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INFLUENCING FRACTURE TOUGHNESS OF 
IN CONCRETE 

Kwan University, 

.. ....,..,.i:;;.., .... J.n.,._,.., of mortar-aggregate interface are 
.... LJ ...... o.A ..... disk specimens. It is observed 

fracture increases with 
mortar strength and the roughness 

surface strongly influence interfacial fracture 
aggregate type does not. It is found that 

toughness considerably increases time. 
mortar-aggregate interface, fracture toughness curves, 

..... i;:;.. ............. ,""-'· ...., .................... age 

concrete materials is extensive, geometrically 
weak zones the concrete 

Mortar-aggregate interlaces play a major role the fracture 
concrete composites. Also, the interfacial 

properties concrete as 
fracture energy. Characterization 
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interfacial properties is, therefore, essential to overcome 
limitations associated with interfaces. 

toughness of mortar-aggregate interface 
by such factors as the mortar strength and age, 
roughness of aggregate surface. In this study 
testing sandwiched Brazilian disk specimens 
assess fracture toughness under mixed 

2 Fracture 

Modulus Mismatch Parameter 
Concrete can be considered as a composite ...,,__,,, ... _, ... ,u._ ........ r-. 

aggregate inclusions. The important 
between mortar matrix aggregates 

1969): 

a 
-Ea 

+Ea 

{3= 1 µm(I-2vJ-µa(l-2Vm) 

2 µm (l- VJ+µ" (1- Vm) 

E = E /(1-v 2
) = 2µ/(1-v), and E, µ, 

shear modulus, and Poisson's ratio, respectively; 
to mortar and aggregate, respectively. 

strongly influences the mechanical behavior(Neville 

Sandwiched Brazilian Disk Specimen 
Sandwiched Brazilian disk specimen shown 
measure the fracture toughness of mortar-aggregate J..U._,_,,__._ .... ..,..., 

loading conditions(Lee and 
...,..,,_,"'.._J._ .............. the energy release rate, G, is calculated 

at interface, a, the applied 
.......... .., .............. __,...,...,, t as 

where, N1 and N
2 

are the nondimensional ...,._,,.., ......... __, ... ..., ......... ...., 
mode I and mode II loading condition rlc::a·nt:>1nrhnrr 

crack length, a/R, and the angle of the ............ , ............................... . 
phase angle for tip A, representing the 

,_,,...,,., ......... "" at the interface crack, is calculated as 
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'fl= ( ~'. )+m(a,f)) (3) 

w represents the phase caused by the modulus mismatch 
a and f3 (Suo and Hutchinson 1989). By measuring the 

Pc , the angle, e , the interfacial fracture 
~.._, ... ._.,,a...,cc-._,, ri, can be obtained as a function of the phase angle, lJf. 

thickness : t 

p 

Fig. 1 Sandwiched 

3 

was performed to investigate the following factors 
fracture toughness mortar-aggregate interfaces 

loading condition - mode I to mode II; (2) mortar type - 40 
MPa; (3) aggregate - granite and quartzite; ( 4) 

aggregate surface - smooth and rough; and (5) curing age of 
mortar - 1 to 28 day. Table l the test model types 
AH~·~LA•~~i·~A fracture toughness measurement. 

mortar mixture such as M40(40 MPa) and M60(60 MPa) 
the sandwiched Brazilian disk specimens 

two kinds of rocks as granite and quartzite. Table 
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the proportions of mortar uur.. ...... .. 

silica fume a naphtalene L,. ..... ,_ .............. ..., 
.-anlll<'•:>.r were added. 

U!J~'~AALL~A.ALJ shown 
uu• .. ,,_,u,...,..:: ... ) of the aggregate 

was 0.25. 

2. 

Cement 
Silica HRWR/ Sia 

Fine Agg. Water W/B 
Fume (C+SF)(%) (%) 

M40 400.0 0 702.2 200.0 0 42 0.50 

M60 475.0 25 680.4 165.0 1.5 40 0.33 
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M40 38.5 26.7 0.42 6.72 0.22 

M60 58.3 29.6 0.51 7.92 0.20 

214.6 65.6 0.11 

Granite 67.2 50.3 0.21 

C· ' - ~- /3 ,,., a (J) -

M40 Granite -0.304 -0.106 3.0 

M60 I Granite -0.261 -0.101 2.6 

M40/ 'Ua1tL.!le -0.406 -0.122 3.5 

M60 / l.luani:,!le -0.366 -0. 17 3.3 
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Interfacial Fracture Toughness Curves 
Fracture toughness test results for four of mortar-aggregate 
interfaces are presented Fig. 2. The fracture toughness curves 
figures are drawn by equation 

-/l 
2 

where, G( and /l2 are constants and their values are given 
each interfacial fracture toughness curve. 

modes of the tested specimens, such as ......... ..., .......... ...,...., 
(Failure Mode 1) and mortar cracking combined 

aggregate 2), are ,,,.., .... ...,u ............................ . 

2. The with Failure Mode 2 
interfacial fracture 

curves are to well with the 
Mode 1. These pheonomena had been 

and Buyukozturk(l995). 
test results and discussion about factors influencing 

fracture toughness are as 

shear loading to a 
comparable to the test results by Lee and 

(2) Effect of mortar type (M40Q/S vs. M60Q/S) 
fracture toughness M60Q/S interface is 

of M40Q/S interface the phase 
the the interfacial zone is 

from 
U.J.J.J'l..11..UJLV with a low Ul<:lf"Pr-14'P•n11•"'nt1f"H""\HC' ,,_..__....._._._,.._,,...._.._._, 

of M40Q/S specimen is significantly 
M60Q/S specimen in the phase angle 

(3) of aggregate (M60Q/S vs ........ ...,...,......,., 
fracture toughness M60Q/S interface 

M60G/S interface, implying that aggregate 
interfacial characteristics. However, 

r>rAC'f-rli>f'f-•nr= of rocks affect 

198 



50 f 

D Failure Mode 1 

1 40 0 Failure Mode 2 
::::?, 
I-<- Curve fit for M40Q/S 
(/) 

lj('V)=G~[1 + tan2((1 -"2)'V)] (/) 
(!) 
c 30 G~ = 3.3 J/m 2 

, A.2 =0.05 ..c. 
Ol 
:::i 
0 
I-
(!) 

:J 20 0 u 
ctl 

u:: 0 
Q) 
() 
ctl 

1ii 10 
:g 

0 
0 10 20 30 40 50 60 70 80 90 

Phase Angle 'V (degree) 

M40Q/S Interface 

50 

D Failure Mode 1 

40 0 Failure Mode 2 

I-<- Curve fit for M 600/S 
(/) 

Ij('V)=GZ[l + tan2 (( l I/) "2)\V)] 
Q) 
c 30 G~ = 4.6 Jim 

2 .c ~ = 0.05 Ol 
::::l 
0 
I-

~ 
© 

:::i 20 0 u 
ctl 

u:: 
Q) 
0 0 
ell 
't: 10 (!) 

:g 

0 
0 10 20 30 40 50 60 70 80 90 

Phase Angle 'V (degree) 

2. 

199 



50 

D Failure Mode 1 

~ 40 0 Failure Mode 2 
2-
~- Curve fit for M60G/S 

en 
G~ [l +tan2

((l -~)'lf)] Cl) fj (\jl) 
CD 
c 30 G1 = 4.0 J/m 2 ..c ~ = 0.05 OJ 
::J 
0 
I-
<D 

0 ::; 
0 20 0 
C'Cl 

0 u:: 
<l> 0 
(.) 

C'Cl 
't:: 10 <l> 
c D 

0 
0 10 20 30 40 50 60 70 80 90 

Phase Angle 'V (degree) 

M60G/S 

50 

D Failure Mode 

~ 40 0 Failure Mode 2 
2-
~- Curve fit for M60G/R 

en 
G~[l +tan 2 co -~)'If)] en Ij (\jl) 

<l> 
c 30 G~ 7 .0 J/m2 ..c ~= 0.09 O"l 
::J 
0 
I-

~ 0 
::J 20 0 
0 
~ 

u_ 8 
a> ~ 
(.) 0 
C'Cl 

't:: 10 <l> 
c 

0 
0 10 20 30 40 50 60 70 80 90 

Phase Angle 'V (degree) 

Fig. 2. 

200 



14 

12 

i...;-
10 

8 

3. 

aggregate surface (M60G/S vs. M60G/R) 
interface is about twice as as 
phase angle is up to 45 degrees, 

VU.j:_AU.Jl\.JchY of aggregate surface strongly influences 

rocks with a surface 
,,._ ....... .-i.,:::. .... concrete is proved to be appropriate 

_,.,..,"·'"'"''·" ... It is from Fig. 2( c) and 
is estimated as 0.5 for polished surface and 0.9 

toughness for M40G/R 
increases at an early age the 

fracture toughness M60G/R 
"""'"",..!'"' .. than M40G/R interface at 

that the interfacial of high 
is developed much earlier than that 

it seen that 
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