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ABSTRACT: Le Corbusier, besides planning the city of Chandigarh, contributed a 
few monumental buildings to the city, one being the Chandigarh College of 
Architecture. With time building was extended and modified to cater to requirements.  

The building is thermally uncomfortable as the building envelope consists of exposed 
concrete and brick reflecting the true nature of a material. Hence, the paper 
investigates on how the comfort can be achieved without sacrificing the architectural 
poetry and spatial delight. The paper discusses two aspects of environmental 
performance namely light and thermal comfort. It focuses on performance within the 
studio spaces only. It elaborates on the daylight performance and thermal performance 
of the studio. The paper discusses the potential of insulation and night ventilation 
which could prove to be beneficial in composite climates. The conclusion will present 
the possible changes without disturbing the existing building to large extents. The 
research is aided by quantitative results validating the problems and design decisions. 
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INTRODUCTION  

Chandigarh College of Architecture was constructed on Corbusier’s planning and 
design guidelines. Due to the modifications and additions, the ventilation for the 
studios is blocked. The use of exposed brick and concrete aid in major heat gains 
within the building. The most spaces are not air conditioned due to large spans, huge 
structures, electricity shortage, and money constraints. This results in thermal 
discomfort for the occupants. Le Corbusier’s buildings are considered as a heritage in 
Chandigarh and hence, do not have to be demolished or altered majorly. 

 
Fig. 1 College – Entrance Porch        Fig. 2 College– Central Courtyard 

 

Hence the research will focus on -  
• To study the Daylight within the studio spaces within the college and the role 

of window typologies with respect to the studio  
• To examine the potential of ventilation and insulation towards achieving 

thermal comfort in composite climates 

1. CHANDIGARH COLLEGE OF ARCHITECTURE 

Site is located in Sector 12, Chandigarh, India. The site has more open spaces - 
playground in south, few trees buffering it from the 3- storey college building to the 
east, a single storey market and an empty land on north and playground on west and 
hostels far west. Adjacent building hardly affect in terms of light or wind. It is a single 
storey structure. The building is oriented north and south, so that light enters from 
the north. There are 5 bays of curved roof.  

 
Fig 3 Overall Plan of the College and Section through the courtyard of the college              
                              

1.1. Studios   

There are four studios in the northern most bay of the college. The corner studios 
are slightly smaller than the central ones as they accommodate the entrance passage 
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and two teacher’s cabins. The corner studio is taken into consideration for this report. 
It forms an L –shape plan. Its length is 16.7 metres and width 15.3 meters.  

  

 
Figure 4 Plan and Section through the studio showing the layout and roof profile.  
 

1.2. Design Intent –  

• Light - Le Corbusier focused on studio spaces and his initial sketches show the 
use of curved shed roof which ensures uniform diffused light. The roof profile 
here is partially curved and partially flat- an unequal vertical monitor. Its height 
slopes from 3 to 7 meters. The north facade of roof has fixed glazing, and flat 
portion of roof has skylights.   

 
• Thermal Aspect - It has exposed brick and exposed concrete as its main 

materials hence, there are excessive heat losses and gains all year. Windows are 
singly glazed.  The roof profile is convex in shape, which stores more heat. To 
its credit, the east and west façade have minimal windows –elongated vertical 
slits, so that minimum solar radiation penetrates at sunrise and sunset.  

 

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

2. CLIMATE ANALYSIS 

 
Figure 5 Monthly Average Temperatures  

Chandigarh has a composite climate. It has extreme summers and cold winters. 
The diurnal temperature range is 15-18°C. Based on the psychometric chart, the 
comfortable temperature range lies between from 22°C to 30°C. The winds 
predominantly blow from SE during the summers, NE and N during winters. The 
Solar Angle varies from 37.7° in winters to 82.2° in summers. 
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3. DAYLIGHT ANALYSIS 

The studio spaces have been measured by Illuminance i.e. amount of daylight falling 
on each surface. The daylight within the studio was from -  

• North light - for externally reflected component of light  
• Clerestory windows on south –allow sun penetration in winters  
• Slit windows on east-west and North façade reduce heat gains from east and 

west and help in ventilation. Each has a glass panel and a mesh panel. 
• Roof light –allows space of greater depth to receive light 

 
Fig. 6 Sun penetration through the Skylight  Fig.7 Clerestory windows on South 

Tests conducted on Ecotect and radiance show the variations in lux levels within the 
studio. The lux levels dip gradually along the curved roof profile in the studio, they 
reduce towards the flat roof. During summers the Illuminance averages up to 430 lux.  

                  
Fig.8 Illuminance on a Summer Solstice (noon)   Fig.9 Illuminance on Winter Solstice (noon) 

On an overcast day, the average Illuminance value is 450 lux. In winters it increases 
as the sun angle is lower; it penetrates into the studio through the south clerestory 
window. The space under the flat portion of the roof is 6 meters by 10 metres. Despite 
the west window, the lowest Illuminance levels are 70 lux. The skylight is causing 
glare (Illuminance 9000 lux) as its immediate surroundings receive about 500 - 700 
lux.  

 
Fig.10 Corner of the studio– low Illuminance levels  Fig.11 Glare through the skylight (Noon) 
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4. THERMAL PERFORMANCE 

To test the thermal conditions within the studio, a TAS analysis was conducted for the 
corner studio. The only possibility of ventilation was through the south clerestory 
windows which are partially blocked, hence the heat during summers gets trapped 
inside. In winters, it gains heat after 8am but it become greater than external 
temperatures only after noon time when the occupancy has reduced.  

 
Fig.12 External Temperatures percentage      Fig.13Temperatures inside the studio- percentage 

The figures above show that the external temperatures are in comfortable range for 
only 36% of the times of the year. The building internal temperatures in comfort zone 
are same but the number of hours above 30°C has increased by 12%. The buildings 
are overheated and need some passive cooling strategies for seven months of intensive 
heat where there are power cuts as well. The need would be to allow the heat loss to 
the surroundings by movement of cool air through the building. 

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

The existing wind pattern of SE to NW and the south clerestory windows have been 
utilized. North glazing is made open able with 50% area at night from 6pm to 8am 
and only in summers. This allows in night cooling with ventilation from the south 
windows to the north windows. An insulation of 35 mm expanded clay roof and 
10mm air gap was provided on the roof on the outside to retain its property of high 
thermal mass. Clay is a locally available material and hence, it is cost effective. The 
new roof light accommodates for better functioning of the space, but also accounts for 
slightly higher heat loss/ gains during the year. 

 
Fig.16 Final proposal for the Studios           Fig.17 Comfort Range in Studio with proposal 

Skylights help to illuminate deep plans. But here the sun angles are very high which 
allows direct light (sky component) to enter. Hence, the skylights need to be shaded. 
The curved roof shade will obstruct the direct sunlight at noon hours; only diffused 
light from the roof surface will enter into the studio. The results on radiance show 
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more gradual distribution of light. The average Illuminance is 320 lux. The average 
value reduces because the roof shade was added.  

 
Fig.14 Radiance Image on Summer Solstice             Fig.15 Glare from the skylight is reduced 

6. CONCLUSION 

The north facade glazing and south clerestory windows help in provide diffused light 
and ventilation when opened. The proposed shaded skylight should be of same size as 
existing to avoid an excessive heat loss. The roof is insulated with expanded clay on 
outside to restrict heat gains in summers and heat loss in winters. The openings 
proposed for the north glazing are located at the highest points to achieve stack effect. 
Night ventilation is achieved due to the high thermal mass and diurnal variation in 
temperatures. Hence, temperatures dip on the hottest day at peak hours and are higher 
on the coldest day.  

 
Fig.18 Diurnal Temperature Comparison with the final proposal 

Hence, insulation can work for composite climates if used properly to retain the heat 
gained through the thermal mass and ventilation cools the internal spaces in summers.  
The existing building can be improved thermally and have better functioning spaces 
without major changes.  

 


