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ARTICLE INFO ABSTRACT

The building envelop is generally considered as our third skin. Moss growth and mold growth are constrains
which reduce the strength of the third skin. This study is aimed to analyze the effect of the mold growth and
moss growth on different walling materials such as Brick, cement blocks, cement stabilized earth block, Cabook,
Mud concrete blocks, Geo polymerized earth blocks walls and plastered walls with cement plaster and rough
finish plaster in a tropical climate.

Organic matter, surface roughness, water absorption capacity, sorptivity and the capillary action of those
walling materials were studied first. After which mold growth and moss growth were conducted in the real world
controlled environment to accelerate the mold growth and moss growth. The growth rate and the strength
reduction due to the effect of mold growth and moss growth were studied.

The results demonstrate that walling materials with high porous spaces have the high potential to grow moss
and mold. The walling materials with the high organic matter also encourage moss and mold growth.
Interestingly it was found that even though materials like mud concrete block and geo polymerized earth blocks
have high organic matter, their less surface roughness helped to reduce the moss growth and mold growth. And

Keywords:

Intrinsic properties
Mold growth

Moss growth
Tropics

Walling material

also, plastering can emphatically reduce the speed of mold growth and moss growth.

1. Introduction

The tropical climatic condition is the worst climate condition for
building materials [1] [2] [3] [4]. Because, the tropics consist of rain,
sun, high humid wind etc. [5] [6] [3]. The idea of the wall and roof are
to protect human beings from these environmental constraints [4] [5]
[6]. Hence, the capacity confronts those environmental constraints by
the roof and wall are very important [7] [8] [9]. Not only environ-
mental constraints but also there are other effects due to those en-
vironmental constraints such as weather degradation, scaling off the
materials, natural decay, mold growth and moss growth. Molds can be
found everywhere and can grow on any material in the presence of
moisture. The growth of the mold is due to the pores. When the pores
land on building materials they start to reproduce all over the material.
Mold can be found in indoor climate as well as the outdoor climate. But
the most dangerous mold can be found in indoor produced series of
health problems due to a particle size of the mold [10].

Moss growth is subject to outdoor environments except in case of a
water leak, which can be found in indoor climates. Moss growth is a
common phenomenon in tropical climatic conditions. Moss growth is
accelerated due to the rainy weather and stabilized by the materials
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property. For instant moss, brick is easily subjected to moss growth.

The effect and the growth rate of mold and moss are not properly
studied in tropical climatic conditions (See Table 1). Tropical climatic
condition is the most favorable climate for mold and moss growth.
Therefore it is essential to understand the causes of mold and moss
growth in tropical walling Material.

Bio receptivity is also an important indicator of the durability of the
construction materials. Flooding, leaky roofs, building-maintenance or
indoor-plumbing problems can lead to interior mold growth. Water
vapor commonly condenses on surfaces cooler than the moisture-laden
air, enabling mold to flourish [5]. This moisture vapor passes through
walls and ceilings, typically condensing during the winter in climates
with a long heating season. Floors over crawl spaces and basements,
without vapor barriers or with dirt floors, are mold-prone. The
“doormat test” detects moisture from concrete slabs without a sub-slab
vapor barrier [6].

On the other hand, some of the Architects and landscape designers
prefer to have moss-grown materials. This is due to the beauty of the
materials after the moss growth. Most of the landscaping was done after
the aging the materials into moss growth surfaces. The most popular
techniques are to paint curd on walls which need to be covered with
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moss. Therefore, the study of micro logy is very important to reduce
and increase the moss growth. Moss growth occurs due to the algae
growth on walling materials. Algae is pioneer colonizer, who settle and
grow on rough surfaces. The growth speed is encouraged by physical
factors such as relative humidity, exposure to the wind, light etc. And
the growth speed is encouraged by biotic factors such as the amount of
nutrients available and bio receptivity.

The concept of bio receptivity is the ability of a material to be co-
lonized by living organisms. And it considerably counts for the mate-
rials property such as materials porosity, surface roughness capillary
actionability and the pH value of the material. Natural observations
show that unplastered walls with high surface rough walling materials
are bio receptive than plastered and painted outdoor walls. And also,
plastering and painting shall reduce the (rain) water retention capacity.
By improving the surface the bio-film formation can be reduced.

A bio-film is a web sort of formation covering the surface of the
walling material. It's a complex microbial population embedded in the
matrix. However, the walling materials can be damaged, scaled off by
the bio-film formation. And this will eventually reduce the durability of
the material. This is defined as biodeterioration. Biodeterioration and
the damages due to bio filming on walling materials were tested and
evaluated by series of accelerated growth tests. The growth and the
growing speed were quantitatively determined to achieve the research
objectives.

1.1. Objectives

The objectives of this study were to understand the moss growth and
mold growth effect on different walling materials in a tropical climate
like Sri Lanka. The tropical climate is a harsh climate for building
materials. The most common walling materials in Sri Lanka and newly
invented walling materials were subjected to this study. By determining
the novel walling materials is an additional objective to determine the
quality of novel walling materials.

The research was initiated to understand the effect of plaster and
their strength of to reduce the moss growth and mold growth. But then
it was realized that economically disadvantaged people in the country
cannot afford the plastering. Instead, they are using paint the rough
wall and use it in raw condition. Therefore, the extensive study was
conducted with naked walling materials as well in order to optimize the
mold growth effect on different walling materials in Sri Lanka.
However, the effect of painting weather shielding and water proofing
are covering wide varieties, therefore, for this study we omitted paint
works, and painted walls.

In addition to the moss and mold growth analyses, aimed at eval-
uating the materials physical properties which accelerate the micro-
algae coverage. This was done by evaluating and comparing materials
properties. The study techniques included were new analytical ap-
proaches such as 3D scanning by using the3D scanner.

1.1.1. Climate and weather condition

Sri Lanka is having high humid climate. This is due to the monsoon
rain and the ocean belt surrounding the island. Not only monsoon, but
there are many reasons to produce regional rain during the year. The
impact of the rain accelerates the moss growth and mold growth [31]
[32] [33]. The impact of high humid is also governed by the high
temperature. The country is located near the equator. Therefore, the
heat radiation comes at a degree of 5°. This is critical in some seasons
when the day temperature goes beyond 35 °C and night temperature
goes below 25 °C (see Fig. 1).

2. Phases, materials and methods
2.1. Phases

Experimental activities were split into three main phases: (i)
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material properties tests (ii) moss growth test; and (iii) mold growth
test shown in Fig. 2. In the first phase, materials were selected for the
study and material properties were tested. Specimens of the selected
materials were studied for their organic matter content, water absorp-
tion (W,), total porosity, capillary action (as water absorption coeffi-
cient, A), pH value and surface roughness (as arithmetical mean
roughness, R,). In the second phase walling samples were constructed
and moss growth under accelerated environmental conditions was as-
sessed. In the final phase the specimens were prepared for the mold
growth test and mold coverage was assessed by visual inspection.

2.2. Material properties tests

2.2.1. Material selection

The basal focus of this study is to understand the durability of
walling materials in tropical climates. Therefore, the most common
walling materials were selected for the study such as brick, cement
block and Cabook [34] [35] [36]. In addition to that the greenest
walling materials such as cement stabilized earth blocks mud concrete
blocks [37] and fly ash stabilized blocks were selected [38]. And also,
the most common technology is to plaster walls with river sand or
plaster walls with Portland cement [39]. Therefore, another two ma-
terials such as Portland cement putty plastering and typical rough
plastering were selected. Three samples of each material were tested for
each intrinsic property. All the selected walling materials and their
abbreviations are shown in Table 2.

2.3. Organic matter content

Organic matter content is an important characteristic for bio re-
ceptivity of the material. Organic matter content of the specimens was
tested according to the ASTM D2974-00 test standards [40]. Materials
were grinded and dried in an oven for 24 h' time at 100 °C temperature
until no change of mass occurred. Oven dried samples were burned in a
muffle furnace for 48 h at 440 °C temperature until no change of mass
occurred. The weight of the samples was measured after samples were
completely ashes to determine the ash content (%). Organic matter
content was calculated using following equation (1).

Organicmattercontent (%) = 100 — Ashcontent (%) (@D)]

2.4. Water absorption

Water is the main requirement for the bio receptivity [41]. Walling
materials absorb water when they are immersed in water or subject to a
high relative humidity environment [15]. Water absorption test was
conducted to measure the relative amount of water absorbed by spe-
cimens. ASTM C272/C272M - 12 test standards [42] were used for the
test. Specimens were dried in an oven for 24 h at 100 °C temperature.
The specimens weight, length, width, and thickness were measured.
Dried specimens were horizontally immersed in a water container for
24 h. Immersion specimens' weight was measured after removing sur-
face water. Water absorption was calculated using following equation
).

W-D
\%

Water absorption (gcm — 3) = @

Where:

h = specimen height, cm

1 = specimen length, cm

w = specimen width, cm

V = specimen volume =1 X w X h, cm3

D = pre-immersion mass of the specimen, g

W = specimen mass after immersion and blotting, g
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Fig. 1. Climate and weather condition variation in Colombo.
Experiments 2.6. Capillary action

Phase 1
Walling material selection

Phase 2
Testing for

Phase 3

Testing for
and
moss growth fungus growth

Testing of intrinsic properties

Fig. 2. Three phases of this experiment.

2.5. Total porosity

Porosity is the measure of the amount of void spaces present in the
material. The high porosity increase water absorption capacity of the
material [43]. The total porosity (¢) is defined by the ratio of the vo-
lume of void space (VV) to the total, or bulk volume of the material
(VT). To test total porosity specimens were dried in an oven for 24 h at
100 °C temperature and specimens' weight, length, width and thickness
were measured. Dried specimens were horizontally immersed in a
water container for 24 h. Immersion specimens' weight was measured
after removing surface water. Absorbed water volume (em™®) by the
material was calculated by dividing absorbed water mass (g) by the
density of water (1 g/cm ™~ %). Absorbed water volume was used as the
volume of void space of the material. Total or bulk volume of the ma-
terial was calculated using specimens' length, width and thickness
measurements. Total porosity was calculated using following equation,

; W
Porosity (¢) = VT 3)

Table 2
Specimens identification.

Capillary action test was conducted according to the ASTM C1585 -
13 test standards [44]. Specimens of each material were tested. Four
side surfaces of the specimens were sealed by painting water base. The
end of the specimen that will not be exposed to water was sealed using a
loosely attached plastic sheet. Specimens were sealed to avoid eva-
poration from the specimen surfaces. Dimension of each specimen
surface area, which is exposed to water, was measured and the mass of
each specimen was measured. The supported device was placed at the
bottom of the pan and the pan was filled with tap water and the water
level was maintained at 1-3 mm above the top of the support device.
The weight was recorded at the time periods according to the ASTM
C1585 - 13 test standards. Capillary water absorption (I) was calculated
by dividing the changing mass by cross-sectional area of the specimen
and the density of water. Capillary water absorption coefficient was
calculated using following equation (4).

o _m
T (axd) 4)

Where.

I = absorption (mm)

mt = the change in specimen mass (g)

a = the exposed area of the specimen (mm-2)

d = the density of water (gmm-3) (0.001 gmm-3)

The initial rate of capillary water absorption (mms~Y?) of the
material was calculated as the slope of the line that is the best fit to I
plotted against the square root of time (s'/2).

Walling material Specimen code  Description

Cement Block CB
hardware stores.
Brick B
Cement Stabilized Earth Block CSEB
Cabook Block CAB
Mud Concrete Block MCB
Fly Ash Stabilized Earth Block  FSEB
Rough Cement Plaster RCP
Cement Plaster CP

Cement block is the cheapest walling materials made by using quarry dust and cement. These materials are available in

Brick is the most common walling material made by using clay. These materials are available in hardware stores.
Cement Stabilized Earth Block is a novel green walling material. These materials are supply by specific suppliers.

Cabook block is a naturally extracted walling material. These materials are available in hardware stores.

Mud Concrete Block is a novel green waling material introduce to tropics and they were casted.

Fly Ash Stabilized Earth Block is a novel green waling material introduced to tropics and they were casted.

Rough Cement Plaster is a common wall plaster use for tropical walls. The plaster is made using cement, sand and water.
Cement Plaster is a common wall plaster use in tropics. The plaster is made using cement and water.
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2.7. pH value

pH value is determined by the concentration of the available hy-
drogen ions (H"). pH value is measured on a negative logarithmic scale
of hydrogen ion concentration. pH values are vary from 0 to 14; pH
values between 0 and 7 referred as acidic, values between 7 and 14
referred as basic or alkaline and pH 7 referred as neutral. Using the pH
values, acidity or alkalinity of the walling materials can be determined
which is effect on the bio receptivity. Biological growth on walling
materials is sensitive to the acidity, alkalinity or neutral condition of
the material. Fungus and moss species vary with the pH value; because
some species prefer acidic conditions and some prefer alkaline condi-
tions while rest of others prefers neutral conditions [45] [46].

pH value of walling materials were measured according to ASTM D
4972-95a test standards [47]. Walling materials were grinded to
powder and dissolved in water. 10 g of the material was dissolved in
20 ml of distilled water. The mixture was thoroughly mixed and kept for
1 h and the pH values of the solutions were measured using a pH meter.

2.8. Surface roughness

Surface of a material is the boundary that separates the material
from another material or substance. Surface roughness can be defined
as the measure of the texture of a material surface [48]. Surface
roughness of the material is directly effect on the bio receptivity of the
material. Because surface roughness determine the surface area of the
material and the amount of water retains on the material surface. When
the surface roughness of the material is high material surface area is
high; which can provide more surfaces for the bio receptivity. Also
materials with high surface roughness value can hold more amount of
water on the surface; which accelerate the bio receptivity of the ma-
terial [17].

Surface roughness of the material can be quantified by the vertical
deviations of a real surface from its ideal form. If the deviations are
great the material surface is rough and if the deviations are small ma-
terial surface is smooth. Surface roughness of each material was mea-
sured by 3D scanning the material sample as shown in Fig. 3. This is the
latest technology to measure the surface roughness and quantified the
surface roughness. There are two outputs can be taken by the
3Dscanner (i) Sectional profile of the material (ii) 3D profile of the
material. And also we can evaluate the walling surface property after
contamination.

Fig. 3. Studying surface roughness by using 3d scanner.
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3. Moss growth test
3.1. Manufacturing of walling materials for the experiment

Most of the walling materials are available in Sri Lankan construc-
tion material market such as B, CB and CAB. Therefore, they were
collected from a nearby store. But there are some novel walling mate-
rials such as CSEB which can only be found from a specific supplier.
MCB and FSEB were casted because they can be produced at the lab
scale according to the standards.

3.2. Construction of wall samples

An area with a shade and natural sun light was selected for wall
samples construction. A concrete beam with 25cm height from the
ground was constructed as the base. A bituminous paint layer was
painted on the top of the base to prevent capillary rise of groundwater
through walling materials. Ground water can accelerate the moss
growth [49]. 1 m X 1 m wall from bricks, cement blocks, CSEB, cabook
blocks, MCB, FSEB and two additional brick walls were constructed on
the beam with 50 cm gaps between each wall sample. One of the ad-
ditional brick wall was plastered with rough cement plaster and other
one is plastered with cement plaster. A small roof was mounted on the
top of each wall sample to prevent rain water accumulation on to the
top of the wall (see Fig. 4).

Wall samples were constructed in a way that all walls can obtain
same environmental conditions evenly. Sun direction, sun angle,
shading, wind direction and all other environmental conditions were
same for each wall sample.

3.3. Preparation and application of moss culture media
3.3.1. Materials

- Existing sample of moss (dead or alive)Water
- Buttermilk

- A blender

- A paintbrush

3.3.2. Culture media preparation

There are four basic moss types. They are sheet moss, cushion moss,
haircap moss and rockcap moss. Cushion moss is the most common
moss type on walls in tropics. Therefore, we used cushion moss which
was grown on a brick wall as the existing moss sample. The common
method [50] used to grow moss in landscape architecture was used to
moss culture media preparation.

Equal amount of water and buttermilk were measured and blended.
Existing moss was added to the mixture; moss: liquid mixture ratio at 1:
4. All ingredients were blended until having a fine liquid mixture; until

PR (R N 2
(R 1
D A

Yo .

2l

>y

Fig. 4. Wall samples.
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Moss culture media

Existing moss

Fig. 5. Preparation of moss culture media.

existing moss cannot be separated. The mixture was painted as two
layers on one surface of the each wall sample as 500 ml per square
meter using a paintbrush. Wall samples were wetted with water twice a
day to prevent walls from drying shown in Fig. 5.

3.4. Evaluation of moss growth

Moss growth area of each wall sample was measured weekly for
period of three month (from 29th August 2017 to 2nd November 2017)
time duration. Photos of walling materials were taken weekly to eval-
uate the color change due to the moss concentration variation with the
time.

4. Mold growth test
4.1. Test specimens

Mold growth test was conducted according to the ASTM D3273-94
test standards [51] [52] [53]. This test evaluates the relative resistance
of materials to surface mold and mildew growth in a severe environ-
ment over a 4-week period. The test utilizes a pan of moldy soil that
continuously releases fungal spores in a high humidity, a warm tem-
perature chamber, and challenging test pieces suspended above the soil
for 28 days. Fungal growth is based on visual defacement using a 0 to 4
rating scale with 4 being completely covered with growth and O being
clean. The walling samples of eight different materials were constructed
according to the sample size of 150 X 100 X 7 mm?®.

4.2. Fungus culture

Potato dextrose agar media was prepared according to the proce-
dure recommended in the Bacteriological Analytical Manual.200 g un-
peeled potatoes were sliced and boiled in 11 distilled water for 30 min
and filtered through cheesecloth; saving effluent, the potato infusion.
100 ml of the infusion and other ingredients were added into a flask and
ingredients were mixed and boiled to dissolve. The media was gently
agitated during the heating process by shaking the flask.

The flask with the media was capped loosely with cotton (see the
Fig. 6). Media was sterilized in an autoclave for 15 minat 121 °C tem-
perature and 15 psi pressure. Glassware (petri dishes) was sterilized in
an autoclave for 30 min at 121 °C temperature and 15 psi pressure.

The flask was cooled for 20 min and the media was poured into
sterilized petri dishes about one-half full. The petri dish was covered
and allowed agar to solidify; see Fig. 7.
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Gentamicin and

Chrompheminicol Potato dextrose

agar solution

Agar

Fig. 6. Preparation of potato dextrose agar solution.

Potato dextrose
agar solution

Solidifying agar

Autoclave

Fig. 7. Sterilization and solidification of agar media.

4.2.1. Culture transformation

Culture transformation is shown in. Inoculating loop was flamed
and cooled to disinfection. Small quantity of the stock culture was
picked up using the loop. The cover of the petri dish was raised gently,
and the loop was touched to the top of the dish and streaked from side
to side all the way to the bottom edge to have a zigzag pattern from
edge to edge. The petri dish was incubated for 7 days.

4.2.2. Environmental chamber

A glass chamber shown in Fig. 8 was prepared as the environmental
chamber. A mold growth media was prepared by mixing top soil, coir
dust and compost according to the ratio of 2:1:1. The chamber was
filled with the wetted growth media at 2.5 cm height. The chamber was
equilibrated for 24 h in 32°C.

Prepared mold suspensions were evenly spreaded over the mold
growing media and incubated for 14 days as shown in Fig. 9.

After 14 days the test specimens of three samples of each walling
material were vertically hanged in the environmental chamber; from
50 mm above the media surface. The statistical design of completely
randomized design (CRD) method was used to understand the mold
growth rate. Environmental chamber conditions were controlled as;
temperature at 27 °C and relative humidity at 98%. The experiment was
conducted from 31st August 2017 to 6th October 2017 (See Fig. 10).

4.2.3. Evaluation criteria

Mold growth on the surface of the specimens packed in the chamber
shown in Figure was assessed weekly by visual inspection coupled with
camera images. Mold covered surface area of specimens were rated
according to the rating criteria of ASTM D3273-94; as in Table 3. After
4 weeks microscopic images of fungus were taken to identify the fungus
species.
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Fig. 8. Preparation of fungus growth media.

4.3. Data analysis

One-way ANOVA was carried out to identify the significant differ-
ences between tested eight materials considering their intrinsic prop-
erties, moss growth and fungus growth and Tukey Pairwise compar-
isons was carried out to indicate highly significant material. Calculated
data of moss growth and fungus growth were subjected to a multiple
regression analysis to identify the significant intrinsic properties.
Significance of differences was defined at p-value < 0.05. Minitab 18
data analysis software was used to perform the statistical analysis.
Mean separation was done by using Tukey Pairwise.

5. Results and discussion
5.1. Intrinsic properties

Intrinsic properties of each material were tested and porosity, sur-
face roughness, capillary water absorption, water absorption, organic
matter content and pH values were measured as shown in Table 4.

5.1.1. Porosity of walling materials

Porosity of walling materials is shown in Table 4 and the values are
in the range of 13.7%-34.5%. Mud Concrete Block has the highest
porosity value and Fly Ash Stabilized Earth Block has the lowest. Por-
osity of Brick, Cement Stabilized Earth Block and Mud Concrete Block
were not significantly different from each other and they were sig-
nificantly different from other five materials. Porosity of Cement Block,
Cabook Block, Fly Ash Stabilized Earth block, Cement Plaster and
Rough Cement Plaster were not significantly different from each other
and they were significantly different from other three materials.

5.1.2. Surface roughness of walling materials

Surface roughness of walling materials is shown in Table 4 and the
values are in the range of 133.03 um-2575.65 um. Cabook Block has the
highest surface roughness value and Brick has the lowest. All eight
materials' surface roughness values are significantly different from each
other.

5.1.3. Capillary water absorption of walling materials

Capillary action of walling materials is shown in Table 4 and the
values are in the range of 0.082mms™/?~1.578mms /2. Brick has the
highest capillary water absorption and Cement Plaster has the lowest.
All eight materials' capillary water absorption values are significantly

different from each other.

5.1.4. Water absorption of walling materials

Water absorption of walling materials is shown in Table 4 and the
values are in the range of 0.14gem ~ % - 0.35gem ~ 3. Mud Concrete Block
has the highest porosity value and Fly Ash Stabilized Earth Block has
the lowest. Porosity of Brick, Cement Stabilized Earth Block and Mud
Concrete Block were not significantly different from each other and
they were significantly different from other five materials. Porosity of
Cement Block, Cabook Block, Fly Ash Stabilized Earth block, Cement
Plaster and Rough Cement Plaster were not significantly different from
each other and they were significantly different from other three ma-
terials.

5.1.5. Organic matter content of walling materials

Organic matter content of walling materials is shown in Table 4 and
the values are in the range of 0.51%-10.36%. Cabook has the highest
organic matter content and Brick has the lowest organic matter content.
All eight materials' organic matter contents are significantly different
from each other.

5.1.6. pH value of walling materials

pH values of walling materials are shown in Table 4 and the values
are in the range of 7.81-11.63. Cement Plaster has the highest pH value
and Cabook has the lowest pH value. All eight materials' pH values are
significantly different from each other (See Table 5).

5.1.7. Comparison of moss growth area

Moss growth areas of eight wall samples were measured weekly as
shown in Fig. 11. Cabook wall sample has the highest moss growth and
no moss growth appeared on Cement Plaster and Rough Cement Plaster
wall samples during the observed two months time period. Mud Con-
crete Block and Fly Ash Stabilized Earth Block wall samples have
comparatively low moss growth.

5.1.8. Variation of moss growth with intrinsic properties

In the experiment, p values of pH value and capillary water ab-
sorption were lower than 0.05 (P < 0.05). pH value (P-value = 0.000)
and capillary water absorption (P-value = 0.005) are the significant
intrinsic properties of walling materials effect on the moss growth
(Fig. 12); bio receptivity of walling materials is effected by intrinsic
properties of the material [18] [54]. There is a positive correlation
(Coef = +1288) between moss growth and capillary water absorption

Fig. 9. Distribution of fungus suspension and in-
cubation.
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Fig. 10. Fungus test.

Table 3
Mold growth-rating criteria.

Rating Mold coverage

0 No growth

1 0-10%

2 11 - 30%

3 31 - 60%

4 61 - 100%

Table 4
Intrinsic properties of walling materials.
Porosity ~ Surface Capillary ~ Water Organic ~ pH Value
0 (%) Roughness Action (I)  Absorption Matter
(Ra) (um) (mms~Y  (gem™%) Content
?) (%)

B 28.9% 133.03" 1.578% 0.29% 0.51" 9.42f
CB 17.8° 1149.17° 0.8144 0.18° 0.828 11.49¢
CSEB  28.8° 292.1° 0.832¢ 0.297 4.02¢ 8.6%
caB  15.1° 2575.65% 0.568f 0.15° 10.36° 7.81"
MCB  34.5° 1147.67¢ 1.196° 0.357 4764 10.95¢
FSEB  13.7° 197.468 0.672° 0.14° 6.22¢ 11.44
cp 14.9° 208.71° 0.082" 0.15° 8.45° 12.28°
RCP  15.3° 890.62¢ 0.3528 0.15° 2.23f 11.63°

(B = Brick, CB = Cement Block, CSEB = Cement Stabilized Earth Block, CAB
= Cabook Block, MCB = Mud Concrete Block, FSEB = Fly-ash Stabilized Earth
Block, CP = Cement Plaster, RCP = Rough Cement Plaster) ((n = 3), Means
that do not share a same letter; along each column, are significantly different
according to DMRT).

of the material and the correlation between moss growth and pH value
is negative (Coef = —524.9) (see Fig. 12).

5.1.9. Comparison of moss growth

At the end of the two months moss growth on walling samples were
different to each other as shown in Fig. 13. There was no moss grown on
Cement Plaster and Rough Cement Plaster; Cement Plaster and Rough
Cement Plaster is a successful moss growth preventive method on walls
but it cannot be recommended due to the environmental impacts of
cement production. A dense moss growth was observed on the Cabook
wall sample. Comparatively thicker moss growth was observed on the
Fly Ash Stabilized Earth Block wall samples.

5.2. Mold growth test results

5.2.1. Comparison of mold growth

Fungus growth height on the walling material samples were ob-
served weekly and rated according to the rating criteria of ASTM
D3273-94 as shown in Fig. 14.
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Brick has the highest fungus growth and the cement stabilized earth
block has comparatively low fungus growth as shown in Fig. 14. The
test was conducted using dry specimens; the results can differ if the
specimens were wet before the study, further study is required to study
fungus growth on wet specimens.

5.2.2. Variation of fungus growth with intrinsic properties

In the experiment, p values of organic matter content, pH value and
capillary water absorption were lower than 0.05 (P < 0.05). Organic
matter content (P-value = 0.003), pH value (P-value = 0.001) and ca-
pillary water absorption (P-value = 0.000) are the significant intrinsic
properties of walling materials effect on the fungus growth (Fig. 15);
bio receptivity of walling materials is effected by intrinsic properties of
the material [17] [18]. . There is a positive correlation between fungus
growth and intrinsic properties (organic matter content
(Coef = +11.56), capillary water absorption (Coef = +217) and pH
value (Coef = +26.61)) of the material.

Fig. 15 shows the results of intrinsic properties and the mold growth
effect of different walling materials. The pH value shows significant
impact on mold growth. According to literature, the pH content directly
helps to enhance the mold growth. But on the other hand there are
mold species accelerated the growth due to pH and some are dis-
couraged by pH content. Fig. 15 clearly shows there is a positive re-
lationship between capillary action and mold growth. The mold needs
some moisture. Usually these walling materials are dry. But the con-
nection to the ground can create water absorption from the bottom to
the roof depending on the capillary capacity. Therefore, this finding is
interesting the fact that water absorption and capillary action can in-
crease the mold growth on walling materials. Mould growth required
moisture for the growth on the material surface. Materials with high
water holding capacity (high surface roughness value) supports mold
growth. Materials with high surface roughness and low organic matter
content facilitate mold growth rather than materials with low surface
roughness and high organic matter content. Therefore the findings
show that materials with smooth surfaces are more resistant to mold
growth even though they contain high organic matter. But actually
organic matter may cause the mold growth is the surface organic
matter. However, the result doesn't show any significant relationship
between organic matter and mold growth.

6. Conclusion

Walling materials are prone to fungus and moss growth under the
tropical climatic conditions. Moss does not growth on cement plaster
and rough cement plaster and the fungus growth is lower on cement
plaster and rough cement plaster. Cement plaster and rough cement
plaster protect walling materials from fungus and moss growth under
tropical climatic conditions; cement plaster and rough cement plaster
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28 days

35 days 42 days 49 days 56 days

Table 5
Comparison of color change of walling materials (photos were taken weekly representing the worst case on each wall).
7 days 14 days 21 days
0 days
(1 week)

(2 weeks) (3 weeks)

CSEB

CAB

(4 weeks)

(5 weeks) (6 weeks)

(7 weeks)
ol ST

(8 weeks)

TR

21 days
(3 weeks)

7 days
(1 week)

14 days
(2 weeks)

FSEB

) ....

28 days
(4 weeks)

35 days
(5 weeks)

42 days
(6 weeks)

49 days
(7 weeks)

56 days
(8 weeks)

cannot be recommended as a sustainable solution due to the environ-
mental impacts and high cost of cement usage.

Porosity of walling materials varied in the range of 13.7%-34.5%.
Water absorption of walling materials varied in the range of 0.14gem 3
- 0.35gem 3. Surface roughness of walling materials varied in the
range of 133.03 um-2575.65 pm. Capillary water absorption of walling
materials varied in the range of 0.°82™™s1/2_1 578mms'/2, Organic

matter content of walling materials varied in the range of
0.51%-10.36%. pH values of walling materials varied in the range of
7.81-11.63.

Cabook is the most susceptible walling material to moss growth and
fly ash stabilized earth block is the least susceptible to moss growth
under tropical climatic conditions. Brick is the most susceptible walling
material to fungus growth and cement stabilized earth block is the least
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Fig. 13. Moss growth on walling materials after two months.

susceptible walling material to fungus growth. absorption, organic matter content and the pH value of the material. By
Moss growth on walling material depends on the capillary water reducing capillary water absorption, organic matter content and pH

absorption and the pH value of the material. By increasing pH value and value of the walling material can produce fungus resistant walling

reducing capillary water absorption of the walling material moss material. Further research should be conducted to identify the major

growth resistant walling material can be produced. candidate for moss growth and mold growth in tropical climates and
Fungus growth on walling material depends on the capillary water measures should be taken to mitigate the impact of them.
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