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Abstract: Lightweight foamed concrete (LWFC) is characterized as a light in self-weight, self-
compacting (no need vibration), self-leveling, and thermal and sound isolation. The application of
(LWFC) in the building construction is limited because of its the low strength and the low ductility. In
this study the workability of the fresh mix of (LWFC), the hardened properties include, compressive
strength, tensile splitting strength, flexural strength, and modulus of elasticity were evaluated. This study
focuses mainly on the effect of the adding of silica fume and fibers on the mechanical properties of
(LWFC). Silica fume was added as 5% and 10% by the weight of cement. Steel fiber and polypropylene
fiber volume fraction were of (0.2%, 0.4%), While the hybrid fibers (steel+ polypropylene) volume
fraction was (0.2% steel+0.2%PP), and (0.4%steel+0.2%PP) of the total mix volume. The results of the
program test show that the increase of silica fume improves the mechanical properties of (LWFC)
significantly. The adding of fibers to the (LWFC) reduces the flowability and improves the mechanical
properties. The hybrid fibers mix (0.4% steel+0.2% PP) presented the best test result of the mechanical
properties as (10%,21%,53%, 24.4%) for the compressive strength, flexural strength, tensile splitting
strength, and modulus of elasticity, respectively.

Keywords: Lightweight, Foamed Concrete, Silica fume, Steel fiber, Polypropylene fiber, Mechanical
properties.
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1. Introduction

Lightweight foamed concrete, is a type, of concrete has a lighter, weight compared
with normal concrete. Using lightweight foamed concrete as a construction material
lead to reduce the self-weight of a structure and offers better thermal and sound
insulation and better fire protection than normal weight concrete.

According to the ACI 116R-00, silica fume is defined as “ a very fine non-
crystalline silica produce in electric arc furnaces as a by-product of the production of
elemental silicon or alloys containing silicon” [1].

When two different fibers added to concrete to make the composite structure gives
maximum strength to concrete that type of concrete is hybrid fiber reinforced concrete.
Mydin and Sahiduna in (2015) studied the mechanical properties; compressive strength,
flexural strength and tensile splitting strength, of lightweight foamed concrete contain
steel fiber with volume fraction (0.2 % and 0.4%) and found that the addition of steel
fibers improve the mechanical properties of LWFC [2].

Bing et al. (2012) studied the development of the structural foamed concrete
application by using silica fume, fly ash, and polypropylene fiber. The results show the
adding polypropylene fiber significantly improved the compressive strength, the
splitting tensile strength, and drying shrinkage resistance [3]. Awang and Ahmad in
(2012) studied the mechanical properties and durability of the lightweight
foamed concrete use steel fibers as two percentages inclusion, 0.25% and 0.4% by
total volume fraction, and 30% replacement of cement by fly ash, they showed that the
addition of steel fibers is a very good contribution in the compressive strength, flexural
strength and tensile split strength test results [4]. Mydin and Soleimanzadeh (2012)
studied the effect of volume fraction (0.1, 0.2, 0.3, 0.4, 0.45 and 0.5%) of
polypropylene fiber on the flexural behavior of lightweight foamed concrete before and
during exposing it to high temperature. They found the adding more than 0.4%
volume fraction of polypropylene fiber reduces the flexural strength considerably [5].

Fathilah et al. (2012) studied the flexural strength of lightweight foamed concrete
using cement to sand ratio (3:1) with inclusion of polypropylene fiber, using
the targeted density of 1500 kg/m3 and polypropylene fiber with 0.25% and 0.40%
volume fraction. They found the inclusion of polypropylene fiber into the lightweight
foamed concrete samples has more contribution in flexural strength as compared to
control sample without the fibers and 0.25% is an optimal volume of fibers that
should be included to contribute the maximum flexural strength of the
lightweight foamed concrete [6].

Asok and Dr. George (2016) investigated the hybrid normal concrete using steel
and polypropylene fibers and they found that the addition of fibers is helpful to
improve the fracture properties of concrete [7].

This study aims to investigate the mechanical properties of lightweight foamed
concrete with the inclusion of steel fiber and polypropylene fiber in terms of
compressive, flexural, tensile splitting strengths, and modulus of elasticity.
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2. Experimental work
2.1 Material
2.1.1 Cement

Ordinary Portland  cement used in  this study to produce lightweight
foamed concrete. It conform to the Iraqi Standard Specification (1.Q.S. No.5, 1984) [8].
Table 1 and Table 2 show the chemical and physical properties of cement used in this
study, respectively.

Table 1. Chemical properties of cement.

Oxide composition Results Limit of Iraqi specification

% by weight No0.5/1984

Sio, 20.4 —

CaO 61.7 —

Al, 0, 5.45 —

Fe,0, 4.79 —
MgO 15 5.0 (max)
S0, 19 2.8 (max)

C;A 6.35 —

C3S 47.23 —

C,S 23.06 —

C,AF 14.6 —
Insoluble Residual (I.R) 0.42 1.5 (max)
Loss of Ignition (L.O.I) 2.08 4.0 (max)

Table 2. Physical properties of cement

Physical properties test Results Limit of Iragi specification No.

5/1984
Fineness using Blaine a2|r permeability 405 230 (min)
apparatus (m=/kg)
Soundness using autoclave method —_— 0.8% (max)
Setting time using Vicat’s instruments

Initial(min.) 137 00:45 (min)
Final(hr.) 3:25 10:00 (max)

3-day compressive strength for cement Paste 24.2 MPa 15 (min)

7-day compressive strength for cement Paste 32.5 MPa 23 (min)

2.1.2. Sand

Fine aggregate used was imported fine standard sand with a specific gravity of 2.60
and percentage from size 600 micro no 3. This type of sand is supplied by (Al-Umaraa)
company as shown in Fig.1. Table 3 shows the sieve analysis of sand used in this study
according to ASTM C778 (ASTM Designation: C778, 2013) [9].
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Table 3. The sieve analysis of sand

Sieve size Passing%
600 um 93
300 um 23
150 um 4.5

pan 0.0

2.1.3 Silica fume
Silica fume is an additive for concrete and mortars. It meets the requirements of
(ASTM C-1240) [10]. Table 4 shows the properties of silica fume.

Table 4. Silica fume properties.
Technical Properties

Form/Color: Grey Powder
Surface area 27.3246 cm? /g
Bulk density 660kg/m3
Moisture content 0.6%
Loss on ignition 3.4%
Sulfuric anhydride 0.3%
Total silica content SiO2 94.7%
Available alkali 0.1%
Chloride ion 0.055%
Relative strength 116%

2.1.4 Superplasticizers

Is an additive based on modified polystearic-esters free of chlorides, whose action

is improves concrete flow without segregation. The superplasticizer “Sika Viscocrete
5930” was used which complies with (ASTM C494/C494M, 2015) types G and F [11].

Table 5 shows the properties of superplasticizers.

Table 5. Properties of Superplasticizers

Technical Properties

Form / Color Liquid, amber
Density (at 25°C) Approximately 1.11 kg/It
Specific Gravity 1,07 £ 0,01 kg/L

ph Approximately 5.5
Chloride Content Nil (EN 934-2)

2.1.5 Water
Top water will be used, and which shall be clean and free organic materials.

2.1.6 Foaming Agent
Foam is a form of stable bubbles, produced by mixing foaming agent and water in

foam generator. The purpose of the foam is to control the density of lightweight foamed
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concrete by incorporating dry preformed stable foam into fresh lightweight foamed
concrete. For this study, the ratio of foaming agent to water was (1:30) by volume.

Table 6 shows the properties of foaming agent. It is produce lightweight
foamed concrete according to (ASTM C796/C796M, 2012) [12].

Table 6. Properties of foam agent

Appearance / Colors Yellow transparent liquid
Chemical Base Air entraining synthetic liquid
Density 1.0075-1.0175 kg/L, at 20°C
pH Value 9-11
Total Chloride lon Content Max. 0.1%, Chloride-free

2.1.7 Steel Fiber

The steel fibers used in this study are hooked-end low carbon produces by Sika.
According to (ASTM A820) [13]. Table 7 and Fig. 1 show the properties and geometry
of steel fiber used respectively.

Table 7. Steel Fibers Properties

Technical Properties

Type of steel fiber hooked-end
Fiber Length (mm) 60mm
Fiber width, (mm) 0.75 mm
Aspect Ratio (L/d) 80
Shape hook
Tensile strength (MPa) >1100
Ultimate elongation (%) <2
Specific Gravity 7.8

Fig.1The geometry of steel fibers.

2.1.8 Polypropylene Fiber

Synthetic fibers that are resulted from the petrochemical and textile industries. The
existing of polypropylene fibers in concrete is reduced plastic shrinkage cracking and
subsidence cracking over steel reinforcement. Table 8 shows the properties of
polypropylene fibers and Fig. 2 shows the geometry of polypropylene fibers.
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Fig. 2 Polypropylene fibers geometry.

Table 8. Polypropylene fibers properties.

Technical Properties

Form 100% virgin polypropylene fibers
Length 12mm
Specific gravity 0.91
Alkane content No
Sulphat content No
Chloride content No
Modulus of elasticity 3500-4800 MPa
Tensile strength 350 MPa
Melting point 160-170°C
Ignition point 590°C
Cement compatibility Excellent

2.2 Preparing Foaming Agent

To prepare foaming agent that use in the mix is added the liquid of foam and water
in the foam pump device by 1:30, and with pressure to get the foaming agent as shown
in Fig. 3.

Fig. 3 Foam output.

2.3 Producing of Lightweight Foamed Concrete and Specimen Preparation

The foam is prepared first by adding foaming agent with water to the foam generator,
the foam is produced with presence of air. The objective of this research is improving
the properties of control mix lightweight foamed concrete by using the addition of two
types of fibers which are steel fiber and polypropylene fiber. Portland cement and silica
fume of (10%) by the weight of cement were used as the cementitious materials. the
water/cementitious materials ratio was 0.28, and superplasticizers of (0.8%) by the
weight of cementitious materials. The base mix is prepared by mix the dry material;
cement, sand, and silica fume in the mixer with the cement-sand ratio of (1:1). After the
dry materials are mixed well, water premixed with superplasticizers is added to the base
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mix as seen in Fig. 4 (a). Table 9 shows the material and mix design. When the mortar
become ready, the steel fiber and polypropylene fibers are added as shown in Fig.4 (b).
After that foam agent is added to the mix and the mortar density was measured as seen

in Fig. 4 (c) and (d) below.

Promptly after mixing, the concrete was placed in molds in order to prevent breaking
down of the air bubbles before it was set as shown in Fig. 5 below. At about 24 hours
after that, concrete molds were removed and warped with nylon to prevent moisture

evaporation.

Table 9. Mix proportion.

Mix code Ege/“;l%m ig‘?& \Ii\ﬁtizg, Sp* % fu'::fea% ST% PP%
FB 7475 7475 23023 08 10 0 o0
FSTL 741 741 22823 08 10 02 0
FST2 7345 7345 22624 08 10 04 0
FPPL 74676 74676 22998 08 10 0 02
FPP2 7460 7460 2297 08 10 0 04
FSTPL 7403 7403 228 08 10 02 02
FSTP2 7338 7338 226 08 10 04 0.2

*Sp: superplasticizer add as a ratio of cementitious material, ST: Steel Fiber, PP: Polypropylene fiber.

(c) Foam agent adding.

(d) The measured of mix density.

ALE AL~ BATAL yie )

Fig. 4 Producing of Lightweight Foamed Concrete
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hs Pt Y
Fig. 5 Concrete mix in molds.

3. Experimental tests
3.1 Fresh Properties Test (Flow Test)

This test of concrete mix is done to give us some notion on the workability of
concrete mix as shown in Fig.6 according to the standard specification ASTM C1437
[14]. The flow result can be calculated as the formula in (1):

Flow=""2x100 (1)
2

Where d; is the average of four readings in mm , and d, is the original inside base

diameter in mm.

Fig.6 Flow table test.

3.2 Compression Test

Compressive strength of (LWFC) is an important parameter because it indirectly
gives other mechanical properties such as flexural strength, splitting tensile strength
and modulus of elasticity. Compression test is required to determine the strength of
concrete as in the Fig.7 according to ( ASTM C39/C39M, 2015) [15]. In this test used
cubes moulds with diminution (100 x 100 x 100 mm).
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P

Fig.7 Compressive strength test.

3.2 Flexural Test

The objective of this testing is to determine the modulus of rupture of lightweight
foamed concrete using prism dimension (100 x 100 x 500 mm) according to (ASTM
C78/C78M, 2015) [16] as seen in Fig.8.

Fig.8 Flexural strength test.

3.4 Splitting Tensile Test

The lightweight foamed concrete were tested for tensile splitting strength at 7 and 28
days by the application of a diametric compressive load on a cylindrical concrete
specimen with a diameter (150 mm) and a height (300 mm) placed with its axis
horizontal between the plates of a testing machine according to (ASTM C496, 2011), as
seen in Fig.9 [17]. The Tensile strength of the specimen was calculated by using the
formula in (2):

i i
Tensile strength = —5 2

where P is the applied load kN, L is the length of cylinder in (mm), and D is the
diameter of cylinder in (mm).

Fig.9 Tensile splitting strength test.
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3.5 Modules of Elasticity

The modulus of elasticity of an object is defined as the slope of its stress—strain
curve obtain from the test as shown in Fig.10. This test is produced according to
(ASTM C469/C469M, 2014) [18]. The modulus of elasticity can be calculated by the
formula in (3):

S2— 51

Ee=—————— 3)

£,—0.000050

Where E. is chord modulus of elasticity in MPa, S, is stress corresponding to 40%
of ultimate load, S;is stress corresponding to a longitudinal strain (&;) of (0.000050),
and &, is longitudinal strain produced by stress S, .

Fig.10 Modulus of elasticity test.

4. Results and Discussions

4.1 Properties of Fresh Concrete (Flowability)

Lightweight foamed concrete is characterized by having a high workability because
it is consist of fine particles in addition to high wi/c ratio or superplasticizer. The adding
of silica fume reduces the water/cementitious materials so leads to decreases the
flowability of the mix. The adding of steel fibers and polypropylene fibers decrease the
workability of the mix as shown in Fig. 11, which shows the results of the flow test. The
improved uniformity is due to the fact that polypropylene fiber can form a network
structure in lightweight foamed concrete which can effectively restrain the
segregation of steel fiber.

160 -

140

120

100

80

Flow mm

60

40 -

20

FB FSF5 FSF10 TFST1 FST2 FPP1 FPP2 FSTP1 FSTP2
control

Mix code

Fig. 11 Flow test results.
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4.2 Compressive Strength

Lightweight foamed concrete has a low compressive strength comparing with normal
concrete. The addition of silica fume improves the compressive strength of lightweight
foamed concrete significantly due to the pozzolanic characteristics of silica fume
leading to an improved the matrix bond of concrete [19]. Silica fume increases the
compressive strength about 22% for mix with silica fume (5%), and 59% for mix with
silica fume (10%). The addition of steel fiber improve the compressive strength of
lightweight foamed concrete due the steel fiber matrix bond mechanism and amount
percentage of steel fiber introduce into the lightweight foamed concrete [2]. Comparing
with the mix without steel fiber (FSF10), the addition of steel fiber increases the
compressive strength about 9% for mix with steel fiber (0.2%) and 11.6% for the mix
with steel fiber (0.4%).

But the addition of polypropylene decreases the compressive strength about 9.7% for
mix with 0.2% polypropylene fiber, and 11.25% for mix with 0.4% polypropylene
compared with the mix without fibers (FSF10). This reduction may be attributed to the
low stiffness of polypropylene fibers and also the ductility of the polypropylene fibers
that may affect the compressive strength of such concrete [20]. The addition of hybrid
fibers (0.2% steel + 0.2% PP), (0.4% steel+0.2% PP) fibers increased the compressive
strength as (4.8%,10%) for mix with fibers and this increase depends on the volume
fraction of steel fiber as shown in Fig. 12.

B FB control

FSF 3

45

40 EFSF 10

35 - =FST1

25 mFST2

20 mFPP1

15

10 FPP2
5 FSTP1

at 7 days at 28 days mFSTP2

Compressive strength MPa
7%
=)

Days

Fig.12 Compressive strength test results.

4.3 Flexural Strength

The flexural strength of lightweight foamed concrete is proportional to the
compressive strength. Fig.14 shows the flexural strength test results of lightweight
foamed concrete at 7 and 28 days. The addition of silica fume increases the flexural
strength as 32% for mix with (5%) silica fume, and as 80% for mix with silica fume
(10%) is compared with control mix without silica fume (FB control).

The addition of steel and polypropylene fibers increase the flexural strength because
of its role in reducing the cracks. The beginning cracks on the flexural specimen were
not visible until the maximum load was reached due to continuous and bonding of steel
and polypropylene fibers [5]. The steel fiber holds the critical part together giving the
alert timing before it cracks. This is because of the hooked-end shape of steel fiber that
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holds the cracked parts together and preventing the structure from cracking into two
parts as shown in Fig. 13.

/

Fig. 13 Cross section of the prism contain fibers.

In compared with mix without fibers (FSF10), the flexural strength increased as 32%
and 41.6% for mixes with (0.2%) and (0.4%) steel fiber, respectively. Also for the
mixes with (0.2%) and (0.4%) polypropylene fiber, the flexural strength increased by
5.5% and 9%, respectively. The addition of hybrid fibers (0.2% steel +0.2% PP) and
(0.4% steel+0.2% PP) fibers exhibited significant increasing in the flexural strength as
(9%, 21%) in compared with mix without fibers, respectively.

- uFB
control
FSF 5
6
=
E EFSF 10
£s
& FST1
o
& |
- 4 EFST2
5
; = FPP1
=3
FPP2
2
EFSTP1
14 FSTP2

at 7days at 28 days
Age days

Fig.14 Flexural strength test results.

4.4 Tensile Splitting Strength

Generally, lightweight foamed concrete has a low tensile strength and brittle nature.
From the results drown in Fig. 15,the adding of 5% and 10% silica fume increase the
tensile splitting strength as 30.6% and 55% in compared with control mix (FB control).
the addition of (0.2%) and (0.4%) steel fiber increases the splitting tensile strength of
lightweight foamed concrete as 34.4% and 26.4% respectively. This is because the
hook-end shape of the steel fiber are sufficiently strong and bonded to lightweight
foamed concrete mix [1]. On the other hand, the addition of (0.2%) and (0.4%)
polypropylene fiber caused an increase as 3% and 8% in tensile splitting strength. This
is due to the polypropylene fibers reduces the fine cracks in the LWFC matrix. The
addition of hybrid fibers (0.2% steel +0.2% PP) and (0.4% steel+0.2% PP) fibers
exhibited significant improvements in tensile splitting strength as 26% and 53%
compared with mixes without fiber addition (FSF10), respectively. The steel fiber have
more effect on tensile splitting strength of LWFC than that of polypropylene fibers.
This can be attributed to the ability of lightweight foamed concrete with steel
and polypropylene fibers to reduce and restrain the cracks effectively.
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Fig.15 Tensile splitting strength test results.

4.5 Modulus of Elasticity

The modulus of elasticity is calculated as the secant modulus from the slope of the
experimental stress-strain curve for cylinder compressive test at the point where the
material changed from elastic behavior to plastic behavior as the slope of the line drawn
from zero stress to a compressive stress of (0.45 £.). The modulus of elasticity of
lightweight foamed concrete depends on the, compressive, strength of concrete. as
shown in Fig. 16. The adding of silica fume to the LWFC increases the modulus of
elasticity 21.5% and 29% for mixes with 5% and 10% silica fume, respectively. This
because the adding of silica fume increases the stress capacity of the mix.

Also, the modulus of elasticity increases as increasing of the adding of steel fibers
into the lightweight foamed concrete, where the adding (0.2%) and (0.4%) steel fiber
increase the modulus of elasticity in compared with mix without fibers (FSF10) as 8.5%
and 11.45%, respectively.

This is an indication of the strong bonding between the fibers and the matrix where
the steel fiber play a significant role in the stress transfer where that decreases the strain
and therefore improving the stiffness of mix. The adding of polypropylene fiber into the
lightweight foamed concrete reduces the compressive strength that leads to the decrease
in the modulus of elasticity. where the adding (0.2%) and (0.4%) polypropylene fiber
reduce the modulus of elasticity as 6.25% and 19.3% in compared with mix without
fibers (FSF10).

In compared with LWFC mix without fibers (FSF10), the modulus of elasticity of
LWEFC increases as 13% and 24.4% for hybrid mixes (0.2% steel + 0.2% PP) and (0.4%
steel + 0.2% PP) fibers, respectively.
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Fig.16 Modulus of elasticity test results.

5. Conclusions

The behavior of steel fiber at volume fraction (0.2% and 0.4%), polypropylene fiber
at volume fraction (0.2% and 0.4%), and hybrid fibers on the mechanical properties of
lightweight foamed concrete were investigated. The following conclusions are drawn
from this study:

The adding of silica fume to the LWFC mix improve the compressive strength due
to the pozzolanic action of silica fume leading to an improved the matrix bond of
concrete that leads to improve the flexural strength, tensile splitting strength and
modulus of elasticity.

The adding of silica fume increase the compressive strength, flexural strength, the
tensile splitting strength, and modulus of elasticity as (22%,32%,30.6%,21.5%) for
the mix of (5%) silica fume, and as (59%, 80%, 55%, 29%) for the mix with (10%)
silica fume in compared with control mix (FB).

The addition of steel fiber improve the mechanical properties of LWFC due the steel
fiber matrix bond mechanism and the hooked-end shape of steel fiber that holds the
cracked parts together and preventing the structure from cracking into two parts.

The adding of steel fiber into the LWFC mix increase the compressive strength,
flexural strength, tensile splitting strength, and modulus of elasticity as (9%, 32%,
34.4%, 8.5%) for the mixes with (0.2%) steel fiber, and as (11.6%, 41.6%, 26.4%,
11.45%) for the mixes with (0.4%) steel fiber in compared with mix without fibers
(FSF10).

Due to the low stiffness and the ductility of polypropylene fibers that decrease the
compressive strength as (9.7%,11.25%) and reduce the modulus of elasticity
lightweight foamed concrete as (6.25%,19.3%) for mix with (0.2%,0.4%)
polypropylene fiber in compared with the mix without fibers (FSF10), respectively.
The addition of polypropylene fiber increases the flexural strength as (5.5%,9%) and
tensile splitting strength as (3%,8%) for the mixes with (0.2%,0.4%) polypropylene
fiber in compared with the mix without fibers (FSF10), respectively. This is because
of polypropylene fibers play a significant role in reducing the cracks.

197



Journal of Engi ing and S inable Develop Vol. 23, No. 02, March 2019 www.jeasd.org (ISSN 2520-0917)

8.

9.

In hybrid fibers foamed concrete, polypropylene control the cracks at the
microstructure size, and steel fiber control the post-cracks and holds the cracks parts
to prevent structure from cracking into two parts.

The addition of hybrid fibers increase the compressive strength, flexural strength,
tensile splitting strength, and modulus of elasticity as (4.8%, 9%, 26%, 13%) for the
hybrid fibers mix with (0.2% steel +0.2% PP) fibers, and as (10%,21%,53%, 24.4%)
for the hybrid fibers mix with (0.4% steel +0.2% PP) fibers in compared with mix
without fibers (FSF10), respectively.

The best result of the mechanical properties was the hybrid fibers mix (0.4%
steel+0.2% PP) which is suitable for use as a structural material in the construction.
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