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Structural study on surge chamber in Liujiaxia Hydropower Station
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Abstract: Based on three-dimensional finite element method, the static analysis, spectrum analysis and nonlinear analysis of the
structure of surge chamber of Liujiaxia Hydropower Station have been carried out. Load effects are evaluated in this paper. In
accordance with the results of linear FEM analysis, a design scheme of reinforcement is proposed. Then, the strength of the structure

and crack width are checked by using the nonlinear FEM. After several times of adjusting steel bars area of the structure, an optimal

structure and corresponding reinforcement are obtained.
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Fig.1 Finite element model
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Fig.3 Multi-linear elastic constitutive relationship of concrete
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Table 1 Mechanical parameters of materials

Gl 3 FRPER PULSRE iR
FHE R THFALL

/KN m / GPa /MPa /MPa
Rt 245 28 0.167 12.5 1.3
Ly 78.5 206 0.3 335 335
s — 5 0.22 — —

Ve AN A S AR R

3 EEIo

A ETFIT T I8 AT WG M AR 2 B s A s
PERE. TS AE o i, B8 SCR[6] 12
NI L [ 3, A BRTC SR IT AR AR AT TS,
5 BT Tt T AN A2 S sk 7, iR
B, il T A AR e R 13 2 AR IE
3.1 B

TEIBAT TR, N mETEIR( 751.964 m)7K
FE+ghik) A EA X AR A G o HrR, g
ITTBF, PRI AR S ) ) P A A%,  HoHm
i1 R o 8 D TR T P N VA =1 [ A
PR B NAEL R AEAE SR TGS Ui o 0 s - &
AR EE VAN K=K N AT DN SN [ 8 AT
PLR 3 K4 id 1 MPa, JREBiEEE 2 MPa. M
P s By IX EZHIAE 1 730 mAs s bftie, LA
ST | IR S o S N R TP IX 3. MR 5 R T
FARIMAIAAER, NI A A A . AEIEAT LI



1138 b +

VAR

2005 4F

N Y ANEE T 0 TR A0 T s ) 43 A 6]
4 iR,

A=0 A =-2239

B =03125 B =-1.877
C =0.625 C =1516
D =0.9375 _G D =-1.154
E =125 FF E =-0.792 5
F =1.563 6) F =-0.430 835
G =1.875 <P G =-0.069 169
5| H=2.100 F H =-0.292 496
BT =25 I =-0.654 161
E
F
E
] F
: b=
(a) FEHNJg (b) FHRTy

B4 BATTOTREFIMEREN S AL MPa)
Fig.4 Principal stress contours of exterior surface of surge
chamber under running loadcase (unit: MPa)
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Table 2 Natural vibration frequency of structure

B Wi /Hz B Bi# Mz U i [Hz
1 3.0706 6 9.9200 11 12.738
2 55110 7 10.555 12 13.261
3 59316 8 11.381 13 13.817
4 74192 9 12.171 14 14.481
5 7.762 1 10 12.620 15 14.664
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Fig.5 Principal stress contours of exterior surface of surge
chamber under combination loadcase(unit: MPa)
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and sections for crack width calculation
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Table 3 Crack widths of surge chamber sidewall (unit: mm)
i 1-1 222 33 4-4
fmoghEE RE ANEE EE AREE SPEE AREE YRR
1750.0 0.09 0.15 021 0.12 0 024 024 0.08

17285 0.16 0.24 0.21 0.04 0.05 0.25 0.12 0.07
17145 0.06 0.07 0.04 0.02 0.02 0.21 0.04 0.01
1700.0 0.05 0.05 0.01 0.01 0.04 0.24 0.01 0
1681.0 0.03 0.04 0.01 0.01 0.02 0.21 0.01 0
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Table 4 Ratios of circumferential reinforcement bars
in structure along various elevations
X 5
I i} 11 v
s 0.003 0 0.003 0 0.003 0 0.003 5
1750.0 LRV 0.003 0 0.003 0 0.003 0 0.003 0
Wz 0.003 0 0.003 0 0.003 0 0.004 8
s 0.003 7 0.009 8 0.003 0 0.003 5
1 740.5 )2 0.003 7 0.004 9 0.003 0 0.003 0
Wz 0.003 7 0.004 9 0.003 0 0.004 8

m/m R

ShZ 0.009 0.0196  0.0043 0.004 3
1730.0 = 0.009 0.0060  0.0043 0.004 3
Wz 0.009 0.0120  0.0043 0.012
Sh2 0.009 0.0196  0.0043 0.004 3
1725.0 W 0.009 0.0060  0.0043 0.004 3
Wz 0.009 0.0110  0.0043 0.012
HhZE 0.003 1 0.0053  0.0030 0.003 0
17145 Iz 0.003 1 0.0053  0.0030 0.003 0
Wz 0.003 1 0.0053  0.0030 0.0110
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Fig.7 Stresses of reinforcement bars of
surge chamber(Unit: MPa)
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