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Abstract. Interlocking compressed earth blocks (ICEB) are soil stabilized
based blocks that allows for mortarless construction. Various studies have
been conducted to improve the durability of bricks by using environmental
friendly solution. This is because common method used by the
construction industries generally involving the use of chemical based
substances which will promote pollution to the surrounding. This paper
provide the results of Ureolytic Bacteria (UB) in improving the
compressive strength and water absorption properties with the percentage
of 1%, 3% and 5% UB for 7th ,14th and 28th days of testing. The bacteria
were added as partial replacement of limestone water in ICEB. The results
of compressive strength and water absorption show that the increment of
15.25% strength and reduction of 15.66% water absorption with 5% of UB
on the 28th days of testing compared to the control specimen. Therefore it
is hoped that the positive results on using bacteria will continue to improve
the durability of the ICEB as one of the environmental friendly solution in
order to achieve sustainable construction.

1 Introduction
Interlocking compressed earth block (ICEB) is a cost effective, dry stacked (mortarless) and
sustainable construction material which has potential to bring durable and affordable homes
to developing countries around the world [1]. Generally ICEB will give illustration of a
block that is made up of earth-based material that has been going through a compression
process [2]. ICEBs are often chosen because the blocks does not required to be burnt, thus
reduce the emission of carbon dioxide. On the other hand, the production from conventional
building construction materials pollutes the air, water and land [3]. The production of
ICEBs also faster, easier and effective as compared to conventional blocks [4]. These
advantages make ICEB practical and preferred construction form.
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Previous studies had taken different approach to improve the properties of construction
material by introducing the used of bacteria. Researcher such as Willem et al [5] used
Bacillus sphaericus, Navdeep et al [6] used Bacillus megaterium, Abhjit et al [7] used
Bacillus megaterium and Bernardi et al [8] used Sporosarcina paseurii. All bacteria used
by previous studies resulted in increasing on compressive strength and reduction on water
absorption by comparing control sample and treated sample with bacteria. Positive results
from previous studies indicated that the successfulness of using bacteria as an
environmental friendly solution in improving the durability of construction material [9].
According to Siddique [10], bacteria are able to promote the precipitation of calcium
carbonate (CaCo3) in the form of calcite. The calcite will fill all pores which prevent water
ingression. Deposition of calcium carbonate layer on the surface area resulted to decrease
water absorption and porosity [10]. Hence it will improve the durability of the material
properties.
The understanding on fundamental precipitation calcium carbonate (CaCo3) had been
applied in this research with the use of ureolyric bactreria (UB) to improve the durability of
ICEB.

2 Methodology
2.1 Enrichment of bacteria
The purpose of enrichment process was to obtain growth curve for the ureolytic bacteria to
ensure the survivability of UB in ICEB environment. Two set of enrichment were prepared
namely control and treatment specimen. The composition of the treatment enrichment
consist of 300ml nutrient broth added with 120ml of 40% urea added also with 1mg of soil
substances and lastly 1 cyrogenic bead of ureolytic bacteria. The differences between the
compositions of control were the enrichment was done without the soil sample. The method
follows the previous study, Irwan [11] by adjusting the pH in alkaline and anaerobic
condition were attempt for ensuring the survival of ureolytic bacteria.
2.2 Production of ICEB
The production process of ICEB is a critical element and should be handled very well in
order to maintain the quality of the specimen. The materials used to produce the ICEB
specimen are soil, sand, cement and limestone water. The addition of bacteria acts as partial
replacement of limestone water. Fig. 1 shows the material that has been weight and ready to
be mixed. Then the material must first be mixed thoroughly in ICEB mixer. The limestone
water and ureolytic bacteria (UB) were added after the mixture are well mix and goes
straight to the ICEB mold as shown in Fig. 2. Hydraulic machine was used to compress the
mold to form the ICEB specimen. Fig. 3 shows the process of compressing specimen to
produce interlocking compressed earth block (ICEB).
2.3 Compressive strength
The compressive strength (fc) was determined by using ICEB block (100 x 125 x 250 mm)
specimen and the strength are measured for 7th, 14th and 28th days. There are four set
batches of ICEB represented by control, 1%, 3% and 5% of UB which was partially
replaced of limestone water for ICEB production. All batches were tested in triplicates and
the average results of these triplicates are presented and discussed. The test was carried out
according to the BS 3921:1985, [12] which specify for the testing of bricks.
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Fig. 1. Mixing of laterite soil, sand and cement for production of ICEB.

Fig. 2. Addition of limestone water and ureolytic bacteria (UB).

Fig. 3. Production of ICEB specimen.

3

MATEC Web of Conferences 103 , 01027 (2017)

DOI: 10.1051/ matecconf/201710301027

ISCEE 2016

Fig. 4. Compressive strength test of ICEB.

2.4 Water absorption
The water absorption test was conducted to determine the percentage of water absorbed by
the bacterial ICEB by monitoring changes in weight among the ICEB with and without
bacteria. The test also determined the saturation coefficient which is defined as the
percentage of pore volume filled in 24-hour of soaking. The tests are conducted for 7th, 14th
and 28th days. The test was carried out also according to the BS 3921-1985, [12] which
specify for standard specification for clay masonry units.

Fig. 5. Water absorption test of ICEB at 24-hour submersion.

3 Results and discussion
3.1 Compressive strength
Table 1 and Fig. 4 show the results on compressive strength with time. The compressive
strength of ICEB specimen with bacteria increased gradually for 7th, 14th and 28th days of
testing compared to the control specimen. The addition of UB with liquid culture of 1%,
3% and 5% in ICEB increased the compressive strength within time compared to control
specimen. The patterns of compressive strength increment are the same for all UB addition.
The highest compressive strength recorded was 6.35 N/mm2 at the 28th days of testing for
5% addition of UB.
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The positive result indicates the successfulness of UB in deposition of calcium
carbonate, CaCO3 for enhancement the strength of ICEB. The increment of compressive
strength with added bacteria agreed with Navdeep [6] studies which state that compressive
strength can be significantly increased by application of bacteria calcite.
Table 1. Results on compressive strength.
Compressive Strength (N/mm2)

Specimen with
UB

7th day

14th day

28th day

0% (Control)

2.24

4.50

5.51

1%

3.05

4.79

6.10

3%

2.79

4.68

6.30

5%

2.76

4.75

6.35

Fig. 4. Relationship between compressive strength and time.

3.2 Water absorption
Table 2 and Fig. 5 show the results on water absorption with time. The percentage of water
absorption for 5% addition UB on the 28th days of testing achieved the lowest percentage
compared to other ICEB specimen which is 7.70%. The reduction patterns of water
absorption percentage are the same for all UB addition (1%, 3% and 5%).
The positive results also indicated the successfulness of UB in depositing calcium
carbonate, CaCo3 as calcite in filling the pores to prevent ingress of water absorption.
According to Abhjit [7], the calcite crystal act as biosealant by filling the pores which leads
to reduction in water absorption, porosity, permeability and enhance the strength of the
bricks. Therefore the results on reduction of water absorption collated with studies that was
done by Abhjit [7].
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Table 2. Results on water absorption.
Water Absorption (%)

Specimen with
UB

7th day

14th day

28th day

(0%) Control

9.81

9.27

9.13

(1%)

9.71

8.77

8.10

(3%)

9.23

8.69

8.05

(5%)

8.73

8.13

7.70

Fig. 5. Relationship between water absorption and time.

4 Conclusion
The results from both compressive strength and water absorption tests show the
successfulness of UB in depositing calcium carbonate, CaCo3. Addition of UB in ICEB
presents the increment in strength and reduction on absorption of water. The 5% addition of
UB in ICEB indicates the best result which achieved highest increment in strength with
15.25% and highest reduction of water absorption with 15.66% at the 28th days of testing.
Further study should be conducted through various engineering properties and microstructure testing in order to determine the influence and morphology of UB in ICEB.
This research was supported by Universiti Tun Hussein Onn Malaysia (UTHM), Malaysia, The
Ministry of Higher Education Malaysia through Fundamental Research Grant Scheme (FRGS), Vot.
1577 and collaboration with ICEB industry IRYAS INC. (M) Sdn Bhd.
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