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P20A  40X40X160 0.40  0.55  23.57 B2 MTHFHFEHA
P40A 10240160 0.40 0.45 42.77 Fig. 2 Arrangement diagram of the electric strain gauges
A P60A 40X40X160 0. 40 0.40 70.17
M20A 40X40X160 0. 40 0.70 33.76
M10A  40X40X160 0.40  0.65  47.75 2 R EE R N
M60A 40X40X160 0. 40 0. 40 70.07
s PIOB 70X70X280 00 045 42,77 2.1 KIRG IR E B T R K i S B A P-
M40B 70X 70X 280 0. 40 0.65 47.75
P20C 100 X100 X400 0. 40 0.55 23.57 CMOD I:H:l&
P4OC  100X100X400  0.40  0.45  42.77 A T G 2D X K U v 2R (R AR K U O B9 T R

P60C 100 X100 X400 0. 40 0. 40 70. 17
M20C  100X100X400 0. 40 0.70 33.76
C  M40C  100X100X400 0. 40 0. 65 47.75
M60C  100X100X400 0. 40 0. 40 70.07
c20C 100 X100 X400 0. 40 0. 65 33. 36
C40C 100100 X400 0. 40 0. 45 44.65
C60C 100100400 0. 40 0. 40 57.90
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Fig. 3 Stable crack propagation in hardening

cement paste observed during the test

E 4(b)~ ) 55 H T AR E AR R
ST (A LC PR R ST B K I8 ¥ LK DR b 3 A
RBEE T/ P-CMOD hgk. Nrhal IE B, B30 E

SER M T gty 2 0 {0 R L BT 4 Bl O T R AR A
JITHE T, 3k 3¢ B Bl 25 BT A 3 1 4 L il R R R
R 0 40 BIR 7R 2 77 DA B 7 %4 3k i o BT 5 1) R 40
St KT Y RN SRS I
A, B 25 PR SR A B, A 8B K TR K P-
CMOD 4 1 F B B AR B . Y3 R 2 R il SR B
AH I 0 2448 115K FF 0 B8 A r /)y, i R B % A 18
B R 7K U v SR A R R A B R T R B
V14 P T B s e A2 g BT 2 e AN R 1.
EXFF C AR K U8 SRR 16, X — R 3R
AR T A Bk 2 TR R B e e
AT 552 I B0 L WA A Y A AR, S ECE AT
RO e g AR K A ATl B A2 Ak L 32 i P-CMOD
R 26 10 T [ B R A AR . e T AR TR R ST AR A L i
B 20 Z 50 0 TR BE A A% FR 2R 2 K TR R
60 Z 41 119 7K 6 0 3K 1) Wk BR 7R 28 7, T SR Ry 20
RGN KA 3K 1) A BR 7R 2 ) SO R T R
60 Z 4 1 7K e e 3K 1 Ak B 7R 2 7

5 0.3 12
s P60A 1.0t
4 TREE L
5 = 06
] 2 KIBEEIE 0.1 0.4
1 P20A 0.2 M20A
0 01 02 03 04 05 0 005 010 015 0.20 0 005 010 015 0.20
CMOD/mm CMOD/mm CMOD/mm
(@ AREFEEHR R P-CMODRI 2% (OUNEE 2] (OGR4
P-CMODHZ(A) P-CMODRIZR(A)
14 : 6
12 51 5f C60C
1.0 or
Zos 3! g 4 c20c
%06 : &3
0.4 . 2 C40C
0.2 5} 1
0 01 02 03 04 0 01 0203 040506 0 0.2 0.4 0.6
CMOD/mm CMOD/mm CMOD/mm
()R EITREE I (OZNEE:2 Yz 4:0] OARFEREE RS/
P-CMODHI£&(C) P-CMODHhZ(C) P-CMODH£(C)
4 RIFHE P-CMOD # %

Fig.4 P-CMOD curv

WS s m L H 25 A (R ), 7K
KK B P-CMOD 8 k2 i 14 R~
Y52 i 5K il RS 8K, P-CMOD il 4k i 2
L 7 T PR A, 6 A ] 1) 24 4 11 5K R0 RS L iR

es obtained from the test

JUH R B 7R 32 1 fp 2k s fk KL 22 & 8 4 AR 5
Al LLFE Ha o RosFxE P-CMOD il 48 179 5% i L 7
ER:EA TSR TE



552 K #

B I X

S

¥ ¥ R % 51%

0 01 02 03 04 05

CMOD/mm
(a) /KB I G

0 01 02 03 04 05
CMOD/mm

(b)KIET %
R F # KR R KRB
P-CMOD #h %
P-CMOD curves of different sizes of

Kl 5

Fig. 5

cement paste and mortar
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Fig. 6 Determination of the initial cracking load for specimens of series P20A and M20A
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Tab. 2 Testing results
L'MtF it Brbxs/ ao/D Pini/kN K/ ac/D Prax/kN K/ Pini/ P
B3] 4% (mmXmm>X mm) (MPa » m'/?) (MPa » m'/?)

P20A 40>X40X160 0. 400 0.132 0.113 0. 540 0.192 0.276 0. 688

P40A 40X40X160 0. 400 0.172 0. 149 0. 569 0.225 0. 361 0.764

A P60A 40X 40 X160 0. 400 0.212 0.212 0.556 0.269 0.437 0.788
M20A 40X 40 X160 0. 400 0.663 0. 659 0.481 0.708 0.878 0.936

M40A 40X 40X160 0. 400 0.761 0.735 0. 489 0. 894 1.133 0.851

M60A 40X40X160 0. 400 0.775 0.833 0.488 0. 969 1. 300 0.799

P40B 70X 70X 280 0. 400 0. 449 0.226 0. 557 0. 607 0.319 0.739

B M40B 70X 70X 280 0. 400 1. 235 0.523 0. 490 1. 545 0. 875 0.799
P20C 100 X100 X400 0. 400 0.473 0. 148 0. 566 0.907 0. 354 0.521

P40C 100X 100X400 0. 400 0.588 0.134 0.561 0. 834 0. 369 0.705

P60C 100 X100 X400 0. 400 0. 829 0.272 0.538 1.013 0.516 0.818

M20C 100X 100 X400 0. 400 2.095 0.436 0. 546 2.841 1. 069 0. 737

C M40C 100X 100 X400 0. 400 2.147 0. 509 0.573 2.852 1. 241 0.753
M60C 100 X100 X400 0. 400 2.913 0.652 0.573 3.707 1. 600 0.786

c20C 100 X100 X400 0. 400 3.117 0.746 0.516 3.949 1.411 0. 789

Cc40C 100X 100 X400 0. 400 3.801 0.970 0.524 4. 449 1. 625 0. 854

C60C 100 X100 X400 0. 400 4.010 0.916 0.537 4.574 1.747 0. 877

P 7 sl ROST X0 A ] 3 ) 7K 908 v 25 7K
PR RD IR AT 2 15 A AT 28 LU AR Y B2 L AR KA
53R BRI G B ey LU AR AR [R) 9 155 D0 1 5 1R IR e
R PEAE AN, PG, o KRR il 2L 8E R RS
B REREY R BB X SR
[ER NS G

1.0
ﬁ0.8- t::;::w
Q\f 06
F L
o 04 o KREIE
02 KR
0 50 100 150
D/mm

A7 Pu/Pu.5RXE®EENRXZR
Fig.7 Relationship between P;/P,.. and the depth

of specimens

2.4 RAWHPE K5 RREW R K

Xt TR E = S i B AR R R R
BB AT 2 P M KA 2R P 55 280 87T
PAF IR K W 28 3138 73 50 T 530 3 1 1) ke 28 7 2R
W KW SR AP E K 8585 TR 2.
F Rl LA K U IR RIK e i SR ke B
2R 0 8 (L 49 B 2 0 it B2 ) i g i 494 K 3
2 W]t 2 56 J3E A 4 i, 7K T8 i S R K 8 10 3% e 24
SRR T B0 R A #R 2x 0 n  aXPR IR T B 1Y
P RE Tt 22 1 58 L 3 55 A A 458 — B

(4. T3 AL AT LAFE H X6 [ i B RAR ] RS Y
IR R MK 8 RD A R U I 9 2R AR B
T Ja & R R L 2 — 22 R WK K b i
TN T BB K VeI R W 2B A T AR KR
P RIS I RARPT LY A RE ). Jd i
A LW B 5 RS ) = () A 22 (e L AT LUA H L K
PSR AK Pe b 8 25 I WA B B R RS BIR
Mgt T — B R SE Y B BoA IR B B AT R R
Wy 2

3 & i

A0 32 X6 A A e B AN B TR R b SR AR B L K R 1
WK Ve b4 = 53725 ih 32 1 0 AF 5% & K U
VR IR AN B AR B M A RE, — SR RE D R
RO IR | T J2 76 1 IR BT A7 7 — D RS 1 2 48 9 e
TR, LB R R R X R R L KR R RN K
P b3 19 P-CMOD il 28 32 5% 5 A 1F R~
S5 e NI M E S W L S N B IS R T 4
5iF 5 RN 00 iy 4 v EE A R A9 A% 00 T a1 RS iR
TR, AR E YT R M Bl KL Ak, AR S
JIT 2R R A X0 AR 7 I A5 AR T i, B TR
T S R s 2 FE S A o AR Rl DL SE &
b 5 T 320 0 855 Ak g 7 AR LA L AR A S AN B R
I HL R I i tho A A5 R 78 R 32 P 28 7 A 4 4 if
A% 1) R AR AR BOHRE R DT A A5 RS RN T
g A T LA AT LA o A 0 SR A A



554 X % ¥ LT kK ¥ ¥ #H

%51 %

2% 3Cik -

(] ##ARXMEEIRARFAEZ R 2. DL/T
5332—2005 K TR B LB R KB AL [S]. x. ¥
El w7 A, 2006

[2] XU Shi-lang, REINHARDT H W. Determination of
double-K criterion for crack propagation in quasi-
brittle materials, part I :experimental investigation of
crack propagation [ ] ]. International Journal of
Fracture, 1999, 98(2):111-149

[3] XU Shi-lang, REINHARDT H W. Determination of
double-K criterion for crack propagation in quasi-
brittle materials, part Il : analytical evaluating and
practical measuring methods for three-point bending
notched beams [ J]. International Journal of Fracture,
1999, 98(2):151-177

(4] iR R E®. BRI EMRES BHR K i 204
W] £ AT &S, 1992, 25(2):32-38

[5] XU Shi-lang, REINHARDT H W. A simplified
method for determining double-K fracture parameters
for three-point bending tests [ J]. International
Journal of Fracture, 2000, 104(2):181-209

[6] AMPARANO F E, XI Y P, ROH Y S.
Experimental study on the effect of aggregate content

on fracture behavior of concrete [ J]. Engineering

BENRE LM A S BN w] T8N F, 2004,
21(1):136-142

[8] LEE K M, AN K S. Factors influencing fracture
toughness of mortor-aggregate interface in concrete
[C] // MIHASHI H, ROKUGO K., eds. Fracture
Mechanics of Concrete Structures. Proceedings of
FRAMCOS-3. d-79104. Aedificatio
Publishers, 1998:193-202

[9] FENG N Q, JIX H, ZHUANG QF, et al. Effect of
concrete materials on fracture performance [C] //
WITTMANN F H. ed
Concrete Structures, Proceedings of FRAMCOS-2. d-
79104. Freiburg: Aedificatio Publishers, 1995: 119-
124

[10] ALAEE E J, KARIHALOO B L. Fracture model
for flexural failure of beams retrofitted with
CARDIFRC [J]. Journal of Engineering Mechanics.,
2003, 129(9):1028-1038

[11] CARPINTERI A, MASSABO R. Continuous vs.

bridged-crack model for fiber-

Freiburg:

Fracture Mechanics of

discontinuous
reinforced materials in flexure [ J]. International
Journal of Solids Structures, 1997, 34 (18):2321-
2338

[12] RHEG . RER. XNEHR LBREFEFRERELR
By RABAIAN K RS HHRTHMLI] A

Fracture Mechanics, 2000, 67(1) :65-84
(7% #E,E #.7% W.%& HagftkflfkRs

24, 2001(4) ;34-39

Experimental study of fracture properties of concrete matrix materials

ZHU Yu''?, XU Shi-lang', ZHAO Jin’

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;
2. Liaoning Building Science Research Institute, Shenyang 110005, China;
3. Shenyang Railway Survey & Design Institute Co., Ltd. . Shenyang 110013, China )

Abstract: The fracture properties of cement paste and mortar which are two most basal matrix
materials of concrete were studied using three groups of three-point bending beams with different sizes
and strengths. A complete P-CMOD curve was directly obtained, and the initial cracking load was
determined. The experimental results show that the resistance to crack propagation in matrix is
enhanced due to sand aggregate in the matrix, even though the grain size used is very small. Cement
paste is not an ideal brittle material, an apparent stable crack propagation before unstable failure is
observed in cement paste, and this stable stage is shortened with the compressive strength increasing.
The larger the size is, the earlier the crack initiation is, and the longer the stable crack propagation
stage becomes. Therefore, based on the hydraulic engineering concrete fracture testing specification,
the double-K fracture parameters were calculated for cement paste and mortar. The discussion on the

obtained results was made.

Key words: concrete; cement paste; mortar; fracture; three-point bending notched beam



