55 3 1] KoM oK B T B ¥ i No. 3
2014 %6 H HYDRO-SCIENCE AND ENGINEERING Jun. 2014

d

IR Bt K, BH 7 il 2 id S2 R A 7 1

KPP, F O, AFHK, WAL
(KA T A MR RN TR 0%, J05° ki 116024)

T YRR L | AR R R TR K, B B SR ik . % K, BRI, 2k ity
JEEBH Ty o TRBE A e 2 240 B2 K RN SR 1 B (A REL ) A 36 T 284 1 S i Ik g . SRT T s, R
25 R BE L A 2B I K SRR B ORISR £, MIWTERE 6, (BRI 3R BE 11 K, BT bk, i ows

€20 3| C120 Y K, B HIER  THEC 1 i BEAH )90 4 4 i P AR ] L2 R 390 Gy 2 v L AR ] 1 3 7 v JBE S T 14 1R 1
K, B3R, IFR T T AR 00 T BT R R A BE L R B3R 1 7341 . WEST 45 R W] TR BE L 5 B AR 4 vy,
Ky, B4 B TF AR b T i (B s/, 5 AR TE €60 LA, e b TR s e s TREE H11 K, B2k
FAAE—E BRSO, S0 B AR S RIS, K, BT SE3 Ok, T T AR 5 The B0 o B A5 4 o, e 58 B K
S DA BE Ul )N 5 100 8 RS X I 285 ot DX BE A 35 B

X B O R K, B WIS RRIX  KsE, BB EAN S
FESZES . TV431 XHERARER: A TERS. 1009-640X (2014)03-0009-09

TREE 2R Z A SRR, BRI LR 52 A%, AR 22 AT BE T 540 T TR B + 30155 n BBEIR
HB= R A G R0, BT AR IR EE L 25 i 24 R K, BRI B R E A E L, N T iR A SE 7E IR e
TR YR 1R 22 T AR BIFTE LA 75 B PR I8 A AR () R4 B Fre BH g A DGR .

BH 77 A 35 P 1 G, R. Trwin' U 7E 20 20 F S AR T KBS A MR Y R TR 3Rk s 1 5
MREAS 5 BT LA (02448 Y SR BH O AH A5 HLZ4E Y R BK 2l ) 354 (Y 40 5 248 B e BHL 7 19 4 1) 1 36 A5 i) 24
SeJRad FE, BEJS,J. C. Lenain Al A. R. Bunsell * 5 MES N T A1 MK TR AA R 1O 2848 b R, AFFR 4 SR %
B K, BHLD R e R 244 ™ JR 4 B i 36 im i il 25 0 4 TS SR BIRRE (. Z. P. Bazant™ AR Trwin 3,
B56 ROT OB ) T 3 T R BE TR BE - R B MR RS . A RO RO R AA TR /Y, JF 225 a1 5
I3HTAS 3] R B 2R FA =, A IR H. W. Reinhardt™ 452 M 4Dl SU4E A1 148y T DL Sy s R 73
WHY K, B IR ZeEG . e R T RAER R I S E R I REE DT e BH ) i TR BE - Y B 2L R
FE K\ RRAE Y R B3R 07 i b A BHL 77 2 B, JF AR 98 350 U 45 1) P-CMOD 458 T K, BTt &, T4
HREOR S FRARAT I T IR T R A S 1 K, B S BUEBUY TR,
SR AT A R B TR AR R, W] LA AR = AORE B, S. Kumar AT S. V. Barai™® >R T AR EGE B
Ky BRI 5 LR - D5 2 E T XL 25 SRR B AR B0 38 1 EACR O BRI iR 22
B ERrHS R K, B3 IR IR BE + 248 e v B 245 72 X R 284k, I H. P-CMOD 1 £k A1k 2L g
(B AR B AR ST, 5 S PRIE AP JG . HAR S ARG TR EE 1 T R ZIa b i )10 g ke S 7 440 B A g b
RIS AR T — Mo TR BE T 45 R Y R R K, B ey ALy 24 e RH ) i iR
BE L APRHEA BT RERE ARG R ) SR AR BE ) SO T 5 2L Y SR R BK S AR AR T AR P56 I A Y TR BE

i B E: 2013-11-05
BESWE . HXARBFRL I HE (51109026)
EZ R =EyL(1989-) , 4, R 25 PH L 90 A, BB IR EE WML BRI 9E . E-mail: mozhuok@ 163. com



10 kKoOF ok B TR ¥ W 2014 4F 6 H

BT R K SR TSR f, R AT FROCIA TS 1R L 4 ) K, BHLJ) i £ Jo e I
TRBRE U (0 i 2 - SR8 1 KA I 2k

TRZ 2 FE AR EE L K, BT M2 i B R e T T 0F58 ., IR HEARRT H W, Reinhardt™ PO 5T 45 53R
W1, K, BTk S RAS B i R A O, S M RS JE6, S, Kumar T S. V. Barai' "' 5 HI = 1025 il 2240
PERNE BRSO BRI RS X K, B IR s W 5E & B K, BEL 3 ith 25 10 ) 25X
TS ARSI RGBS AR IS0 A5 P-CMOD 2R F5T T i 245 A2 XA BE X K, B 22
FISZNR, SN K, BELT BEAS 28T JR TG R (H A B e B U R XK 5, 2ol THEE(E

S NP BE LY K, BRI RAEAT T REESE (BT LT TAR . ORA % 1R KE 1 24 3
JE T RO T XY AR L ; @P-CMOD ik 5 Wi 22 RE i BUEL A LA ST, 15 SE PR BUAH T i s Gk 2 X o i 1R
-+ K, B Z 05 T8 B s D5 Tl RS RT K, B I ZR AR R AT A — B 258 .

BERS L I, AN SCHRE TR + 248 D R MEN SR AR AT J7 i, W ST TR BE = 02 il B 1 5 J3E 25 M
C20 2| C120 K K, By ithZk | BF5 i B2 AR )90 2 42 voi L AR ] 124 K% 200 i 4 oo LR I T a7 v 2 AR ] ) R 35
K B MR I E HRST R0, b X AN [ O T A4 W 228 2 X RE AR AL L EA T BT

1 ETREY RWENE K, 17 i %

FRE LK WiZd i )5 AW BE T LG oA 3 AN B Y K=K, S48 3 ;24 K <K < K", 244%
FaEY ;Y KoKy, 2k fay . th TR BE - 288 L Fad IR ATIATE S T2 4e R e TR I By, A4 1B
AR IRERRZ AT 3R P VRIS i 2 B4 Y R B R ST o (w) WOVEHT . M3 i 2

K=K, -K, (1)
KK, MR P 5 R 244 AR N 150 B K, N R 1 o (w) BRI 2448 D06 1 73R R T

AR eI R R AR B — DAl TR R IR A I Y R R B 2 A A v TR BBE 1 ) — IR
RS DA W 2 Rl T ATA R S b A A A e T 4, R e ) gl 0 i i 26 8 % A A
i, BNEEY RN (BRBETE R — A Y TR P o7 AR 28 T Tk B i S e A A S e A S 4%
PR — i R, WA R — YRR A D A R M B Wi N — Ry Rk LA —id i, B
RER RO K, —K,, <K B EEARY T2 K, —K,, =Ky B, AL F Il FURES ;@ Ky —K, >Ki B
HUEY R,

TR IR K, BH 7 12 o P 404 1 . — o0 4 TR = MR IT [  ibi S e, B Sy e 2
Wi K5 70— A EREE MY, A (e 24 B X R R B e AR B B T, T 3R
MK, K, B nT 2R H

K.(Aa) = K" + K, (2)
MAEZLEE Y R b, 208 R i kom0 s K,(P,Aa) - K, =K} (3)
st (2) H20(3) , AT ] K,(P,Aa) = K, (Aa) = K" + K, (4)

L Aa TR T P B 248 R i,

WG ZEEY JEUE , SN 3 0 248 Y R AR S 7, se IR B (R4 e . TCiefar skt T B I Bk & T %
B A0 S HAR R B ) SREEY et Aa 19K 3N ) O AR BH) fili E4 Ak Jig | RIBH) 5 9K 3l 1 2 A R G, R [A)
— A PFAN [ AR A PR 5 A X 7 1) 3K 8l g T 77 A A IO 77 56 88 TR 1S S R RO &R BRI IR BE - 19 K,
(Al

2 K, [H 7y dh % 0y 52 R AEAT 7

THRIREE T 248 Y e A B K, B MR, %5 2005E K, (P, Aa) K, K BIH, MBI K2



553 seeidl, A5 IRBEL K, B RhZr) ST 7 i 11

MRS EL, HBRIREE MR B M A 6
AR SCR FRRAE = 05 i IR (R 1), A=A R 758 B B F K, (P, Aa) BT LAH H. Tada 55 42

AR IR R TG

3PSJa

Kp(P,Aa) = D°B F,(a/D) (5)
F.(a/D) = 1.99 - (a/D)(1 —a/D)[2.15 - 3. 93((132D) +2.7(a/D)?] (6)
(1 +2a/D)(1 - a/D)
o HARCREEREE ;D S B B IR IEEE 5 S il i
M SCHR[ 15 ], B 63 77 R B 0 i B8 PR 1 K, oA
K, = | 20(x)F\(x/a,a/D) Vmad (7)
F.(x/a.a/D) = 3.52(1 - x/;tz) _4.35 -5. 28(196/;(1)
(1 —a/D)’ (1 —a/D) ©
1.3 -0.3(x/a)? 0.83 — 1.76(x/ _ ~
{ m + 0. .76(x a)}[l (1 =x/a)(a/D) ]
Ko (x) N« LeFER N T a0 HWIIRAAERKE
HRAE P. E. Peterson""® B AU AL A 2R (AN 2 FI7R) Lo (x) B IRANF .
fi-h—o)(ww) , 0<sw<uw,
O'(x)[ol(wo —w)/(wy —w,) , w, <w < w, (9)
0 , w = w,
K. f, MIREE - WIBCRR B s Ry A TK IS
lP
Q
_ e _ I u
| s ! ]
LR L A R 2 WA
Fig.1 Three-point bending beam Fig.2  Curve of bilinear softening traction-separation law
o, w, 5w, WAL PR OR G IR EE TR WrERE .
o =f/3, w. =0.8C./f, w,=3.6G/f (10)
AT K TS 0 1 SRR BT GRS w0 T ICIRL 151 Ph 9 AR 73
w=CMOD! (1 -x/a)* +[1.081 — 1.149(a/D) ][ x/a - (x/a)*]}"? (11)
il CMOD A 1 H. Tada' "' $2 H (928 3R 5
_24PA B ) 3 0. 66
cMop =% [o. 76 - 2280 4 3.870° - 2.040° + 200 (12)

K E NIREE R, A = (o — Hy) /(D + H,) ;H, NCE Je X5 HAL T R iS55
25 LA K, AT RAH (7)) ~ (12) 5k,

3 RB KGR

3.1 #ESHEIEE
S RSO LA 2R B P R B TSR B TR )T oh B 75 2 4 DRI R RIS R 2R



12 kKoOF ok B TR ¥ W 2014 4F 6 H

B K" SRR B iR £ IR G,
*E?}%' RONTEBE A YL CEB-FIB Model Code 20107 JR%E 1 Ay SIEIE R £ FIWZLEE 6, AT LU R
ﬁ:kﬁ“:

/3
E=F a (&j 1

O E 10 ( 3)

G, :73f0.18 (14)

R E =21.5x10° MPaya, =1.0; £, =f, +Af,f. 9 FFEARDT R 58 B bR (e Af 8 MPa,

R ERIIE K2 R AR AL B8 21
P SCHR[9,18-23 T IS BA s, 45 Sk v 09 57 5 AR BT s 5 B2 £ 1y
T A SRR A S D R R SR AR, T S0
FEAL I RE G PSR EERRUE G, SET A3 30 M PUAE RO ISR sosp
RN K ROMURE L 3, SPERLAT S TR ol o
FAR: B 02

K" =0.461 81 +0.010 11f, (15) “””?ﬁﬁﬁg@ﬁﬁﬁ“m””
FIH LA LM RIS E A 15 B I R S50 3% K3 AR o A

1o SRH BT RN 738 0 3 404 R TR 3 a4 21T K, Fig. 3 Initial fracture toughness for
FH 7 h kit different compressive strengths

R1 MRS
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A practical analytical approach to determine K,-curves of concrete

MO Zhuo-kai, DONG Wei, WU Zhi-min, QU Xiu-hua
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024,
China)

Abstract ; Based on the crack propagation criterion for the mode I crack, a practical analytical method is developed
for determining the crack extension resistance curves of concrete. In this method, the crack extension resistance is
composed of the initial fracture toughness K| and the resistance caused by the cohesive force, equaling the driving

force of the crack extension. It is concluded that as long as the initial fracture toughness K", the elastic modulus

e s
E, the tensile strength f, and the fracture energy G, of concrete are obtained, the K, extension resistance curves can
be calculated by using this method without testing the load-crack mouth opening displacement curves. Further, the
practical analytical method is applied to calculate the K, extension resistance curves, the fracture process zone
lengths and the cohesive stress distribution for concrete with varied strength grades from C20 to C120, different
initial crack length/depth ratios and different depths under the three-point bending conditions. Based on the
numerical analysis results, it is found that the K, extension resistance curves increase with the increase of the
strength grades, but the growth amplitude decreases, and when the strength grades is larger than C60, the growth
amplitude will tend to be stable; the K, extension resistance curves are dependent of the initial crack length and
specimen depth, and when the ligament is long enough, the crack extension resistance increases and then tends to
be stable; the maximum lengths of the complete fracture process zone decrease with the increase of concrete strength

grades; and the specimen size has remarkable impacts upon the fracture process zone length.

Key words: concrete; K, extension resistance curve; fracture process zone ( FPZ); crack; cohesive force;

fracture toughness of concrete cracking



