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ABSTRACT

The increasing construction of tall buildings in Indonesia has led to the reduction of green areas
and the increase use of building materials such as concrete panels. This research sees the
potential of building fagcades created by using concrete panels as media for growing plants to
replace those green areas that have decreased. The plants that are used in this research are
selected based on the climatic conditions of tropical countries in Indonesia. The plants that are
chosen are fast growing, require less maintenance, and are considered to be suitable for
cementitious materials. A previous study has found that bryophyte moss meets those criteria.
This research compares the performance of pre-vegetated and non-pre-vegetated concrete
panels by investigating compressive strength through laboratory experiments. Three mixes of
concrete, three moss species, and three concrete surfaces were examined with 9 panels, 27 cube
samples, and 9 cube controls. The study contributes to a growing body of research on the
sustainability of building facades in which further investigation is needed.
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1. INTRODUCTION

Building development has been increasing to fulfill human needs and activities. A broad range
of housing, apartment, retail, and skyscraper developments in the world are mostly constructed
with concrete. Large-scale urban development has affected vegetation areas and their properties
(trees, shrubs, grasses, etc.) as these green areas give way to concrete blocks. Urban
development reduces the availability of green areas (Kiran et al., 2005). Hardened areas in
buildings such as roofs, walls, balconies, and other areas can be transformed into plant
vegetation areas and replace the grounded vegetation into a more sustainable building (Johnston
& Newton, 1993). Plants that are grown on, up, or against internal or external walls of buildings
or as freestanding structures are called vertical greenery (Mansor et al., 2017). One building in
Newbury changed its facade from basic concrete (which is considered dull and unattractive) to
vertical greenery, positively improving the aesthetic performance of the building and improving
air quality (Ord, 2017). To create successful vertical greenery, the plant must be chosen
carefully. Several plants hold their own soil or artificial growing mediums, which most of these
systems need for more complex facade design (Rakhshandehroo et al., 2015). Other plants grow
on the surfaces of building facades as hybrid materials of living things and an object called
living material. A plant which does not require special care is moss. Moss can grow on wood
panels without any light, water, or specific care (Garty, 2003).
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Moss is the second largest plant group after tall plants. The number of mosses is approximately
18,000 species worldwide and 1,500 species in Indonesia. Indonesia is a tropical country,
characterized by high rainfall and year-round sunshine, allowing various types of moss to grow.
The vital roles of moss in environmental ecology include contributions to the nutrient-and-
water cycle, the carbon-exchange cycle, and protecting the environment (Waldi, 2017). On the
other hand, moss that grows on building materials tends to cause deterioration and damage to
the material (Lisci et al., 2003). Other studies show that moss can provide benefits for historic
buildings, for example protecting images of carved petroglyphs, moisture regulators for fragile
stone materials, etc. (Chiari & Cossio, 2002) In these studies, it was found that moss has the
potential to be used as a plant that is useful for buildings, so it is possible to be developed as
research.

This study aimed to engineer moss growth on the surface of precast concrete panels and analyze
the mechanical performance of these panels. The moss growth was calculated to examine the
successful growth.

2. LITERATURE STUDY

Materials in architecture visualize design concepts and ideas into forms that influence spatial
experience and provide a lively building (Farelly, 2009). Building materials come from natural
materials such as wood, bamboo, rattan, etc., which can be directly used in building
construction. Building materials are also derived from earth materials such as minerals and
stones that are used to mix materials such as concrete, marble, iron, steel, and glass (Deplazes,
2005). This study focuses on a material that is a hybrid between living material and a growing
or planting medium (Trafton, 2014).

Mosses have a negative influence on building materials because they produce oxalic acid that
can cause hydration in the material. Moss grows on historical buildings and causes erosion in
the building materials. The erosion of building materials occurs due to the influence of weather
and lack of maintenance (Lisci et al., 2003).

Research on overgrown moss on carved rocks in Wyoming showed that moss has both a
negative effect (damage to the surface of material) and a positive effect (protection from
rainwater and light) on the material. Positively, moss on the stone that provided by water and
light become moss habitat, moss then fills cracks in the rock and indirectly coats the stone
surface. Moss growth can be categorized as a negative value depending on the material
properties—in this case, the size of the holes, which are directly proportional to the increasing
porosity and absorption of water leading to cracking of the rock material (Chiari & Cossio,
2004; Lisci et al., 2003).

2.1. Ecological Architecture

According to Yeang (2011), sustainable ecological architecture is architecture that is integrated
with nature in all parts of building construction. Therefore, sustainable buildings consist of
living and non-living material as components capable of forming ecosystems or maintaining
existing habitats. Ecological architecture focuses on how ecological factors affect buildings,
their inhabitants, and the surrounding environment, explaining the influence of ecological
building design and its balance with nature. There are three components that influence
ecological architecture, and one of them is an ecological element (technology and material)
(Attmann, 2010).



1268 Living Material as a Building Facade: The Effect of Moss Growth toward
Mechanical Performance on Pre-vegetated Concrete Panels

2.2. Three Bryophytes

Moss is included in the classification of fungi (ascomycetes and basidiomycetes) that live in
symbiosis with photosynthetic organisms (cyanobacteria and green algae) (Hale, 1974). Host
plants in a symbiotic process, such as fungi (mycobiont) and algae (phycobiont), help thallus
growth in moss. Thallus is the root of moss that can grow in conditions where algae and fungi
cannot survive (Lisci et al., 2003). The spread of moss occurs mostly through wind, birds, or
insects. Moss can breed on a variety of substances such as tree trunks, dead wood, weathered
wood, soil, and rocks (Windadri, 2009). Materials that are hollow, broken, or filled with holes
that allow water to flow allow for moss to grow (Garty, 1992). That has led this research to
study moss growth on cementitious material more deeply.

Generally, the optimum temperature needed for the development of moss is around 15-25°C
and full sunlight intensity around 70,000-100,000 lux (Richards, 1984). Moss (bryophites) are
divided into three classifications: Anthrocerotophyta, Marchantiophyta, and Bryophyta (Glime,
2013). Bryophites are more tolerant of dry air and shade than other classes of moss (Gradstein,
2001).

Figure 1 Three bryophyte mosses on the surface of concrete cubes

Three bryophite mosses chosen in this research were Bryum apiculatum, Barbula indica,
and Hyophila involuta, which are commonly found growing on the surface of wet cementitious
material (Putrika, 2015) (Figure 1). These mosses were planted by transplanting them onto the
surface of concrete as a growing media. The surface of the concrete panels were conditioned
before planting to support the moss growth. The next step was to gather moss and prepare the
moss culture media for growing. Things to take into consideration before transplanting mosses
were sunlight, a pH value between 5-5.5, 60% moisture, and daily watering. The moss was
mixed with yogurt and water, blending it into a slurry consistency and painting it on the
concrete surfaces (Udawatha et al., 2018) as shown in Figure 2.
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Figure 2 Process to plant the moss

2.3. Three Concrete Mixtures

Concrete is created by mixing cement, aggregate, water, and a low concentration of additional
mixtures. The stirring process can be carried out on-site, or prefabricated material can be
acquired in the form of blocks or other shapes (Berge, 2009). The mixtures of concrete in this
study were chosen based on their potential as a growing media for moss. The mixtures were
divided into three types: a mixture of Portland Cement concrete and two other mixtures of green
concrete, which is more environmentally friendly. This research will focus on the K-175
standard as a non-structural construction of walls on the skin of buildings. K-175 has a 14-Mpa
compressive strength on day 28 (ASTM C109).

Table 1 Concrete material codes

Sample Quantities
Code Trial Mix Moss Day Day 14 Day Day Size
7 28 28’

1A TM | —Fly ash - 3 3 3

2A TM Il — Concrete - 3 3 3

3A TM 111 — Crushed brick - 3 3 3 150x150
1AX TM I - Fly ash Bryophite 3 x150 mm
2AX TM Il — Concrete Bryophite

w w

3AX TM Il — Crushed brick ~ Bryophite

Recycling industrial-waste products into concrete mixtures makes a more environmentally
friendly material called green concrete (Baikerikar, 2014). Another definition of green concrete
is an environmentally friendly concrete that is produced using a mixture of non-CO, materials
and/or non-CO; production methods. The method most often used in producing green concrete
is to use residual industrial production materials such as fly ash (Attmann, 2010). The mixtures
of fly ash (TM 1) and crushed brick (TM I1l) were chosen based on previous research that
found TM 1 could surpass 28-Mpa compressive strength (Berry et al., 2009) and TM 111 could
surpass 21.5-Mpa compressive strength (Dawood & Ramli, 2008) on day 28. Concrete material
codes were used to make an easier definition variables (Table 1). The three mixtures of concrete
in this research are shown in Table 2.

The methods of producing concrete can be seen in Figure 3. The most crucial dimension of the
concrete panel is its thickness, due to the inner and outer systems that are associated with
strength. The dimensions in this research are 50 cm (W) and 8 cm (T). The surfaces were
designed to provide more comprehensive results.
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Table 2 Concrete mixtures

. Coarse Additional
Cement Water Fine Aggregates Aggregates Crus;hed Mixtures
Densi (kg) (kg) (kg) Brick
Material Codes ensity (ko) (ko)
(kg/m®) Natural
PC1 - Galunggung Split Stone - Fly Ash F
Sand
Trial Mix | - [TM 1] 2401 200 160 616 1225 200
Trial Mix I1 - [TM 1] 2400 274 190 784 1152
Trial Mix 11 = [TM 1] 2120 360 160 900 700

MATERIALS

BLENDING CASTING DEFIBILATOR DRYING -
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Figure 3 Methods of producing concrete panels and cubes

2.4. Standard Methods Used

Tension tests were conducted based on the American Standard Test Method C109. Three
bryophyte mosses were planted on nine concrete panels and twenty-seven sample cubes. To
obtain concrete and its mechanical properties, tension tests were conducted by using 27 cubes
15 cm on each side. The cubes were tested on days 7 and 14 without moss. Another nine cubes
with moss were tested on day 28. The pre-vegetated concrete cubes were compared to the non-
pre-vegetated concrete cubes based on the standard of concrete that gains its maximum tension
on day 28.

Figure 4 Compressive strength test machine
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2.5. Moss Growth Measurement

Moss cubes were sorted into a three-by-three, vertical-horizontal position on a suitable space
found near the moss was taken at the Department of Architecture Universitas Indonesia (Figure
5).
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TRIAL MIX SURFACE MOSS
1 Fly ash (2401 kg/m3) A Ribbed Finished X Bryum Apiculatum
2 Normal Concrete (2400 kg/m3) B Unfinished Y Barbula Indica
3 Crushed Brick {2120 kg/m3) C Finished Polish Z Hyophila Involuta

Figure 5 Position of concrete panels in the research area

One consideration in choosing the research area was the suitability of the environment to
support moss growth. Moss growth on the concrete panels was calculated on days 1, 7, 14, 21,
and 28. Nine panel cubes were compared in one graph to show the moss growth on the 1st and
28th days and the difference between the two. The calculation of the height on day 28 height
minus the height on day 1 showed that the concrete cubes with the lowest difference were 3AY,
3AZ, 3BX, and 2AZ (Table 3).

Suitable mixtures for moss were those made with crushed brick and normal concrete. Crushed
brick is a material that often overgrown by moss as well as water-absorbing material. Normal
concrete panels can be a planting medium for moss due to their pH properties, which are
suitable for growing moss and, when compared with concrete panels made from fly ash, have a
more acidic pH and closed concrete pores.

The surface with a ribbed finished can hold more water than an unfinished surface, because
there is a pore gap for the water to stay and puddling. This causes concrete panels to last longer
in moisture so that moss can grow. The type of moss that survived the best in the four panels
was the Hyophila involuta species, because it is more often found growing on rocks based on
previous research (Putrika, 2015).

Table 3 Calculation of moss growth difference

No. Panel Concrete Mixtures Finished Moss Species Difference in Szurface
Surface Area (cm?)
1 3AY  Crushed brick concrete Ribbed finished  Hyophila involuta -5.5
panel — TM Il
2 3AZ  Crushed brick concrete Ribbed finished  Hyophila involuta -6
panel — TM Il
3 2BX  Concrete panel — TM | Ribbed finished  Bryum apiculatum -11

4 2AZ  Concrete panel — TM | Unfinished Barbula indica -25
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3. RESULTS AND DISCUSSION

All non-pre-vegetated concrete tested had a compressive strength significantly higher on day 7
compared with the K-175 standard on the same day. The compressive strength increased until
day 28. All pre-vegetated concrete had a compressive strength lower than the non-pre-vegetated
concrete.

3.1. Compressive Strength of Trial Mix |

The maximum strength of TM | was 33.15 Mpa on day 28. Previous studies have found that
TM | can reach 27.6 Mpa on day 28 (Berry et al., 2009). The current test showed that the pre-
vegetated concrete panel of TM | on day 28 had a lower result than the non-pre-vegetated
concrete panel, which had 29.84 Mpa (Figure 6).
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Figure 6 Graphic of compressive strength results of non-pre-vegetated and pre-vegetated concrete cubes
using Trial Mix | on days 7, 14, and 28

3.2. Compressive Strength of Trial Mix 11

The maximum strength value of TM 1l on day 28 was 26.68 Mpa. Previous studies have found
that TM Il can reach 14.5 Mpa on day 28 (ASTM C109). The current test showed that the pre-
vegetated concrete panel of TM Il had a lower result on day 28 than the non-pre-vegetated
concrete panel, which had 21.74 Mpa (Figure 7).
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Figure 7 Graphic of compressive strength results of non-pre-vegetated and pre-vegetated concrete cubes
using Trial Mix Il on days 7, 14, and 28

3.3. Compressive Strength of Trial Mix 111

The maximum strength value of TM 1ll on day 28 was 26 Mpa. Previous studies have found
that TM 11l can reach 14.5 Mpa on day 28 (Dawood & Ramli, 2008). The current test showed
that the pre-vegetated concrete panel of TM 11l had a lower result on day 28 than the non-pre-
vegetated concrete panel, which had 21.74 Mpa (Figure 8).
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Figure 8 Graphic of compressive strength results of non-pre-vegetated and pre-vegetated concrete cubes
using Trial Mix 11l on days 7, 14, and 28

3.4. Discussion

As a non-structural construction, all mixtures of pre-vegetated concrete panels tested showed
that pre-vegetated concrete panels have results comparable to the non-pre-vegetated concrete
panels. TM | had the highest tension result among all the mixtures. TM | also reached the
highest tension result compared to the standard of K-175 (Figure 9). The compressive strength
of TM | was three times higher than TM 111 followed by TM 11 (Figure 6).

EK-175
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Figure 9 Compressive strength comparison of standard K-175 and trial mixes

Comparison between pre-vegetated panels and the standard shows that TM | had a difference of
18.65, TM 1l had a difference of 12.18, and TM IlI had a difference of 8.52 when comparing
their compressive strengths to the 14.5-Mpa standard of K-175. The results show that TM | had
the highest compressive strength.

Comparison between non-pre-vegetated panels and the standard shows that TM | had a
difference of 14.98, TM Il had a difference of 7.24, and TM Il had a difference of 8.52 when
comparing their compressive strengths to the 14.5-Mpa standard of K-175. The results show
that TM I had the highest compressive strength here as well.

The results show that vegetation growing on concrete decreases its tension performance.
Previous research found that vegetation growing on historical buildings and ruins may be
picturesque but is also one of the main reasons for their deterioration, because the roots may
penetrate deep into the structure and grow to a large size, causing physical and chemical
damage (Dia & Not, 1991).



1274 Living Material as a Building Facade: The Effect of Moss Growth toward
Mechanical Performance on Pre-vegetated Concrete Panels

Table 4 Compressive strength test results of TM I, 11, and 11
Density Standard Compressive strength

Material fic f7 f14 f28 f28'

Codes K ‘;m3 Mpa Mpa Mpa Mpa Mpa

g 28 days A B C A B C A B C A B C

Trial 2400 2369 203 218 2552 2635 2737 3452 3292 3202 315 292 2776
Mix 1 21.39 26.41 33.15 29.48
Trial 2401 145 13.7 1749 1697 2344 2021 1943 26.7 26 2735 2233 2122 21.67
Mix 2 ' 16.07 21.02 26.68 21.74
Trial 2210 1406 1754 1399 17.46 188 19.85 2192 2394 2322 1824 2054 19.53
Mix 3 15.19 18.7 23.02 19.43

4. CONCLUSION

The present work characterizes the performance of pre-vegetated and non-pre-vegetated
concrete panels. The study utilized the concrete standard for characterization, which allows for
a comparison to pre-vegetated concrete. The results of the study indicate that pre-vegetated
concrete panels have properties that compare with or surpass that of non-pre-vegetated concrete
panels as nonstructural concrete. Among three trial mixes chosen, it was found that TM 1 (a
mixture of fly ash) had the highest compressive strength on pre-vegetated and non-pre-
vegetated concrete panels. In conclusion, as a nonstructural concrete panel, all the trial mixes
matched the standard of K-175, surpassing 14.5 Mpa in compressive strength. Further
investigation is needed to provide a wide range of structural concrete that can be used in pre-
vegetated concrete panels.
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