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Abstract – Lightweight foamed concrete (LFC) is a self-compacted concrete that has a low density which is almost half of the
normal weight concrete. Its application in construction work gains interest among researcher due to the variety of benefits such as
low self-weight, easy to construct, economic, etc. However, LFC considered as brittle materials and possesses low compressive
strength. Thus, in this research authors will implement the confinement technique to increase its compressive strength. The
confinement was done by utilized the woven fibreglass mesh (textile fabric) and the effect of its weight per area (g/m2) was
observed. The density of LFC was fixed at 1100kg/m3 with 1:1.5 of cement to sand ratio and water to cement ratio constant at
0.45. The LFC specimens were confined with 1-layer of 110g, 130g, 145g, and 160g of woven fibreglass mesh per area. The
result shows that the confinement of 160g of woven fibreglass mesh significantly improved the compressive strength of LFC by
56.1% at 180-day compared to the unconfined specimens at same day test. Authors also verified that the weight of woven
fibreglass mesh has a noticeable impact on the compressive strength of LFC.
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I. INTRODUCTION
High strength to weight ratio is one of the characteristics of lightweight foamed concrete (LFC). This type of
concrete possesses large scale of density which is range between 300kg/m3 to 1840kg/m3, 87% to 23% lighter than
conventional concrete [1]. The reduction of its self-weight is due to the insertion of foam in cement slurry during the
mixing process [2][3]. This process creates an air cell system where the bubble form considered as aggregate with
zero weight in this concrete since no coarse aggregate being utilized [4]. This advantage leads to the reduction of
foundation size and structural dead load due to its low density [5]. Furthermore, LFC also preferable building material
because of its porous nature that provides high fire resistance and thermal insulation, and low thermal conductivity
[6][7][8], good sound insulation [9][10], resistance to aggressive environment [11][3] and regarded as a sustainable
construction material in the construction industry [12]. As reported by Fu et al. [13], for the past 30 years, LFC is
widely utilized as void filling, ditch repair, retaining wall, floor structure, etc. and its application limited to nonstructural and semi-structural elements only due to its brittleness. Thus, numerous researches have been conducted to
enhance the mechanical performance of LFC.
Most of the previous study revealed that the inclusion of synthetic or natural fibres in LFC improved its
mechanical properties [14][15][16]. However, many drawbacks also reported such as settlement and corrosion of steel
fibres [17] and deterioration of natural fibres [18] which is influenced its performance for the long service life of
building structure. This factor needs to be considered by the contractor during the selection of building materials as a
concern for future building maintenance plan to conserve the life span of the building. Despite that production of
textile fabric can be considered to be utilized as reinforcement elements for LFC. The different between mentioned
fibre with textile fabric is its physical structure where the synthetic and natural fibre is a short fibrous fibre while the
textile fabric is continuous fibre with meshes (weft and waft) structure. The textile fabric has been used as reinforcing
elements for cement-based concrete with less than 2mm diameter of aggregate and it showed a superior result.
Moreover, the textile fabric totally functioned if it was combined with the homogeneous mixture to ensure it
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penetrates completely to the fibre. Hence, utilization of textile fabric for LFC reinforcement can be considered as an
advantage for it due to the absence of coarse aggregate.
Besides, many factors that needs to be considered for the selection of textile fabric materials such as its types
(carbon, aramid, basalt, glass), the structure of textile fabric (2D or 3D), etc. In this study, woven fibreglass mesh
which is alkali-resistance of synthetic fibre was selected due to its low self-weight, flexible, resist to environment
attack yet low cost compared to other materials. Therefore, in this preliminary investigation authors would like to
discover the effects of the different weight of woven fibreglass mesh per area confined with LFC under axial loading.

II. MATERIALS AND MIX PROPORTIONS
Cement, fine sand, and water are the basic ingredient in producing the LFC to form a homogeneous mix. The
constituent materials used in this research were Ordinary Portland Cement, fine sand (sieved using sieve size
1.18mm), and clean water without any harmful substance. Besides, NORAITE PA-1 is the protein-based foaming
agent selected to create stable bubble foam and added into the mortar slurry to produce a light concrete than
conventional concrete. This foaming agent was diluted with water in the ratio of 1:30 of water to surfactant and
produced foam with a density range in between 65-75g/L. Since the weight of woven fibreglass mesh per area (g/m2)
is the manipulated variable thus the density of LFC, and mix proportion for this research remains constant while the
textile fabric used is the same type which is alkali resistance woven fibreglass mesh with 110g, 130g, 145g, and 160g
of weight per area (g/m2). The LFC specimens were confined with 1-layer of each respective weight of the textile
fabric and the control specimen (unconfined) as a reference sample. Table 1 shows the materials and mix proportions
detail implement in this study.
Table 1 Materials constituents utilized.
Manipulated
variable

Constant variable

Specimen

Mix density
(kg/m3)

Control
110g
130g
145g
160g

1100

Mix ratio
Cement/ sand Water/ cement

1:1.5

0.45

Mix proportions, kg/m3
Cement
Sand
Water

410.79

616.18

184.86

III. LABORATORY ASSESSMENTS
Compressive strength is one of the important properties of LFC and it is usually utilized for designing purposes in
the concrete industry. To investigate the effect of woven fibreglass mesh confinement, the textile fabric was cut
according to the mould size and placed in the mould (refer to Figure 1) using hand lay-up technique as demonstrated
by Salimian et al. [19]. The compressive test has been done as specified in the test BS EN12390-Part 3-2009 [20] on
LFC cubes with the aid of a compressive test machine (GOTECH GT-7001-BS300 Universal Testing Machine) at the
HBP Testing Unit in the School of Housing Building & Planning USM as shown in Figure 2. The compressive
strength was measured by the maximum resistance from the axial loading. The size of the cubes was used is
100x100x100mm.
In order to gain strength, the samples were wrapped with black plastic bags for the curing process. The specimens
were unwrapped 24 hours before the test and kept in the oven at temperature of 105±ºC. As reported by [12], this
process were done to lessen the build-up of pore water pressure in the saturated microstructure of the LFC. Then, the
specimens were left to cool to reach a stable temperature after having completed the drying process. The weight of
each cube was noted for the data analysis and only ±50 different measurement is allowed. The exceed weight of LFC
from the desired density will be eliminated. However, all the specimens in this research achieved the target dry
density which is 1100kg/m3 with ±10-15 differences. These lightweight foamed concrete cubes were tested for 7, 28,
56 and 180 days of curing.
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Figure 1 Woven fibreglass mesh placed in mould.

Figure 2 Setup for compressive test using GOTECH GT-7001-BS300 Universal Testing Machine.
IV. RESULTS AND DISCUSSION
Figure 3 shows the development of the compressive strength with the curing ages for the LFC specimens
from day-7 up to day-180. Overall, the development of compressive strength increased at all test ages. For instant, the
compressive strength of the control specimen increased up to 30.6% at 180-day while for the specimen confined with
160g of woven fibreglass mesh boosted approximately 60% at 180-day compared to the strength achieved at day 7.
Besides, the increase of weight of woven fiberglass mesh per area (g/m2) also influenced the compressive strength for
LFC specimens.
As shown in Table 2, the confinement of LFC specimens shows significant increment when compared to the
control specimen. At day-180, 25.3%, 38.8%, 39.9% and 56.1% of compressive strength increment was achieved
when the LFC specimen confined with 110g, 130g, 145g, and 160g of woven fibreglass mesh, respectively. This is
because the confinement of woven fibreglass mesh improved the ductility of LFC specimens and prevents premature
failures due to the increase in deformation capacity. This result in agrees with the experimental study found by [21],
where they concluded that the unconfined concrete showed brittle failure while the confined concrete showed the
ductile behavior that attributed to the confinement effect of the outer jacket.
Besides, Gayathri et al. [22] also revealed that the concrete strength can be improved by increasing its load
bearing capacity thru the additional of textile fabric that having high GSM (gram per square meter). Hence, the
confinement of 160g of woven fiberglass mesh in LFC shows the highest compressive strength compared to all other
specimen and the lowest compressive strength was obtained by the control specimen.
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Figure 3 Axial compressive strength of LFC specimens confined with different weight of woven fibreglass
mesh per area (g/m2).
Table 2 Percentage of increment in compressive strength of LFC specimens confined with different weight of
woven fibreglass mesh per area (g/m2) compared to the control specimens.
Percentage of increment (%)
Specimen
7-day
28-day
56-day
180-day
110g
13.9
29.4
22.6
25.3
130g
15.6
34.0
31.2
38.8
145g
16.0
39.2
34.7
39.9
160g
27.4
48.0
46.2
56.1
V. CONCLUSION
Overall, all the specimens confined with woven fibreglass mesh showed an increased compressive strength
compared to the control specimens. However, 160g of woven fibreglass mesh weight per area shows the significant
improvement of compressive strength. It can be concluded that the weight of woven fibreglass mesh noticeable
influenced the mechanical performance of LFC. The higher the weight per area of textile fabric, the higher
compressive strength would be achieved.
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