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Crack Analysis of Concrete Gravity Dam subjected to
Uplift Pressure using Surface Integral Method

B R A of & Za of I Moo 2 Ef Rheen
Jin Chi~Sub Lee Young-Ho Eom Jang-Sub Kim Tae-Wan

ABSTRACT
The modeling on uplift pressure on the foundation of a dam on which it was constructed, and
on the interface between the dam and foundation is a critical aspect in the analysis of concrete
gravity dams. The evaluation of stress intensity factor at the crack .tip of concrete gravity dam
due to uplift pressure effect by surface integral method is performed in this study. The effects of
body force, overtopping pressure and water pressure on the crack-face are also considered in this
study.

LM B

Z3dE FYPo AAA nd=He %¢= (uplift pressure)S Hel AL AAAINE oz 7}
43 =8 Ho GAY FIE P AL F2ANE 2902 ALE H, FHHo| FEEE
de] #AGEHA AT S 73 AE d AA AAFA Hy 2 d9 FABYS 44 Ay
AgE F Qo B d7dAe T4 ZAE YA d A Ao HAE: AAH LA} 7Y
of sty A4, dF s, T899 F4de £ 2 F4¥He G 0 Q] AHAFE ¥H
A ¥-9 (surface integral method)"& 0] &3 H¥wx syga?g HLso A4y}

2. EHEEY
| - :
| SHENAFE 7317 AT Y T 2 A ALY FEA LS d9He AL a4
Zres

2T £ A3, B SHEWAF K, F K& B3 ALY F A FAHlh
I¥9 12 99 2.9 99 2= AU 7I9HAEE Yedg, -

s R99, Ry =234, @5

e ALY, AYNEF) B

ws QY FANY E53}, 2as

seax EQ, PAUGT £, HAHAY

204E 718 228y =83 267



Aq71M MBE2 I'e d&d 2o Ao

, .
. I"=I‘+I‘c1+1",+1’cz (1)
. a® 19 Yehd A2 o) 9@ ] AR4e 4 (99 2o
RZ,WI} ’ ] = -fn(wdy—tiu;,lds) (2)
0=-0-Qe r
A @M 4 (D2 FolA Az ws) HBFS: 42

Fohe g 2ol vEd & 3t

O 1 BEEHNEYS A ¥ 99
] =- fr(wnl-—tiui_l)qbds 3)

A7 NS BBRS & AZ It 49 09450l 00, A2 I 99 oMM 19 @

€ 7AA, F2 et rAeldE g7k @i olg ¥ oed 2e JIYS 48 How
# o, - |
1 ; (t<R; 9 o)
#(r) = @
1 2R; R(R.—2R) o (
| 7 (R,—-R)? r’+ ®R.—R)? r+ (R,—R)? (Ri<r<R. ¥ )

4 () Green HEE Hgdtel ] HEAS Ao Y@ WY HEoz TN 4 B9 2
o] UEhd 4 slch

I o= —7K0(x, w9, =11 ®)

q714 o TeH 2o

oy, u", ¢) = fg,[ {oa( uIvis—oulxuii}e

= {oa( uvi +op(Wu {}é LA ' 6)
5 ©HH 2 2Ed 4B 94 0% TANY 4 O 2& SUFAALE THE A& 98
& sleh.
Ko=-E o= -Eow u.9 a=Ln %)
9 AN Ee BeH 2o
| E : PR gy
25 - uwazeys

FEW 43 2AYL nARE A5, A (DE g 43 2o A2 F& FANA Y

268 2000d4% 7+ sheutgd =23



B £ 3o
®)

Ki= —3E0(x, 0", 9~ FETU. u".9-$E [ pufipax
Ki= -3E'0(v, u". 9= 1E'0(1, 1" 9 @)

4 @F 4 % T 94 g 2AIRD)E LAY o, 4 @) A WAl I T 7
$3 £¢¢ st de B vehuo,

3 *== 8 ¥

B4

ol

31 34 o

£ d7dME A, €55, 799 FA4dEe £Y 2 989 AL g ade 29
Ao fAlAEFES Hgodstr] g8, 28 29 o] Eol(H)7} 316m, 7129 Z(B)o] 244mol We] A
A AN ZAAE A Hol(@ ¥ S e FHY FTadE 9§ 2dyYsgd 2agde g
S Ul /WM 4 8 S (isoparametric element) & AMEsIglon AA) ¥4 2de 1315709 A3 39870
o 842 FAHRAL AR BAANE ¥ 13 Zo] FHLaHh £ B #AAXA K, & Ingraffea’
7} AIQHg 1 MPavm ( =109 tonf/m¥%) & A3t}

30

=
- (UNIT : M)
= By
| 316 | a4 316 |
[ N i
(@) Hel g4 o %[ b) He =7 petes
a3 2 el Jistaty gt
X 1. 48 M
T LS E (tonf/m’) E{tonf/m") Ve Vs rtonf/m') | yAtonf/m")
E.[E; =075 2,000,000 2,670,000 02 02 235 1.92
E./E; =100 2,000,000 2,000,000 0.2 02 2.35 1.92
E.JE;= 125 2,000,000 1,600,000 0.2 02 235 1.92

2 AT 4ol A8 FUY BE 94l me 2P 5 2L IUY HFee ¥ 29 2
Y 491 2tz deppec

2004 7He S0 Es) =23 269



2 YUY 2 g4 78

¥ 4 3

Model N | 9Stego] Hgstd g& 2+

Model A | #9W& T8¢ 9 AW Ao Agshs 44y $E83
Model B | Z9@ol® g3k 42y $E83

Model C | Z9W¢ XZU¥ 9 A AA A3k Ay 233
Model D | @duoln B8sh A4y 2Est3

/ _’_h A | / jh BL

<

(a) Model A (b} Model B v (c) Model C (d) Model D
07 3 et EX Hahes HFESA)
3284 29 € 2%
489 FALol WE SFYUAS K3 TEIAG 42 F AWB) diFd 7E€dol(@)9 Td
Hl(@=a/B)°) W3l Aund £ g Fgtgo] z43A %S W(Model N)EE} A JEst

— Model N 35 o -— Model N
40 =~ == Model A

K/(y 0"

Crack angle6)

J U T T r J v T v v T J
0.0 at 02 03 0.4 05 0.8 0.0 01 a2 . 038 0.4 08 o
Normalized crack fength a ’ Normalized crack length a

(@) S¥UAHT K, ' b) ZHTTZY ¢
% 4. FEAUO| vl g)2 Halol WE SHHUAFT K, & FEHHL(H

2IEE EFE A AW @A FHo] 283 F$+(Model A $} Model O Fgee 2
EPFE Ko Aste] A9 4% e FA ¢t Ao yehd wha, AT FtFo] FgstE A
+(Model B $} Model D) 4489 3% Aol wat Ko ¥slsddt. 2939 e ¥3d o A9
AAe) FgHol 83t A¢(Model A 9 Model C) FEHAT Fto] Z8atE 7 (Model
B s} Model D)ol ®l3] K,9 Ztol7} wl&adtAl vebdth(2d 5). BF E/EM S W3lo] g K2
Zaul(a)el Wl E./EMZE AR wet Fadvst 2u(a)7t JAA kgl ge KE F71s8

270 20009% 7HS SeURs =23



=
T

A

=X

2 velgti(ag 6).

K/(y,0%)

K, /t4,0*%)

K, Hy,0™)

3.0 —— Mode! €
254 - == Model D
2.0 4
1.5 4
104
0.5 4
204
0.5 o
1.0 4
1.5 y v v T T
0.0 [ X 0.2 03 0.4 0.5
Normalized Crack Lengtha
{b) Model C & Model D
3.8+
0] e —Model B
25 ] N - -~ Model D
2.0 4
1.5 4
1.0 4
0.5 4
0.0 4
0.5 4
.0 .
T ) 5 y p

Normalized Crack Lengtha

(d) Model B & Model D

2% 5 2EAUO0| Bl(aoll wE SHEYHST KAt vin( E/E;=100)

3.04
254
204
1.5 4
£ ]
o
= s
¥
0.0 4
0.5 4
1.0 T T
00 on 02 03 04 0.5
Normalized Crack Lengtha
(a) Model A & Mode! B
3.04
2.8
2.0 4
154
& 1o
¥
g 0.5 4
b2 0.0 4
0.5 4
1.0 4
0.0 0.'1 0,'2 0,‘3 074 0..5
Normalized Crack Lengtha
(c) Model A & Model C
44 . [E,=0.75, Model A
——E,/E=0.75, Model B
3 oo - = E/E=1.00, Modal A
3 - ---E,/E=1.00, Modsl 8
- =« EJE~1.25, Model A
1 T €./E=1.25, Model 8
14 N
04
-1 4
24
20 o1 07 [ 04 as [

Normalized crack length a

(a) Mode! A & Model B

K/ (r,0%)

——E,JE=0.75, Model G

4q ——E,_/E=0.75. Model D

= = E,/E~1.00, Model C

34 e Model O

i . Model C

2 . Model D
14
o
-4
24

-3 T T ¥ T T 1
0.0 (X} 0.2 0.3 0.4 08 [X]

Normalized crack lengtha

(b) Mode! C & Model D

AOOIE 78 ShewEs) =57

2N



———E,/E~0.75, Model A —— EJE=0.75, Modal B

] e E,/E=0.75, Model C 1" ——E/E=0.75, Modsl D
= =~ E,/E=1.00, Model A s = = E/E,=1.00, Mode! 8
1 * -==--EJE=1.00, Mode! C 1 -=-=-E,/E=1.00, Model O
=« E/E=1.25, Model A - -~ EJE=1,25, Model 8
24 - E JE1.25, Model C 1 t. T EfE=1.25, Model
O
g 14 gg ! Ko
N
o] r O] \ ‘S':-f
N 2 ]
14
2
2
T - — T T T U 3 T LS T T T J
2.0 0.1 0.2 0.3 0.4 [ o8 0.0 0.1 0.2 0.3 D4 0.5 oe
Nommalized crack lengtha Normalized crack length a
{c) Model A & Model C (d) Model B & Model D
3% 6. & Model2l @HZ0l H|(a)oll w2 SHEUAST K ate| vim
4.4 B2

Aest, €Ras 24 REse £ B Yy AL dE 23aE FHP FIHY
L2RE 53 2 HES 48 7 AR

1 23E FYPol s F4HY 9FE 1Y Z 9, ()9 7k BE SHYYAF

K& F48o]l 2434 4& W Bo #Hise Aoz yeyt.
2. vl st FFYH A% SHFUATY W FEEAT FAHo FEEe AL
Hld vlastez gAY FgYel FEdHE AoE AVHYE FET AAS A& F£ A
3

to 2

Aoz oy :
3. FUdHY g ME K9 Wte AUt TRl wEt EJE, ¥lol Wy uAe wste

S
gnew

L AX4, Fde), o] FF, “Fdde 4L n3¢ SYANAS AR #F 77, FF2TAYETY =FQ 477
A3 &, pp. 175-186, 1995

2. Plizzari G. A. "LEFM Application to Concrete Gravity Dams”, Journal of Engineering Mechanics, Vol. 123, No. 8,
pp. 808-815,1997

3. Ingraffea A. R. "Case Studies of Simulation of Fracture in Concrete Dams”, Engineering Fracture Mechanics,

Vol. 35 No. 1/2/3, pp. 563-564, 1990
4. Plizzari. G. A. "On The Influence of Uplift Pressure in Concrete Gravity Dams”, Journal of Engineering Fracture

Mechanics, Vol. 59, No. 3, pp. 253-267, 1988
5. Raymond R. Dewey, Ronald W. Reich, and Victor E. Sacuma, “Uplift Modeling for Fracture Mechanics Analysis

of Concrete Dams”, Journal of Structural Division, Val. 120, No. 10, pp. 3025-3044, 1994

272 20009% /Mg EedRs =3



