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ABSTRACT: Le Corbusier, besides planning the cifyGihandigarh, contributed a
few monumental buildings to the city, one being t@bandigarh College of
Architecture. With time building was extended anodified to cater to requirements.

The building is thermally uncomfortable as the 8§ envelope consists of exposed
concrete and brick reflecting the true nature ofmaterial. Hence, the paper
investigates on how the comfort can be achievetawit sacrificing the architectural
poetry and spatial delight. The paper discusses #&spects of environmental
performance namely light and thermal comfort. ttuses on performance within the
studio spaces only. It elaborates on the daylightopmance and thermal performance
of the studio. The paper discusses the potentiahsiflation and night ventilation
which could prove to be beneficial in compositenaies. The conclusion will present
the possible changes without disturbing the exgstwilding to large extents. The
research is aided by quantitative results validgtie problems and design decisions.
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INTRODUCTION

Chandigarh College of Architecture was construabedCorbusier's planning and
design guidelines. Due to the modifications anditamts, the ventilation for the
studios is blocked. The use of exposed brick anttrate aid in major heat gains
within the building. The most spaces are not airditioned due to large spans, huge
structures, electricity shortage, and money coimmgra This results in thermal
discomfort for the occupants. Le Corbusier’s buiggi are considered as a heritage in
Chandigarh and hence, do not have to be demolshaldered majorly.
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Hence the research will focus on -

* To study the Daylight within the studio spaces witthe college and the role
of window typologies with respect to the studio

» To examine the potential of ventilation and insolattowards achieving
thermal comfort in composite climates

1. CHANDIGARH COLLEGE OF ARCHITECTURE

Site is located in Sector 12, Chandigarh, Indiae Bite has more open spaces -
playground in south, few trees buffering it frone tB- storey college building to the
east, a single storey market and an empty landoath mnd playground on west and
hostels far west. Adjacent building hardly affecterms of light or wind. It is a single
storey structure. The building is orientadrth and south, so that light enters from
the north. There are 5 bays of curved roof.
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Fig 3 Overall Plan of the College and Section tigiothe courtyard of the college

1.1. Studios

There are four studios in the northern most bathefcollege. The corner studios
are slightly smaller than the central ones as gtmmpmmodate the entrance passage



and two teacher’s cabins. The corner studio isntaki consideration for this report.
It forms an L —shape plan. Its length is 16.7 neetred width 15.3 meters.
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Figure 4 Plan and Section through the studio shgwie layout and roof profile.

1.2. Design Intent —

* Light - Le Corbusier focused on studio spaces and Hialisketches show the
use of curved shed roof which ensures uniform détulight. The roof profile
here is partially curved and partially flat- an goal vertical monitor. Its height
slopes from 3 to 7 meters. The north facade of hasf fixed glazing, and flat
portion of roof has skylights.

* Thermal Aspect - It has exposed brick and exposed concrete asn@m
materials hence, there are excessive heat losdegaams all year. Windows are
singly glazed. The roof profile is convex in shapich stores more heat. To
its credit, the east and west facade have minimatlews —elongated vertical
slits, so that minimum solar radiation penetratesuarise and sunset.

There are no heaters or air conditioners for tbite rooms or the studios. Mostly
fans are used. The building is mainly used dutiregday time from 9 to 5pm and for
about 15 days in winters all night and 15 dayspirng all night. The studios are used
all day.

2. CLIMATE ANALYSIS
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Figure 5 Monthly Average Temperatures

Chandigarh has a composite climate. It has extreamemers and cold winters.
The diurnal temperature range is 15-18°C. Basedhenpsychometric chart, the
comfortable temperature range lies between fromC226 30°C. The winds
predominantly blow from SE during the summers, Nifl & during winters. The
Solar Angle varies from 37.7° in winters to 82.2 summers.



3. DAYLIGHT ANALYSIS

The studio spaces have been measured by Illluminaca@mount of daylight falling
on each surface. The daylight within the studio was -

* North light - for externally reflected componentlight

* Clerestory windows on south —allow sun penetraitioninters

« Slit windows on east-west and North facade reduea lyains from east and
west and help in ventilation. Each has a glassl@atka mesh panel.

* Roof light —allows space of greater depth to reedight
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Fig. 6 Sun penetration through the Skylight Figl@restory windows on South

Tests conducted on Ecotect and radiance show tiegtivas in lux levels within the
studio. The lux levels dip gradually along the adwvoof profile in the studio, they
reduce towards the flat roof. During summers therlinance averages up to 430 lux.
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Fig.8 llluminance on a Summer Solstice (hoon) .Fluminance on Winter Solstice (noon)

On an overcast day, the average llluminance vaus0 lux. In winters it increases
as the sun angle is lower; it penetrates into thdig through the south clerestory
window. The space under the flat portion of thef is® meters by 10 metres. Despite
the west window, the lowest llluminance levels @elux. The skylight is causing

glare (llluminance 9000 lux) as its immediate sunmdings receive about 500 - 700
lux.
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Fig.10 Corner of the studio— low llluminance leveéigy.11 Glare through the skylight (Noon)



4. THERMAL PERFORMANCE

To test the thermal conditions within the studi@AS analysis was conducted for the
corner studio. The only possibility of ventilatiavas through the south clerestory
windows which are partially blocked, hence the hdating summers gets trapped
inside. In winters, it gains heat after 8am butbé@écome greater than external
temperatures only after noon time when the occuphas reduced.

Fig.12 External Temperatures percentage  Figefrferatures inside the studio- percentage

The figures above show that the external tempegatare in comfortable range for
only 36% of the times of the year. The buildingeimial temperatures in comfort zone
are same but the number of hours above 30°C hasased by 12%. The buildings
are overheated and need some passive coolinggitmfer seven months of intensive
heat where there are power cuts as well. The needdwe to allow the heat loss to
the surroundings by movement of cool air throughlbilding.

5. FINAL PROPOSAL — INCORPORATING DAYLIGHT PROPOSAL
(SHADED SKYLIGHT) WITH INSULATION AND NIGHT VENTILA  TION

The existing wind pattern of SE to NW and the satlérestory windows have been
utilized. North glazing is made open able with 5@#%a at night from 6pm to 8am
and only in summers. This allows in night coolinghwentilation from the south
windows to the north windows. An insulation of 35mmexpanded clay roof and
10mm air gap was provided on the roof on the oatsidretain its property of high
thermal mass. Clay is a locally available mateaiad hence, it is cost effective. The
new roof light accommodates for better functionifighe space, but also accounts for
slightly higher heat loss/ gains during the year.
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Fig.16 Final proposal for the Studios 7 .EComfort Range in Studio with proposal

Skylights help to illuminate deep plans. But hdre sun angles are very high which
allows direct light (sky component) to enter. Henibe skylights need to be shaded.
The curved roof shade will obstruct the direct girlat noon hours; only diffused

light from the roof surface will enter into the dio. The results on radiance show



more gradual distribution of light. The averageitinance is 320 lux. The average
value reduces because the roof shade was added.

|

6. CONCLUSION

The north facade glazing and south clerestory wirgdbelp in provide diffused light
and ventilation when opened. The proposed shadgigiskshould be of same size as
existing to avoid an excessive heat loss. The imofsulated with expanded clay on
outside to restrict heat gains in summers and lesat in winters. The openings
proposed for the north glazing are located at thkdst points to achieve stack effect.
Night ventilation is achieved due to the high thakmmass and diurnal variation in
temperatures. Hence, temperatures dip on the hdagsat peak hours and are higher
on the coldest day.
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Fig.18 Diurnal Temperature Comparison with thelfraposal

Hence, insulation can work for composite climafessed properly to retain the heat
gained through the thermal mass and ventilatioscbe internal spaces in summers.
The existing building can be improved thermally daVe better functioning spaces
without major changes.



