsis method. The
results provide a theoretical reference for the design and optimization of excavation schemes for underground powerhouses.
[Methods] Based on geological survey data and underground powerhouse designdocumentation, a three-dimensional
geological model was established. Initial in-situ stress equilibrium was achieved through inversion of the stress field. Three
excavation sequences were simulated to observe the mechanical responses of the surrounding rock in terms of principal
stress, displacement, and plastic zone distribution. Using raw indicator data obtained from the simulations, the entropy
weight method was applied to assign weights to these three key indicators, enabling an objective evaluation of surrounding
rock stability. The Topsis evaluation system was then used to calculate the relative closeness degree of each scheme,
thereby identifying the optimal excavation sequence. [Results] A case study of the Daya River Pumped Storage Power
Station showed that Scheme I outperformed the other two schemes in overall excavation effectiveness: (1) The surrounding
rock experienced lower compressive stress with reduced susceptibility to tensile failure, and the stress distribution was
more uniform; (2) displacement control was the most effective, with clear and consistent displacement trends; (3) the
plastic zone developed within the smallest range, indicating a superior self-stabilizing capacity of the surrounding rock. The
calculated relative closeness degrees were 0.82 for Scheme I, significantly higher than those for Scheme II (0.36) and
Scheme 111 (0.41), confirming Scheme I as the optimal excavation scheme. [Conclusion] The entropy weights assigned to
stress, displacement, and plastic zone distribution indicate that displacement, particularly in the horizontal direction, plays a
dominant role during construction. Subsequent support design and excavation optimization should emphasize detailed
planning to ensure surrounding rock stability. The comprehensive scoring of each scheme via the entropy-weighted Topsis
method reduces empirical analogy errors caused by overreliance on any single indicator, providing a more intuitive and
reliable comparison. The evaluation results align well with the mechanical response patterns observed during excavation
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simulation. [Significance] This study provides a basis for subsequent support design and construction excavation, while
also offering valuable theoretical reference and a practical case for the design of excavation schemes under similar complex
geological conditions.

Keywords: in-situ stress measurement; numerical simulation inversion; entropy weight—Topsis method; comparative
selection of excavation schemes
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Fig. 1 Geological model and powerhouse mesh generation
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(a) 3D geological model and its location of the plant area ; (b) Composition and dimensions of the plant area
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Fig.2 Results of principal stress orientation determination
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(a) Directional tracing results of borehole televiewer for fractures in ZK202; (b) Directional tracing results of borehole televiewer for fractures in

ZK206

The color palette in the figure represents the development degree of fractures; the darker the color, the more fragmented the rock mass and the

deeper the fractures.
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Fig.3 Stress models

(a) Overburden stress model ;(b) Tectonic stress model in X-direction; (c) Tectonic stress model in Y-direction
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Table 3 Comparison between measured and inverted stress components in individual boreholes

PUMIIPES BAEZ) Su/MPa Su/MPa Sy/MPa eI/ (°)
SENME 16.66 10.81 12.95 N76.1E
ZK202-1 SIEAH 15.38 9.56 10.56 N73.1E
R 1.28 1.25 2.39 3.0
SME 17.42 11.52 13.68 N70.5E
ZK202-2 SIEAH 15.72 10.50 11.20 N75.0E
R 1.70 1.02 248 45
SME 18.10 11.99 14.28 N77.3E
ZK202-3 SEAH 16.39 12.01 12.55 N79.5E
R 1.71 -0.02 1.73 22
SME 11.27 7.93 10.42 N73.6°E
ZK206-1 SIEAH 11.63 8.01 9.64 N69.7E
= -0.36 -0.08 0.78 3.9
SME 15.46 10.14 12.11 N81.1°E
ZK206-2 SIEAH 15.93 11.21 11.74 N79.6E
2% —0.47 -1.07 0.37 1.5
SME 16.86 11.13 12.89 N71.4°E
ZK206-3 SIEAH 16.91 11.96 13.28 N72.4E

R -0.05 -0.83 -0.39 -1.0
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Fig. 4 Schematic diagram of excavation zoning and key point layout in underground powerhouse

Z, T, D, M, W denote the excavation of the main powerhouse, main transformer tunnel, tailgate chamber, busbar tunnel, and tailrace tunnel,

respectively; Black, red, and blue indicate Scheme I, Scheme II, and Scheme Il respectively; KP are key points indicating the distribution of

plastic zones; I—IX are the excavation phase numbers.
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Fig. 5 Principal stress contour plots for each scheme

K5

—1.333x10°
—5.322x10°
—1.198x10°
—1.863x10°
—2.529x10°
=3.194x10°
~3.860x10°
—4.525x10°
=5.191x10°
~5.856x10°
—6.522x10°
=7.187x10°
~7.853%10°

(b) TN ERN I =E

—~1.052x10°
—4.916x10°
—1.089x10°
—1.686x10°
~2.283x10°
—2.879x10°
~3.476x10°
—4.073x10°
—4.670x10°
—5.267x10°
—5.864x10°
—6.461x10°
~7.058x10°

(d) iy NERN 1=K

S, Min. Principal

CF:75%)
—4.799x10*
~7.245x10°
—1.401x10°
~2.078%10°
—2.754x10°
=3.431x10°
—4.107x10°
—4.784x10°
—5.460x10°
—6.137x10°

—6.813x10°
—7.490x10°
—8.166x10°

(f) FE3/NER T =18

(a) Maximum principal stress for Scheme I ; (b) Minimum principal stress for Scheme [ ; (c) Maximum principal stress for Scheme II; (d)

Minimum principal stress for Scheme 1T ; (¢) Maximum principal stress for Scheme 1II'; (f) Minimum principal stress for Scheme 1l

T, AT AR IZ A BB X R S

i, f1E 7 ol 43, 3R R NI E LA H
RLR 37 B R, AP B R[], U3 6 B fie KA 3
T & = #E, 3 5 8.42mm. 9.91mm, 10.00
mm, f/M R AL T A ; UL AL e R AL T 4%
i % i 5% op 3R, 4» 518 15.0lmm, 15.76mm., 14.26
mm, e /M B A7 T HE TR AR o
333 BHRHH

AP X AR R A RN R B L PR B
W, R AN T Y U SR AR R, 250 B 3R B
FRTREE (N R TT oo WM o) MFEZ 4 1k .
PR M DX B R OR, R R R R ) T R

F oo DRI BB 2 ) 88 A X R 2T 2B 1Y
FRBTRE T7, HE A 20 1 A IR XIS o MR 3% 4 T LU
B, AR T 58T B DX 0 A R B O AR AR, 2B R IX
oA BRI A A AL | S & BE TR AR AL
(AN [R] A9 IF 42 00 15 2 A 555 88 S i a5 (6 4% 28 fE A T
T5 %8 2 M7 58 3 1E e W) 28 Hh B S AE IXC, AU A IX
HH B o7 I MRS IR G, 78 1 R g

4 F T B A -Topsis % & % th I 42 7
EF

R R 3 v TR 3t o 56 M ) (GB50287—



56 BMER, L HETHN NG RERT T 5T 207 8 5 1263
-3.0 = E1 -2.0 w2
§ 3.5 . R § 23 . E%i
B s H 30
5 60 = o0
B s e = 65 e
I 0 W IV V VI VI VIl IX I I m IV V. VI vl vl IX
Tz Tz
& & 13 +/k/’*/‘
S s s 13 — A
' ED
= R 05 .
B 220 = 0 e JiE2
Ty H 293 e )
K 25 K -3 M— T .
i % 2.0 © e
T — 25 .
1 Im 1 1v. v VI VI VII IX 1 I m 1v v vl vl vil IX

THZ %
(a) FEJ FKP2 SRk

f/INFE N F1/MPa
|
W

FHZEL
(b) FAWKP13N; H2E ki H
Yk

LY
- JTR3

FR ) F1/MPa

1 I

m 1v. v VI VI VIl IX

THZHI%

(¢) BRMZEKPI6N S8 ki

He JTREHIRERN AR NES

Fig. 6  Stress variation trends at key points of each powerhouse section

(a) KP2 in the main powerhouse; (b) KP13 in the transformer cavern; (c) KP16 in the tail gate chamber
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Table 4 Depth range of plastic zones under different excavation schemes

AT SRR X o7 SAVEIX R fm

* (ML) e VB FE3
KP2 11.6 11.9 10.2
KP3 12.1 13.5 9.9

BN
KP4 9.4 11.8 113
KP5 5.3 49 5.9
FELLR KP8 23 24 4.6
KP12 6.2 7.8 6.8

FAFTR
KP13 6.5 8.1 7.0
KP18 0 3.8 10.4

FE %

KP19 0 42 11.2
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Table 6 Results of entropy weight calculation for all indicators
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