
1 
 

NATURAL VENTILATION IN HIGH RISE RESIDENTIAL BUILDING 
 
 

 

A Thesis 
 
 

Submitted in partial fulfillment of the requirements for the award 
of 

Master of Architecture degree in Sustainable Architecture 

by 

RUDHRAA SHREE S.K (40890013) 
 
 
 

 

DEPARTMENT OF ARCHITECTURE 
SCHOOL OF BUILDING AND ENVIRONMENT 

 

SATHYABAMA 
INSTITUTE OF SCIENCE AND TECHNOLOGY 

(DEEMED TO BE UNIVERSITY) 
Accredited with Grade “A” by NAACJEPPIAAR 

NAGAR, RAJIV GANDHI SALAI, CHENNAI - 600 119 

 
MAY 2022 



2 
 

RUDHRAA SHREE S.K 
(40890013) 

SATHYABAMA 
INSTITUTE OF SCIENCE AND TECHNOLOGY 

(DEEMED TO BE UNIVERSITY) 
Accredited with Grade “A” by NAAC 

JEPPIAAR NAGAR, RAJIV GANDHI SALAI, CHENNAI - 600 119 
www.sathyabama.ac.in 

 
 
 

                                                  DEPARTMENT OF ARCHITECTURE 
BONAFIDE CERTIFICATE 

 
 
 

 

This is to certify that this Report is the bonafide work of RUDHRAA SHREE S.K 
(40890013) who carried out the Thesis entitled “NATURAL VENTILATION IN HIGH 
RISE BUILDING under our supervision from January 2022 to May 2022.                                                                   

                                                               
 

       Internal guide                           INTERNAL PANEL MEMBER 

       (Ar.CATHERINE)                        (Ar. SHEETAL AMRAOTKAR) 

     External guide 

(Ar.BALAMURUGAN)   
 

 

DR. DEVYANI GANGOPADHYAY 
Dean, School of Building and Environment 

Head of Department 
 
 
 
 
 
 

Submitted for Viva voce Examination held on   06-05-2022  
 
 
 
 

Internal Examiner External Examiner 
 



3 

 

 
`



4 
 

RUDHRAA SHREE S.K NATURAL 

AR.CATHERINE AR.R.BALAMURUGAN 

 

 
DECLARATION 

 
 

I RUDHRAA SHREE S.K hereby declare that the Thesis Report entitled “ NATURAL 
VENTILATION IN HIGH RISE BUILDING is done by me under the guidance of 

AR.CATHERINE (Internal) and AR.BALAMURUGAN (External) at Sathyabama Institute 
of Science and Technology is submitted in partial fulfillment of the requirements for the 
award of Master of Architecture degree in Sustainable Architecture 

 
 
 
 

DATE:  
 

PLACE: SIGNATURE OF THE CANDIDATE 



5 
 

Ar.Balamurugan 

Ar. Catherine 

ACKNOWLEDGEMENT 
 
 

I am pleased to acknowledge my sincere thanks to the Board of Management of 

SATHYABAMA for their kind encouragement in doing this Pre-Thesis project and for completing 

it successfully. I am grateful to them. 

 
 

I convey my thanks to Dr. Devyani Gangopadhyay, Dean and Head of the department, Dept. 

of Architecture, School of Building and Environment, for providing me necessary support and 

details at the right time during the progressive reviews. 

 
My special thanks to Dr. Suresh Kuppusamy, our Design chair and Ar.Balamurugan, (External 

guide) and Ar. Sheetal Amraotkar (Thesis Coordinator) for their valuable comments and 

guidance during the project work. 

 

I would like to express my sincere and deep sense of gratitude to my Project Guide Ar. Catherine 
for her valuable guidance, suggestions and constant encouragement which paved the way for the 

successful completion of my project work. 
 

I wish to express my thanks to all Teaching and Non-teaching staff members of the Department of 

Architecture who were helpful in many ways for the completion of this Thesis. 



6 
 

ABSTRACT 

Natural ventilation is a traditional but effective way in buildings to adjust the indoor environment. It 
has also been proved to be effective in today’s design, if applied appropriately. At the same time, 
there is a growing trend that higher and higher buildings are constructed in the crowded city area. 
Air velocity, temperature and other factors have already been found to change with height, and the 
difference in thermal comfort can also affect the architectural design. Therefore, we do need to 
know the thermal comfort distribution in high rise buildings.The aim of this thesis is to investigate 
the thermal comfort distribution in a naturally ventilated high rise residential building, and find out 
if the suitable solutions can be implemented to improve it. 
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CHAPTER 1 
INTRODUCTION 

 
 

 INTRODUCTION 
 

High rise building is a growing trend in many big cities all over the world, especially in 
Asia. In 2014, 3 high rise buildings more than 200m were built in Europe and the trend 
will keep growing. Though lots of high rise buildings spring up in the world every year, 
most of them are very similar in the huge amount of energy consumption and little 
access to nature. 

 
Due to the high wind velocity at high altitude, mechanical ventilation systems are usually 
applied in most high rise buildings. Though mechanical systems can provide an 
acceptable temperature and humidity during most of the time, they do not guarantee a 
good indoor environment. According to research by Seppanen, the prevalence of the 
Sick Building Syndrome (SBS) in mechanically ventilated buildings is typically higher by 
roughly 30% to 200% than in naturally ventilated ones 

 
Comfort is also an important issue in residential buildings. More than 40% of the users 
of high rise buildings want to have an operable window to permit fresh air or some other 
access to the outside . A naturally ventilated building can largely increase satisfaction 
and provide a healthier indoor environment, which is also related to productivity. 
Residents in a naturally ventilated building tend to work more efficiently than those who 
work in a mechanically ventilated building . Although productivity for residential buildings 
is less important than for office buildings, it is likely that the users will appreciate the 
contact with the external climate, which could increase the value of the property. 

 
Energy is another main issue when choosing between natural ventilation and 
mechanical systems. Based on related research, natural ventilation systems can help to 
reduce around 40% of the energy consumption in residential buildings, compared with 
mechanically ventilated ones. Natural ventilation can be a very effective way to improve 
the thermal comfort level and decrease energy consumption. However, we still need to 
do more research about the thermal comfort in high rise buildings, before we can really 
make “climate design”. 

 
 Aim 

 
To design a High-Rise residence, with adequate natural ventilation in a warm and humid 
climate. 

 
 Research question 

 
● What are natural ventilation strategy need to address in high-rise residential building 



2 
 

●  What are design factors affecting the natural ventilation in warm and humid 
climates? 

● How do wind can induced natural ventilation be utilized in high-rise residential 
building. 

● What are the building design parameters which affect the natural ventilation in High 
rise residential buildings ? 

● What are the ventilation standards & requirements for high rise residential buildings 
according to NBC. 

 
 Objective 

 
● To understand the natural ventilation strategy adopted from the case study, which 

enhance design guidelines for High-rise Residential building. 
● To identify the parameter, which determines whether a high-rise residential building 

entirely depends on natural ventilation based on warm and humid climate. 
● To evaluate the impact of natural ventilation in high-rise residential buildings in warm 

and humid climates. 
Need for natural ventilation 

 
● Natural ventilation has emerged as the cost effective and energy efficient approach 

to provide a healthy indoor environment in recent times as compared to high-cost 
and energy consuming mechanical and manageable as compared to mechanical 
ventilation. 

 
● Natural ventilation includes many ways in which external air can be used for 

occupant’s benefits of building. It can be used to enhance the comfort level of 
occupants for a healthy atmosphere and even for building cooling. All these can be 
achieved from air change, air movement, airflow rate, and wind velocity. Same as 
ventilation has two needs, to increase the level of thermal comfort and removal of 
moisture and contaminated air. Reasonable organization of natural ventilation is both 
energy and cost effective. 

 
● Energy consumption can be reduced by almost 50%, if air conditioning is replaced by 

natural ventilation as well as it also reduces the emission of carbon dioxide and other 
harmful gasses in mechanical ventilation systems. Meanwhile, it decreases the 
dependency of that equipment, which is used by mechanical ventilation and air 
conditioning to ensure a healthy building environment. High rise buildings have much 
longer organization of natural ventilation in high rise buildings and are more difficult 
and challenging. 

 
 

1.5 Limitation 
 

The Study focuses on ventilation in high rise apartment in warm and humid climate 
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 Introduction 

CHAPTER 2 
LITERATURE STUDY 

 

The process of replacing air in one place to provide the same but with better quality. 
However for architects the word air includes moisture, odor, smoke, dust and so on. 
Ventilation neither means the supply of oxygen not to get rid of carbon dioxide to the 
occupants in the building. The two primary reasons for ventilation of occupied spaces in 
buildings are to provide acceptable IAQ and based on supply of fresh air and removal of 
indoor pollution concentration and to provide thermal comfort to the occupants in the 
building. 
“Thermal comfort is that condition of mind that expresses satisfaction with the thermal 
environment” 
When the term ventilation is used for a building then there are two options for the same. 
One is natural ventilation and the other is mechanical ventilation. If we peep into the 
history of architecture, we will never find the presence of mechanical systems for the 
purpose of ventilation in historic buildings. 
Natural ventilation, unlike the fan forced ventilation, uses natural forces of wind and 
buoyancy to deliver fresh air into the building. 

 
 NATURAL VENTILATION 

 
Natural ventilation is the international flow of outdoor air through an enclosure under the 
influence of wind and thermal pressure through controlled openings. It can effectively 
control both temperature and contaminants, particularly in mild climates. Temperature 
control by natural ventilation is often the only means of providing cooling when 
mechanical air conditioning is not available. 
The arrangement, location, and control of ventilation is driven by pressure difference 
across the openings caused by ambient pressure and temperature difference between 
different openings within a unit. 

 
 Need for natural ventilation 

 
Natural ventilation has emerged as the cost effective and energy efficient approach to 
provide a healthy indoor environment in recent times as compared to high-cost and 
energy consuming mechanical and manageable as compared to mechanical ventilation. 

 
Natural ventilation includes many ways in which external air can be used for occupant’s 
benefits of building. It can be used to enhance the comfort level of occupants for a 
healthy atmosphere and even for building cooling. All these can be achieved from air 
change, air movement, airflow rate, and wind velocity. Same as ventilation has two 
needs, to increase the level of thermal comfort and removal of moisture and 
contaminated air. Reasonable organization of natural ventilation is both energy and cost 
effective. 
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Energy consumption can be reduced by almost 50%, if air conditioning is replaced by 
natural ventilation as well as it also reduces the emission of carbon dioxide and other 
harmful gasses in mechanical ventilation systems. Meanwhile, it decreases the 
dependency of that equipment, which is used by mechanical ventilation and air 
conditioning to ensure a healthy building environment. High rise buildings have much 
longer organization of natural ventilation in high rise buildings and are more difficult and 
challenging. 

 
 Ventilation function and equipments 

 
Ventilation serves three distinct function such as: 

 
Health ventilation in all climatic conditions maintains the quality of the indoor air above 
a certain minimum level by replacing indoor air, vitiated in the process of living and 
occupancy, by outdoor fresh air. It is to provide the necessary amount of oxygen for 
breathing, cooking etc to prevent the unduly high levels of carbon dioxide and odors 

 
Thermal comfort ventilation is to provide thermal comfort by increasing the heat loss 
from the human’s body and preventing discomfort due to feelings of warmth and skin 
wetness. High speed of indoor air movement in the occupied area would be the best 
solution to provide thermal comfort. 

 
Structural cooling ventilation cools the thermal mass when the indoor temperature is 
above its outdoor temperature. Air has a very low heat capacity in an unventilated 
space; indoor air temperature attains its outdoor surrounding temperature and fluctuates 
about the average outdoor surface temperature 
Comfortable temperature can be achieved by permanent ventilation or night ventilation. 

 
The relative importance of each function depends on different levels of airflow through 
building in relation to climate. 

 
● Maintain acceptable indoor air quality by replacing the outdoor fresh air, which is 

needed for every climate but it’s of interest in cold climates and in air conditioning 
building in all climates. 

● By providing a high rate of airspeed over the body, thermal comfort can be achieved by 
increasing convective heat loss from the body and prevents discomfort from excessively 
moist skin in a humid climate. 

● Cooling the building mass during night through night ventilation and utilizing it as a heat 
sink during the following daytime in order to achieve thermal comfort, this is mostly for 
desert climate. 

 
The most important and universal thing is to maintain air quality through ventilation, 
which depends on the number of people per unit volume in a habitable place, their 
lifestyle and sensitivity. So a ventilation rate of 0.5 air change per hour can be 
suggested as the minimum health ventilation rate for an occupied residential building. 
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Minimum and optimum ventilation requirements depend on type of climate and 
seasons. Maintenance of minimum ventilation rate is more challenging in humid 
climates. In hot and humid regions, the main function of ventilation is to provide thermal 
comfort by air movement near the body for fast sweat evaporation. Air movement can 
be achieved by adjusting design details and the provision should be made to get indoor 
air indoor air velocity of up to 2m/sec to achieve thermal comfort. 

 
 BENEFITS OF NATURAL VENTILATION 

 
Comfortable thermal conditions for occupant and good indoor air quality are among the 
other advantages of a well integrated natural ventilation system apart from energy 
saving and positive impact on the environment. In addition, problems associated with 
mechanical HVAC systems like noise and health problems like sick building syndromes 
are unemployed, providing a healthier and more comfortable environment, which 
enhances the productivity of occupants. 
The use of natural ventilation reduces the capital, maintenance and operational costs of 
mechanical 
Equipment and the space requirement for them. 

 
HVAC systems can take up to 2 to 3 intermediate floors in tall buildings to house 
mechanical plant equipment. Each building type requires a specific amount of fresh air 
to dilute the internal pollution to achieve a good indoor air quality. According to Allard, 
the air that is free of pollutants that cause irritation, discomfort or ill health in the 
occupants is optimum quality of air. 
He also states that the pollution level decreases with the increase in airflow rate and at 
the same time the occupants' behaviors like opening and closing of windows and doors 
have a great impact on energy consumption in a building. 
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CHAPTER 3 
LITERATURE STUDY 

 
 INTRODUCTION 

High rise structure is generally defined as multi- story structure between 35-100 
meters tall, or a building of unknown height from 12 – 39 floors. NBC defines a high-rise 
as all buildings 15m or above in height. 

More than half of the world’s 7.8 billion population live in cities 
and urban areas, and 2.5 billion more are expected to join them within the next 20-25 
years. High-rise buildings,particularly residential ones,have proved to be beneficial in 
densely- populated cities where vacant plots are almost impossible to find.Natural 
ventilation is used as a passive strategy in high-rise buildings to provide the air quality 
and thermal comfort at the same time saving energy. 

 
 NATURAL VENTILATION STRATEGIES 

 
Design for minimizing cooling requirement such as by orientation and spatial 
organization, use of shading devices, ventilation cooling by wind or buoyancy or both 
wind and buoyancy, material, color and texture, thermal mass, radiant cooling, indirect 
evaporative cooling such as of roof pond, roof spray and roof garden and 
dehumidification technique especially in humid climate are some of strategies could be 
used to achieve indoor thermal comfort. 

 
 The physical mechanism in tall building 

 
Pressure difference across a building interior and exterior induce airflow through the 

building by wind force and thermal force. 
 

 Wind induced ventilation 
 

Pressure differences are created across a building when wind blows against it – 
pressure on walls facing the wind is elevated whereas the pressure on the leeward side 
is reduced which induces air flow from high pressure to low pressure zone. These zones 
are also known as pressure zones and suction zones respectively. When wind direction 
is at right angles to a rectangle building, the front wall acts as a pressure zone and the 
sides rear act as suction zones. When the direction is oblique, two upwind sides are 
pressure zones and the rest are suction zones. Roof in all cases acts as a suction zone. 
From the center of the pressure zone the pressure diminishes outwards on the 
windward surfaces. For a perpendicularly blowing wind, the pressure variation across 
the walls is smaller as compared to a wind blowing in an oblique direction. 

There is a drastic drop in pressure from windward to leeward 
corners in case of oblique direction. At a 45 degree incidence angle, pressure on the 
downward corners is almost zero whereas at a lesser angle, a suction zone develops. 
An air pressure variation in suction zones is greater as compared to that in the pressure 
zones. For instance, with a perpendicular wind, on the sidewalls, the suction is greater 
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upwind and at the rear wall, it reduces from center to peripheral zone. With an oblique 
wind the suction magnitude on the side and the roof diminishes downwind. 

 
 Buoyancy induced ventilation 

 
Changes in average air temperature inside and outside a building create a difference in 
air density and vertical pressure gradients on the inside and outside of doors. If there a 
single aperture at a certain level in a building, air pressure on either side of its equalizes 
with time and there no air flow after this even though there may be thermal difference, at 
certain height of the building, the indoor pressure and the outdoor pressure are equal to 
each other, causing air stagnation known as the neutral plane. 

 
 The combined effect of wind and thermal force 

 
The combined effect of wind and thermal forces results in the effective airflow in a 
building. For a given opening, the gradient is a sum of pressure differences by each 
force separately. 
The resultant airflow is proportional to the square root of combined pressure gradients. 
Thus, even both the forces work in the same direction; the resultant airflow will be only 
slightly higher than it would be with the greater force alone. 

Thermal force of ventilation is dependent on temperature 
gradient and height of opening, it is important only when either of these have a high 
value. For residential buildings the height of the ventilation path is very small so the 
deciding factor becomes temperature difference in interior and exterior, which is only 
existent in cold regions in winter whereas wind will typically be the dominating driving 
force on windy hot days. 

 
The thermal force however can induce airflow only by pressure 

difference. If two rows of openings are placed on a wall at different heights and airflow is 
induced by thermal force only, air will enter through the lower set of openings and leave 
through the upper set of openings in case indoor temperature is higher. However in 
case of air flow induced force of the incoming air mass, hence can be controlled by 
detailed design of the inlet openings. For the same quality of air moved, such airflow 
may produce velocity owing to turbulence than the one induced by thermal pressure. 

 
 Natural ventilation principles 

 
The introduction of air into the building and the extraction of the same out of the building 
is a ventilation strategy. There are 3 main categories of ventilating strategies, 

● Single – sided ventilation 
● Cross ventilation 
● Stack ventilation 
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  Single –sided ventilation 
 

Here only one side of the building is on one side only. This is an effective way to 
summer for a room of depth at least 2.5 times of the height. Wind is the main driving 
force in this case. If there is a significant difference between the inside and outside 
temperature and the openings are on heights for ventilation then buoyancy effect can 
also aid single-sided ventilation. 

 
  CROSS VENTILATION 

 

This depends on flow of air between two sides of the building’s envelope due to 
difference in pressure as air moves from windward to leeward side. Cross ventilation is 
effective for a room of depth, maximum five times of the height.Cross ventilation is 
facilitated when a room has apertures at both pressure and suction zones. 

 
  Stack ventilation 

 

Incident wind on external wall. There is a flow of air along and parallel to the length of 
the wall resulting in a pressure gradient and inducing airflow from a low pressure area. 
This pressure difference can be used to better the ventilation condition in a room by 
providing two lateral windows at upwind and downwind sides as compared to a single 
window of the same area. However, since pressure gradients are not that significant, 
the resultant airflow may not be high. However, according to experiments, it was 
determined that by creating artificial pressure and suction zones along the external wall, 
ventilation conditions could be improved to a good extent in the case of rooms with a 
single vertical projection from the internal side. 

 
 Design factor affecting natural ventilation 

 
In hot humid climates of lower latitude, verandahs, overhangs work well with 

movable horizontal louvers. However, in extremely hot low latitude climates, east and 
west should completely be windowless due to intense solar gain. To overcome this 
extreme situation, the ideas and examples for natural ventilation and passive cooling 
strategy should be taken from the vernacular architecture. 

 
 Built form and orientation 

 
For ventilation, favorable conditions are not only perpendicular wind direction but when 
wind is incident at an angle 30 degree to 120 degree and 45 degree to 105 degree to 
the wall and especially if the openings in windward and leeward side can provide an 
effective amount of airflow into the space. Orientation of a room is the direction to which 
its external elevation faces and the main problem of building orientation is primarily 
related to long blocks. 
The choice of the orientation is subjected to much consideration such as nature of 
climate, topography, accessible roads to the site and view in different directions. Based 
on climatic consideration it affects the indoor climate in two different aspects such as: 
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● Heating effect of solar radiation on different facades of the building. 
● Ventilation problem associated with the direction of the prevailing wind with respect 

to its orientation 
By considering these two factors the design may lead to a contradictory but finding an 
optimum solution for any particular situation can be possible with a proper design 
consideration based on microclimate condition. Airflow pattern in a room is affected by 
pressure distribution around the building and the inertial force of the moving air. 
Irrespective of window position in either windward or leeward walls, average indoor 
pressure always equals itself to the outdoor pressure. When windows are positioned 
both on windward and leeward walls airflow suffers friction and is directed towards a low 
pressure openings. 

 
 WINDOW OPENING ORIENTATION WITH RESPECT TO PREVAILING WIND 

 
Contrary to the assumption that inlet window should directly face the inward window to 
provide maximum indoor air flow, recent studies have demonstrated that when inlet 
window are positioned at an oblique angle to incoming wind more air flow and circulation 
occur inside the room all across as compared to a situation when the inlet window is 
placed directly at the wind in which case air just passes through the inlet and outlet with 
little or no impact on the side walls. However when it is incident at a right angle than the 
one where wind hits at an oblique angle. 

 
 Window Size 

 
In a room where windows are positioned on only one wall, the size of the window will 
have minimal effect on the overall ventilation condition and internal air velocity as 
compared to a room with a window on opposite walls. Vertical location of windows, 
windows – position and methods of opening. 

 
 Effect of verandahs, balconies and terrace garden 

 
● Porches, verandahs, and balconies should be placed in between rooms, 

especially in east & west façade 
● Choice of material 
● Wall 
● Roof 

 
 Relationship of the building to the ground ( vertical green ) 

 
In urban cities where high rise buildings are predominant, vertical landscaping can 
reduce the solar gain and provide indoor thermal comfort to the occupants living in 
higher floors. Vertical greenery systems can provide excellent thermal protection to the 
wall and the surface temperature of hard surfaces can be reduced up to about 15 
degrees especially on east and west façade which are protected by dense trees. 
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CHAPTER 4 
CASE STUDIES AND RESEARCH PAPER STUDY 

 

 KANCHANJUNGA APARTMENT 
 

Architect - Charles Correa 
Location - Mumbai 
Climate - Warm Humid 
Height - 84m 
No.of Floors - 28 
No. of. Apartment - 32 

 
 CONTEXT 

 
● Bombay climate and location presents a contradictory situation – East West axis affords 

the best views of Arabian sea and harbor and catches all sea breezes but also brings 
the hot afternoon sun and hard monsoon rains. 

● Correa decided to use the organization of a bungalow wrapping around the main living 
spaces using a protective verandah. 

● Variation to this is to convert them into a garden which not only protects the interior from 
sun and rain but also thrives on them. 

● Configuration of interlocking units facing east and west. 
 

fig 4.1.1 Organization of space &natural sources 
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Sketches Showing the principle used for the units as a variation of the bungalow 
plan 

 

fig 4.1.2 Kanchanjunga Section 
 
 

Concept of stacking units or interlocking units 

Transparency 

 
fig 4.1.3 Concepts of stacking Units 

 
 

Great deal of transparency has been achieved by the use of large openings and terrace 
gardens on every floor. 
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● The garden terrace is a modern interpretation of a features of the traditional indian 
bungalow,the varendah wraps the main living area, whole structure is made of 
reinforced concrete. the building is 32 storeyed reinforced concrete structure with 
6.3m cantilevered open terrace. 

● the central core house lifts and other services also provided the main structural 
element for resisting lateral loads. 

● Transparency has been achieved by the use of large opening and terrace garden on 
every floor. Type occur at the top and ground floor are little bit chanced because of 
the postion. 

fig 4.1.4 Floor plan 
 
 

fig 4.1.5 Elevation 
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fig 4.1.6 units 
 

fig 4.1.7 Floor plate 
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 VERTICAL COURTYARD APARTMENT 
 

Location - south china 
Climate - Warm Humid 
Height - 100m 
No.of Floors - 9 
No. of. Apartment - 80 

 

fig 4.2.1 Master plan 

 
There are six nearly one hundred meter high buildings, for eight hundred residents. Each 
second floor there is a double high “courtyard” in the sky. The elevation of the towers looks 
as if it was a vertical / horizontal turn of a traditional town in south China. Every resident, no 
matter on which height will have the chance to enjoy a courtyard of his own and will have 
the illusion of living on the second floor. 
The building as set in a diaglonal link across the complex, much like seates in the 
theatre.opposite to the side of the lake liesa a large open public park. 
BUILDING TYPOLOGIES 

 

fig 4.2.2 SECTION 
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There are two main building typologies. one building is made up of a singular stack of units. 
these building are much narrower and slightly shorter than the second building type. for 
second type overlayed three of the smaller building to create a longer chain of building 

 
COURTYARD 

 
fig 4.2.3 SECTION OF COURTYARD 

 
 

Each level of the building allow for alternating courtyard and balcony spaces.Each unit has 
one or other.They alternate up the entire height of the building, The extruded envelope that 
encapsulates the courtyard also provide coverage for the balcony spaces. 

 
Floor plan 
The shifting of planes allows for every apartment to have either a covered courtyard or 
balcony. The shift occurs between the floor plate of one unit and ceiling of another crearting 
a beautiful overlapping detail within the structure. 

 

 

fig 4.2.4 floor plan 
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 INTERLACE SINGAPORE 
 

Architect - OMA,ole scheeren 
Location - Singapore 
Gross Floor Area - 1169600 sq.m 
Site Area - 8100 sqm 
Project Year - 2013 
No.of units - 1040 units, 31 apartments blocks,each six storey tall with 8 main courtyard. 

 

  
fig 4.3.1 Masterplan fig 4.3.2 views 

 

Design Concept 
 

● New residential typology which breaks away from the cluster of isolating towers. 
● Horizontally connected volumes establishing a better connected and less isolated 

residential environment. 
● The interlace incorporates sustainability features through careful environment analysis 

of sun, wind, microclimate conditions on site and integration of low impact passive 
energy strategies 

 

fig 4.3.3 Design concept 
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fig 4.3.4 Design features 

 

Design Features 
 

● The interlocking blocks form a vertical village with cascading sky garden and both 
private and public roof terrace. 

● Strategic position of water bodies reduce local temperature and improved thermal 
comfort. 

● The number of paths and pedestrian circulation is a response to location and density of 
residents around each courtyard and core residence. 

 
 

fig 4.3.5 Floor plans 
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fig 4.3.6 floor plan of stagged effect 
 
 

COURTYARD AND ACTIVITIES 
● Each courtyard has a different character and the orienting device for the residents is 

not the blocks that they live in, but actually the character of the courtyard. So they 
navigate and locate where they are living by different courtyard. 

 
● Pathways are designed along the building in the same hexagon grid. There are 

secondary pathways that are connecting two gardens/ voids through the built mass. 
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fig 4.3.7 sustainable features 

 

Shadow analysis 
 

fig 4.3.8 shadow analysis 
 

CFD analysis 
 

The Building Construction Authority has mandated in its Green mark Standards for 
Residential Buildings that a minimum wind speed result of 0.6 m/s, as per CFD simulations, 
is required for interior and pedestrian spaces for the Green mark Platinum Building 
Certification 
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fig 4.3.9 Beaufort scale for effect of wind flow on humans 

 

Impact wind flow has on people and it can be inferred that a speed of 0.2 5 m/s does not 
cause problems 

 
WIND FLOW AROUND SINGLE BUILDING 

 

 

fig 4.3.10 Air velocity along XY Plane 
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Two benchmark test cases were run to understand wind flow and pattern behavior in urban 
spaces. 
The Benchmark case studies used are 
1. Wind flow over a single building 
2. Venturi Effect across diverging buildings placed at 45 longitudinal faces to each other, 
with variation to Width/Height (w/H) factor. 

 

fig 4.3.11 Analysis result of CFD 
 
 

Inference 
 

Analyze the change in wind flow patterns and optimize wind flow into the targeted 
courtyards at pedestrian level, to make them both conform to the 0.6 m/s Green mark 
Standard but also not exceed 2.3m/s for strong breeze that would cause discomfort. This 
was not observed in the CFD analysis, but it was observed that a more even windflaw 
exists after the changed case. A disclaimer for the large inaccuracy for these simulation 
studies due to limitations of software meshing quality and wind speed input. Further 
experiments can be done by modifying the positions further for better results. 
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 Ishatvam 9 
Architects : Sanjay Puri Architect 
Location : Ranchi 
Plot area : 1800 m 2 
Project Year : 2017 
Unit types - 15 units of 4 bhk flats 

 

fig 4.4.1 Insert Location 
 
 

Design Concept 
 

fig 4.4.2 Design concept 
 
 

● Most of this city has existed with low rise development. 
● The layout is done in response to the social habits of the people in the city where 3 

generation are generally living together in the same house. 
● City inhabitants have been used to living in individual houses with private garden 
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Climate analysis 
 

fig 4.4.3 Climatic information 
 
 

● The climate in Ranchi is composite. 
● Hot and dry summer followed by a humid season with monsoon rains. In winter, there is 

much less rainfall in Ranchi than in summer. 
● Use of windows designed to deflect breezes from varying angles. 
● Locating window on wall with best exposure to common cooling breezes and design for 

effective cross flow of air through the building Climate Responsive Open space play an 
important role in providing thermal 

● comfort. Balconies and terrace keeps the interiors cool against the excessive heat. 
● Extension of landscape spaces efficiently maximize natural light and cross ventilation. 
● Directing airflow at levels suitable for activity proposed for the building. 

 

fig 4.4.4 Master plan 
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fig 4.4.5 Odd level plan &Even level plan 

 

Floor plans 
Each Balcony is partially covered and partially open to sky. This allow the user to sit in the 
open or in sheltered space depending upon the weather. 

 

 
Design Features 

fig 4.4.6 Section of balcony 
 

● Designed with 20 % open area as extension to internal space, maximizing on natural 
light and air cross ventilation to every room in the house. Each balcony is partially 
covered and partially open to sky. 

● Double height deck and cantilevered bedrooms are carved out of bold geometries. 
Spayed and twisted walls allow for varying spatial character throughout these spaces 
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fig 4.4.7 Green area over the space 

 
 
 

 

 
CFD analysis 

fig 4.4.8 CFD Analysis 

The predominant direction from south and northwest, Four side the balcony is provided and 
helps in cross ventilation, thermal comfort inside the room. 

 
INFERENCE 

● Pros : This modern high rise will allow its user the openness and comfort of the low rise 
structures they are used to. In keeping with the social pattern of life, providing good 
cross ventilation. 

● Cons: It is designed more from an individual point of view rather than on social cause. 
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 Sky Habitat 
 

Completion date : 2015 
Height : 133 meters 
Stories : 38 
Total Area: 65,000 sq.m 
Type: Residential 
Architects : Safdie 

 

fig 4.5.1 Sky habitat view 
 

● Sky habitat is a thirty eight storied residential complex Green pockets of landscape and 
gardens to help warm sun rays play with light. 

● The overall mass is porous and open, allowing breezes to flow through and daylight to 
penetrate deep into the structure." 

 
 

fig 4.5.2 Sky habitat concept 
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fig 4.5.3 master plan 

 
 
 

fig 4.5.4 sky habitat sustainable stategy 
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CFD analysis 
 

fig 4.5.5 Sky habitat CFD analysis 
 
 

Inference 
 

The wind is from North and north easterly, openings are provided in north and south side, 
helps in providing cross ventilation. The sky bridge is located on eastern side, by 
considering the wind speed, in higher floors. 

 
 

 Comparative analysis 
 

Table 4.6 comparative analysis 
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 Research paper analysis 

 

 Research paper 2 
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 Research paper 3 
 

Topic - Thermal comfort in a natural ventilated high rise residential building 
Author - Xiangyu Zheng1,* , Stanley Kurvers1 

 
Aim - to design appropriate ventilation systems for high rise buildings corresponding to the 
local climate. 
Methodology - The field study of a high rise residential building in Delft. the thermal comfort 
level of the occupants and the thermal conditions in this building were assessed and 
analyzed. 
Reason - To understand various parameters to consider 
Inference - The building scale, height and orientation were found to be the crucial 
parameters in the thermal comfort distribution in a regular high rise residential building, it is 
important to consider the prevailing wind, glare and other related aspects. 

 
 

fig 4.7.2.1 Comfort zone &real temperature inside & outside the building 
 

fig 4.7.2.2 The operative temperature comparison on the different floor on west side 
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Inference 
 

• Two spatial parameters, height and orientation, were found to play an important role in 
thermal comfort distribution. 
• Isolated roof act as thermal insulation on the top of the building 
• Adjustable window shading, extra air outlet by means of a mechanical ventilator combined 
with a new window system to provide sufficient (cooling) ventilation and privacy protection 
at the same time. 

 
 Research paper 4 

 
Topic - Hot and humid climate: prospect for thermal comfort in residential building 
Author - Zainazlan Md Zain *, Mohd Nasir Taib , Shahrizam Mohd Shah Baki , 

 
Aim - This paper describes typical strategies to naturally improve comfort in a climate which 
is hot and humid without air conditioning. 

 
Methodology - Climate data will be analyzed and typical thermal behavior of buildings was 
evaluated. The analysis will be compared with the state of thermal comfort for people living 
in Malaysia. 

 
Reason - To understand various strategies 

 
Inference - effective strategy adopted to reduce the extra heat going into a building. 
Strategy to flush out the extra heat which will improve thermal comfort consumes energy. 
For urban areas, thermal comfort can be improved through enough microclimate strategies 
within the surrounding areas of the building. Else, thermal comfort cannot be achieved 
through natural ventilation 
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Inference 
Results Temperature measurements were made at various location of a terrace house, 
adopting various strategies to facilitate air flow. What was observed is that if there is no air 
flow, only 44.0% occurrences is below 28.69 C but an air flow of 0.7 m/s will improve the 
occurrence of thermal comfort to 100%.. An air flow of 0.7 m/s will give rise to comfort while 
if the air flow is more than 1 .5 m/s, the space will be comfortable throughout. An air flow if 
less then 0.2 m/ s would not be effective 
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CHAPTER 5 
SITE STUDY AND ZONING 

 

 Site analysis 

 
fig 5.1 Site analysis 
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 Macro climatic analysis 

 
fig 5.2.1 climate consultant – Macro climate analysis 

 

 Micro climatic analysis 
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 Site zoning 1 

fig 5.3.1 Envimet site analysis 
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 Site zoning 2 
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 Site zoning 
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CHAPTER 6 
ANALYSIS & RESULT 

 

 Sky court analysis 
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 Orientation analysis 
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 Wind analysis according to orientation 

 
 Form evolution 
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 Sustainable features 
 

 
 Floor plan 
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 Section and Elevation 
 

 
 wind analysis 
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 Shadow analysis 
 



 

 Daylight analysis 
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