EBRESE KR
2017 4 6 A

R TR e 4l

Journal of Fujian University of Technology

Vol.15 No.3
Jun. 2017

doi:10.3969/j.issn.1672—4348.2017.03.005

F QR 1 3R & 1 I R ) RV 52 i

FRAm A

H5R

(REIERFR L RATRER, 42E 41 350118)

FE. ARBE A S H R AR AL SCRE LR B AL B AT T AT, B TR R R L SOR A
MR R R 25 E ke oy ikt A AL s £ R e b A dn E B AT £ 36, B BT A) R ABAQUS %
HORARKES A EF ARG RN 5 KR TAG R R AT BB, EREN, FRZERFH
MAAE B ER — B, R KR £ R 15% , B A1k 464K & h 40~ 120 mm B R Z B 18 K T ALhg

JEBON KA I E Ko A A R A S

KEEWR, REE,; MR =5 F BRI 2 A

FESES . TU37

MHEREREED: A

XEHS: 1672-4348(2017)03-0224-05

Effect of crack size on the fracture toughness of concrete

Zheng Rujie, Bi Xianshun

(College of Civil Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; The fracture toughness of concrete specimen with cracks was studied via fracture

mechanic method. Through precasting concrete specimens of different crack depths, three-point ben-

ding test method was employed to study the fracture toughness of the concrete beam with cracks.

Meanwhile, the maximum principal stress damage and fracture criterion and linear softening damage

model in the ABAQUS software were adopted to conduct the experiment. The results show that the

numerical simulation result is in agreement with the experimental result with the largest difference

being less than 10% , that when the initial crack length is within 40mm and 120mm, the initial frac-

ture toughness Kp. has little change while the unstable fracture toughness K}i. is in an obvious decrea-

sing trend.

Keywords: concrete; numerical simulation; three-point bending test; crack; fracture toughness

20 T4l 60 - 3E 1Y e 223 HOR “F HU4%
M.F.Kaplan"" FF iR B5E + Wi 4 J1 #1952 50 0 1976
AR B L T2 B 1Y A.Hillerborg“z PR IR &+
TE ERBUR S A7 AL — D HI A B AL X, &
TR BE L AR I B T IR R AR DAL
&, IR Y T 5 TR B - W 2R IR U 1 g 400 3R
B ATATHE B - U 2 2 i A — 250 T 1) K i
WrBt, el )m, RN A3 04T T R A SE 56

e B . 2017-02-21
FAETH . WA RHETHE (2013]01001)

ST, A TR A5 2 sk Yo VR OB 3k T 28 5o 1
WFFE, $2 T XK Wi

FUR, A7 G REURAT MR BE W K Wi S5
FURZIE , J2 B0 I X 15 L 4 BOTRBE - =08
IR E ) X T B A 4 1R
BE LA, BFFE R AR XS B, P, AR SCHE OR
UPFBS R LR 2.5 AR OL T, WF AN TRl B R
X EE L XK W20 AR

IR . BB (1962-) 5, 10T RN, B, W BFFE 05 ) < [E1 AT 2 W% 4640



55 3 4 KRUNAS, A RGUT RHRBE L W 240 B2 14 52 1) 225

1 REEXN K RFESHNHE
A, 5 TR AN P, 25, 46 H
PIRBLEORIE 0, R LS B 380 1R T

SRR BB R Ky RN, W =8
LA NRE T

3PS a,

KI(I _szx/an(DJ (1)
Hrpr,

)
)3l
B o

R T 1 5 G0, >4 5% 2 0
ﬁPﬂtEﬂﬁMﬁﬂﬂﬁﬁE%ﬂﬁﬁUT
AR E

[y +m(B)y]D
[Yz + mz(ﬁ)'yl's + m3(ﬂ>3’ + m4(18) ] 07

(3)
Hrr,
Decyo *t - E
Y= T (4)
m,(B) =B(0.25 - 0.05058%° + 0.00338) (5)
m,(B) =B (1.155 + 0.2158™ - 0.02788)
(6)
m,(B) =1.758 - 1.38 (7)

m,(B) = 0.506 — 1.0578 + 0.8888>  (8)
Kf: B =S/D (BEE L) ;0 AR E 95t
T

A 075 ) e R AT 2R P, XTI A i A 24
SUAKIFALFE Dy M @Lﬁf?’\{ﬁ‘ﬂ E’J%nf SR
i B CALL B, TS B I AR S
W a,,

KFREW X E Ko e E, RTEFH R K
T P, Al FAFRCRBORE o, RBE AKX (1)
E’JiﬁuﬁﬁP IR HBRE a,, S EUETT
=Ny

2 BEt=aE i RiAig

21 KHERTRERSH

TREE I RSP & 1, Ak g el 45 5
HRIRBE+ = sl e S/D ¥k 2.5, 1R %
TR €35, BIASEOLE 1,

1 R~ (246 mm)
Fig.1 Specimen size of 3-point concrete bending beam
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Tab.1 Specimen size and parameters

Al L/ S/ B/ D/ ay/ &

9= mm mm mm mm mm &/

CLC40 700 500 150 200 40 1
CLC60 700 500 150 200 60 1
CLC80 700 500 150 200 80 1
CLC100 700 500 150 200 100 1
CLC120 700 500 150 200 120 1
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Fig.2 Test device figure of 3-point concrete
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10 Tab.2 3-point concrete bending beam test results
Z
< 8f Deewo/  Pu/ P/ P./ a/
A 2 == CCMO ini max ni c
6F R4S mm kN kN P.. mm
4 =
! CLC40  0.083 15.871 17.387 091 87.47
0 M " CLC60  0.096 13.150 14.174  0.93 100.33
0 1 2 3 4
CLC80  0.080 11.176 12.119  0.92 112.23
D.,,/mm
(b) CLC60 CLC100  0.098 7.423 7.623  0.97 121.88
14 ¢ CLCI120 0.119 4.575 4.677 0.98 141.15
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Fig.4 Numerical model of three-point concrete

bending beam
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Fig.5 The maximum principal stress nephogram of
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Tab.4 The result of numerical simulation

R Dewo/ Pu/ P/ Pu/  as

ini max

i mm kN kN P mm

max

CLC40 0.089 17.974  19.537 0.92 106.12
CLC60 0.091 14.390 15.308 0.94 114.26
CLC80 0.095 11.017 11.358 0.97 124.86
CLC100  0.099 7.397 7.548 098 137.28
CLC120  0.135 4.344 4.388 0.99 156.52
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Tab.5 The comparison between test value and numerical simulation

. . A T B PRl eI
R — — — —
R FEADE W2/ % R E FEHUE 22/ %
CLC40 0.695 0.787 13.237 1.931 1.961 1.554
CLC60 0.746 0.816 9.383 1.884 1.933 2.601
CLC80 0.825 0.814 -1.333 1.615 1.758 8.854
CLC100 0.737 0.734 -0.407 1.537 1.539 0.130
CLC120 0.643 0.611 -4.977 1.464 1.557 6.352

AR PRI 5 XFEM BUE 2735 K MPa -
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Fig.6 The effect of initial seam size on the fracture toughness of concrete
\ B T 55 Y BE 08 45 4 b RS 4DLTR 6 1= 3% = i il
5 %t e
5,

1) BB E K¢ RTABAPE K W 2)40 mm <a, <120 mm Hf, K 722008 B

I 54 FRITE A BR300 13.237% ., /N, SPIIR RSO I0K, K¢ A 9t 18/ i
8.854% , 1 JLAT BROCARIDL A0 G 3 0K, el izels 3 B WD AR SR SCER BE R OB/

SE Lk

[ 1] Kaplan M F. Crack propagation and the fracture of concret[ J]. Journal of the American Concrete Institute, 1961,4(3)
497-519.

[ 2] Hilberborg A, Modeer M, Petersson P E. Analysis of crack formation and crack growth in concrete by means of fracture me-
chanics and finite elements[ J]. Cement Concrete Research,1976,6(6) :773-782.

(3] bR, K AR TR IR ABE 1 24 Y e 50K WTRSHL ] AR TR, 2009(2) 1 119-125.

[4] oR4e TEH R, 6 RUITIGAE R HIREE iR K Wi S8R 5T [ T]. TR 1%,2012(1) :162-167.

[5] AR, WA, RAH . /NRSHREE LUK RSB0 58 [ )] TR J1%,2010(2) :166-171.

[6] TRttt IR IREE LR 2 [ M] bt . Bb ik, 2011,

[7] Guinea G V, Pastor J Y. Stress intensity factor, compliance and CMOD for a general three-point beam[ J]. International

Journal of Fracture,1998,89.103-116.

(REHE: BFE



