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Abstract: This paper addresses personal experience of nomadic life of civil-engineers with their families in
continuous move to follow project sites on infrastructure works such as national highways and bridges. The
current accommodation schemes provided for these people are not environmentally sustainable or
comfortable — they are abandoned, and new accommodations are remodelled on the next site to complete
new project targets. The fieldwork contributes to an understanding of occupancy patterns and their habits
affecting the thermal performance, an insensitive design and unsuitable materials used for these houses
leading to increase in high indoor temperature restricting the users to use air-cooling system for almost 24
hours in a tropical climate zone. Research addresses these problems proposing a portable, low-carbon living
module that can be comfortable in various climatic zones through passive strategies and occupant behaviour.
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1. Introduction

As a developing nation, India has initiated numerous policies to create intensely time-bound
projects to produce a world class infrastructure to propelling India’s overall development.
One of the major investments done is around 47.7 Billion USS for the highway network
development that falls under the most energy intensive sector (IBEF, 2017). This paper
focuses on the engineer’s air-conditioned lifestyle and the buildings that are constructed to
support these highway network projects.

1.1 Background

Being a daughter of one such highway engineer and living the nomadic life for more than 23

years is also a reason to begin this research work. The people are always being transferred

to places to complete new highway projects whereas the houses and offices are destroyed

although 42% of the materials be reusable and 58% could be infraused (Lakshmi, 2018).
Although the user profile and day to day activities are same, their built environment is

not provided according to their location to counter climatic factors hence, the occupants

have adapted to use air-conditioners thus increasing the energy consumption annually.

1.2 Methodology

The research for this project began with studying and visiting few of these sites located in
different climatic regions in India where the lifestyle and behaviour were learned through
interviews and personal experience. Followed by a thorough field work to comprehend
indoor conditions with respect to outdoor and record thermal measurements for a week.
The results were used to further calibrate a typical module using Openstudio & Energyplus
which measures thermal performance of the houses. During simulations, the base model
was run for both passive and mechanical cooling as per the existing parameters to calculate
the cooling demands in various climatic zones. This model was further optimized and run for
numerous times in different climates with lightweight materials and natural ventilation to
minimize the cooling demands which is compared to the existing electric bills. The main
objectives can be simplified in three words — Adaptable, Comfortable and Portable housing.



Studying and redesigning the current typology to allow users to control their indoor comfort
passively. The scope for this study included key climates that are Hot & humid, Hot & dry
and Composite climate where most of the highway projects sit in India. The simulation and
optimization process were strategized so that the proposed design and its thermal
performance was improved to a satisfactory level for the most extreme climate that is the
composite climate in India and which was used as base case to optimize the design for other
climates. The research followed a subsequent climate sequence from North to South or Hot
to Warm climates. The study included key strategies — orientation of rooms with respect to
the user occupancy, roof profile, shading with respect to the user adaptability, natural
ventilation and materials which were tested, and a flexible design was formulated that uses
minimum resources when transferred from one place to other and adapts to the climate by
merely changing few elements. Design quality, exterior spaces, services, weight of one
portable unit, detailed cost estimation and were always a part of the consideration even if
they are not elaborated in this paper due to space restriction.

2. Existing typology

There are about 275 projects under implementation in India (National Highway Authority of
India 2017). Each project has its site offices & added personnel. These sites provide
residential facilities mostly ground floor for the workers, officers and their families which is
adjoined to a site plant and labs for production of road construction. Different typologies of
housing is allotted to the occupants depending on the type of job or position. To understand
the current layout in detail three camps were visited in different climate regions. All three
sites have a similar arrangement of buildings. Residences and amenities are grouped
together with main office in enclosed compound and site buildings, plants and open storage
spaces with small offices are kept separate. This paper is restricted to focus on residential
building typologies. Since these camps are only built in suburban areas — farmland, there is
no hindrance from any structures from surrounding thus the only problem is the site
equipment itself which is taken care of by planning the residential and offices 200 m away
and providing a buffer space with a compound wall around. The site buildings, offices and
equipment are transported to other location easily thus it becomes a least of concern.

2.1 Field Work

Two sites were studied thoroughly - one in Hot and humid climate (Gammon Ltd., Bellary)
and the other in hot and dry climate (Oriental Pvt. Ltd., Etawah). The occupants schedule as
seen in fig. 1 is similar regardless of the climate and location due to the kind of profession.
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Figure 1. Occupants residing on site with their daily schedule (Source: Site interviews)
Since the layout of the houses is typical throughout thus a typical bachelor and a
family house is studied. Shared one room bachelor house with attached bathroom located



in southern part of India (15.1° N, 76.9° E) was surveyed with a typical long humid monsoon
whereas summers being very dry. The site was visited once during March where mean daily
temperature ranges from 38°C to 20°C, clear sky, low humidity level of about 2-10% before
occupation and once in August where mean daily temperature ranges from 32°C to 22°C,
Cloudy sky, 95% humidity level post occupation. Where spot measurements were taken of
surface temperatures and indoor air temperatures and it was found that there is an increase
in 49C in a typical bachelor room and an increase in 13.3°C in office spaces. Similarly, a two-
bed room family house was studied located in northern part of India (26.8° N, 79.0° E) with a
typical hot and dry climate with extended monsoon period where summers being very dry.
The site was visited during July where mean daily temperature ranges from 28°C to 33°C,
partly cloudy, high humidity level of about 80-90%. The occupants get acclimatized to be
comfortable at temperatures higher than neutral in warm climates (Nicol et al, 2004) that
includes adaptive measures to be in comfort such as opening the windows of kitchen while
cooking and sleeping outside, under the porch during warm periods where the humidity is
reduced due to continuous wind movement and surface temperature is recorded to be 4°C
lower than the indoors as seen in thermal images (figure 2).
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Figure 2. Measurements taken on site in Hot and Dry climate, Plan and section showing air temperature,
Surface temperature indication - Red: ceiling, Yellow: Wall, Blue: Floor, Thermal images of indoor and outdoor

The building envelope is same regardless of climate zones. The u-values for all the
components (Table 1) are varyingly high than the baseline values set by ECBC (Energy
conservation building code, India). Though the codes suggest similar u-values for all the
climates hence, it is not taken as the benchmark and different materials were tested in
terms of light-weight portable structures to form a composite panelling system.

Table 1. Comparison of existing materials (Lakshmi, 2018) with guidelines (Bureau of Energy Efficiency, 2017)

Element Construction U-value ECBC guidelines

Wall 150mm, brick wall/cement mortar | 2.8 W/m? -K 0.4 W/m? -K

Roof Galvanized iron roofing/metal 2.9 W/m? -K 0.3 W/m? -K
trusses/plywood ceiling

Floor Vinyl sheet flooring/ concrete slab | 3.2 W/m? -K 0.24 W/m? -K

Windows Glass with metal framing 5.9 W/m?2 -K 3.3 W/m?-K

2.2 Calibration of the existing typology

Since the family house is being occupied the most, it is analyzed based on thermal comfort
and is used to derive the other typologies. The house in hot and dry climate is measured on
a weekly basis and calibrated without air conditioning. Results show that overheating of the
interiors (Table 2) is mainly due to high infiltration rate of about 1.1 ach and excess heat
gain through envelope with no ventilation. Calibration for a composite and humid climate
resulted in high level of cooling loads where as a typical air-conditioned house in similar



climate has an EPI of only 65 KWh/m2/yr where the contribution of electricity consumption
for space cooling and fans is calculated as 38%-65% (BEE, 2014).
Table 2. Caliberation of the existing model for different climates with the energy performance index annually

and temperature readings of a typical hot month where, MTo: Mean outdoor temperature, MTi: Mean indoor
temperature, DTo: Diurnal Outdoor temperature, DTi: Diurnal indoor temperature (Lakshmi, 2018)

Critical EPI MTo MTi DTo DTi
Months (KWh/m2/year)
Composite March -June 160 33.6°C 29.5°C 10.0 °C 220C
Hot and Dry April-June 155 33.0°C 30.2°C 5.39C 13°C
Hot and Humid | March-May 229 32.0°C 29.4°C 55 0C 119C

3. Design Strategy

The existing layout was changed to provide more space, better circulation and modular
design which is flexible to form three typologies as seen in figure 3. The rooms are
rearranged according to environmental factors inspired from traditional architecture —
kitchen is kept separate to avoid transfer of the heat to adjacent rooms and a closed
planning with a porch on the south side is opted for hot and dry, composite type of climate.
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Figure 3. Housing typologies (Left), Orientation in humid and hot/composite climate respectively (Right)

The module is further refined in master planning level where the buildings are kept in
close proximity to help with self-shading from East and West low sun angles as discussed in
next section (figure 4). Similarly, for hot and humid climate, rooms are on the either side of
a court to provide better ventilation as seen in the figure 3 vis-a-vis site planning.

3.1 Roof and Shading optimization to reduce heat gain

The new module with existing material palette is analyzed in the composite climate and
then the optimized design was used as the base model for improvement in the other
climates. Thus, due to space restriction only the critical period simulation results of extreme
climate are presented. Through simulations, it is found that the indoor temperature is 7.5 K
from the upper limit of comfort band in summers. Thus, total amount of solar radiation heat
gain energy is assessed where the roof surfaces are seen to gain the most. Different roof
profiles are tested and found that if the roof is raised for about 400 mm and ventilated, the
heat gains of the ceiling is reduced drastically with the reduction in indoor temperatures by
4k (figure 4). It is also found that flat roof works better than sloped roof when painted white
minimizing heat gain from high sun angles in such regions whereas due to heavy rains in
humid zone the roofs need to be sloped but need to be ventilated via attic.

3.2 User adaptive opening design for natural ventilation

In a hot and dry/composite zone, night ventilation is used to reduce the heat gain by
dissipating the excess warm air stored inside during the day. Though the heat gain during
the day through windows is a problem thus external operable shading louver are applied,
which reduces the fluctuation and lowers the temperature by 1K in the evening time. The air
velocity at night is low therefore a thermal pressure is created by placing the windows at




different heights as seen in figure 5 for hot and dry typology. This would increase the
velocity inside and hence, lowering the indoor temperatures. Similar analysis is done for a
typical monsoon period where the kitchen temperature is found to be 2K higher than the
outdoor whereas about 90% of the indoors are in comfort for the rest of the house.
Increasing the cross ventilation does not favor hence ceiling fan (1.5m/s) lowers the internal
temperature by 2K during the period of occupied hours (de Dear et al, 2002). In case of
warm and humid climates applying night ventilation in the summers and full-time cross
ventilation with openings being same size on same level as seen in figure 5 for hot and
humid typology, reduces indoor temperature to comfort level. The design of these openings
is given high importance since the current occupants are hesitant to open the windows, the
strategy used would encourage them to use the shutters in various options as an additional
shutter of louvers is provided with fixed wire mesh on the outside to protect from sun as
seen in figure 4, louvered shutters that could be used either ways vertical for East-West and
Horizontal for South, which also provide protection any outdoor threat such as insects and
still get wind for ventilation.
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Figure 4. Indoor temperature difference in living room with different roof profiles on a typical hot day for
composite climate, 21st April with hourly shading analysis for a day when placed on site with adjacent houses
and types of louvers provided at different orientations of openings in the house (Lakshmi, 2018)
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Figure 5. potential opening options for hot and dry/composite (Left) and hot and humid (right), (Lakshmi, 2018)

3.3 Impact of lightweight materials

Different materials were tested forming a combination of the best light weight panels for
easy assembly (figure 6). Out of which a composite wall panel of fibre cement board on each
side with eps filling of 50 mm is used to reduce the fluctuation in temperature inside the
living room and bedrooms where this does not help in reducing the kitchen temperature
thus no insulation is provided for kitchen and instead temporary earth bags are arranged
from the outside which could be left at site when the house gets transported. The results
show a drastic temperature difference of 6K in living room - orange line when compared to
the model with old envelope (Figure 7). Since the kitchen temperature is high, it is assumed



that the ceiling fan will bring down by 2°C resulting in 25 Kwh/m?/yr EPI. The same envelope
was analyzed for humid climate and it is found that instead of eps if bulk insulation is used
in the roof to reduce the heat gain time lag thus resulting in about 5 Kwh/m?/yr EPI.
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Figure 6. Stage wide assembly of the light weight panels (Lakshmi, 2018)
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Figure 7. Indoor temperature with new envelope on a typical hot day for composite climate (Lakshmi, 2018)

4. Conclusion

The design application is the strongest contribution of this research, in particular the
proposed modules and user adaptability to open and close windows without fear of heat
and outdoor threats. The outcome is a more sustainable scheme by transporting and
reusing most of its structural elements, being easily assembled due to the flexible planning
and adaptable to climatic variations without the need for air conditioning for most of the
year by merely changing few building elements. As per Energy performance the new
typologies require very less cooling load of about ~25 Kwh/m?/Yr in Composite/Hot and Dry
climate and only ~5 Kwh/m?/Yr is required in Humid climate when compared to the existing
houses which need more than 160 Kwh/m?. Hence, there is a great potential of making a
very large improvement to the way these houses are currently built and occupied.

5. References

BEE (Bureau of Energy Efficiency). 2014. Design Guidelines for Energy-Efficient Multi-Story Residential Buildings
Composite and Hot-Dry Climates, New Delhi: BEE. pp 183

Bureau of Energy Efficiency 2017, ECBC 2017: Energy conservation building code, Bureau of Energy Efficiency

De Dear, R. J., Brager, G., 2002. Thermal Comfort in Naturally Ventilated Buildings, Revisions to ASHRAE
Standard 55, Energy and Buildings, 34, pp-549-561

IBEF 2017, ‘Construction equipment sector report’, Indian brand equity foundation,
https://www.ibef.org/industry/infrastructure-sector-india.aspx

Lakshmi, P., (2018) ‘The house that follows its occupants’, MArch Dissertation Project, Architectural Association
School of Architecture

National Highway Authority of India 2017, Ministry of Road Transport and Highways, Government of India.
Viewed 2 March 2017 <http://www.nhai.org>

Nicol,F., 2004. Adaptive Thermal Comfort Standards in the Hot-Humid Tropics, Energy and Buildings, 32,
pp 628-637



