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CONCRETE DAM CRACK-GROUTING MODEL BASED ON FRACTURE
MECHANICS
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Abstract: Considering crack patterns in dams and the used grouting method, this paper establishes a calculation
model of crack mechanical grouting in concrete dams, which accounts for the on-way resistant, the gravity impact
and some actual cracks found in a dam construction project. The stress intensity factors of crack tips of the three
different models under grouting are obtained through weight function method and integration.With different
fracture toughness of the mass concrete, the allowable mechanical grouting pressures of variable cracks and three
crack models are studied. Finally the specific grouting methods for the three cracks are proposed.

Key words: concrete dam; crack grouting; computation model; fracture mechanics; allowable pressure; weight
function

RISER AR L 45H, TR TN K/ RSO TRESE BRI N OUR T 2T W 7

PSRETE R L ATPNEE ot 5N IE DA AN P S a2/ a4
SRPERA, AR N7 (AR R SRR o A
IR R o HESOL T LI R AN, H
TR P DRV R > 2 2 ) U A BRI TS )
13X 5 R e 1 R G W 24 R PR AT OG, IR
NREF A BIANREIS 1 2B P A AL, s AR
A RE SRR I N ) SR T R B A e K
[ BT 8 1o BT 28 ) 22 1Rt b SR VRREIR I
SR, SR BRI T AR P GRS Rt e 1 (Y
BEWETCHAT I BUEAEL, 8 TR AR K )

Wk H I 2010-09-02; &2 H Wl 2010-10-21

SN GEY AL, 25 58 T ANIR 24 4% o A 1 U
ESIR S 3y A T X R BHABR 3 (g, R
W7k, WS T IRE R A g, O TR
s,

MW 25 0 F B 2 B R R v (1 2
g0, HTAMNIER AR, TTeAor ok 3 Rt AL
A SRITHILL( 1 A, W IT AL (11 B R T4
LAY, 1957 4E5E M2 Irwin G R Tt 247
RELURIG T N )3, $2 ) 5 DR T B A
Wi B PE o A, T T I SN o R DA A

EHMI: I J1(1983—), Z(hFKiE), WiHEA, #d, AFrAERETEA R R 1T 5T (E-mail: tanli@ce.buaa.edu.cn);
FOIRIF(1964—), 55, WHHEA, Bz, 4, WG AARIREE i T3 R 7 5 R R 44 ) 1 AF 7T (E-mail: huangdh@tsinghua.edu.cn);
TARE(1985—), B, IR, ik, AEERAARFR VR -3 B #5 HWF9(E-mail: wangxiangfeng@gmail.com).



216 T T

YN BAGLRb Y  5 5 DR 1R B LB R, 480
SYIE, BUE T PR ES SRR K
Hh S5 S B [ LS4 A s T R 5, T LA T R
BN LY FUEN,

K, <K, (1)
VIR 15 2 4 (R TR B D ok K o T AR
FIRE T, 2R, KN, AR TR
AN AR Ko AR, 8T
PR S E R TR Sp S P Y wk (E/TRUI) TR oy S 4
SR ERRAG, LR R A T ) 58 P A e b e
PE, AEAE IS RS RO AR, TR YR gt - D 34
TRIG T AR I WIS G . 243k T
g R, ARG T R RE AT [, VR — AR
FEPE, ACSTRBELIRCA . om R IS O
Tl (R AR AR 2 70 I T T R b TAED), st
A5 2 T A A R R B W R PIEE K
7% 0.8MPa-m"*~1.2MPa-m"* 2 |i].

1 IES=

KU DL 1) 24 55 Fie BERE 1) 23 A1 T 43 4 K
BE RN HAE, FPT R, TR, A2
LT IERE L X R 45 7 B, ) RNE AT % 45
FERE, Ak 4 KO, oI 58 4% (4% 5
0.3mm<0<0.5mm FZ%¥% 100cm<h<500cm %, 4%
SR E <R SE BEH = 02—, MK ERT 1
A2 ANBEFZERE, ERUPR; 4298 0.2mm<d<
0.3mm F14E¥K 30cm<h<100cm 4, 45 K T grdk
ANHIEE, 229 0.2mm<5<0.3mm F12% 7% 30cm<
h<100cm ¥, HZE%0 T LK ; 4298 0.2mm<
0<0.3mm FZE¥R 30cm<h<100cm ¥, HZ5%E0 10
IKERIERE SR A R X ), VISR % (% E o>
0.5mm, YR h>500cm, (L) E L>5m, FITT
TERLGE ) T BER T 2 E IR S R i AT 2 815 4« L
BAE RO TR, IR e s oo
OV (4E K2 14m), LK T 258 K4 8m), 14
Gl | G55 KL 3m). Henfik K 1~ 3

B
- il L
S L5k
a - y o
=

84.0

K1 AKTFagg

Fig.1 Horizontal center crack

Ji
- il \ ;
I~ fid
84.0
K2 KTibsss
Fig.2 Horizontal edge crack
EL337.0m
\ .
| 20,0 | EL333.5m

K3 Repnibsst
Fig.3 Vertical edge crack

AT T 200 BRAFTIE AL A | k%,
FokR A WRie. R, IR, LS TRC. &
VES M TRLRE TR, AP SRR HARNS D0 AT Hy i 17
oSl S AR P L SeiR LS LU AT
BALREVE, B KPR L8% T A S ml R K
FeRALGRALEFLHEE o AT S 5, KT
Ir) 2 S B 1 SR I SR ) P R, AR
TEEBIT 1 ERESR I R 1 R ALY i o il xR A
HR )b SeiRAL G LI FLHEE : DR 5 g%
M5, EEy AR A R BT ) ) P gy i DA &%
TERAEY FE

2 HEXRWNABERTITE

2.1 HEER
2.1.1 AR

HAAT 2L 8% h BN N 52 217K 0 BE AL 4E 4
FERET) PN EEHE ) RIAH R Y g —Fh o AINERHE J) RN
IR 5 VR (R R R R s N EE ) 0 F
TR, AR Ao T ) BEE ), R
PRIRERE s AHPESE ) da 2 AR IR G BN, %%
FRIAARZ A EERE g, RIA ZAHRAR B R 1515
HRRKFEAR . H T ORI 2 JR I AR 1 s ) i
PRI I ), n] DUEDE R R4 B R 12 105
WS, PRI TT DL PN R ) B AR R D T
AR 3 G BUR T RE B AT 2k 4T,

I pv*
Ap=AL—— 2
P 4 2 2
4 . N .
ﬂ*:xz%%ﬁﬁmﬁ§%ﬁﬂﬁwﬁ&z
e

d' N A L/ N AL P 7 A}
Py, IR d WSROI p
u



T’

% 217

WAL v HIBARIRIE ;R RYURAR ARG E,
— 4 0.03Pa-s.

DL AE g Kb H B0 ) s 2 g ), 4K
[=Tm, %% K6 ~0.15mm, 4% h=04m .
S N3 1) o) — g AT HEVE, ISR IE )

N s 2%8*h o v s
ROK I EAR d; = 57 =0.0003m ; F I FEHL

p=1.05x10"kg /m’; R TR FHMES O At

R, WK v=0/4~0.02m/s ; A LLE 53
d. \ 64

P 021, BT REW: A=-2~290,
u Re

Re =

2

Apz/ldeTsz.%l, 1 g S KA o BT
FEFH T 114 0.061 (MPa).
212 EHEH

BT M R T 7, DA SRR Sk 2%
18, "B S, MIARYE N-S 5 R
o o ®
BT CA T 5 = R R Ap = —pgz « TREH AL
A, MRHITTRRER, FiE Fs)m i
e IR EE ) AP 9k pgz (Pa).
2.1.3 HEEA

SR UL BT T2, ARSI IR R
WIS 3 448, HEIMEBRWTR, 4 BN
Bl 1~ 3 1EE, WIRREEK 4, FTZbh ik
o(X):

1) ACPHLEEERL: TR FE 18m, 1 84m,
e REEK 14m. R EER S A % ) -

o(X)=o0, 4)

2) KA GEERRL: P 17m, K 84m,

TREEK 8m. NG REEI ) iy A% D7
o(X)=o0, (5)

3) BEIAGEERAL: TRIBUSE 4m, K 20m,
REEK 3me WER ) S PR BB = ) 5

oc(X)=0,-pg(4-X)x107°-0.03X (6)
L oy/MPa NHERFVFET); o(X) /MPa My
RUBETE 104 A/m K RIUE, R4l TREAT
JHALHER KL, %% p=1.05%x10°kg/m’ .
22 HEFE

PR B T SR i — ot 54 5% N 3 58 B DX (W 7
2 FER, Muskhelishvili 195 48 R 505 . A4
JiREES FEE . ARk ARIGE. BUR
Hkas. b, BUREUEL & —FloR AT RS2 8 4%

PFR RGN )5 L AT I 8O IR A IR
RPEAE T e fE S N 7 5 B IR (R P AN A 3R, i
LU, A 7RSI 8, BT RIGEA . fa
SR AN, X TREBTR IS RA B R T S

i gl 1,9 g Lo £
3| Fee 3 e E
|24 | 4 -
g = o
o - | 4.0m | o

| 18.0m | | 17.0m |

(a) B 1A (b) K&l 2 Ay
K4 Wy sat S
Fig.4 Fracture models
AR IR oR B85 32 v SR 2 A 9 v Y. 7 58 E
K7, B s Al N R4
, A

E U (4.X) |

T K. (4) ! S Y

. E'=E CPIRNAS), s E = E/(1-v?) CFTH
N 71), K, (A) 55U, (4,X) 50855508 1)
R R R AR R IT S . (D) T E A, HL
x=X/W, a=AI/W (W JEERS), o(x)=
o(X),u.(a,x)=U(4,X)/W, f.(a,x)=K,.(A)/

[oNmaW ], n[f3:

(c) K 3 #im

()

K = foumall ®)
Horp
¢ o(x) m(a,x)
= ——dx
I e 9)

E' ou.(a,x) ,
r H 5] Z
T @odma da R REELAR

FRLATHFE . o () S o RSk i RAR SR GUAL 1) 1
N1, oy AZHERN T . RE@OMA(O)EM, LR
QU AT o (x) E T, RS T RGUAR IR
HBom(a,x) » Wy 58 A5 ] LU i — A ] A 1 A7
IrRAG o IR SR B KL m(a, x) FIHET . 3C
BR[O14 H T A7 BR PR /O 2 I 25 B 1A B kR 2K
[ZEG YIRS

PR m(a,x) =




218 T B %
1445 1.00
£ o) m(a,x) 050 i
o(x) m(a,x s 0.80 = KT
- MEY gr = £ 1 2
f :'). o \/E % 060 - — BN S55E
1 a O'(X) 5 i*% g 0.40
I-=| dx o
) %o 2 (1)
Bi(a) THE I IE W SCER[9]. gt @)~K(6), KH 0.00 ; : : :
000 020 040 060 080  1.00
MAPLE #73, 0] vHEA3 H =P A [R) 484 1N ) MK a=a/W
SAE, SRR 1 Pros. SRR, REEI N ) (b) WiZ4HIJ% 1.2MPa-m"
558 P55 K]~ Bt A AR A2 K P 3 i KR B K AE TR BlS FURERIED)
— JU SR, e T S ARSI D S S AR Fig.5 Allowalbe grouting stress
ALY AP R AN = N S SN AN e SR, BEREIR VTN ) BEAE X S8 KK
Ky VIKVFIOGEERR G, IR m £ AR S/, L 2 b S0 3 it 8 A T 2 L 451 8k
E ] [ 55 22 TR 30% SRR R, KT RO SRV RESR R N BRIR
£ SHBE METESER FEf K. e 2] H iy TR R s ) Fe A il
Table 1 1 results of three models 0.4MPal'", [ 2 I SR BEAT 40 B E S
S BESLEERIA  BESLARTANER ) LS AE R IR 4 bEIA
Gikm  f  GKm s Skm s 4Km s ZAlE
D0 DL 10 s SO TR SE R A3 M B h T 2
2 15000 2 12127 2 L1239 15 1.8292 T2 - o e
3 1750 3 13158 3 11739 20 25502 FRERAT FRR, B8 TR R
4 20000 4 14562 4 12506 2.5  3.9496 F P FERE AR & B s, SR ACEE AR A
SRS LGS LES 3002y T ARSI T, T
6 25000 6 18744 6 14659 N - A
oo At SRR A B S VRS T B R e
8 30000 8 25773 8 18558 YT FE i B0 A = o 54 % 3k A7 455 89 338 7 140 #7
oo W, ARSI
Lo (1) ZUEEJ230 R 38 3 R TS 2 AT - 1
12 4.0000 IR BESE R, IFRERSUANN ) 53 A KR AR i
i ﬁx FARA s SAGERE I IRVT IV, ) B A R 4R K T

3 BWERENHE

YRR ek - B 2481 43 9 4 1.0MPa - m"? il
1.2MPa-m"?, W4E=1). R@LE 1 F{E, 7
PLTHE AN R T BE R B VFER S ) o » 4R

WKl 5(a)F1E 5(b)FT7R.
1.00
——KPrL g
£ 0380 -GS
= S Pul 3
R 0.60 f
=
™
s 040 F
&
& 020

0.00 0.20 0.40 0.60 0.80 1.00
XK a=a/W

(a) WIZEIE 1.0MPa-m"?

/)N, HLBE A TR R0 T 184 DR T 45 L A G R

(2) FIE T HE BB 2 5, I 5w K
TH Pk,  HBEAE MBI Bod . Wik 1
CRKAV-I S GRS AL (1) (1) {RUAH DR A (1) (1) f 22 1)
TN 30%

(3) Wit TR IR EE T 515 1 T AR
WER A . 2% 82 H mT TR s ER s ) AR
HI7E 0.4MPa, W 1 Fros K- rungg, R ER
By HIE 6m LA [ 2 FosiKoridsas, ok
RESRBCAEHIAE 3m LA s 18 3 Do 1 1 =R
YERERH T B e, PR TR AR B LB B LA
K, BRRER B G 2m LU .

(B2 SCHREL 55 239 T0)



i

2 239

(23]

[24]

C24(4): 555—562.

Tezduyar T E, Wheeler L T, Graux L. Finite deformation
of a circular elastic membrane containing a concentric
rigid inclusion [J]. International Journal Non-Linear
Mechanics, 1987, 22: 61 —72.

Yang E E, Frecker M, Mockensturm E. Large
electroelastic deformation of a dielectric elastomer
annulus [C]. Engineering
Congress & Exposition, Washington D.C: ASME, 2003.
Wissler M, Mazza E. Modeling of a pre-strain circular

International Mechanical

actuator made of dielectric elastomers [J]. Sensors and
Actuators, 2005, A120: 184—192.

Goubourne N, Mockenssturm E, Frecher M. A nonlinear
model for dielectric elastomer membranes [J]. Journal
Applied Mechanics, 2005, 72: 899—906.

Goubourne N, Mockenssturm E, Frecher M. Electro-
elastomers: Large deformation analysis of silicone
membranes [J]. International Journal of Solids and
structures, 2007, 44: 2609 —2626.

[28]

Charlie D. Commercial actuators and issues [C].
Dielectric Elastomers as Electronechanical Transducers:
Models
Applications of an Emerging Electroactive Polymer
Technology. UK: Elsevier, 2008.

Dorfmann A, Ogden R W. Nonlinear electroelasticity [J].
Acta Mechanica, 2005, 174: 167—183.

Ogden R W. Large deformation isotropic elasticity [J].
Proceedings of the Royal Society, 1972, A(328): 567—
583.

Zhao X H, Z G Method to
electromechanical stability of dielectric elastomers [J].
Applied Physics Letters, 2007, 91: 061921-1—061921-3.

Treloar L R G. Stress-strain data for vulcanized rubber

Fundamentals, Materials, Devices, and

Suo analyze

under various type of deformation [J]. Transactions of the
Faraday Society, 1944, 40: 59—70.

Treloar L R G. The elasticity of a network of long chain
molecules ( 1) [J]. Transactions of the Faraday Society,
1943, 39: 36—41.

(EBEER 218 1)

Bk

(1]

RARTT . KRR BE L N ) S R M. b
A g A, 2003,

Zhu Bofang. Thermal stresses and temperature control of
mass concrete [M]. Beijing: China Electric Power Press,
2003. (in Chinese)

SR ECHT, 2. TR ) 2 F o0 e L AR AR 1 fo iy
FER L)1), KRR HLEAR, 2009, 40: 52—55.

Zhang Guoxin, Li Haifeng. Research on allowable
grouting pressure of concrete crack by means of fracture
mechanics [J]. Water Resources and Hydropower
Engineering, 2009, 40: 52—55. (in Chinese)

R, WA AR, dbat: BRE AL, 1979.
Chu Wuyang. Basice fracture mechanics [M]. Beijing:
Science Press, 1979. (in Chinese)

Irwin G R. Analysis of stress and strains near the end of a
crack traversing a plate [J]. Journal of Applied
Mechanics, 1957(24): 361 —364.

AR, R D, M. SRR ORI BE X K
Wi SHOR I T K TR T Wi Jife )
I )], B LR, 2006, 11: 50—62.

Xu Shilang, Zhou Hougui, Gao Hongbo. An
experimental study on double-K fracture parameters of
concrete for dam construction with various grading

aggregates [J]. China Civil Engineering Journal, 2006, 11:

50—62. (in Chinese)
SL230-98, & LI BMAR[S]. dbat: FiEA

B KA, 1999.

SL230-98, Specifications for maintenance and repair for
concrete dam [S]. Beijing: the Ministry of Water
Resources of the People’s Republic of China, 1999. (in
Chinese)

Bruce R Munson. LFEFAE S 24 [M]. AE B =, od.
st Wy Dk AR AL, 2006.

Bruce R Munson. Fundamentals of fluid mechanics [M].
Adapt for Shao Weiyun. Beijing: Publishing House of
Electronics Industry, 2006. (in Chinese)

T E TSRS, N SR T MI. dbst: Rl
AL, 1993.

Chinese Aeronautical Establishment. Handbook of stress
intensity factors [M]. Beijing: Science Press, 1993. (in
Chiese)

Wu Xueren, Carlsson Janne A. Weight functions and
stress intensity factor solutions [M]. Oxford: British
Library Cataloguing in Publication Date, 1991.

FARAE, AR T ORIl B =K A% Bk
P4 I SHIRE R TE[T]. KL 2242, 1998, 4: 61—
65.

Wang Chunhua, Zou Shaojun. Treatment of three major
penetrating cracks and 3# parapet crack of Qingtongxia
hydropower dam [J]. Dam and Safty,1998, 4: 61 —65. (in
Chinese)



