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1. Macro polyolefin fibers
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3. Lightweight expanded clay aggregate
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2. Slump flow
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4. Poly-carboxylate based superplasticizer
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5. Servo electro controlled universal machine
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6. Rheology properties
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7. Calcium hydroxide
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1. Introduction

Self-compacting lightweight concrete (SCLC) is one type of concrete that its usage has widely increased. The
use of some additives in the production of SCLC can both reduce its costs and improve its properties. The effects
of different cement replacement materials have been studied by several researchers. Jalal et al. (2012) claimed
that the use of silica fume could improve the electrical resistance and mechanical properties of self-compacting
concrete, and reduce its water absorption. Moreover, the use of silica fume in normal concrete improves the
bond between aggregate and paste surfaces, and it has positive effects on fracture toughness, compressive
strength and tensile strength (Lam et al., 1998).

To simulate the fracture behavior of concrete in numerical models of concrete, depending on the model,
some parameters such as fracture energy, fracture toughness and critical effective crack-tip opening
displacement (CTOD, or &c), which generally are known as fracture parameters, must be determined. In this
regard, Peterson (1980) showed that the fracture parameters are significantly affected by water to cement
ratio (w/c) and the quality of aggregate. In other words, by reducing w/c or using stronger aggregate, the
fracture energy of concrete increases.

In this study, the effect of w/c and silica fume on the fracture toughness and fracture energy of SCLC has
been investigated. Therefore, by making six mix designs and 126 concrete specimens, fracture parameters,
mechanical properties and the workability of fresh concrete were carefully studied. Initially, four mix designs
with the w/c 0f 0.37, 0.42, 0.47 and 0.52 were made. Afterwards, by replacing 0, 5% and 10% of the weight of
cement with silica fume, the effects of changing this parameter on the fracture parameters of SCLC were
studied.

2. Properties of materials and test method

In this experimental study, natural river sand with the maximum size of 4.75 mm was used as fine-aggregate
and lightweight expanded clay aggregate (LECA) with the maximum size of 12.5 mm was used as coarse
aggregate. Portland cement type 1-425 and silica fume were used as cementations materials. To achieve
appropriate workability and viscosity in fresh concrete, limestone powder and poly-carboxylate based
superplasticizer (SP) were used in concrete production.

In this study, the size effect method has been used to determine the fracture toughness and fracture energy
of SCLC. In this method, the fracture parameters of each mix design were obtained by performing three-point
bending tests on 12 notched beams. For each of the mixes, beams with four different dimensions were used;
each of them was geometrically similar in two dimensions. Three specimens were made from each of the
dimensions of the beam, and totally for six mix designs, 72 beam samples were made to determine the failure
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parameters. According to RILEM FMT-89 Recommendations (1990), in this study, the largest aggregate size
(LECA) was considered to be 12.5 mm; therefore, the thickness of all specimens was 38.1 mm. The ratios of
length and span to depth were equal to 2.67 and 2.5 in all the beams. Furthermore, the notches to depths ratios
of the beams were considered to be 0.2.

3. Experimental results
3.1. Workability and mechanical properties

After mixing SCLC, the workability of fresh concrete was evaluated according to EFNARC guidelines by
slump flow tests, U-box and J-ring (EFNARC, 2002). According to the results, the rheological properties of all
fresh concrete mixtures satisfied the requirements of the EFNARC guidelines (2002). However, with the
addition of silica fume to each mixture, its slump flow diameter was reduced. Therefore, the mixtures
containing silica fume needed more SP to maintain their acceptable workability.

Then, the effect of changes in w/c and the use of different percentages of silica fume on the compressive

strength, tensile strength and modulus of elasticity of concrete were investigated.
By reducing w/c from 0.52 to 0.37, the compressive strength (f,) of SCLC increased up to about 68%. Moreover,
when 5 and 10% of the cement weight was replaced with silica fume, f. of SCLC increased by about 18% and
30%, respectively. By decreasing the w/c from 0.52 to 0.37, the tensile strength and modulus of elasticity of
self-compacting lightweight concrete increased by about 57% and 28%, respectively. It is also observed that
by increasing the percentage of silica fume, all the mechanical properties of concrete improved.

3.2. Fracture parameters resulting from size effect method

Table (1) and Fig. (1) show the changes in fracture energy and fracture toughness of all mix designs. As can
be seen in the figure, by decreasing w/c from 0.52 to 0.37, the G; value increased from 12.05 to 33.35 N/m; in
other words, with this decrease in w/c, the Gy value increased about 176%. By replacing 5 and 10% of the
cement weight with silica fume, the amount of fracture energy increased by 19.4% and 24.2%, respectively.
Therefore, the maximum fracture energy of this research was obtained in w/c of 0.37 and silica fume
replacement level of 10%.

Table 1: Fracture parameters of different SCLC mix designs.

Mix ID C37 C42 C47 C52 C37SF5 C37SF10
Gy (N/m) 33.35 27.86 16.88 12.05 39.84 41.45
K;c (MPamm?5) 27.20 23.36 17.43 14.43 30.96 32.17
fe (MPa) 37.71 30.20 24.78 22.38 44.63 49.01
f¢ (MPa) 2.88 2.58 2.02 1.83 3.24 3.46
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Fig. 1. Fracture energy and fracture toughness of various SCLC mixes

Fracture toughness (K;.) is another significant parameter in concrete fracture mechanics. In this study, the
fracture toughness of SCLC changed between 14.43 to 32.17 MPa.mm?05. The results showed that K. increased
with decreasing w/c. For different mix designs, by changing w/c from 0.52 to 0.37, the K. value increased by
88% and reached from 14.43 to 27.2 MPa.mm?5. As the results show, the fracture toughness of SCLC increased
by using silica fume. The amount of K, in the control mixture (w/c= 0.37) was equal to 27.2. By replacing 5%
of the cement weight with silica fume, this parameter increased by about 14% and reached 30.96 MPa.mm?05.
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By replacing 10% of the cement weight with silica fume, the fracture toughness increased by 18.3% and
reached 32.17 MPa.mm?>.

In this research, based on experimental studies performed on SCLC, a relationship between the fracture
energy and compressive strength with a determination coefficient of 0.93 and a very suitable relationship
between K. and f, with a determination coefficient of 0.96 have been expressed.

Gr = 3.47(f.)"°° (1)

Kic = 1-22(fc)1'05 (2)

That Gy, K and f, are based on N/m, MPa.mm®5>and MPa, respectively.

4., Conclusions

This study investigates the effects of water to cement ratio (w/c) and silica fume on the fracture parameters
and mechanical properties of self-compacting lightweight concrete (SCLC), and the following main results have
been obtained:

1) By reducing w/c from 0.52 to 0.37, the compressive strength, tensile strength and elastic modulus of
SCLC improved about 68%, 57% and 28%, respectively.

2) By decreasing the w/c from 0.52 to 0.37, the value of fracture energy (G) increased about 2.7 times, and
the amount of fracture toughness (K;.) increased by 88%.

3) The fracture energy of the samples containing 5% and 10% silica fume were 19.4% and 24.2% higher
than the control samples, respectively. Furthermore, in these cases, the fracture toughness of SCLC improved
by 14% and 18.3%, respectively.
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