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Chemical analysis result silica
(%) cement fume
SiO, 20.6 89.22
Al,O, 4.86 1.2
Fe,03 3.37 212
CaO 63.56 1.87
MgO 2.18 1.61
SO, 2.3 -
Na,0 0.33 0.556
K,0 0.54 1.056
LOI 2.2 2.6
Insoluble Residue 0.47 -
Free CaO 1.46 -

C,S 56.9 -

C,S 15.83 -
C,A 4.19 -
C,AF 9.58 -
Physical properties

specific gravity 3.14 2.21
Fineness ,Blain Test (Cm/gr) 3210 -
Compressive Strength, 28

days(kg/cm?) 456 -
Autoclave expansion (%) 0.07 -

Table 1. Cement and silica fume properties.
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Materials (Kg/m®)

Seril  Cement Coarse aggregate  Sand  Silicafume  Water  Super plasticizer w/c (by weight)  Slump (mm)
WT1 540 1070 655 60 144 5.38 0.24 16
WT2 490.5 1070 655 54.5 163.5 2.86 0.3 18
WT3 450 1070 655 50 175 241 0.35 17
WT4 405 1070 655 45 180 1.78 0.4 22
Seri 2

SF1 600 1070 655 0 144 4.45 0.24 12
SF2 570 1070 655 30 144 4.96 0.24 18
SF3 540 1070 655 60 144 5.38 0.24 16
SF4 510 1070 655 90 144 6.14 0.24 21
SF5 475 1070 655 0 175 2.19 0.35 24
SF6 450 1070 655 25 175 2.32 0.35 20
SF7 450 1070 655 50 175 241 0.35 17
SF8 425 1070 655 75 175 2.93 0.35 14

Table 2. Mix design proportions.
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Fig. 1. (a) Geometry and (b) image of beams.
SEM s, so el el Sl slas YJsoa
Corrected maximum loads
P°(N)

Mix d ag
ID (mm) d Beaml Beam2 Beam3
WT1 40 1/3 1752 1690 1780
80 1/3 3204 2825 3025
160 1/3 4743 4952 4648
320 1/3 7247 7514 7803
WT2 40 1/3 1654 1544 1628
80 1/3 2823 2866 3012
160 1/3 4311 4825 4632
320 1/3 7145 7212 7641
WT3 40 1/3 1589 1472 1658
80 1/3 2737 2816 2624
160 1/3 4639 4452 4506
320 1/3 7024 7255 7432
WT4 40 1/3 1421 1538 1524
80 1/3 2410 2532 2742
160 1/3 4633 4411 4321
320 1/3 6954 6635 7215

Table 3. Maximum corrected loads in SEM
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Fig. 3. Relationship between Cs and wic ratio
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Mix f, Ec f, Cs CTOD,
ID (Mpa) (Gpa) (Mpa)  (mm) (mm)

WT1 1010 426 511 14.9 0.0127
WT2 9320 401 463 178 0.0146
WT3 842 391 422 205 0.0162
WT4 773 372 385 213 0.0168

Table 4. Mechanical properties of concrete Seri 1
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Fig. 2. The Variation of G¢ versus w/c ratio

Ao Sz S 5 dde 4l o3l Gy el a5 L
s sbesle 3 CuSa s gladde 51 S Olpe w
oA S bl glosle clasl s Sl Cer 4wl
sl 515 058 o o p S5 UL A, Sl s s
OBl sl s ol HL Ll L Al S5 dsk &S
TGOS B LI VY-S WR e B PR o R M g
bl opl el 5 3sse im0 G el Olpe
Sl S5 Glbl 4l s &S glaxl Olge
Sy bl Sl S5 ek wedo S5 5 S 55 S
5 Fes W, Sl adl g ri Jlie glls Jdix s
O s 635 el Ulge 4 ol 5 dy Gl
w Cad Ly G Jlaie Ol s () IS s e AL
G 50ka s o Ol Slesw 3l 4 Of cd Ol ks
Sl s s Cf Sldie cod ol a3l 0L K3 s oS
Dl 31l sb 4 b e Rl Sl sl ge 4 O



OLKer 5 (6 g 90 damo o

ook 0353 lie SL-Y-F
25l eole G Olgs 4 b 0353 50 Sl @ ax 5 L
shils YU coslie glapn coss ey 5o - Y
5 Y0 Glaws slys 4 O ol 53 6l el (5345 mal
solie b (0 i s edd sl B3l = b llae o/YE
et Lod sl atle (glad sed (ko 0395 Cilie

Koty Glag,s polie (0) Joux 5 &S Wlans S | 3 (glalais

A

s b ¢ly il glaosllil b badised gl ol 545
s o3l DL Ladigad O35 baw s Mol LY (e DO
S 4 axg L SF75 SF3 Lol glar b 6l .o
2 B WT3 5 WTL (o5 @ bl glaz b L 03

RCI PRI B S E
bt O g S5 ko OF 3 oS (V) oo Lailgy 4 e 5 L
sl g assed O35 L edd POl e ion (65 bl
Do 53 oo ol el o plonil slial 5550 slad gl
[15] RILEM Leadl) secs ol sl o oals 0Lz ()
Sl sl Sy LS s Ol Sl 5l 581 )
S S a Laas sl S-S WA PSR P A
e 51 2 e 5 (A) Osem S5 Lot ot Wbl ol o
Llsy a5 (M) ol Sas|y Bl s 552 5 (@) O
3l 5l 5 e Aol Sl ol oLl Jelly g s O
534S a5 S0l @gel Olge a4 d 2o /Y 50/ o))
daseia L LY o b (gl el o el 0L (0) IS
Oy 5 IYE Glaa sl 4 Ol e Uy o sl SFL
1 S o ol 0 g S5 el s 9335 51 i
L C= VAT 5l o ,e s A= /o0 VT bt i oS el
olls s e s cdl RE/AMA Saien o0
M SS1, Wk i (28 5 @C 1t 5| 2 WA o
Jealie sl s /N0 5 NY A S
s n B Gz b plas sl ool s gla el
(V) Jsdr 53 ot O S5 gl o310 3 s, L st
ol das g OLES sl S &S 0les el 0l esls OLES

.JJ)‘J)‘JBJAJJ‘)}LAJ dj.éd{léb)j.k}:ﬁ)) eJﬁTCMAJu.

208

DB g1 e 0333 e 5 o Sge &y T ol 36 e
ol S 0551 35 sdasOlil aS 545 &Jf (LEFM)

el edys el ade Sge Jgb S 4D 5

ool oy tlel s sl p o3l 1 o £ IS

0 N oWT1
\
0.1 AWT2
g \
Loz | N SWT3
=)
B3 | XWT4
04 }
\
-0.5 1 1 1 1 1

-08 -06 -04 -02 0 02 04 06 08 1
Log(d/d,)

Fig. 4. Size effect curve of test results.
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Corrected maximum loads

Qo

Mix d - Beaml Beam3
SF1 40 173 1302 1779 1546
80 1/3 3095 2544 2765
16 13 4622 4465 4752
3213 7288 7012 7516
SF2 40 113 1663 1365 1720
80 1/3 3140 2634 2845
16 13 4356 4925 4536
3213 6975 7325 7712
SF4 40 113 1911 1675 1865
80 1/3 3321 3122 3245
16 113 4438 4798 5066
3213 7524 7856 7288
SF5 40 113 1288 1465 1563
80 1/3 2647 2216 2586
16 13 4421 4167 4648
3213 6654 7124 7432
SF6 40 113 1562 1322 1572
80 1/3 2672 2635 2546
16 113 4603 4465 4523
32 113 7209 6821 7423
SF8 40 113 1724 1512 1565
80 1/3 2766 2456 2765
16 173 4613 4756 4852
32 113 7221 7321 6898

Table 5. Maximum corrected loads in SEM
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Y G o SOl Slasiie ¥ J g
Mix  f, Ec f, Gf B do
ID (Mna) (Gna) (Mna) (lm?A (Mna) (mm)
SF1 923 41.3 4.87 47.8 1.12 110.8
SF2 954 4138 5.06 46.5 1.16 101.5
SF3 101 42.6 5.11 45 1.33 76.1
SF4 1032 429 5.18 43 1.46 60.6
SF5 76.8 38.2 3.7 52.4 0.98 145.6
SF6 813 38.8 3.96 50.8 1.16 123.7
SF7  84.2 39.1 4.22 49.1 1.14 104.8
SF8 85.2 394 43 47.4 1.17 96.1

Table 7. Mechanical properties of concrete.
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Mix

series A c @4 @c m
SF1 0.0072 0.7981 0.08 0.11 0.15
SF2 0.0073 0.7406 0.08 0.13 0.17
SF3 0.0074 0.5635 0.04 0.08 0.09
SF4 0.0077 0.4667 0.05 0.14 0.13
SF5 0.0071 1.0336 0.10 0.11 0.17
SF6 0.0072 0.8907 0.07 0.08 0.12
SF7 0.0074 0.7756 0.05 0.07 0.09
SF8 0.0076 0.7301 0.07 0.07 0.14

Table 6. The values obtained from linear regression for
different mix designs
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Fig. 5. Linear regression for SF1.
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Abstract

The use of high strength concrete (HSC) is increasing due to the expansion of the construction
technology of these concretes. In structural engineering, concrete is known as a material with brittle
behavior that the tensile strength of which is negligible compared to its compressive strength and
show low resistance to crack propagation. Moreover, the concrete can be considered as a quasi-
brittle material, which is due to the type of behavior related to the crack propagation and is also
existed around the crack tip of fracture process zone (FPZ) that involves a set of microcracks. From
the perspective of structural behavior, the size effect of the structure is one of the most important
concepts provided by the fracture mechanics; therefore, it is important to provide an equation
between concrete fracture properties such as fracture toughness (K,c) and fracture energy (Gf) and
its correlation with the size effect mechanism. The fracture energy is one of the most important
characteristics for analysis of fracture behavior in concrete, evidenced to be a concrete property,
showing its strength to cracking and fracture toughness. Given that the fracture energy (Gs) is
sufficient to calculate the fracture behavior evaluation for the brittle materials in range of linear
fracture mechanics, for the quasi-brittle materials such as concrete, this is not a sufficient parameter
due to the presence of microcracks in the fracture process zone, and the length of fracture process
zone (Cy) is one of the important properties of fracture in the unlimited-size structures. For
determining the fracture parameters of concrete, various methods have been proposed. One of the
most important methods that is presented by Bazant is the size effect method (SEM). This research
studies and analyzes the fracture behavior of high strength concrete (HSC) with various amounts of
silica fume, along with a change in water to cementitious materials ratio (w/c) with SEM. In this
experimental study, a total of 10 mixing designs have been tested. To investigate the effects of
different w/c ratios in the range of HSC and the effect of silica fume, four w/c ratios of 0.24, 0.3,
0.35 and 0.4 Examined and in two wi/c ratios of 0.24 and 0.35 a mix design for plain concrete
without silica fume and three mix designs prepared with silica fume content of 5%, 10% and 15%
by weight of cement. To determine the fracture characteristics of concrete, a total of 120 beams
were tested. The results showed that by decreasing the w/c ratio from 0.35 in the range of HSC, the
value of initial fracture energy (Gy), the effective length of fracture processing zone (Cs) and the
critical crack tip opening displacement (CTOD.) decreased and on the other hand the brittleness
number (B) increased. Also, by increasing the amount of silica fume in the wi/c ratios of 0.35 and
0.24, the fracture energy, the length of the fracture processing zone, the fracture toughness (Kic),
the critical crack tip opening displacement reduced, and the brittleness number increased. Also, the
results indicated that by using the fracture parameters obtained from the SEM, the maximum load
on the high strength concrete specimen can be predicted correctly.

Keywords: Size effect method, Fracture behavior, Fracture toughness, Brittleness number.
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