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EXPERIMENTAL INVESTIGATION ON DOUBLE-K FRACTURE
PARAMETERS FOR LARGE INITIAL CRACK-DEPTH RATIO IN
CONCRETE

RONG Hua, DONG Wei, WU Zhi-min, FAN Xing-lang

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract: The fracture process including crack initiation, stable crack propagation and unstable fracture in
concrete can be described quantitatively by the double-K fracture criterion. In this paper, the three-point bending
concrete beam specimens are classified in 7 groups, with the initial crack-depth ratios set from 0.3 to 0.9,
respectively. The initial fracture toughness Kligi and unstable fracture toughness K- are calculated from the
initial load P;y;, the maximum load P, and critical crack mouth open displacement CMODc. The results indicate
that if the initial crack-depth ratios are between 0.3 and 0.7, the concrete crack propagation process will go
through crack initiation, crack propagation and unstable fracture, and the double-K fracture parameters are
independent of an initial crack-depth ratio. If the initial crack-depth ratio is greater than 0.8, the concrete crack
enters the stage of unstable fracture when initial cracking happens, and the initial load is equal to the maximum
load, and K" is still independent of an initial crack-depth ratio. Therefore, K} can be calculated from Piy;,
which equals to Pp.x when the initial crack-depth ratio equals to or greater than 0.8. Compared to the previous
method, the results are more accurate, and the test method is simpler.
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Fig.1 Sketch of the standard three-point bending beams
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Fig.2 Sketch of strain gauges on the tip of crack

JEL AT, AERARAT B L T SR R i R
B AESREAR T, I AR P BT B R 4y 2 . AR
(P-e) R FRIEAE AN o 2ty B k2L I, Pk 2R
BER I TN i AR TR . XN, Bl TR
BRI, WG4 I 1 TR U5 1 AR REAS 1R
B, TR AR R AR G, AR Pee 8k BRI IL
I3 30 ) e AR LA [B], B S A AR A T 46 I
sy T2 Y AR AT T RS I R iy 2 R Ay e R A
Pinio RN T AERTE PN AR TT AR 4 %), B4
T AFAE TR O — T 0 T AR 4 2 o LA 0] 0 2 4
N R A AT B 10mm &b %A B A FEL BB AR




164 T 2

Jro B3 R RAIaaaE s bk 7l 0.3~0.8 111 6 ANk
PR I () ey - N AR (P-e) i 2k, ] 3 v A4 sSAREI
FAE IR T A B B R A B, LR R £ 43 R
ST BAE Pinio

K13 P-g ITZE 11 B s b A T 2 R AR R
X N I KA Prnaxo AR Pinin Prnaxs
CMODc A T3 1. WltGEEm LR 0.9 {3
WA, SR EHIE T 22k m, Mokt H
WA — AN B s[RI R LI BN, P-e
Mgk ETHBAN T BEBOEARTE S AL 73 7, RS
HIE P-g 2k,

1.3746kN

1.0523kN 9§

AP e )

ini”“max

40 30 20 -10 O 10 20 30 40 50
WAZ gue

(a) R M TPB24-4(ay/h=0.3)

124 e 1.0982kN

o)

0.9814KN e,

AP e )

ini” “max

; ;
30 20 -10 0 10 20 30 40
WAE glue

(b) B TPB32-2 (ag/h=0.4)

0.8112kN
0.8 B(anx’gn) =
A(Pini’ e 0.6617kN
0.6+
<
Ay
bt 0.4+
&=
0.2+
0.0 T T T T T

T T T -
-50 40 30 20 -10 0 10 20 30 40 30
NAE glue

(c) M TPB40-2(ay/h=0.5)

0.7

0.6 0.6082kN ;B 5,)

0.5 Ve,
£ 0.4682kN — B AP, . )

ini” max-

0.4 4

T PN
[}
&

0.2
0.1
0.04— T T
210 0 10 20 30 40 50 60 70 80 90
WA glue
(d) A1} TPB48-1(ay/h=0.6)
051 0.4801kN B 5,)
0.4487kN v
0.4
z
=4
T 034
it
E 024
0.1
0.0 T T . :

T T T
20 -10 0 10 20 30 40
NAE gue

(e) M TPB56-3(ay/h=0.7)

0.25
ABP_z ) 0.2254kN

-10 0 10 20 30 40 50
NAE gue
(f) R TPB64-1(ag/h=0.8)
K3 ANEIARSE s LR P-e T2k
Fig.3 The P-¢ curves of specimens with different initial

crack-depth ratios
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Table 1 The values of P;,; and P,

RS ah CMODe/mm Pi/N Poax/N  Pini/Prax Pini/ Ponax ¥11H

TPB24-1 0.0414 1160.1 1409.6  0.8229

TPB24-2 0.0450 1136.3 1513.9 0.7506

0.3 0.8050
TPB24-3 0.0399 1219.7 1398.4 0.8812

TPB24-4 0.032 1052.3 1374.6  0.7655
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Table 2 The calculated results of ac, Ki¢ and Ko

WS adh  agmm  agh  KE/(MPa+m'®) K2/(MPa *m'"?)

TPB24-1 4147 05184 0.6239 1.4475
TPB24-2 03 41.65  0.5206 0.6112 1.5662
TPB24-3 41.04 05130 0.6560 1.4104
TPB24-4 38.30  0.4788 0.5660 1.2433
TPB32-1 4296  0.5370 0.7064 1.4590
TPB32-2 04 4589  0.5736 0.6876 1.3661
TPB32-3 4451  0.5564 0.6804 1.3843
TPB32-4 46.04  0.5755 0.6443 1.5418
TPB40-1 05 50.93  0.6366 0.7100 1.4120
TPB40-2 52.90  0.6612 0.6300 1.4397
TPB48-1 56.61  0.7076 0.6243 1.3508
TPB48-2 0.6 55.62  0.6953 0.6731 1.2715
TPB48-3 56.21 0.7026 0.5998 1.20

TPB56-1 62.11  0.7764 0.9128 1.5870
TPB56-2 07 62.65  0.7831 0.7999 1.4913
TPB56-3 62.61 0.7826 0.9281 1.6766
TB56-4 6236 0.7795 0.878 1.4474
TPB64-1 08 64 1.0000 0.8609 0.8609
TPB64-2 64 1.0000 0.7750 0.7750
TPB72-1 0.9 72 1.0000 0.8703 0.8703
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