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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.3 Multi-linear elastic constitutive relationship of concrete
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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 Hil%/Hz g3 $H Mz 516 $R#E 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)

4 METREELIRL

AR T AE L AT BB AR IR AT
OVREEL N R, PRSP RN J B R Ay
S8 3 Wi ACRL R I b R s B AR DA O T
M IR RS LU ) A = Bz Ak T
Mo B3R REH T PIATT TR 2 SRR e T s B
V19675 5 P 2 BRAL AN TR AR LABE 95 3R B 3ok A
MRRE LT, HATIENREE L AR, 8
BHREE TR X A0 R F1; RG24 E 280
SR ) TE SR AR TR, R L RE AR ER AL SR B VA B
Wi, BUCGHATIRENE AT, ER S AN
Wi AR B



7

RS NFEOK BT I IRR RIS HUER 1139

S BB IAR EQ2) TR, XTI A
TEISEHL Lo 52 A4, or B0 fo K 5% 98 P 4%
R H-.

T<iﬁMR+LA) )
Va
o d
W= a1a2a3—1[3c+0.10 j 3)
ES pte

K T4 B s B R F B B )5 T hiR
B AMMR f, ANBPLRGRE R IHE: A A
RN ARy ARG - A S5 R R AL
o, AZTIREREG o, MRRTRESG oo b
MEKHERMZEMRE: o AR EUN
J1s Eg VAR R o AR R ERE;
d AZHNBER: p, ZHANA BB

WEAIGAICHT 7 =, X TR S35, W
REEMRELT, BELFRGE, REEEHAR
TER, 28Nt — PR, AT LR F o8 B e s
TR L R g5 R R, BT mey
N, Ragg—Hprela—bRE, NY%ERA
FR 24 AR 17

AW ZRAFNEH TR, KTRNEM5
BAXELE: iR SRS E, 8§ ZWh
Nk APNEGX CL~IV)., Bl s 2L K
mE 6 (). B (b) i, Bl 6 (c) ARELETM
4 NMEHIWTHREE . BT REY: fEHIm
DA b gk, FREN 1730 m BT RS E N h
BRI S, WA ECHA 75 58 9 78 i 4% PR L 97
T Ah FR A 354 B 7 B FE R

= i vV =17500m

= V=1740.5m

V=1730.0m

V=17145m

EEEEE&%

Vv =17000m (b)
Vv =1690.0m

V=1681.0m

HHHes 7 =1 665.0 m ol

V =1654.0m o

V=16400m
@ (©)
B SRMES 4B ak R 0 2 i o

Fig.6 Layout of reinforcing bars in structure
and sections for crack width calculation
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Table 3 Crack widths of surge chamber sidewall (unit: mm)
. mRE 1-1 22 3-3 4-4
fmoghEe pgRE SR NBE sbE ShEE shEE R

17500 0.09 0.15 021 012 0 024 024 0.08
17285 0.16 0.24 021 0.04 0.05 0.25 0.12 0.07
17145 0.06 0.07 0.04 002 0.02 0.21 0.04 0.01
17000 0.05 0.05 001 0.01 0.04 024 0.01 0
1681.0 0.03 0.04 0.01 0.01 0.02 021 0.01 0

R4 ARIEHBENHFNEGE
Table 4 Ratios of circumferential reinforcement bars
in structure along various elevations
X =
I 1T m v
B 0.0030 0.0030 0.0030 0.003 5
17500 3= 0.0030 0.0030 0.003 0 0.0030
Wz 0.0030 0.003 0 0.0030 0.004 8
SR 00037 00098 00030 00035
1740.5 2 0.003 7 0.004 9 0.003 0 0.0030
Wz 00037 00049 00030  0.0048

FifE/m BT

HE 0.009 00196 00043 0.004 3
1730.0 R 2 0.009 0.0060  0.0043  0.0043
HE 0.009 0.0120 0.004 3 0.012
HE 0.009 00196 00043 00043
17250 R 0.009 0.0060 00043  0.0043
WE 0.009 00110  0.0043 0.012

42 0.003 1 0.0053 0.003 0 0.003 0
17145 2 0.003 1 0.0053 0.0030  0.0030
HE 0.003 1 0.005 3 0.0030 00110
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Fig.7 Stresses of reinforcement bars of
surge chamber(Unit: MPa)
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