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Simulation of capacity for arch dam with different
ring thickness using equivalent stress method

LI Bin', LI Shou-yi' ,.SHA Yu-xia®,ZHANG Xiao-fei'

(1 College of Water Resources and Hydro-electric Engineering « Xi'an University of Technology »Xi'an ,Shaanzi 710048 ,China;
2 Ningxia Water Resources Hydropower Survey Design Research Institute CO. LTD,Yinchuan , Ningxia 750004, China)

Abstract: [Objective] This paper studied the structure stress and displacement of two arch dams under
basic load and special load combination of several conditions. [Method) Large-scale finite element software
ANSYS was used to establish three dimension finite element model of arch dam, simulate and analyze he
stress and strain of dam in different operating modes. The finite element analysis method of equivalent
stress was used to do verification calculation and analysis to eliminate the problem of stress concentration.
[Result] Under condition one,all parts of both dams met the he basic load combination of tensile stress
control standard except the first principal tensile stress and third principal compressive stress met the basic
load combination stress control standard. Application of equivalent stress calculation, the concentration
range of left and right dam shoulders for plan one changed from 1 134 —1 146 m to 1 119 —1 146 m.
[Conclusion) The dam body can thin the dam body by changing the center arch angle and radius to be thin-
ner. The dam body with small central angle thin arch dam has better stress state,not only can give full play
to the compressive properties of materials and reduce the displacement and tensile stress area of dam, but

also can meet the requirements of stress control.
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Table 1 Parameters of arch dam for plan one
oy p HE5E 3 1 i
it [ 2 - It 5l b )5 WAk 12/ Wi ° NI o o -
o gpg/m  JUERIER/m o SRR o/ EREBOM/O vk /m
Arch ring : Crown cantilever Outer radius of A g < .
o Altitude . Right half angle Left half angle Crown cantilever
serial number thickness arch dam .
upstream y coordinates
1 1 146 5.00 110 42.87 42. 87 0
2 1141 5.30 110 42. 87 42. 87 0
3 1130 6.95 110 38. 84 32.17 0
4 1119 9.70 110 35.05 25.54 0
5 1108 13. 80 110 31.91 19.09 0
6 1097 19. 39 110 27. 34 13.06 0
7 1 086 25.81 110 19. 59 7.43 0
8 1078 30. 61 110 11. 96 3.52 0
F2 AR2HUMMEESH
Table 2 Parameters of arch dam for plan two
=y . p HE5E i T
I B o it 5f 9k JE 0 Ap 2 45 ° [T N o - —
A gifi/m  JUERIEE/m o BN pemnm/ O gREROM/C vk /m
Arch ring - Crown cantilever Outer radius of . < .
. Altitude . Right half angle Left half angle Crown cantilever
serial number thickness arch dam . i
upstream y coordinates
1 1146 5.00 110 39 39 0
2 1 141.5 6.0 110 38.452 38.452 0
3 1130 8. 56 110 34. 486 35.136 0
4 1119 11.2 110 30. 690 33.254 0
5 1108 14.2 110 27.548 29. 747 0
6 1097 18.5 110 22.982 23.092 0
7 1 086 23.5 110 15. 695 11.442 0
8 1078 27.5 110 8. 803 0. 00 0
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Table 3 Load under different conditions

T. # Conditions

15 2%

Load 1 2 3 4 5 6 7
WA 5 Mass of arch dam
1E# # K ALK R f1 Normal storage level water pressure J J J J
itk K A7 7K & 1 Design flood level water pressure J
K% WK A7 7K JE J3 Checking flood level water pressure J
BEIK K E 1 Fixed the water level water pressure J
KR J) Downstream water pressure N, NG NG NG N N, NG
VP JE J1 Sediment pressure J J N J J J J
IR F) Wave pressure v N, / N, v/ v N
VKIE S Lce pressure J J
#5731 Uplift pressure v N N N N v /
IEH# # 7+ Normal temperature rise N N J J J
iF % & B Normal temperature down J J
1 E B The earthquake inertia J J
3K £ J1 Dynamic water pressure N/ J J
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Fig.1  Unit division of finite element calculation model
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Fig. 2 Unit division of finite element

model for the whole dam
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Table 4 Temperature load at different heights under various working conditions

FEANTH & /m Height from the dam top

FERETH i
Plan and condition Ttems 0.00 4,50 16,00 27.00 38.00 49.00 60.00 68,00
o HE =
i‘ﬂjt{mﬂg/ © 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30
Closed arch temperature
Il JEL
&1 TH 1 BE/m 5,00 5.3 6.95 9.7  13.8 19.39 25.81  30.61
o Dam thickness
Plan 1, condition 1
LW .,
L KR Sy /MPa 13.15 1071  6.48  3.14  0.36 —0.75 —1.11 —1.19
Upstream face hydrostatic pressure
T L UK JE )/ MPa . 13. 15 11.92 10. 19 7.19 6.15 5.12 4.27 3. 80
Downstream face hydrostatic pressure
i“‘lﬁ#ﬂlﬁ{/ C 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30
Closed arch temperature
1 e
FE2TH3 U‘E/m 5.00 6. 00 8.56 11. 20 14. 20 18. 50 23.50 27.50
- Dam thickness
Plan 2, condition 3
% + /
i W K ) /MPa . —13.15 —10.37 —5.45 —2.12 —0.27 0. 70 1.10 1. 22
Upstream face hydrostatic pressure
TR AR ) /MPa —13.15 —11.27 —8.26 —6.49 —6.04 —5.29 —4.58 —4.13
Downstream face hydrostatic pressure
-] SE /%
i:‘j‘};'\:{ﬂng/ C 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30
Closed arch temperature
HE2THS iDUﬂE‘/m. 5. 00 6. 00 8.56 11.20  14.20 18.50  23.50  27.50
S Dam thickness
Plan 2, condition 5
NS T = -
L.ty I KK Jy/MPa 1315 9.70  5.12 194 0.17 —0.75 —1.13 —1.24
Upstream face hydrostatic pressure
W T # K JE J1 / MPa
FUFI A /MPa 13.15  11.23  8.31  6.57  6.09 5.32  4.60  4.14
Downstream face hydrostatic pressure
i:]}é’é(ﬂf;‘{/ C 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30 14. 30
Closed arch temperature
1§
FE2THT }J‘}’—/m 5.00 6. 00 8.56 11. 20 14. 20 18. 50 23.50 27.50
S Dam thickness
Plan 2, condition 7
L T K ) /MPa . 13. 15 10. 15 5.29 2.03 0.22 —0.73 —1.12 —1.23
Upstream face hydrostatic pressure
% 4
i WK ) /MPa 13.15 11. 25 8.29 6.53 6.07 5.31 4.59 4. 14

Downstream face hydrostatic pressure

(6) b 7% 7 2k . AR b [ b 7R R 3 2 8 IX R
K )(GB 18306 —2001) , Hl ht X Py Hb 52 72 3l W& & fn
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Table 5 The stress control standard and compressive strength safety coefficients
RS WU RN S/ MPa - B E RN S/ MPa R AL J1/MPa BUE I % 4 R AL

Dam surface

Load combination .
main stress

Upstream face
principal tensile stress

Compressive strength of
the safety coefficient

Downstream face principal
tensile stress

HANE 5.7
Basic combination '
FEURAL A (GEHLAR) 6.7
Special combination(No earthquake) '
FERAL & (M7 "

Special combination(Earthquake)

1.5 1.5 3.5
2.0 2.0 3.0
2.1 2.1
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Fig.3 Stress nephogram for arch dam at

condition 1 of plan 1
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at condition 1 of plan 2
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condition 5 of plan 1
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Fig. 7 Stress nephogram for arch

dam at condition 7 of plan 1
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condition 5 of plan 2
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Fig. 8 Stress nephogram for arch dam at
condition 7 of plan 2
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AR S RS v s 25 3 F2 N TR 7 0 AR
o B A (0 N 7 45 AR o . PR T B AR AR 3
I 0 S R R A O AR AR Sfe ARG HE AT
75 USRS 1 F R B

F6 AR2INIEHTHNENFESE | THAEREAHTHEER

Table 6

Upper surface first principal stress equivalent stress of plan 2 under condition 1 MPa

Pelel g =

2 /m

FFmOASE R 1 0 f1 Upper surface first principal stress

Arch ring
number

Altitude 1 5 3 4 5

6 7 8 9 10 11 12 13 14 15

1 1146 7.2

1141.5 5.6

1130 2.6

1119 1.8
1108 1.
1097

1 086

0 N o Gl e W N

1078

7.5
5.4

- LB 2 5 N T L SR HE L S 2 5 A R B0 26 1 s o D R aE R RE ) . R R

Note: The ring number from top arch to floor arch,beam number from right to left; tensil stress is compressive, stress is negative. The same

as in the following table.

4.3.2 FE2IASHFHRREH WNETAH.

F2TH S 1 EN 4 T/MT 2.0 MPa iy
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P AL AR MRB 3 222 4R (A SRR 2 B

#%

PR 7 40l R R AT 2R 2 0 N ) 4 bR v 5 2R 3
F 0 A b i A2 UE SRR 1 146 m Zb R AT
KT 6.7 MPa [ JE N 7, A5 JE FR ik far 2% 41 5 19 R
07 3 42 T B o JF A 56 007 X T AR R T 2R A A 1 R
IO AR bR o o B O T S 0T R R A 0
TOU 4L 7 DT U/ N I T2 A7 30U 1) 3 R )

4.3.3 FHE2INTHFHREA MRS ATH, I
F2TH TR 1 F N S EHEI B A A7 HUR
AR 1 119~1 146 m #BAL 2L T/NF 2.1 MPa [
PR 7 5 Tl 2 1 A 2 2 S B N ) A bR v 5 2R 3
FER F /N TF 10, 4 MPa, i JE B fT 2R 4 4 10 %
N7 g 9 A

KT AR2IVSEHTHNEFEE I FTRIELENINITEER
Table 7 Upper surface first principal stress equivalent stress of plan 2 under condition 5 MPa
%%%% Ef/m FEm AN G245 1 0 f7 Upper surface first principal stress
namber Altitude 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 1146 —1.4 —1.8
2 1141.5 —1.4 —1.3
3 1130 —1.0 —1.3
4 1119 —0.1 —0.3
5 1108 0.5 0.2
6 1097 6 0.5
7 1086 0.5 0.5
8 1078 0.3
RS AR2IRTEGTHNEFEE | TRAEHELAINITEER
Table 8  Upper surface first principal stress equivalent stress of plan 2 under condition 7 MPa
%]E;l%% B /m FiFmOAS[E 2 1 0 f1 Upper surface first principal stress
nrlfé}i::g Altitude 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
1 1146 —1.4 —1.8
2 1141.5 —1.5 —1.3
3 1130 —1.3 —1.0
4 1119 —0.2 —0.1
5 1108 0.9 0.3
6 1097 0 0.5
7 1 086 1.0 0.8
8 1078 0.7
5 25 i TEVER &R B 580y JF B e o0 s R 4% TR 8 +

HRAE AT PR C T B R T LS L F A e
L

LR S 6017 7 43 A B WL TR K . 3 e
[ 416800 WA L PRI 5 U E T I 09
ST R . ot T S5 ARG L A
73K R E T 0 900 g 8K, L 7 B
U1 130, 0 m f5 R BA L 2 A7 LR J 5 0L
{1 108 meg 2 A L 1 FRLUPA 0 EFHESEL I A i T
UG % (o B3 B )

(20— FBAFS 50 o A P i T 2L /A e
JiE AELJR 26 A5 71 o1 T HEUR A ) — e B
U 1/3~1/2 Ab A5 — & 4 PF F R T/ o £ X
AN . 7 2 6 4 R Sl

A RHBLFE 5 J5E 1 A REE  E RE Hh B il R AR 1)
US4k B R ) R O 4R A TP 2 kA
ORI AP YR NP i AT (8 28 i e v
22 K A ) T B B R A L B LA Y
e P .

HOFETMBTE2AHETH 1M TIHHER N
TR B AR TR 56 BH 1 5 B K A7+ U K ) + Bigk
Jo -+ IEH R B R A R AR 7R Tl HE I
IR R T O R A T v RE AR 750 HIE 201 JRL BE 01 { HiE
IUELA AR [ A 7 $E Ao 2 14 BE 7, F Bl 5 o 2 2% 4R 1Y)
AR Ak, e RE R HE L) 5 B A A A A B TR O A AL
(R PE A5 DL FE 4 & 45 O HL BB A RIHR i B1 7 IX A
WA 1 H B

(D J7 % 2 ffi 800 1k R R (145 0 77 46
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PSS LIEBR e ZE . T0 1 &R K
T 1.5 MPa Jif JJ B 1 131~1 146 m &4
1130~1 146 m; T.4% 5 M4 N B A 2 1 20
FIAELE AT IR 7= A RN S /N T 2.0 MPa, i FE
FIKTF 6.7 MPa gbfEm#E 1 146 m LA b5 T80 7 4%
PN IFRAF RIS 1 0 AL AR 7 A B
JI/NT 2.1 MPa, 5 3 0 3 E TN AL A7 WU Ab
I/INTF 10,4 MPa 1 R 77 556 I T 32 il Ar
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