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The properties of structural lightweight concrete produced using crushed
hollow block as semi-lightweight coarse aggregate were investigated. The
crushed hollow block (CHB) was treated by solution of silica fume and
calcium hydroxide of different concentrations (10 and 20%) by weight of
mixing water. The performance of semi-lightweight concrete made with
treated CHB and containing silica fume as an additional cementitious
material at different percents (0, 5, 10, 15 % by weight of cement) was
investigated on terms of physical properties. Test results proved that ,
using treated artificial semi-lightweight aggregate increase the
compressive and flexural strengths of concrete, the idea of using cured
aggregate by pozzolanic material solution must be taken into
consideration. The need of using supplementary cementitious materials
such as silica fume must be detected to enhance the performance of semi-
lightweight concrete

INTRODUCTION

One way of reducing the mass or dead load of structures is using lightweight concrete
in the construction. Lightweight concrete can easily produced by using light weight
aggregates.

Lightweight aggregates are broadly classified in to two types: Natural (Pumice,

Diatomite, Volcanic Cinders, etc.) and Artificial (Perlite, Expanded Shale, Clay, Slate,
Sintered PFA, etc.). Lightweight aggregates can be used to produce low density
concretes required for building applications like cladding panels, curtain walls,
composite flooring systems, and load-bearing concrete blocks, [1,2].
Structural lightweight concrete has its obvious advantages of higher strength to weight
ratio, better tensile strain capacity, lower coefficient of thermal expansion, and superior
heat and sound insulation characteristics due to air voids in the lightweight aggregate.
Also the reduction in the dead weight of the construction materials, by the use of
lightweight aggregate in concrete, could result in a decrease in cross section of
Concrete structural elements (columns, beams, plates, foundation). It is also possible to
reduce steel reinforcement [3, 4].

Many laboratory studies, evaluate the effect of using different units weight
aggregate including lightweight bricks, lightweight expanded clay and normal weight
gravel without the use of natural fine aggregate on the physical and mechanical
properties of lightweight of concrete. It was reported that a lightweight concrete with
50 MPa cube compressive strength and 1800 Kg/m3 fresh density can be produced.
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Also it was reported that the addition of mineral admixtures increased the compressive
strength of concrete produced with lightweight expanded perlite aggregate [5, 6, 7].

For the production of such high quality concretes there is a need for a better
understanding of the mechanisms by which strength is generated in such systems. This
is necessary for making the correct choice of aggregates and for developing guidelines
for controlled production of lightweight aggregates for this purpose. In systems of this
kind, the aggregate is weaker than matrix, and therefore considered to be the weak
constituent [8, 9, 10].

In this research a new technology was developed to enhance the quality of an
artificial lightweight aggregate (crushed hollow block) by immersing it in solution of
silica fume in order to let the silica fume particles get through the aggregates and try to
packed some of the voids and consequently obtain aggregates different in their
strength, absorption and pozzolanic activity.

EXPERIMENTAL WORK

The present study covers the use of crushed hollow block as lightweight coarse
aggregate in concrete containing silica fume as supplementary cementitious materials
at different levels namely: 0,5,10, and15% as an addition to cement. The crushed
hollow block aggregate was treated by solutions of silica fume and calcium hydroxide
(10 and 20% concentration solution). The performance of lightweight concrete made
with crushed hollow block as coarse aggregate was studied in terms of compressive
and flexural strengths up to 28 days. The main variables, experimental program, are
described and reported in Table 1. Material properties, experiments procedures, mix
design, casting and tested models are also reported in the following sections.

Table 1:Experimental program.

. Silica Fume
Coﬁggrﬁlrc;?ion Test Age Content (%
(%) @ays) 1 o |5 |10 15
3 * * * *
7 * * * *
0 28 ol I I B
90 ol I I B
3 * * * *
* * * *
10 278 P I e
90 ol I I B
3 * * * *
7 * * * *
20 28 ~ T = T = =
90 ol I I B

* Three samples were conducted for flexure and two for compression test.
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MATERIAL PROPERTIES

Crushed hollow block (CHB) was used as lightweight aggregate. In this investigation,
blocks were broken manually. ASTM D-75 and ASTM C-136 and C-29 were used for
sampling, grading, unit weight and fineness modulus of aggregate. Maximum
aggregate size was 10mm. Natural normal weight fine clean sand free from any
impurities such that silt, learn, clay and organic compound aggregate was used. The
fine aggregate was confirmed the ASTM C-33 requirements.

A locally produced ordinary portland cement (Type |, Arabian cement
company Ltd. Rabigh Cement Plant) was used in this investigation. The cement
content was 400 kg/m®. The water has been used for mixing and curing of all concrete
mixes and specimen’s was clean fresh water free from any impurities.

Silica fume is a fine powder which acts as a microscopic concrete pore filler. It
is based on a chloride free pozzolanic material consisting of over 90% silicon dioxide.
Its addition to the cement mix will yield a concrete especially able to cope with the
Middle Eastern environment. The physical and chemical properties of the silica fume
used in this vestigation are reported in Tables 2 and 3, respectively.

Table-2: Physical properties of the silica fume.

Appearance Fine powder
Bulk Density (kg/m°) 300-600
Surface Area (m°/kg) 18,000-22,000

Chloride Content Nill to BS 5075
Ignition Loss (%) <3%
Flammability Non-flammable

Table -3: Chemical compositions of the silica fume.

OXIDES | SIO, | FE,O; | AL,O; | MGO | CAO | NA,O | K,0
(%) >90 <15 <1.0 <1.0 <1.0 <05 | <05

Superplasticizer is a chloride free, superplasticing admixture based on selected

sulphonated naphthalene polymers. It is supplied as a brown solution which instantly
disperses in water. Superplasticizer disperses the fine particles in the concrete mix,
enabling the water content of the concrete to perform more effectively. The very high
levels of water reduction possible allow major increases in strength to be obtained.
All specimens were immersed in water tank 24 hours after casting (after finishing
initial setting time) to complete hydration reaction through curing period of 3 days. At
the end of curing period, the specimens were removed from water tank and placed at
room temperature until test age.

Compressive strength and flexural strength tests were performed by universal
testing machine, equipment that measures the compressive and splitting bending
strengths directly according to the ASTM specifications ASTM C-39 and ASTM C-78,
respectively. The concrete specimens were 150 * 150 * 150 mm (6*6* 6 in) cubes and
350 * 100*100 mm (14*4*4 in) beams to determine the compressive and bending
strength, respectively.
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RESULTS AND DISCUSSIONS

The test results of artificial lightweight aggregate (CHBA) concrete for compressive
strength and flexural strength are presented in Table 4.

Table 4: Crushed hollow block aggregate (CHBA) concrete tests results.
(a) Compressive strength test.(MPa)

. Solu'iio?- Test Age Silica Fume Content (%)
Onc(e(;,)ra o (days) 0 5 10 15

3 22.56 | 27.73 | 21.68 | 20.58

0 7 2442 | 31.81 | 30.67 | 33.53

28 29.78 | 36.61 | 34.25 | 36.18

25.78 | 26.7 21.34 | 21.55

10 7 30.63 | 33.9 | 30.855 | 31.68

28 3212 | 37.77 | 3544 | 36.36

19.44 | 21.28 | 21.25 | 21.61

20 7 26.17 | 30.95 | 30.74 | 31.37

28 30.10 | 34.28 | 34.34 | 34.06

(b) Flexural strength test.(MPa).

Solution Silica Fume Content (%)
Concentration Test Age
(%) (day) 0 5 10 15
257 | 315 | 3.11 | 2.97
0 7 3.05 | 359 | 359 | 4.06
28 324 | 447 | 489 | 5.01
2.68 | 3.38 | 3.47 | 3.80
10 7 3.43 | 400 | 3.93 | 4.21
28 3.60 | 503 | 493 | 4.98
2.36 | 3.28 | 3.50 | 3.79
20 7 2.98 | 4.03 | 4.07 | 3.96
28 407 | 503 | 503 | 5.01

1. Compressive Strength:

The effect of using cured aggregate by silica fume solution at different concentration
on compressive strength of concrete made with CHBA (crushed hollow block
aggregate) are illustrated in Figures 1 (a), (b)& (c). From these figures it was observed
for all silica fume content the compressive strength was increased by nearly the same
rate up to 28 days for all silica fume content and for all cured aggregate.
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The effect of silica fume addition on compressive strength of concrete made
from CHBA without curing can be negligible, as shown in Figure 1 (a), While it can be
observed that, the effect of silica fume addition on compressive strength of concrete
made from cured aggregate (10, 20 % solution concentration) can be measured.
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Figure 1: Effect of curing aggregate with silica fume on compressive strength for
CHBA concrete at different percent of silica fume addition.

The compressive strength of CHBA concrete at 28 days was selected to study
the effect of cured aggregate and silica fume addition shown in Figures 2 & 3
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respectively. From figures 4-11, 4-12 it was found that the compressive strength of
cured aggregate concrete increased by about 99.5 % comparing by that occurred when
used non cured aggregate. Also the compressive strength of cured specimens increased
by about 96.92 % by increasing silica fume content as addition from 5 up to 10%.
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Figure 2: Effect of curing aggregate with silica fume on compressive strength for CBH
concrete at different silica fume addition.
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Figure 3: Effect of adding silica fume on compressive strength for CHBA concrete for
different cured aggregate solution concentration.

The effect of type of aggregate (cured & uncured) on compressive strength of
CHBA concrete are illustrated in Figure 4 (a), (b), (¢) & (d). Figure 4 (a), (b) explain
the effect of silica fume content (0, 5 %) as addition on the concrete compressive
strength of concrete containing cured aggregate (0, 10, 20 % silica fume solution
concentration). From these figure it can be observed that the effect of using cured
aggregate can be negligible up to 7 days, while the effect of using cured aggregate
appeared clearly at 28 days compressive strength.

By increase the silica fume content up to 15% the effect of using cured
aggregate on the behavior of the concrete compressive strength up to 28 days was
plotted in figure 4 (c) & (d). It can be reported that the concrete compressive strength
increased by using cured aggregate, while there is no effect on the compressive
strength by increasing the solution used for aggregate curing from 10%, to 20%.
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Figure 4: Effect of adding Silica fume on compressive strength for CHBA concrete for
different cured aggregate solution concentration.
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2. Flexural Stren

The effect of using cured aggregate by silica fume solution with different concentration
llustrated in Figures 5 (a), (b)& (c). From these figures it was
observed for all silica fume content the flexural strength was increased by nearly the
same rate up to 28 days for all silica fume content and for all cured aggregate.

The effect of silica fume addition on flexural strength of concrete made from CHBA
without curing can be negligible. As shown in Figure 5 a , while it can be observed
that, the effect of silica fume addition on flexural strength of concrete made from cured
% solution concentration) as shown in figure 5 (b)& (c) can be
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Figure 5: Effect curing aggregate with of silica fume on Flexural strength for CHBA
concrete at different percent of silica fume addition.
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The flexural strength of CHBA concrete at 28 days was selected to study the
effect of curing aggregate and silica fume addition as shown in Figures 6 & 7,
respectively. From these Figures it was found that the flexural strength of cured
aggregate concrete increased by about 88.86 % comparing by that occurred when used
non cured aggregate. Also the flexural strength of cured specimens increased by about
81.24 % by increasing silica fume content as addition from 5 up to 15 % as shown in
Figure 6.
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Figure 6: Effect of curing aggregate with silica fume on Flexural Strength of CBHA
concrete for different cured aggregate solution concentration.
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Figure 7: Effect of adding silica fume on flexural Strength for CBHA concrete for
different cured aggregate solution concentration.

The effects of silica fume addition on flexural strength of CHBA concrete are
illustrated in Figures 8 (a), (b), (¢) & (d). Figures 8 (a) & (b) explain the effect of silica
fume content (0, 5 %) as addition on the concrete flexural strength of concrete
containing cured aggregate (0, 10, 20 % silica fume solution concentration). From
these figure it can be observed that the effect of using cured aggregate can be
negligible up to 7 days, while the effect of using cured aggregate appeared clearly at 28
days flexural strength. By increase the silica fume content up to 15 % the effect of
using cured aggregate on the behavior of the concrete flexural strength up to 28 days
was plotted in figure 8 (¢)& (d). It can be reported that the concrete flexural strength
increased by using cured aggregate, while there is no effect on the flexural strength by
increasing the solution used for aggregate curing from 10 %, to 20 %.
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Figure 8: Effect of adding silica fume on Flexural strength of CHBA concrete for
different cured aggregate solution concentration.



STRUCTURAL SEMI-LIGHTWEIGHT CONCRETE ...... 329

COCLUSIONS

The effect of using crushed block hollow aggregate cured by solutions of silica fume
with different concentration (10& 20 %) on the compressive strength and flexural
strength of concrete was studies in this research, also the effect of using silica fume as
an addition in combination with cured aggregate on the behavior of concrete strength
was taken into consideration, the following conclusions are reported:

1-

10.

The compressive strength was increased by increasing silica fume addition for all
types of aggregate.

Using cured artificial lightweight aggregate increase the compressive and flexural
strength of concrete.

The effect of increase the concentration of silica fume solution for 10-20 % on
strength of concrete can be negligible.

The mechanical properties of lightweight aggregate can be improved by using
silica fume solution.

For production lightweight concrete with high strength to density ratio the idea of
using cured aggregate by pozzolanic material solution must be taken into
consideration.
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