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ABSTRACT

Rapid urbanization and high population growth rate have made Mega-City Dhaka a container
of several millions of citizen. To accommodate influx of huge population wilhin the limited
buildable land Residential Disiricts {(RD} are gradually allowing more and more density in
terms of physical building mass, energy usage, transportarion, etc. Thermal Envirunr‘ncnt
{TE) of these areas is obviously affected by this densification process.

To investigate inlo the climatic effects of such densificarion four dilferent types of RD
(Sutrapur, Dhanmondi R/A, BUET Teachers’ Quarter and Banani R/A) are selected within
Dheka Metropolitan Area {DMA) covering both formal end informal sectors. Existing
physical characteristics, which determine Lhe overall settiement pattemn, of ali four RD are
analyzed in lerms of Floor Area Ratio (FAR), Ground Coverage (GC), Hard to Soft Surface
Ratio (HSSR.), Population Density, Sky-Line and Setback Space.

Qut doot environment is larpely dependent on natural climatic patern, which is almost
impossible 1o control. On the other hand, indoor enviroument is largely dependent on its
internal space layout, enclosure characteristics, use pattem, etc., which are controlled by
individual choices. Between indoor and cutdoor spaces there is a Transitional Space (TS)
(Text 4.2.2) through which a man-made space actually breathes inlo the natural environment.
Thermal environment of TS is modified by the overall setllement patlern. That is why
temperature, relative-humidity and wind-gradient data are collected from four TS at four RD.
These date are compared among each other and also compared wilh the data thar are
collected from Dhake meteorological station at Agargaon. During April, May and June
(summer) people of Dhaka experiences the most hot-discomfort and get heavily dependent
on aclive means of climatic control putting rremendous pressure on scarce energy supply.

Therefore the momth May is selecied for survey and climatic dala collection.

Finaily, the physical characteristics are correlaled with the climatic dala of TS of all four RDs
and the positive and negative eflects of densification patiern on TE are pointed out, The
study ended up with some specific recommendations that can be considered in modifying
Building Construction Rules (BCR) to facilitate passive climatic control and thereby to create

more sustainable residential environment in DMA.
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instrumental in achieving thermal comfort in the urban residential environment (Ahmed,
1994, p- 161}, Higher density living, within a particular range, can be comforiable and
controlled in any given climalic situation i the environmental issues are rightly handled.
On the other hand lack of awareness, control and sustainable solution could invite
irrecoverable damage lo a residential quarter. Sustainability initially refers to the ability
of the natural environment to sustain given the toll of human activities on the ecological
system (Nijkamp and Soeteman, 1988). The long-term stability can be maintained despite
the short-termy changes and manipulation when Lhe rale of renewable and non-renewable

resources use does not exceed Lhe rate of regeneration process {(Rahman, ef af, 2005).

Over 15% of all savings in both developed and developing countries is invested in
dwelling construction and the objective of this massive investment is to provide shelter,
security and comfortable living conditions for the occupants; and to produce more than
‘housing’ ~ o produce homes {Evans, 1950). Tropical urban climatology is a relalively
new area of research (Jauregui, 1986). Comfort in urban spaces is becoming an
increasingly important issue in the conlext of sustainability in cities where conventional

and passive climatic controls {PCC} are gerting imporiant considerations {Ahmed, 1993).

In Bangladesh, with composite mensoon climale, we do not have proper research-based
building by-laws Lo ensure desirable thermal condition in urban residential environment
(Akhtari, 20G1; Roy, 2002). On Lhe other hand, calering space for the rapid urbanizalion
and fast growing population has become greatly challenging for the city development
authorities. These entire shoricomings happened due to improper execution of city master
plans and designs, which are now being poorly compensated by ACC, only in cases who

can afford, and putling tremendous pressure on scarce national energy supply.

Assessment of impact on ambient {micro-climatic} thermal environment (TE) dne to
different patterns of physical development in urban residential districis is the primary
concermn of this thesis. It is largeted Lo compare the thermal and physical qualities between
dilferent fabric patierns in residential developments of mewopolitan Dhaka. Attempt is
made to identify some guide lines to control the residential densification process, Lhereby

facilitale sustainable thermal enviroument and reduce dependency on scarce energy.



Climatic datz have been collected in the year 2003 and by now the physical density and
morphological pattern have changed a lot in the study areas. But the analysis and findings
of this study are still be valid for the residential districts presently bearing similar
physical densities and morphological patterns 1o those of four survey areas in 2003.

1.2 BACKGROUND

Dhaka city, the capital of Bangladesh, is expenencing huge influx of rural to urban
migration since independence of the country in 1971. With that residential development is
laking place at high rale to cater the need of increasing population. To do so new lands at
the city fringe areas are being developed both in public and privale sectors, large plots are
being sub-divided inlo smaller plots and ong-unit honuses are being replaced by multi-unit
and multi-storied residential buildings. To accommodate ever increasing population all
the open ar¢as here and Lhere are being occupied by the new apartment blocks. The
morphological siructure of Dhaka city has emerged in an organic way. In an orgamc
growth, of course, the development has a conlinuous fabric rather than a cellular one to
provide the possibililies of social interaction and 1o prevent segregation (Lynch, 1981).
The morphology of Lhe city looks like a maze (Nilufar, 20000). In new Dhaka some of the

areas are developed in planned way.

Urban micro-climale is getting more and more adverse due (o these new physical
developments. Along with that tremendous pressure is being exerted to all other urban
service facilities and amenities. Dhaka city development authority {RajUK) has so far not
shown the capacity to successfully control and maintain a suslainable environmemal

quality in the city through the implementation of appropriate building by-laws.

Among all amenities in life appropriate thermal environment plays a very significami role
for meaningful, pleasing and efficient day to day living. Maimenance of thermal
equilibfium between (he human body and its environment is one of the primary
requirements for health, well-being and comfort (Givoni, 1969, p-19). Prolonged
exposure 1o thermal discomfon situation ean cause permenent physical impairment and
thus drop of working efficiency. Our daily life cycle comprises states of activity, fatigue
and recovery and it is essemial (hat the mind and body recover through recreation, rest
and sleep 10 counter-balance the mental and physical fatigues resulting from activities of
the day {Crowden, 1953). For easy recovery, when we come back to our sweel home for



resl, we badly need thermally comfortable environment in and around our home.
Residential quariers are most important areas of a city compared to other uses like,
commercial, industrial, recreational, etc. because, afier all, we want to make our home
there. No doubt, this thermal comfort is 1o be ensured as far as possible through PCC,

specially where energy or power supply i3 scarce.

1.2.1 Urbanization in Bangladesh

Like other developing countries Bangladesh has been experiencing high rate of
urbanization, specially in the capital city of Dhaka (Roy and Abdullah, 2005). Rapid
growth of urban population’ after independence coupled with shortage of buildable land
and lack of proper administralive management made the situation almost out of control.
By the end of first decade of the 21" century, majority of the world’s population will be
living in urban areas and mary of the developing couniries will be predominantly urban
(1slam, e al. 1996). A recent prediction by ministry of environment suggests that more
than 37% of the tolal population will be living in urban areas by 2015 instead of 23% in
2001 and we shall have to accommodate about 68 million people in urban areas {Islam,
2002). In line with this, Dhaka is also facing huge burden of population migrating
continuously from all over the country. The capital city (Dhaka) development authority
RajUK always faces tremendous pressure to keep pace with this ever prowing
complicated situation. Severe lack of logistics, lack of skilled manpower in RajUK and
scarcity of land for new development together made the sifuation aggravated in Dhaka

Table 1.1 : Iniar-censal growth rale of Urben Population in Bangladesh, {1974-2001}%

Census Urban Population Inter-censal Variation Annual Growth Eate
Year Number %a Number % (Exponential)
1974 6,273,802 8.78 3,632,875 137.57 G.66
1681 13,228,143 15.18 6,954,561 11085 10.66
1941 20,872,204 19.63 7,644,041 57.7% 4.56
2001 28,605,200 2310 7.732,9% 37.05 315

Spurce : Bangladesh Burcau of Statistics (BBS), Papuiation Census 2 National Report {prevfsional), 2003, p-28.

' A sharp rise of urban pepulation was noticed after independence of Lhe counmy in 1971 due to rural to
wban migration in search of beder job, education, business and other gppormunity. The high wrban growth
beoween 1974 (hrough 1981 was accounted due to extended definition of urban area in 1981. Highest
density of population is seen in Dhaka district (3887 per sq. km.) and lowest in Khagrachari district (191
per sq.km.). As much as 91.7% population of Dhaka dismrict is living in urban erca. According to adjnsted
population of census 2001, population of Dhaka mega city {city having population 5.0 millicn or over)
stands 10,712,206,



Developer built multi-storied apartments and mixed-use commercial complexes are
slowly cropping up in Dhaka city to cater for the ever increasing needs of residential
accommodation. These schemes are designed in such a way lhat their internal
environments are almost impossible to lolerate without exlensive mechanical eooling and
often air-condilioning (Ahmed, 1994, p-6). These dwelling units, therefore, in Lheir
present stale can not be accepted as efficient or sustainable solution for urban housing

crisis, specially in the context of Dhaka.

1.2.2 Urban Situation in Bangiadesh

Unplanned human activity and development process are aggravating the urban climatic
conditions within contemporary cities and the planning problemn during the past few
decades has been responsible for a significant increase in temperature in cities around the
world (Ahmed, 1994, p- 5-6). Effects like wrban heat isiand can ultimalely become
driving climatic force in a given city, and is directly atiributable Lo density of built-up
area, which causes slower night-time cooling. This effect acts adversely in achieving
thermal comfort in the cities of Lropical region. Bangladesh is localed within the Lropical
belt and expericnces excessive natural heating during day time all over the year except the
brief winter. In urban setting proportion of hard surface is comparatively higher than in
rural setting, which creale increased day time overhealing and surface waler mnoff.
Rapidly growing concentation of built-form in Dhaka is experiencing the similar
problem in its thermal environmen, specially in CBD {Ceniral Business District) areas.

In the study conducted by London Architectural Association School of Architecture
(AASA) climatologists have shown that all arcas of Dhaka do not get healed in a similar
patiern due to differences in the presence of rrees, ponds or water bodies in different
areas. [n peak summer Molijheel or Tejgaon or Karwan Bazar erea gels more heated
(temperature can rise as high as 42" to 43° Celsius and creates urban heat isiand) than
Rarona Park or Dhanmondi residential area. Dr. K. S. Ahmed in his PhD research at
AASA (1995) has shown that Motijheel commercial area (old CBD of Dhaka) develops
about three (03} degree Celsius higher tempergture than in Ramna Park (largest green
park located in the central part of Dhaka city) during a typical summer day (during April
to July). Md. Nuruzzaman and Ershad Hossain, Department of Environment, Bangladesh,
have shown in Lheir study that temperature of Mirpur area remains above average though



there is enough green vegetation. They pointed out that high density living and adjacent
smoke emitring brick kiln are respensible for this situation. During summer Dhaka city
receives solar radiation during day lime for about 14 hours, while it reradiales heat during
night time for about only 9 hours. A thin layer of cloud and closely built-up buildings also
impede noctumal cooling process and thus cumulative heating goes on. On Lop of that,
artificial heat emilting sources (both indoor and outdoor) aggravate the summer situation
and hot discomfort in Dhaka city (Hessain, 2003).

Due to betler accessibility and sirategic location certain residential districts in Dhaka are
gelting tremendous concentration of dwelling units. Thus higher density of power usage
increases the ambient temperature in those areas and eventually dependence on ACC is
increasing. Any uncontrolled activity affects everybody in the community and the
environment at large. That’s why immediate measures shonid be taken for Dhaka,
specially for residential developments, so (hat the building construction rules and by-laws
are properly based on climatic considerations and thus deliberately regulate the PCC.

13 STATEMENT OF THE PROBLEM

Heat is the dominant problem in tropical climates and here buildings serve to keep the
occupants cool, rather than warm, for greater pari of the year (Koenigsberger, ef al,
1992). The daily, monthly and yearly absorption of heat by the built-environment must be
dissipated by Lhe turn of the day, month and year respectively without exposing the
inhabitants into severe discomfort. To make a building envelop is to create a system
linked to its swrrounding environment and subject Lo a range of inleractions affected by
seasonal and daily changes in climale and by Lhe requirements of occupants varying in
time and in space (Sieemers, et al. Ed, 1986).

Skin is the outer most envelop of hnman body that interact with its surrounding
environment and Iries to keep Lhermal balance by releasing surplus metabolic heat from
lhe body and maintaining deep body temperature at 37°C. And we move to (he places
where thermal environment is conducive to retain this balance. Cur house is a further
non-living envelope, which is expected to interact between indoor and outdoor
environment and maintains comfortable Jiving environment inside Lhe house. That is why
urban dwellings must be designed on the basis of ¢limatic considerations, specially the

micro-climate in case of urban dwelling.



in the context of Dhaka there are no such comprehensive rules and control to achieve
thermal comfort in urban residential environment. The city of 11 million (2005), the 13th
largest populated city and going to be the 4™ Jargest city by 2015 with 21 million
population, has Dhaka Melropolitan Development Program (DMDP) where total area,
road network, residential areas, lakes and ponds, playing fields, transportation system,
ete. have been demarcated. But they are not materialized accordingly and expansion of
Dhaka is being made arbitrarily (Kammoker, 2005). Because of that waler supply syslem,
sewerage system, wasle disposal system, transportation syslem, etc. are going to be
collapsed, which is signaling a very scvere envircnmental degradation waiﬁngfto
commence. Many residential districts (like Werd, Dahnmondi, Gulshan, ete.) have lost
their earlier environmental good qualities and came up with ever-increasing building
mass and population densification. Dependence on ACC is therefore rising alarmingly;
concentrated consumption of which induce further heat energy in lieu of reducing it as a
whole. On the other hand, increasing dependence on ACC is severely Exing on eneTgy
sector; production of which always remained lagging behind in Bangladesh. In this
situation we urgently and badly need a remedial guide line for sustainable development In

our urban residential sector along with other sectors.

1.3.1 Points of Reference

1.3.1.1 Urban Climate and Peoples’ Need

We have tropical composite climate in Bangladesh, which changes season from hot-dry
summer Lo warm—humid rainy and then to cool-dry winter. For thermal comfort the built-
form need to cut the incoming solar radiation m warm seasons when in winter solar
radiation is welcomed. Wind flow through the living spaces is berter to be resiricled
during hot summer day and cold winter night. But it is very much wanted during warm-
humid monsoon to facilitate convective and physiological cooling when all other means
of surplus body-heat release process fail due to small diumnal range and high humidity.
Round the year people here are acclimatized in ong season and then exposed to different
one with changed or opposite thermal pattern. If this change happens gradually and
remain within the tolerable limit, people will have enough time to acclimatize by
changing the rate of metabolism in (e new sel of Thermal Envircnment {TE) and live
with comfort, But (e recent researches find (ham changes in urban climate happened
adversely and seasonal differences are getting extreme compare to ihe earlier decades.

Increase of hard built-up mass and reduction of soft natural mass, as mentioned earlier, is



identified as one of the major reasons for such extremities. PCC are no longer working

and even ACC are not working very well posing threat 1o suslainability as a whole.

13.1.2 Climate — Building Interaction

The variables of TE of an area largely depend on amount of solar radiation received
during day-time and released during night-time (Koenigsberger, ef &, 1975). Low-density
developments put less obstruction o airflow and can accelerate the convective cooling
process, specially during night time. As soon as density changes, this balance is found to
alter. Comparatively cooler temperatures were measured in shaded areas of the planned
residential neighbourhoods of Dhaka than in the closely packed unplanned parts of the
city (Abmed, 1994). '

Surface quality in terms of hardness and sofiness is another factor. The amount of solar
radiation absorbed or reflected by any surface depends on its atbedo; indicative of the
hardness or sofiness of a surface. Two buildings of the same volume, built of the same
malerials, may have quile different surface areas and therefore different rates of fabric
heat loss (Evans, 1980; Koenigsberger, ef al. 1975). Depending on the surface quality,
that is softmess or hardness, cooling effect can vary largely. We can have this proof if we
move From &n urban center to a rural countryside, specially during a hot surny day. Vast
expanses of exposed vertical surfaces in high-rise buildings become heat traps for
incoming solar radiation {(Givoni, 1969; Markus, 1980). Surface characleristics are
therefore found Lo affect the TE directly.

1.3.1.3 Hard and Soft Surface Textures

Cities have produced Lhe most notable man-made changes like, three dimensjonal urban
forms, surface paving, population densily, density of activity, etc. that affect the ambiemt
climate (Ahmed, 1995). Due to rapid arbanization and population growth guick
densification process is taking place in residential areas of Dhaka (Ahmed, 1994) and 18
increasing coneentration of hard mass or hard surfaces, all of which influence the TE and
may result in increased heat absorption and decreased heat emission. On the other hand
exisling vegelation, water bodies and other natural elemenls, which constitute soft
textures and help increase cooling effect, are destroyed mercilessly in Dhaka city
(Mahmud, 2008).

&



1.3.1.4 Building Construction Act of Dhaka

The recent Building Construction Rules (BCR) for Dhaka hat has been aclivated in 2007
incorporated Floor Area Ratio (FAR) and Ground Coverage (GC) rules for the first time
in the history of Bangladesh (GOV, 2007). Before that building setback and height
determining rules were the only regulatery mechanism to control physical density of
building mass. In these new set of rules small sized plots are allowed more land -:overagc
with lower FAR while the larger sized plots are allowed less land coverage with ]ugher
FAR for residential development. Due o weak inspeclion and loose momtnnng of RajUK
BCR is violated in most cases, which in turn produces higher density of building mass
than the rules allow, posing threat to (he TE and public safety (Chowdhury, 2003).

1.3.1.5 Energy Dependency and Crisis

This growing thermal problem increases dependency on ACC, maising demand on
valugble conventional energy resources (Ahmed, 1987), (Mowle, 1999). People are
largely depending on ACC and consurming more and more eneTgy wien failing 1o depend
on PCC. Use of electrical and electronic home appliances has increased manyfold, which
also raised the consumption of power supply. Import poliey of heavy electrical home
appliances like air-cocler (1 lon of refriperalion consume More than 2,500 W), washing
machine (80 to 150 W), mierowave oven (800 1o 1600 W), elc. does not have relationship
with the production of electricity within the country. Easy availability of these products
now-a-day makes them accessible for the vast middle-income consumers. Unnoticed load
shedding in power supply is a very common praclice in Bangiadesh as power generation
always remains less than the actual requirement, which produces intolerable situation
during warm seasons. Total requirement during peek hours in 2006 mid-February (enc% of
winter) was more than 4,500 megawatl where production is lacking more than 1,000
megawatt (Prothom Alo, 25 Feb 2006) and the situalion delerjorates further during

summer when consumption escalales.

At present there are no guidelines to regulate the relationship between TE and
development of physical built fabric in residential areas (Ahmed, 1997). To caler ta the
huge demand of urban dwelling unit both public and private sectors are producing high-
rise apartments. These aparrments and other multi-storied residential buildings are
constructed without keeping enough space befween two structures and creating ever



increasing density of population and physical mass. Traces of soft and natural textures are
being completely withdrawn, which is very much alarming for PCC.

If this process of limitless densification goes on without proper control, TE of urban
residential districts in Dhaka will arrive at & point of no return. To ensure the desired
comfortable residential environment appropriale rules shouid be formulated and activated
in practice very stricily, so that we can forecast and guide our development. With that we
can enjoy better comfori at cheaper cost through PCC and channel our scarce energy
supply to other significant development sectors, So, before it is too lale scientific
investigation should be made (o find the comparatively better form of development and
go with it in future.

1.2 Approaches to the Problem

In this field of study “Assessment of Residential Sites in Dhaka with respect to Solar
Radiation Gain” has been made by Z. N. Ahmed in her Ph.D. research (1994). The
analysis has clearly pointed out the imporiance of material selection and consideration of
U-value as & factor in creating cool interiors. Decreasing U-value of the fabric only helps
(o trap the internal heat content and average temperature of the interior tend to attain
higher than the exterior. However, time-lag of (he fabric is an effective restriction to heat
influx. But the increase of time-lag by raising thermal capacity of the building fabric is
directly proportional 1o the thickness of the fabric and thns raising cost and dead load of
the building. Increased ventilation during the night and limiting the exchange rate during
the day has been revealed as a viable passive cooling option available in this climate. This
study has been restricled within ihe formal sector of residential development in Dhaka

An investigation was made by F. H. Mallick on *Thermal Camfort for Urban Housing in
Raneladesh” for his Ph.D. research (1994). Here he dealt with the individual building
form and its thermal performance, Implication of specific building construction rules in a
residential district or a neighbourhood is not assessed in this research,

Anciher research was conducted by A. 8. Akhtari on “Effects of Building Volume an
Urban Morphology: a case study of Dhanmondi residential area, Dhaka, Bangiadesh”,
for her M.Sc. thesis at Asian Institile of Technology, Bangkok in 2001. Here she
invesligated into the morphology of Dhanmondi residential area of Dhaka and tried to
identify a set of feasible guidelines Lo be followed or imposed by the authority Lo achieve
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better PCC in formal sector housing development. Her sudy was focused in monsoon
season of Bangladesh when enough air flow through living spaces becomes most
essential. To facilitate enough sun light sun angle is Lo consider as 24°and for air flow
enough setback space corresponding o height of the building is suggested. Building
orientation 15 also suggested towards the wind direction keeping ground floor open with
perforaled boundary walls.

1.4 OBJECTIVE OF THE RESEARCH

Indoor climate is manipulated by many a factors, First by the building envelop itself, ils
design layout, orientation, exposure, materal of construction, colour, lexwre, depth,
height, ete. Secondly, by Lhe occupancy patlern, privecy pattern, security measures, use of
power consuming devices, occupants personal choices, etc. Assessment of indoor
condition by handling all these variables is beyond the scope of this research. Qutdoor
natural environment is also beyond our control. So the Transiiional Space {TS}, through
which a man-made indoor space breathes into the outdoor natural space, is taken as the
location of investigation, TE of his TS is possible Lo manjpulate or control to some extent

through the over all arrangement and design crileria of built-forms in a particular area.

Figure 1.1 Transition point within a settlement marked with circles.

The main objective in this research is to identify the more acceptable fabric pattern and
development strategies among exisling different fabric patterns in terms of thermal
performance and recommending the better one for further residential development. A

guide Iine suggesiion can be given 10 formulate building by-laws which can ensure
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sustainable comfort situation in Lhe residential districts of Dhaka city relying mainly on
PCC and (hus reducing dependence on ACC.

Open spaces around a building are those prescribed in building construction rules of
RajUK? to be kept as mandatory setback space to facililale free mir-circulation, admission
of natural light to indoor living spaces and access for service purposes and cnginecﬁ[ng
considerations {Ahmed, 1994). But (hese rules are changed from time to time 10 facilitate
more and demser sccommodation in Lhe same sized plot compared to earlier
accommodation. During such changes future impact of climatic factors on changed built-
forms is not analyzed, neither is any post ocCupancy moniloring made 1o assess their

performance. Various setback spaces are compared herg from the (hermal point of view.

Ratio between soft and hard physical development is analyzed with special care 10
idenlify its relationship with TE. The impact of FAR on TE in residential development is
analyzed in this study.

1.4.1 Objectives with Specific Aims and Passible Outcome

» To identify relationship between thermal variables and ratios of hard to soft
surfaces in residential districts of DMA.

e To delermine relationship among physical density, building morphology and wind

flow characteristics around residential buildings in Dhaka
i
» To suggest 2 comparatively more acceptable FAR to offset the exlreme thermal

impacts due (o increased densities in residential areas of Dhaka

1.5 SCOPE AND LIMITATION OF THE STUDY

The study is primarily based on observation, field data measurement, literature survey,
discussion wilh the inhabitants, comparison and analysis of data and then summing up
into findings. A number of exisling residential districts with different development

* Rgjdhani Unnayan Kariripakhys wenslaed as ‘Capital City Development Authority’ and who is
responsible o imtroduce construction rules and enforce them in practical development These rules are
Formulated on the basis of ‘The Building Construction Act -1952, Bangladesh®, and enacted with finel
amendment (hrough Govt. Gadget *Building Construction Rules, 1996°.
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patterns {both in formal and informal seclors) are selected in metropolitan area of Dhaka
¢iry as study areas. This js really a rare opportunity to get different characteristic
residential development simultancously existing from southern old part 1o the northem
new part of Dhaka mefropolitan area. Study period is taken in the peak summer (middle
of the month May) for invesligation as it causes the highest discomfort compared o other

periods of a year.

The study has come up with a number of recommendations that can be considered to be
inciuded in the existing building construction rules so that it can get a climatic basis, A
scientific reference is made to molivale people and convince them to follow healthy

building by-laws.

It iz not with in the scope of this research to observe and record the gradual development
of any residental district and jts changing effects on thermal environment for a long
period of time. Due Lo limitation of lime and measuring instrament only one spot in every
residential district is selected for climatic data collection. It would be better to have more
generalized picture if many similar survey spots were used simulaneously for daa
collection. An appropriate computer simulation study could be done to cross-check the

real-tife performances. {
i

1.6 METHODOLOGY OF THE RESEARCH

Survey Areas and Strategies

Four residential districts from metropolitan areas of Dhaka city with different densities
and level of developments have been identified both from formal and informal seclors.
Physical survey in Lhose residential districts is made o determine density of building
mass and ratios of open area to built area in a gross calculation. Surface characteristics
and vegetal cover is also noled. Different types of building layout, street layout and
orientations are recorded lo correlate hem with measurements of (hermal variables and

objective comfort faclors.
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Figure 1.2 Dhaks City map (not 10 scake) showing four survey aress.

[A-Sutrapur in old city, B-Dhammondi R/A, C-RUET Teachery' Quarter, D-Banani R/A and
E-Meteorologral Sion of Dhaka)
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Survey Spot Sclection

To have various fabric pattern and forms of development a reconnaissance survey is made
by the author in the mewopolitan areas of Dhaka. Within the exisling residential districts
four different spols are selected. Spot — 01 is in Sutrapur area, located in old part of the
city with high-density informal seclor development having incremental growth patiern.
Spot — 02 is in Dhanmondi residential area, a formal sector planned area where maxirnum
&-sloried residential structures are permitied and population density is also high. Spot —
03 is a planned University Teachers’ Quarter with low-density development and having
large proponion of soft textures. Spot - 04 js ken in Banani residenijal area, which is
comparatively a new and planned development and population density is comparatively

low.

Literature Survey

Thorough literature study is made in the relevant subject. Researches so far made in this
broad ficld by the local researchers were thoroughly studied Lo have a comprehensive idea
about the findings so far made and to undersiand the processes of invesligation in this
regard. Several other relevant publications are also reviewed before and during (he
investigation. Important arlicles in the relevant field published in widely circulated

national dailies are alse tzken in 1o account.

Data Collection

Measurement of temperature, humidity and airflow is made simullaneously in all survey
areas at a time (during May 2003) with the help of three handheld digital weather melers
(Kestrel 3000) procured from United Stales of America and two data loggers (Hebo H8
Logger) collected from the Department of Archilecture, BUET, Dhaka They were
calibrated in the study field situation with the prescribed calibration kits. To compare the
site climates with the average city climate of the same fime temperature, humidity,

rainfall and wind speed data from the Dhaka meteorological station have been purchased.

Analysis of Data

A comparative analysis of climatic data collected from different residential areas js made
to identify varialious in lemperature, humidity and air flow pattern among the different
residential districts under investigation. Atleinpts are also made Lo idemify the extents of
variations, causes of variations and their qualities of TE. Finally climatic quantities and
TE quelities are correlaled with densities of building fabric, densities of population, floor
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area tatics, hard to sofi area ratios and building fabric patlern lo identify the best
performing residential district among all four investigalion areas.

Effects of densification on
Residential thermal environment
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Figure 1.3 Sruerore of the work.
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1.7 STRUCTURE OF THE THESIS

The researeh is based on primary field survey findings. The surveyed climatic data is
juxtaposed with existing faciors related 1o planning and design patiern in four residential
development contexts of metropolilan Dhaka. The researeh is guided by analyzing the
comfort crileria, relevant rescarch, existing building regulation, up-coming problems and
field data. The broad siructure of the thesis is comprised within (06} major chapters.

Chapter - I: Introduction .

Tt is the introductory part of the thesis and it starts by defining aspects relevant 10 targeted
objectives of this investigation. It atiempts 10 indicate the state of the problem underlined
by lack of control about the changing surface characleristics in the residential disiricts
{RD) of Dhaka metropolitan city and ils adverse impact on micro-climatic situation and
overall degradation of thermal envirorment (TE). This chapter includes statement of the
problem, approaches to (he problem, objectives of the research, research methodology
and structure of the research,

Chapter — II: Macro and Micre Climate of Dhaka

Here discussion is made on regional climatic pattern and various climatic parameters of
the investigation areas. Mainly information from secondary sources are used io portray
the micro-climale of Dhaka mewopolitan area- Expected kind of thermal envirormerm in
residential areas of urban life specially in Dhaka, where topical composite climate is in
question are discussed. Factors of urban micro-climatic variglions or deviations and their
possible eventual impact on TE, especially in the residential districts of metropolitan
Dhaka are indicaled here.

Chapter — I1I: Human Comfort and Therma! Environment

Physiological comfort criteria for urban living environment in the socio-cultural and
cconomic context of Dhaka are identified in this chapter. General (hermal comforl issues
and problems are discussed here. Investigation is made on living pattern and desires of
urbap dwellers. How hnman comfort in their living environment is related to the thermal

parameters of Lhat environment is discussed here.

Residential zones of Dhaka metropolitan areas and their physical changes that have
happened over lime are analyzed. Their probable furure growth is projected to assess the
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future strategic needs o maintain comforable thermal environment. Building
construction rules and their impact on thermal environment in residential district of
Dhaks are discussed here.

Chapter — I'V: Field Investigation

Survey areas and strategics:

Strategies for selecling the survey spots in a number of residential areas are mentioned
here. Justification of the survey period is also discussed. How the physical survey in those
spots were made to delermine density of building mass and ratio of open and built areas,
surface characteristics and vegetal cover are noted. Different types of building laycut,
sireet layout and orientations are recorded to correlate them with measurements of

thermal variables.

Data collection:

Primery and secondary climatic dala that are collecled respectively from field and
literature survey are recorded here. Temperature, humidity and airflow data (primary) are
measured with instruments simultaneous in different residential spots of Dhaka and
furnished them in tabular form. Other socio-physical data (primary and secondary} are
also provided 1o co-relale them with the climatic dala that are found in the survey.
Climatic data also collected at the same time from metfeorological station of the city and
furnished (o compare them with the survey spot climatic date that are collecled from the
different residential districts.

Chapter — V: Analysis of Data and Information

Urban ot micro climate in and around different residential districts (those which are under
investigation) of Dhaka is analyzed and correlated. A comparative analysis is made 1o
identify differences of thermal environment between different study areas with
differences in physical pattern. Co-relation between density and TE, co-relation berween
surface difference and TE, and co-relation between Hard o Soft Surface Ratio (HSSR)

and TE of the concemned residential districls are investugated.
In this comparative analyses a number of factors like building height, physical density,

layout of building mess, population density, HSSR, GC, energy consumnplion, etc. are

discussed.
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Focus js placed in searching building by-laws which can guide and widen the scope of
PCC and thus sustainable physical comfort in the RD of Dhaka ¢an be ensured. With this,
atternpts are made 10 asceriain ways and means to improve the quality of life.

Chapter — ¥1: Conclusion and Recommendation

Recommendation for future sustainable physical development of residential districts in
Dhaka is given in terms of their TE. Cerlain guide lines are suggested that can be used by
the development authorities of the city in developing rules and regulation for future

residential development control and thus reduce dependency on SCarce Snergy resource.

For practicing architects certain design guidelines in terms of building layouL, height,
ratioc between hard to soft surface, elc. are suggested based on the findings and data
apalysis. Some olher general findings are provided in simple specification form so that
they can be disseminaled through mass media Lo develop mass awareness about TE issues
among the city dwellers. Process of motivation and better participation of all in making

better living and sustainable environment in the ¢ity are recommended.

1.8  CONCLUSION

Although researeh on climatic issues and thermal environment is vast in nature and needs
long observalion and lsboretory experiments, hers it is conducted based on brief
observation and thorough literature study and touched specific architectural design and
planning espects due to limitation of this research capacity. A standard and structured
investigation is atiempted to come up with some fundamental findings. The ullimate
achievement may be limited but it will create positive impact to the overall process of

residential development in Dhaka city and form the basis of future research in the field.
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2.1 INTRODUCTION )

Means and ways of achieving thermal comforl in any living space largely depend on
climatic aspects of the concemed region. Proper assessmenl, analysis and management of
climatic parameters can provide us with easy and economic techniques to achieve thermal
comforl. Bangladesh has a tropical monsoon ciimale having a number of seasonal
changes through out the year. Changes happen from hot summer through monsoon to cold
winter and comforl criteria vary widely from one season to another. Rapid urban
development of Dhaka in the present years made huge physical changes and we know
urbanization has impacts on urban climaies (Oke, 1979). Elements and components that
conslitute the landscape of a city affect the regional climate through a complex interaction
generating distingt microclimates (Ahmed, E. 8. 1995, p-14). That is why both the study
of macro and micro ¢limate is very imporant to make an investigation on thermal

environment in a heavily built-up eity like Dhaka.

2.2  REGIONAL OR MACRO CLIMATE OF BANGLADESH

According 10 UNESCO description Bangladesh is lying between 20° 34N to 26° 33'N
(tropic of cancer i3 passing Lhrough the middle of the land) and 88° 01'E t0 92° 41" E in
the Indo-Malayan realm (Lean, 1990). It is surrcunded by land mass on east and wést
sides. The Himalayan range and Bay of Bengal almost bracket the counity respectively
from the north and south. Bengal basin, which is situated a1 the confluence of the Ganges-

Brahmapulra-Meghna river system {Datta and Subramanian, 2000), has low elevation
(between 5 and 6 meters above sea level, Milliman er af, 1989), which suffer frequent
flooding (Rasid and Paul, 1987}, Regional climatic tifferences in this flat land are not
very stgnificant.

The composite glimates are usually occur in large land masses near the tropics and which
are sufficienly far from the Equalor to experience marked seasonal changes is solar
radiation and wind direction (Koenipsberger, ef af, 1992, p-26). According 10 the
classification given by G.A. Atkinson in 1953 and which is widely accepted and proven
useful the compasite or monsoon climate has the following temperature pattern through
out the various seasons. Approximalely two-thirds of the year is hot-dry and the other
third is warm-humid {Koenigsberger, et ai, 1992, p-23; Ahmed Z.N., 1994, p-13). But in

Bangladesh the warm-hurmnid season or monsoon prevails for almost half of the year (from
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June to October), which is followed by cold-dry winter (from December to February) and
then by a shori spell of hot-dry sumnmer {from April 1o May). The summer strikes all of a
sudden afier a brief comfortable spring in between winter and surnrmer. There is not
enough lime for acclimatizalion for swnmer. That is why it brings unbearable discomfort
to the people of this regicn.

Table-2.1: Air temperamre pattern in different seasons of Composite climate

Seasons Winrer or cold-dry Summer or hot-dry Ramy or warm-humid
Dray time roean max. upto 27 °C 3243 -C 2732
Might tinre mean min. 410 °C 21-27°C 2427 °C
Diurnal mean ranpe 11-22 deg C 11-22 deg C Ibdeg C

Source, {Kocnigsbenger, £F al, 1992, p-2t)

23 URBAN MICRO CLIMATE OF DHAKA

Dhaks, ihe capital city of Bangladesh, lies just north of the tropic of cancer hetween north
latitude 23° 40 to 23° 55° and between east longitude 20° 20" o 907 30 and i far enough
inland to be free of coaslal effecls (Ahmed Z.N., 1994, p-13; Mridha, 2002). The city is
surrounded by three rivers and low flood plains of these rivers ou three sides; Buriganga
river on Lhe soulh, Bafy river ou the east and Twrag river on the west. On the north side
there has vasi Jow-lying agrarian land, which is rapidly being raised and transforming into

build able land hy various real esiale companies in the reeent years.

2> 2 The climate of Dhaka is greatly influenced by Lhe
presence of Himalayan mountain range and Tibet
Platcau in (he north and Bay of Bengal in the
south. Like other parls of Bangladesh, Dhaka
also experience composite mensoon climate.
Here four main meteorvlogical seasons, namely
Winler {December 1o February with cool-dry),
Pre-monsoon {March to May with hot-dry},
Mansoon (June to September with hot-wet) and
Post-monsocon {Oclober to November warm-wet)
are seen through out the year (Mridha, 2002, p-
i), Each time during the tansition of seasons
from hot W ¢old and [rom cold Lo hot a few

wizeks appear with comforiable situation.,

(met 1o seale)
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Table-2.2 : Air temperature panemn in different seasons of Dhaka region.

Seasons Winter or cold-dry Summer ot hot-dry Rainy or warm-humid
Diay Lime mean max. 26.6°C 336°C 31.3°C

Night time mean min, 14.6°C 21.1°C 254°C

Diumnal mean, range 12 deg C 119¢egC 5.0 dep C

Source: (Ahmed E.N., Azsesemarys of Rezideninal Sices in Dk with respect o Solar Radiariae Tams,
Ph. I, Thess {unpublighed), De Momrloet Untverwury in collaboration with (he University of Shefficld, UK, 1994, p- 13)

Due to the patten of physical development and geographical location the climatic
characteristics of Dhaka city differs from other cities of Bangladesh; it is further modified
in different locations within the city depending on difference in surface qualities, density,
heights of three dimenaional objects and other related factors (Koenigsberger, ef a,
1992). This fact is more pronounced in developed couniries where physical features of
urban areas have more difference wilh swrroundings, than wopical environments of

developing countries (Jauregui, 1993).

23.1 Temperature profile of the last 55 years in Dhaka

Monthly mean maximom temperahure in winter is found gradually decreasing and in the
end of summer and middle of monsoon it is gradually increasing over the years. In April,
which is the hottest month in lerms of daytime outdoor air temperature, the mean
maximum lemperature is found gradually decreasing over the last 55 years (Figure Z.i).
Clear sky, dry weather, higher solar altitude angle, higher solar intensity and higher
duration of sun-shine have given April the siatus of hotiest month in this region. Among
the above mentioned factors only two can be manipulated by the man made situation. By
creating more and more pave or hard surfaces we can increase the mmpenmeability and
thus increase surface water runoff. This in turn will reduce the moisture in the atmosphere
near to the ground and create more dry weather. The second man made environmerrial
manipulation is pollution. The atmospheric depletion of Incoming solar radiation is
increased by the concentration of mere and more pollutants in the air, which in turn will
reduce the day time maximum lemperature level. Dhaka is experiencing rapid
urbanization and air pollution in Dhaka city is the highest compare to other cities of
Bangladesh.

With ihe passage of time we can see that the major man mede factor that is responsible

for air femperature variation is air pollution, which attenuates the incoming seiar radiation

during daytime and gradnally reduce the maximum temperature levels over time. On the
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other hand the monthly mean minimum temperarure wes found increasing during winter
seasons and decreasing during the end of sumumer a:ld in the monsoon. In the month of
April, he mean minimum air temperature was found increasing {Figure 2.3). The same
reason of air pollution can be said responsible for night time slow re-radiation and thus
increasing the level of minimum temperature near 1o the earth surface. This indicates the
lowering of diumal range in this month.

The diurnal renge was found increasing during the month of May and through cut the
monsoon pericd {Figure 2.4). With the advent of min polluants in the air are washed out
and both incoming and outgoing radimion get comparatively more free passage throngh
the ammosphere. On the other hand gradually increasing hard surfaces in the cily creates
faster absorption and fasier release of heat. With the effect of both these factors diurnal

range during the monsoon is increesing,
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Figure 2.2 Monthly mean maximum air temperatares during 1950-1980, 1981 -19390,
19912000 and 2{d)1-2005.
Source: Climate division, Bangladesh Metearological Department, Agargaon, Dhut, 2007 and Mndha 20002,
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Figure 2.3 Monthly mean minimum air temperatures during 1930-1530, 1981-1990,
1991-2000 and 2001-2005,
Source; Climate division, Bangladesh Metearological Department, Agargaon, Dhaka, 2007 wnd Mridha, 2002,
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Figure 2.4 Monthly mean diurnal ranges during 1950-1980, 1981-1990, 1991-2000 and 2001-2005.
Souree: Climate division, Banghadesh Metcorological Depactment, Agargaon, Phaka, 2007 apedd Mridha, 2002,

232 Relative Humidity pattern of last 55 years in Dhaka

During the dry period from December through February, that is in winler, an increasing
patiern of relative humidity is found over the second half of the 20th century. While
during the wel period from June through September, that is in monsoon, an overall
decreasing pattem is apparent (Figure 2.5). But the overali jevel of relative humidity has
been found lowest in winter and highest in the monsoon. Relative humidity has been
found to be inversely related with the prevailing temperature in Urban Heat Island (1JHI}
intensity and (hus increase of temperature reduces the level of relative humidity in a given
situation taking all other conditions remaining same (Mridha, 2002)'. The rise of
ternperature increases the moisture holding capacity of air and thus with the existing level

of absolute humidity the measurement of relative humidity will show lower value.

In an investigation Hosssain and Nooruddin (1993) found 2-4% variation in annual
average relative humidity between Dhaka and adjacent rural areas. With 50% impervious
cover of an area the nunoff increases 200% compared with rural conditions and thus urban
humidity near the surface decreases due Lo the rapid run-off {Ahmed Z.N., 1994). Urban,
suburban and rural relative humidity exbibits a marked diumel variation and generally
decreases towards city center. During the afternoon in the dry seasons differences may be
as high as 12% (Ogunloyinbo, 1984) and nocturnal difference can be as high as 13% in
the same seasons (Mndha, 2002).

3 Heat island phenomena are the result of urban/rural energy balance and stsbility differences, which in Tum
produce  different rates of near surface cooling and warming {Les, 1979)}Oke and
Maxwell. 1975¥Unwin, 19803, The air in the urban canopy is usually warmer than that in the surrounding
countryside. This urban heat island effects is probably beth the clearest and the best documenied example
of inadverient climate modification. The exact form and size of this phemomenan varies in time and spocs
a5 2 result of mewsorologica!, locational and urban charecteristics.
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Figure 2.5 Monthly mean Relative Humidity during 1950-1980, 1981-1990, 1591-2000 and 200 1-2005.
Source Climete diviston, Bangladesh Meisorokogical Dopanment, Agarpam, Dhatcs, 2007 and Mrdha, bl

[n the monsoon the surplus body-heat dissipation depends mainly on eveporative cooling,
for which enough air flow at body level in the living spaces is required to propagale the
process. If we want to Jargely depend on natural air flow in this period large gap between
adjacent buildings as well as large openings for cross ventilmion is necessary. This layout
arrangement contradicts with the requirements of dry seasons, when compact form of
layout is suitable. To avoid Lhis contradictions a some what medivm type of layout is
recommended in such composite climate by Lhe experis. Along wilh this large operable
openings are recommended, so that they can be kept open and close as and when required

in difTerent seasons.

During the study period here that is in late summer (May, when little rain after a long dry
period increases the moisture content in the air, figure 2.5) mean relative humidity in
Dhaka city is found between 70-80%, which is moderately high and mean maximum
temperature is found more than 33.25°C, which is highest of all seasons (Figure 2.2). If
we put this temperature and humidity data n a Bioclimatic charl the situation indicate far
awny from comfort range and beyond the last limit of achieving comfort by enhancing air
movement. The only way te achicve day-time lhermal comfort in Lhis period is to
preserve the cool environment (achieved through nocturnal cooling) in indpor spaces by
avoiding cross-vemrtilation and cutting all kind of incoming radiation heat. For Lhis we
need a very good night-lime cooling by ample ventilation through living spaces. Open
spaces in between buildings can facilitate this kind of nocturnal ventilation and large
canopy of vegeiation over these open spaces can cut congiderable amount of day-time
incoming radiation and thus facilitate passive thermal control in urban situation.
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2.3.3 Wind flow pattern of last 55 years in Dhaka

Wind velocity gradient over a city largely depends on its three dimensional development
pattern that is on the bypes of ground cover. Wind speed can be reduced after a long
horizontal barrier by 50% at a distance of ten limes Lhe height and by 25% at a distance of
twenty Limes the height. In addition io this, air flowing across any surface is subject to
frictional effects (Koenigsberger, et al, 1992), The increases in surface roughness within
cilies cause reduction of wind speeds; mainly during the day (Jauregui, 1984). Near the
ground Lhe wind speed is always less than higher up, but with an uneven ground cover e
rate of increase in speed with height is much more than with an unbroken smooth surface
(Koenigsberger, et al, 1992).

The wind speed is usually measured in flat open location (2.g. airport) at a height of 10
meler above ground level. To convert this 1o an equivalent wind speed a1 3 meter in flat
urban or sub-urban locations, the wind spesd must be multiplied by a reduction factor 2s
chown in lable 2.3. This table illustrates (he average reduction factor within dwellings
with open windows facing the wind. These reduction factors will only give an
approxirnate indication of the likely variation and will not be appliceble in heavily built-

up areas, close 1o high-rise buildings or major obstruclions.

Table 2.3 Average reduction factors for wind in different locations

Height Locanion Terrain
Open flat Sobrban or Urban
unobsructed Wooded
10m In the open 1.0 0.5 0.3
In building with ctoss ventilation 0.4 0.2 0.12
In building with ventilation .15 0.07 0.04
im In (he open 0.7 0.3 015
In building with croas ventilation 0.3 0.12 ¢.06
In building with ventilation 0.1 0.04 .02

Source: Evans, M., ' Howming Climate and Comfor?, The Archiscursl Preis, Landon, 1980

In Dhaka during monsoon, like other warm humid region, air flow through living spaces
with significant speed is very much essential for thermal comforl (by expediting the
evaporative cooling process) both in day and night. In summer the outdoor air is hot
during day time and it is wise not to aliow cross-ventilalion through indoor living spaces.
But for night time cooling ventilation threugh living spaces are very much essential and if
the air is flowing through a shaded outdoor area before entering Lhe indoor it is allowed
even in day. For this situation we need enough open outdoor spaces around our houses
and these outdoor areas must have to be covered with soft natural textures.
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Figure 2.6 Monlhly mean wind speeds during 1950-1980), 1961-199) and 2001-2005,
Source; Climate division, Bamglwdsth Metearological Depanment, Agsrgron, Dhaka, 2007 and Mridha, 2002,

Now if we see the figure 2.6 above, we get that usually the wind speed remains higher
during summer m Dhaka and lower in winter while the monsoon wind speed remains in-
between when it is required higher. The overall magnitude of wind speed in the recent
years is showing less than the wind speed during early period {1950-80) and
comparatively higher than middle period (1981-90). Due to recent urban densification and
replacing the soft lextures with hard ones at large scale the city environment is shifting
from its early moderate state Lo a little extreme state. In the urban erea the typical building
material, building geometry, pollution, lack of vegetated surfaces contribuie towards
greater heat storage, whilst dense building fabric obstructs re-radiation cooling process
{aAhmed K.5,, 1595).

2.3.4 Rainfall pattern of last 55 years in Dhaka

The rainfall pattern in any particular month varies over the years keeping within a range.
This variation is more pronounced during the monsoon while it is less in winter. If we see
in figure 2.7 there is no definite gradual pattern of rainfall variation over the years.
Sometimes there the min was more pronounced during peak monsoon (1950-80) and
sometimes it is through pre-monsoon and monsoon (1981-90). But in the recent years
(2001-05) starling and ending of monscon is marked with heavy rainfall. With all this
miner monthly variations the annual variation remains within a narrow range and
showing gradual decrease over the last 25 years, which indicate increasing drying up of
the environment over urban Dhaka. This gradual dearth of precipilation coupled with
increasing surface water nmofl due io higher perceniage of hard surface in urban arcas

will make the ¢ity environment more arid compared 1o its suburbs.
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Table-2.4 : Monthly and Annus! mean rainfall in differem decayed of Dhaka region.

Time period Mean rainfall {in mm) Annugl
Jan | Feb | Mar | Apr | Mav | Jur | Jul {Aug] Sep | Qct [Nov | Dec Rainfall

1950-80 12§20 | 69 | 1205258397 386|326 |264 | 158| 26 | 8 2044

1981-90 6 | 23|81 |199]|30213571377126913481159] 52 | 12 2206

loo1go 4 11| 27 | 69 | 120|342 267 |371|335(293197]26 | 13 | 2093

00 =05 7 115171 [127]|289}379)265 247332 168) 12 | 9 1921
Source: Clunste divion, Bangladesh Metcomlogical Department, AgArgaon, Dhaca, 2007 mnd Mrwdha, 2002
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Figure 2.7 Momthly and ennual mean Rainfall during 1950-1980, 1981-1990, 1991-2000 and 2001-2005.
Souree: Clintate division, Rengladach Metcorological Deparmmem, Apgargoon, Dhaka, 2007 end TelricThe, 2003

2.3.5 Solar radiation pattern over Dbaka

Before 2000, radiation dala were not collected regularly by the meteorological depariment
of Dhaka and the raw daia are not processed yet (Mridha, 2002). However, radiation daia
recorded for five (5) years at Joydevpur Agromet Pilot Station and for 7 years at
Bangladesh University of Engineering and Technology (BUET), Dhaka, by Mechanical
Engineering Department are only available source to evaluate urban effect on incoming

solar radiation (Hugq and Hassan, 1993).

BUET data were recorded in urban context while meteorological data were collected in
rural context. Higher defused mdiation usually observed in urban areas due Lo
surrounding built form and hard surface quality. Therefore BUET data represent higher
magnitude of global solar radiation. The comparison indicates that the difference between
two measured values varies between 13% and 21%, which is in fact very high
{Mojumder, 2000).
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Table 2.5 Comparison of Monthly Glebal Solar Radiarion between
BUET and Meteorological Starion of Dhaka

Jap | Feb | Mar | Apr [May | Jun { Jul 4 Aug | Sep Oct | Nov | Dec
Gilobal Solar
Radiation at BLUET
(kazda};} 325 | 4.01 |4.66 | 505|455 | 4.01 | 3.65 [3.75 | 3.75|3.60 | 361 | 3.15
Global Sclar
Radiation al Met.
office {kmz day) 251 |2.61 |3.41 | 353 |3.04 | 279 | 261 |2.56 | 248 | 2.69 | 2.49 | 2.30
Difference (%o} 13 121 | 15§ 18 | 20 | 18 | 16 | 9 [ 20 [ 14 | 18 { 15

Source Mojumder, AL, Thzrmal Farformance of Brick Resdential Buldimgs rf Dhake i
W Arch. Thesis (unpublished), BUET, 2000,

Tahle 2.6 Enviremmenal Mammix of Dhaka

Jan |Feb |Mar | Apr [May | Jun { Jul |Aug |Sep | Oct |[Nov Dec

Air Tempetature m | H|E| | s | » o
Radiation | m|BH|o| |0 o o
Belative Humidity s | | B | W | ®BR B

Mocturnal cooling prospedct X | X | m || m|salo|lo|oc|e|X]|X

Legend: ‘I -very high, ‘& igh *C" -modrate, blank cells tndicate kow valoe and *X” -not roquired
Source: Mridha, & MM A Sty on Thermal Performance of Operaile Roof Insulation, with speciat reference to Diaka,
W Arch, Thesis (unpublished), BUET 2002

The amount of solar radiation received on a site largely affected by the physical
characteristics of that site and surrounding, which is the major modifier of microclimate
or sie climate. On a vegetaled surface, some of the solar energy is converted into
chemical energies and some of the incoming heat is also released by evaporation, but a
stone, concrele or especially an asphalt surface cannot do these and ¢an reach a
ternperature up o 44 degC higher that the surrounding air iemperature {(Koenigsberger et
al, 1975). The actual amount of solar radialicn received by 1the sile depends on other
factors also like, angle of incidence, atmospheric depletion i.e. the absorption of radialion

by ozone, vapours, etc., duration of sunshine i.e. the length of day light period.

2.4 GENERAL COMFORT CRITERIA IN THIS CLIMATE

In different seasons thermal comfort criteria in this region is different. During the cold-
dry winter, which is usually not so severe, dissipation of surplus body heat is very easy
and one can put on warm clothing to avoid excessive heat dissipation in case of cold
wave. North-west direction should be avoided for orientation of house form and window
openings. Solar shading devices can be designed in such a way so that in winter, when the

sun angle is low, direct sun radiation can enter into the interior living space.
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During surnmer day direct and reflected solar radiation should be avoided in indoor living
spaces as Lhe situation gets heated and hinders the surplus body heat dissipation process.
Outdoor hot air flowing pre-dominamily from the south and south-east direction should be
restricled in the indoor living space at day lime. An enclosed type of honse form is
preferable for day time and there must have ample provisions for night time cooling, so

that living spaces become ready for the next day (o receive occupants’ surpius heat.

The warm-bumid climate commence with monsoon and heavy rainfall. Cloudy sky
retards both the day time direct incoming sun radiation and night time out going radiation.
So diunal-range is very litle and surplus body heat dissipation process through
conduction, convection end rediation are not relied for thermal comfort, In such situation
evaporative cooling process is the only way lo dissipate surplus body heat for which we
need ample ventilation at body level and cutting out radiation as mush as possible without
sacrificing the airflow. Built forms are thus needed to be loosely spaced and devices to

maximize airflow in (he living spaces are highly desired for comfort in this season.

25 FACTORS AFFECTING CHANGES IN URBAN CLIMATE

High rate of Urbanization deteriorales the atmospheric environment has some
implications for the change of climate, especially in many tropical and subtropical cities
(Tayseler, 1991). Due to urbanization drastic change in the land use happens, generally
transforming agricultural Jand for residential and commercial usage, which are devoid of
vegetation cover and thus increase the albedo. Growth of cities introduces a profound
modification of climate by human activities, which is not to be found any place else
(Barry and Chotley, 1982). A number of studies show Lhat large cities have experienced
significant changes in cloudiness, precipitation, radiation and energ}r; balance,
temperature, air quality and visibility (Fortek, 1980; Cleugh and Oke, 1986; Oke, 1932,
Nkemndirim, 1988). The pavements, roads, drainage system, built forms, etw. increase
radimion heat. Higher concentration of population and the nature of economic activities
and generally higher living standards also lead to high energy consumption per capita and
unit of land area {Asaduzzaman, 1993), Asla result heat island effect develops and in tum
leads to higher use of energy to counter its effects. Following table shows the heat-island
effects in some cities of the world, where Jarge cides portray stronger effects.
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Table 2.7 Heat-Jsland effecs in some cities

City Ingrease in femperature Comments
30 US Cities 1.1°C
New York 2.9°C
Moscow 3-335°%
Tokyo 3%C Increase in minm. Day iemperature
Shanghai 6.5°C During winber nighta

Souree, 1PCC (Working Group 11, Climate Charige,; The IPCC impacts Assersment, 19940, p5-3. and
Environment Agency (Govt. of Tapan), Gualtty of the Environmer 1 Japan, 1989, pp. 19-20. (oted m Assduzzaman, 19933

So the major factors that are affecting the urban climate negalively in Dhaka can be
summed up as higher percentage of hard surface, dense building fabric, mpid surface
waler runoff, air pollution, increasing rale of energy usage per capita, increasing rate of
energy consumption per unit land area that is higher concentration of energy nsage, etc.
these are all man made factors, which can be conuolled to keep the development process
with in the sustainzble limit of thermal environment. In a study Hossain and Nuruddin
{1993) has shown that air lemperature of Dhaka ciry is 0.5 degC higher on an average in
comparison to its rural surrounding (table 2.8). So people should be aware of the changes
in urban environment and try o understand the negative effect that is going to be created.

Table 2.8 Comparison of Air Temperature between Dhaka City and ity Suburbs {1951-1996)

Location Mean Minimum Mean Maximum Mean Annual
Temperahme (°C}) Temperatars (°C) Tempereture (*C)
Temperature | Difference | Temperature | Difference | Temperature | Difference
Dhaka City 214 30.6 258
{Uthan} 0.3 0.4 0.4
Tangail 0.9 302 254
{rural)

Source, Hossair, M.E and Neorwddin, M., “Fome Aspeces of Urhar Climewes af Dfsake Oy,
Proc., Intermational Technical Conferenss on Tropical Urban Climatss, Dok, 1943,

2.6 CONCLUSION

From the above discussion it is clear that the summer in Dhaka poses the highest
temperature profile and also offers the highest potential for nocturnal cooling through
clear sky to ameliorate the day lime heating and in bringing comfort in comparison to
other seasons (table 2.5 and 2.6). UHI effect is also being crealed and gradually
deteriorating the thermal environment with the increase of urbanization and urban
density. So rednetion of incoming day radiation inside the living spaces, reduction of heat
trap in our built forms and provision for ample night lime cooling have become
paramount importanl, specially for thermal comforl during summer. In urban situation
certain degree concentration of hard mass can not be avoided, which absorbs radiation
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more compare to a soft natural mass. But we should not cross the limit in formulating the
sustainable HSSR arpund our built environment, as it resulls in increasing temperature.
The next chapier deals with how humans cope with the thermal environment with
particular focus on the tropical conditions found in Dhaka
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3.1 INTRODUCTION

One of the primary purposes of architecrure is Lo reduce extremities of nature, The
physical environment of our choice whether man-made or natural acts as modifier and
controls sun, wind and rain. Even the most rudimentary shelters are built to protect
against the adversities of natural climate and to creale environment which is appropriate
for all the human activities likely lo ke place there (Mridha, 2001). Environmenial
response of people in different cultures and climaies thus found expression in their
archilecture producing a distinctive character. Eskimo’s Igioo, Bedonine’s Black Tents
and Arab’s Mashrabias are all indicative of the relative importance placed on the passive
control of climate through the design of dwelling units (tmamuddin, el al, 1993). Pe?ple
ahape their houses satisfying their functional, cultural, climatic, etc. needs while the
houses together produces a changed micro-climatic ambience in a city. Man-made faclors
like, ground surface quality {refleclance, permeability, soil temperature, etc.), three-
dimensional objects (walls and buildings), environmental pollution (in air, water and

land), energy use pattern, etc. are responsible for his change (Koemigsberger, et al, 1592).

Buildings occupying formerly open land, pavements on streets, and smoke from factories
can alter the climate. Somelimes the unintended change is dramatic. The construction of a
simple irrigation canzl from ithe Colorads River lo the fertile Imperial Valley of
California brought about the formation of Salton Sea in 1905 replacing the desert land
afler a heavy rain fall in the upper reaches of the river {Eisner, ¢t al, 1993}

3.2 DEFINITIONS AND CONCEPTS
3.2.1 Urban Morphology

Urban morphology is an emerging freld of urban study, which mainly deals with the study
of cities as human habitat. Morphology is the scientific study of form and structure of
animals and plants (Homby, 2000). Urban morphology is the study of imernal
orgenization and iand use pattem of a city. It is the foundation for city planning. F.mm
morphological point of view, citi¢s are considered as the combination of fundamenial
physical elements like buildings, plots, lots, blocks, slreels, open spaces, greenery, overall
landscape, or cityscape. A city cannot grow without people, so people with iheir social
and economic life end uses are also considered in the urban morphology (Akhtar:, 2001).
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Changes in urban morphology take place due to the changes in government policies,
private developers’ activilies, socio-cultural values, etc. The impacts of these
morphological changes are observed in the environmental and social life of the urban
dwellers. The geographic study of cities also lakes into account of the relaticnships
among people, types of housing, population densities and concentration, rates of growth,
and impact of growth on the land and all other resources (Eisner, et al, 1993), Sometimes
radical change is made through completely planned redevelopment or urban regeneration.

The fnnrphnlngic.a.l structure of Dhaka ¢ity has emerged in an organic way. In an organic
growth, of course, the development has the conlinuous fabric rather than a cellular one to
provide the possibilities of social interaction and to prevent segregation (Lynch, 1981).
But the morphology of Dhaka city looks like a maze (Nilufar, 2000). The area of Dhaka
Mega city has expanded 17.88 times while population has increased 25.09 folds during
the period 1951 till date. Such expansions have not made in planned way though several
plans were prepared (o guide and regulale developments of Dhaka (Islam, el al, 2009)

except for some areas in the new part of Dhaka,

3.2.2 Urban Climate ;

Urban climate is a complex combination of man-made and natural climate. Man-mpde
environments can creale microclimates of Lheir own, devialing from the macroclimate of
the concerned region to a degrec depending on the extent and pattern of man’s
interventions into (he matural setting (Text 2.5). Such interventions inio Lhe natural
environment is grealest in large towns or cities, thus it is justifiable to speak of an “urben
climate’. The factors causing deviations of the urban climate from the regional

mecroclimate according to Koenigsberger, el al., are as following:

a Changed surfacc qualities (pavements and buildings) —increased absorbance
of solar radiation; reduced evaporation.

b Buildings affecting radiation, re-radiation and wind velocity.

¢ Energy seepage by buildings from the consumption of energy, specially by
industries and air conditioning plants increase ambient temperature.

d Atmospheric poliution dug (o wasles and exhausts from houses, industries and
motor-cars creates diffused radiation, re-radiation, fog and induced rainfall.

¢ Population density and their socio-cultural aspects affect comfort criteria.
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Alr lemperature in 2 city can be 8 degC higher than in the surrounding countryside and a
difference of 11 degC has been reported, Relative humidity is reduced by 5 t010% due o
the quick run-off of rain water from heated paved areas. Wind velocity can be redum:l o
less (han half of that in the adjoining country but the funneling effect through gaps
hetween tall slab blocks can mere than double the velocity (Koenigsberger, et al, 1992),

«Although there may still be uncertaintics about urban climale, it is believed that there is
ample understanding about the causes leading o a deleroration of (he urban environment.
These causes, it is believed, should be given serious attention as the urban population
continues (o grow at an almost exponential rate, while facilities is these same wrban areas

remain far from adequale, especially among developing nations” (Boodhoo, 1993).

32.3 Urbanization, Migrution and Growth

The simplest definition of urbanism or an urban area might be (he confederation or union
of neighbouring clans restoring 1o a center used as a common meeling place for worship,
protection, and the like; hence, the political or sovereign body formed by such a
community (Eisper, ei al, 1993). “Cities in the developing world has been phenomenal
and has been accompanied by all the contradictions and conflicts (o be found in a Agidiy
hierarchical, class-ridden society where new urban immigrants must share the same
space” (Taylor, 1992). i

Urbanizaiion leads to & very high spatial concentration of energy usage. Urban form
constitules a relationship between the raie of energy consumption and the spatial structure
(locarion, shape, size, density and land use) of the city (Owens, 1986). An analysis using
global data showed that & 1% rise in (he per capita GNP leads to an almosl equal (1.03)
percentage increase in the consumption of energy (Barclay G. Jones, 1992). However, if
the urban population increases by 1% the growth inthe consumption of energy is found 1o
be 2.2%, i.e., the rate of change in energy use is twice the rate of change in urbanization
( Asaduzzaman, 1993).

“The population of Dhaka city was reaching one million in the late 1950’s. By 1979 Lhe
population had grown (o 3.5 million, considerably exceeding Lhe capacity of the 1959
master plan, which was designed with 20 year projection of 1.5 million. In spafial terrns,
the growth of the city did not match such unprecedented population growth, particularly
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afier independence. The trend continues with projections of 13 million by the year 2010
(Figure 3.1). Tt is evident from the exisling pattemn of growth and its future trends, thar
one of the major ¢nvircnmental ¢hallenges for the city would be to address the issues of
high density living” (Ahmed, 1995).
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Figure-3.1 Population growth in Dhaka (afier Mot Macdonald, 1993}, (cited in Ahmed, 1995)

City boundary is extended in course of time due to urbanization of fringe areas and
population in those areas is included in the city. That is why growth rate and number of
population do not always correspond with the exact situation of a city. There was an
adjustment of the total area of Dhaka city in 1981, so that growih rate after 1981 reduced
from $.94% t0 5.35% in 1991 {Table -3.1)(Akhtari, 2001).

To accommodate this huge growth of urban population, a new structure plan for the city
in 1995 is formulated by RajUK within the package of Dhaka Metropolilan Develepment
Plan {DMDP). This Jong-term (1995-2015) plan covers about 1528 square-kilometer area
including 829 square-kilomeiers of its earlier gize demarcated in Dhaka Master Plan of
1959 (Islam, et al, 2009).
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Table 3.1 Population and growth rate of Dhaka city

Year Population Growth rate in %
1901 128,857 -
1911 153,609 1.77
1921 t68,510 0.93
1931 196,111 1.33
191 295,735 4.19
1951 335928 1.28
1961 555,712 518
1974 1,772,438 032
¥ (2,346,437 £5.62)
1981 3,440,147 9.94
1585 4,464,262 5.35
1991 5,670,575 4.90
1996 7,032,821 4.40
2001 ** 8,474,543 380

* Adjusted for (he area of Liaka city in1981, ** Extended population assuming the sae ares
Source: { Population profestion of Dhaka city ciled in Seray, 2000)

324 Density Factor

There is no universal recipe for urban densities in terms of an ideal or most appropriate
one particularly for residential development. What is regarded as a high or low denslty ar
acceptable density differ between continents, countries and even between cities. However
there is evidence that the general process of change is leading to more compact cities
(Claudio, 2000).

The new {DMDP) plan is mostly exlended in northemn side having very limited Mass
Rapid Transit {MRT) system and producing huge (raffic congestion and mammoth loss of
time and energy. This in turn discourages the city dwellers to disperse their habitats, As a
result residential densilies in those few areas, with easier accessibility and more urban
facilities, are increasing in alarming rate, which is manifesied in the popularization of
high-rise apartment living. The inner core of Dhaka ¢ity reveals a tendency towards high
density built form, because of close proximity between place of residence and place of
work. Transporiation seclor failed 10 keep pace with the growth of the cities; there is
insufficient provision of appropriate transpori modes and inadequate infrastructures
{Zaman and Lau, 2000).

-
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Table 3.2 Population density change over time in Dhaka city

Year Period Approximate atrea (sq.m.) Population Diemgity per sg.m.
1600 Pre-Mughal 2.6 - -
17100 Mughal Capital 12.6 90,000 7,149
15300 British Town 20.7 200,000 9,653
1857 British Town 20.7 51,600 2,491
1911 British Town 157 125,700 £,012
1947 Provincial Capital EJ 250,000 8044
1961 Provincial Capital T2.5 550,100 7,586
1971 Wational Capital 103.6 1,500,000 14, 479
1991 National Capital 256 31,500,000 13,672
1998 National Capital 300 7,000,000 23,333
Sharce Urban growih and the dersification of Dhaka 1660-1998 {ciked in Zaman, 2600)

3.2.5 Urban Consolidation

‘Urban Consolidation’ as the process to inc;-ean built area and residential popula{:inn
densities: Lo intensify urban economic, social and cuitural activities and to manipulate
urhan size, form and structure. It has been observed ihat it is a matter of debate whether
the city will be sustainable if it is compacted. City compaction has both its positive and
negative consequences in case of cities in developing coumry. The ultimate aim of
consolidation is 10 reduce development on the fringe ereas of a city. It increases the
accessibility provision of services and facilities and ensures high quality of life by
preserving urban open spaces {Burgess, 2000). High density urban living environments
are associated with more traffic congestion and noise, more exposure Lo toxic releases,
more environmenital pollution. These negative extemnalities are further aggravated if

infrastructural facilities remain inadequate.

Nevertheless, a common argument is that the cities in developing cournry are much more
susiainable than (he cities in developed country as because material consumption per
capila levels are much lower in developing one. Lower income urban citizens are models
of sustainable consumptions since they can only afford 1o use very few non-renewable
resources and generate very little wasle. Considering the negative and positive aspects of
consolidation, a careful sclection of strategies can ensure positive impacts of
consolidation in the cities of developing countries. In case of Dhaka city, consolidalion
process has been slarted spontaneously by private sector inidatives about 15 1o 20 years
back in a most unplanned and sporadic way (Islam, et al, 2009).
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3.2.6 Environmental Criteria for Tropical City

The cities are characlerized by concentration of various kinds of activities of people and
various kinds of physical forms 1o accommodate those activities. There are two sides
which can affect the ambient thermal environment in any land use areas. In one side we
get outdoor natural climatic paramelers like air-temperature, relative-humidity, rein-fall,
solar-radiation, air-flow, etc. On the other side we get indoor sources of heat, humnidity,

radiation, and flow of air.

Incorporating nature in the cities, in terms of increasing biological diversity (making
suilable for wild life) as well by increasing biomass (vegetations) has been identified as
being an important criteria for improving the quality of urban life (Blowers, 1993).
Environmental problems tend to concenirate in cities with high population density than a
geographically dispersed population (Owens, 1986). Among other criteria s¢t by Eisner,
et al, for appropriate location of urban settlement following two measures can be related
with thermal environment—

!
¢ Open areas like parks, agricultural and other spaces where humans are not

concentrated should be used as safe havens when required at emergencies.

+ Reduction in population densities in areas subject to danger, whether the threat is

immediate or at an unknown time in future, should be planned.

in warm-humid tropical regions conventionally dispersed built environmenis are
considered appropriale from the thermal comfort point of view (Koenigsberger et al,
1975; Brown, 1985; Kukreja, 1978). A dispersed arrangement of built fabne results in
increased demand in traveling and thus increased transport emission. Even then a
dispersed or low density fabric gets more scope for convective diffusion of heat or any
kind of concentrated emission. In hot-dry summer compact fabric with thick construction
is suitable, as it increases time-lag in thermal Lransmission and restricts the outdoor heat
to reach indoor during day time. But (here must have encugh openness, either in the form
of court or verandah or terrace, (o facililate rapid nocturnal cooling.

The lack of elecirification in villages necessitates the use of natural ventlation 1o its
fullest extent and has probably led (o bigger sized kitchens and living rooms than needed
when mechanica! ventilation system counld be installed {(Ahmed, 1987, p-11). )
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As the prevailing wind direction during the hot months is principally from the southern
side, this side of the house is favoured for the most important rooms; bedrooms, living
room, sitting room. Kitchen and toilet are almost never places on this side, a northern
location being preferred for the former, while a westemn cne being ideal for the latier. For
the same reason, paved areas are avoided if possible from being on the south, preventiihg
overheated surfaces from dissipating iheir heat into the house with incoming breeze
{Ahmed, 1987, p-18).

The width of space (hat we keep between two structures must be enough 1o allow naturat
light and air-flow. Evaporative cooling coupled with shade from plants could be great
means of heat reduclion during hot summer. We can utilize these means to get reed of
hot-discomfort in urban situation. High concentration of human habitation itself is a
source of higher rate of heat production. Moreover, with the rise of living slandard in an
area higher rale of per capila power consumption is seen, which releases higher rate of

heat in a small area.

3.2.7 Thermal Comfort Criteria

Our daily life cycle comprises of states of activity, fatigue and recovery (Koenigsberger,
et al, 1973). It is essential that the mind and body recovers through recreation, rest and
sleep to coumer-balance the memal and physical fatigue resulting from activities of the
day (Crowden, 1954). This cycle can be and is often impeded by unfavourable climatic
conditions and the resulting stress on body and mind causes discomfort, loss of efficiency
and may cventually lead to a breakdown of health. The effect of climate on man'is
therefore, a factor of considerable importance (Fox, 1963).

People’s expeclation of comfort increases as the means to achieve comforiable
environment gradually come within reach (Mojumder, 2000). But the wrget of an
architect should be to achieve or make provision for standard thermal comiori and ensure
efficiency in indoor aclivity. It is a challenge for the designers to strive towards the
optimum of total comfort, which may be defined as the sensation of complete physical
and mental well being (Koenigsberger, et al, 1973; Goulding, et al, 1992).
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3.2.8 Comfort in Residential Environment

A suilable sheller for human being is perhaps one of (he basic and moest important
necessities of life right after food, Precisely speaking life is not worth having wilhiout a
shelter and suilable housing facilities. That also form part and parcel of living standard
and determine health, efficiency and productivity of the inhabitants and are ultimately
linked up with economic development (Hussain, 1977). So, 2 house must become a home
for its dwellers in all respect and special attention in its planning and design is rcquiré!d if

we really want to have healthy and prosperous citizens.

Vo
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Figure 3.2 Sources of Heat that a Shelter Mediare

Commonly accepled notion is that in warmer ambient conditions people tend to relax
more and carry out work at a slower pace {Baker, 1994; Markus & Morris, 1980). So both
in summer and monsoon it is imperative (o keep arrangement for reducing the penetration
of day time solar mdiation (both direct and reflected) and increase nocturnal coeii.ng
specially from indoor spaces (Text 2.4). There are other indoor heat sources that consume
big amount of food and energy supply. Our shelters acmally mediate between heat
sources that exist on either of ils sides during day and on one side during night. So the
building and (he environment must have provisions Lo breath and keep thermal comfort
situation. For that enough provision of ventilation openings and soft textures around
building is required that could enhance convective and evaporative cooling, specially in
night. Shorter buildings height can have shades of surrounding trees at day time and can

serve better thermal comfort in tropical city.



129 Intersction Between Body Heat and the Atmospheric Heat

In the tropical climate heat is the main problem in achieving comfort. During the hot-dry
and warm-humid seasons, which iogether last for almost eight (8) months, the atosphere
over Dhaka experiences influx of heat more than the level required to keep thermally
comfortzble, In this situation, the house-envelop acts as a screen protector for the people
living inside that. Whole of the hemisphere is the source of solar radiation and thus raises
heat conlent of the atmosphere over the region. Man as & small entity compared to the
whole atmosphere, tends to save him from that hot-discomfort by being inside of a shelter
or 8 membrane or a fabric made of brick, concrete, timbet, etc. The design of that shelter
is required Lo keep away the extra heat and preserve thermal comfort inside,

On the other hand, when the winter or the cool season comes, the main objective becomes
to preserve hear within the body and the cold aimosphere tends to over-extract heat out of
the body and feel us cold-discomfort. The source of heal required to keep comfortable in
this ambient cold is the body metabolism, which depends on age, sex, food, clothing,
health condition, etc. Although the whole atmosphere is quite mammoth compared to an
individual, one can very easily shelter himself within warm clothing and the house
envelop acts as further skin Lo preserve required heat within the body to maintain comfort
and also Lo maintain deep body tempersture at 37° C. It is very easy because the hesi
source is very small and is located within the same body which is needed Lo keep warm m

cold wealher.

3.3 DHAKA CITY AND ITS POTENTIALLITY

Dhaks is the largest city of the country and one of the fastest growing metropolises in (he
world. This Mega-City' is stetching over an area of 1528 sq. km. and now
accommodating some 9.3 million people growing in an annual rate of 6.0 percent and is
generaling the demand for 50,000 new houses annually sccommodale the demographic
momentum (Nabi, et al, 2003, pp53-34).

Distribution of housing facilities for city dwellers exhibits high levels of disparity and
segmentation. In Dhaka, 80% of the residential lands have been occupied by only 30% of

| Dhaka entered into the Mega City (MC) list attaining the rank 25" in the year 1980 with a papulation of
6,6 million, It is predicted by United Nations (hat Dhaka would be the 6” largest MC by the year 2010 and
it would continue to plif its position to become 2™ largest MC of the world by the year 2015 (Islem, 2005)
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the urban population. In the remaining 20% residential area rest 70% city people find
their dwelling {WB, 1959; Nabi, et al, 2003, pp53-54).

In this situation a very careful planned development of the residential districts for all class
of people is essential. Housing is always a deficit sector for the government and subsidy
is required there to uphold both quantitative and qualilalive environment. It has to be

protecied from commercial encroachment by enforcing contextual building regulations.

With the advent of large number of private developers in the housing sector of Dhaka
dwelling unit has become a profitable commodity to make brisk business. Many
companies have now involved in this business and quickly transforming the low density
residential quariers into high density jungles of bricks and concrete. Now it is the high
time to control and guide the development process so that Dhaka city does not loss its
future scope of becoming healthy and suslainable one.

3.4 SOCIO-CULTURAL ASPECTS AND COMFORT

Mere attempt in the physical ordering can not usher total comfort Lhat includes both
physical and psychological comfort. “......physical environment alone, has little effect on
human behaviour or welfare, Can we seriously expect that the position of 2 wall is going
{0 make us happy rather han unhappy” (Alexander, 1971). Open spaces, parks and
playgrounds are essential to the life of 2 community (Rashid and Rashid, 1983). A house
plays another vital role. [t accommodates a child o grow up there with physical and
psychological health. The ingredients (hat conjure np both physical and psychological
environment of a living quarter also constitule the thermal environment of it. So in this

study, these elements are addressed here from climatic-comfort point of view.

Higher density areas, in terms of physical built mass, are found to be accommeodating
more number of people per unit land area and typically coming from low-income or
Jower-income group who cannot afford (o pay more to live in low density areas. Although
they are not habiiuated in snch dense physical environmenl, as they are typically the first
generation migrant from rural to an urban situation, they are mentally prepared to sccept &

little less comfort in and around their living environment in urbanity.
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On (he other hand low density areas, which are imbibed with proporticnalely more open
spaces covered with sofl-textures, are occupied by higher-income group. These peopic are
involved in more rigid life style and their daily life cycle is framed in a rouline work. That
is why people living in low densiry areas need to have ensured thermal comfort in and
around their living spaces. But the alarming thing is that low density areas of Dhaka are
now being replaced by higher density built-fabric as the buildable open land is almost
exhausied. Due to huge demand and rush of consumers in apariment market people are

keeping unaware of i1s eventual socio-cultural effect.

Composite nature of climale in this region paturally produces comfortable thermal
condition during considerable proporticn of time in a year (February to mid-March and
November to early-December). Long monsoon (late May (o October} also do net creale
extreme hot-discomfort. Cold discomfort of winter (December to January) can be laken
care of by personal clothing. Only (he summer {late March to May) which, appears after
nice comfortable spring, poses severe hot discomfort. As (he extreme severity of
discomfort (which is very difficult 1o ameliorate wilhout active control) is experienced
only for small period of time, people remain unaware aboul passive means of climatic

control in their dwellings and this phenomenon specially seen in Lhe lower-income group.

3.5 ECONOMIC CONSIDERATION

In Dhaka the physical developmenls are going on with a very high speed specially Lhe
residential development. Every year the supply of residential unit is increasing. The
nmulti-storied high rise apartment has now become the only alternative for housing
solution among the urban dwellers both in public and private sectors, The major supply is
being made by the private developer firms. Thousands of developer firms are competing
in the urban housing market of Bangladesh at present. Huge difference between Lhe
project brochure and real project, serious lack of standard amenities and Faciliies, lack of
puilding by-laws for this new building typology, lack of commitment and accountability,
etc. are the major drawbacks persisting in this field.

Land price in Dheka has escalated manifold. In some of the high demanding residential
areas one Kattha land (720 square feet) is being sold aL as much as, Taka 1¢ miliions
(equivalent to § 1,42,850), let alone Lhe éanunercial ong, in the recent years due o severe
shortage of land. This in Lem boosled the apartment price to & formidable height for the
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vast middle-income and lower-middle income groups of people. To caler to the needs of
lower income groups small sized (<450 sq.fi.) high denaity high-rise apartment buildiﬁgs
are being construcled in different areas of Dhaka. Profit margin is better in this category
and developers are getting more interested (o develop (hese small sized apartments.

3.6 CONCERN FOR THERMAL COMFORT

Undoubledly in urban situation the most comfortable living enviromment is always
e:ﬁpecled in the residential spaces compare to environments like commercial, instituiional,
recreational, etc. Very subtle change in thermal qualities here may hamper the interests a
lot. Thermal comfort in residential units can help us in removing faligue and tiredness of

the day long work and refreshing us for next day’s work.

In a developing country like Bangladesh dependence on scarce energy for non-
commercial sector, like residential one, should be kept as low as possible without
compromising thermal comfort. To do so we must utilize our planning and design Lools 10
their fullest extent in residential districts, thereby facililate passive thermal control and
reduce dependency on power supply. By doing this, we can channelize our limited energy

resources to the sectors like agriculture, institution, industry, commerce, ¢iC.

k

Dhaka is localed within the region of “Composite Monsoon®’ climate, which represent
vanable nature of ambient thermal environment throughont the year, As it is a tropical
location, dissipation of surplus heat from hnman body becomes major concern during
most part of the year. At the same time reduction of solar-radiation in residential quarters
also plays important role.

During summer the external environment becomes more hostile. High temperature and
very low humidity constitute the situation quite uncomforable. The hot and dusty air is
not suppose to be allowed in indoor environment specially if it is passing over a hard
paved surface before entering into the indoor space. Regioual wind comes from south and
south-east direction in this season, which is similar 1o rainy season (warm-humid that last
for almost six months). In warm-humid period we need more air-flow thiough our living
spaces 10 achieve evaporative cooling. And it is better if this air flows in through cooler
or shaded areas, Growth of plants and trees are very easy in this season and hey can
considerably reduce the ambient temperature. So the combination of soft and hard areas
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in justified proportion can work satisfactorily that we can find in our treditional rural
settlerments. Natural green plants cap shade us from direct radiation if we keep our
shelters in jow-rise structures; up to 3 or 6 storied (hart equals io the maximum height of

the common shading trees in our counTy.

3.7 CONCLUSION

Both !and and other resources are limited while urbanization and population growth rates
are very high in Dhaka, which gave her the status of Mega City in the recent years. To
fulfill the huge demand of housing units earlier small sized personally owned walk-up
residences in the existing residential distrcts are rapidly being replaced by high-rise
apartments. Most of these new high-density apartmems are constructed, without proper
climatic considerations, by Lhe privale developer companies whose primary obiective is to
make brisk business. So the scope is getiing namower to put a good control over the

ongoing development process.

For being localed in the developing country (where resources are limited) the physical
development process of Dhaka city, specially in the residential districts, h.asl 10 be very
judicious and controlled by proper rules and regulation. These rules must be formulated
by following the findings of scientific researches on contextual thermal environment.
Immediate comprehensive measures in this regards are very much essential. The next
chapter discusses (he field investigation for this research where the effects of residential
building density and their morphology are investigated in terms of Lhe resullant TE.
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41 INTRODUCTION

To make a climatic invesligation more successful and authentic long range of data needs
10 be collected for many years from a large variety of physical developments. The fact is
that, it is not always possible to record all these data directly from the field during
investigation, nor they are always available as per requirement in meieorological offices.
The inherent difficulty in climatic research is that the physical environment in towns and
cities are continuously changing Lo cater lo the changing needs of people. Consequently
the microclimate of 2 ecity is also being modified continually (Jauregui, 1984
Kirschenmann, 1980). So, to assess the effecls on micro=climatic environmeot dus 1o
changes in physicat development of a particular place, a considerable time length has to
be invested for climatic data collection. But this is quile beyond the scope of this
research. That is why, field data collection is made within a limited period during extreme
discomfort condition of the year. April is the hotlest month in terms of mean maximum
temperature {(Ahmed, 1987, p-64; Mallick, 1994, p-35; Ahmed, 1995, p-24) and the
effacts of its interaction inside the built forms manifest after few days and thus (he data is
collected during the middle of May. A number of residential districts have been selected
in the urban metropolis of Dhaka to invesligate the effects of variable physical
development. The districts under investigation have been chosen on the basis of their
variable physical propenties like, ratio between hard-lo-soft lextures, physical and
population density, open spaces in or around Lhe stictures, sky-line, fabric patiern, etc.

42 OBJECTIVES OF THE FIELD SURVEY
4.2.1 Type of Ficld Data Collected

The field survey is conducted lo collect climatic ficld-data simultaneously in different
survey spots and 1o record the respective physical characteristics. Daily maximum and
minimum temperature, maximum and minimum retative humidity, and air flow d.ala at
different heights are collecied. It is considered that the solar rediation data is similar for
all sites as they are localed within a few kilometers distance from each other. Physical
survey is made on the basis of local area plans and visual observation, in all survey sites,
1o idenlify notable physical characteristics that have potemiality to influence the thermal
environment, Ratio between hard and soft surfaces of each locality on an average is
calculated. Physical density of built mass in terms of floor area ratio (FAR), population
density, average building size and height and average set-back spaces between twn
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buildings in each locality are recorded during the field survey. The research is targeled to
cownpare the thermal environments and correlate them among the existing different kinds
of physical development in residential districts of metropolitan Dhaka. One of the aims of
this investigalion is to identify, among different patterns of physical development, the

comparatively more cownfortable residential diswrict among all. :

4,22 The Need for Transition Space Datu

Between indoor and outdoor there is a tramsitional space through which 2 man-made
space acrually breathes info the natural environment. Transitional Space (TS} is the areas
between indoor and outdoor ot the immediate ouiside areas of a dwelling unit, which are
taken for investigation. The Thermal Environment (TE} in TS is formed primarily due to
the introduction of built-forms in the midst of an existing natural setting (Koenigsberger,
et al, 1992). Indoor environments make direct interaction with these TS. To assess the
effects of various residential development patterns on respective thermal environment

climalic dea on TS can give us significant pointers.

Thermal transaction from indoor space primarily impacts on this TS and then on the
outdoor environment beyond. So the architect’s effort in passive climalic ¢ontrol becomes
easy and dependency on active comtrol is largely reduced if the environment in TS
remains under control. In tropicel climaie, most of the time nammlly shaded
environments remain more comfortable than exposed paved or urban built-up
environments (Evans. 1980). So, the presence of sofi surfaces within and around the built-
forms could serve positively and the optimum ratio between sofi and hard surfaces in

urban residential districts is one of the queries in this research.

43 SURVEY SPOT SELECTION CRITERIA

The survey spots in residential areas were chosen from different zones of the metropolitan
area of Dhaka city. In the old master plan (valid before 1987) the total area under
Metropolitan Planning of Dhaka was 320 sq. miles (Enam K., 2003}. In the new master
plan 590 sq. miles were taken for development by extending the city towards the north.
Study areas were chosen within the old jurisdiction, which are already built-up with
varying density, In some aress there have formal plenning of plots, sireets and community
facilities and others have informal planning. Four sites are selected for simultaneous
investigation based on varialion in their physical growth patterns as given below.
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Spot-1: Informal sector residential development is one of the investigation areas, where
the growth pattern is incremental and dense and no definite planning control is followed,
e.g. Sulrapur in old part of the city.

Spot-2: A formal resideniial area, e.g. Dhanmondi Residential Area, where many of the
original one-bigha plots had been sub-divided inte smaller plots, and the remaining,
original one unit houses per plot are now being reptaced by six-storied apartment
buildings thus ¢realing higher density of builthng mass.

Spot-3: Instiuiiona! housing is another area where the deveiopment is completely
planned and is far more conlrolled. Here the density of built mass is leasi among all four
sites and surrounded by lush vegetation. This is located in the teachers’ quarter of
Bangladesh University of Engineering & Technology (BUET), Dhaka. Other two sites are
1aken from formal sector where the houses are built on individual large plots,

Spot-4: Formal residertial arca, Banani Residential Area, has been developed with large
plot sizes and most of them are still occupied by single families (sometimes joint or

extended family) in one unit houses.

44 DESCRIPTION OF SURVEY SPOTS

Each of the four survey spots is laken to represent a typical building typology of the
concerned residential area. Ground floor is chosen for climatic datz recording point due 10
ease of accessibility in all selected sites and as it is the bottom or deepest layer in a
developed fabric, where interaction between built-form and climatic elements is cﬁftical
due to reduced wind speed and overshadowing, compared to upper floors (except the top
floor), thus affecting thennal comfori situation. In the ground floor south facing semi-
outdoor space {transitional space) like veranda was szlected to install the data collection
instruments. Tolally open cutdoor spaces were avoided for data collection as they are less
influenced by the development pattern. On the other hand enclosed indoor spaces were
also avoided for dala collection as they develop micro environment largely dependent on

use pattern and layout of that space.
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4.4.1 Spot—01 at Sutrapur in Old-Dhaka

Settlement pattern: The old part of present Dhaka, the capilal city of Bangladesh,
consists of most informal layout of buildings and streets, The study spot no. 01 was
selected at Suirapur, a typical old Dhaka residential district, The setting up of this part of
the city dates back to Mughal times, developed around 161¢ A.D. afler being declared as
a regional capital during the reign of Emperor Jahangir (Karim, 1989). This oldest part is
compact and densely built in an organic manner. The houses are inward-looking and built
mostly covering the entire plois (Ahmed Z.N., 1994). The streets are narrow (typically 8
to 15 feet wide), meandering in shape and irregularly crisscrossing the settlement (Fig,.-
4.1). To get accessibility to sub-divided small plots some lanes and by-lanes have been
crealed as dead end. The street network is not suilable for vehicular raffic syslems, rther
resembles rural village pedesiran path ways. Nomally land-holdings by families have
been sub-divided over penemtions and thus have diminished in size (Ahmed Z.N., 1954).
Earlier large plots have been sub-divided many times among the successive heirs and now
each of them has become very small, sometimes as small as 40 =q. m., ending up with odd
shapes (Table 4.1). J

a

Figure 4.1 A typical settlement partern and satellite image of old Dhaka Sutrapur arez.

{Source: & Urban Flanomg Deprstavent, Dhaka City Corportion, survey pariod April to July 2003,
b, woane zarthpngbe com, accessed on 24 Dec 2006, not to scale}

Building morphology: Most of the strucrures in Lhis area are very old, as much as 50 to
100 years old, and are 2 to 5 storied high. These are built incrementally (o cater 1o the
subsequent needs with time (Fig.-4.2). The survey revealed that the society is typically
composed of low to middle income group and usually having less opportunity to higher
education. Many house owners do not have the financial capacity to build a completely

new structure by replacing the old one. So they remain satisfied with small extensions on
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roofs or on the sides, if any open area is still available, to accommodate upcoming crucial
needs. Sometimes Lhese exiensions within the old buildings are undertaken without proper

structural design, nsking the occupants® lives.
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Figure 4.4 Verenda where data was recorded Figure 4.5 Open courl in front of veranda
a1 spot =01 in Surrapur of spot 01 in Sutrapur

Figure 4.6 Overlecking street from roof  Figure 4.7 Survey sile within dense fabric of
of spot —01 in Sumapur. spot —01 in Sutrapur.

Descripticn of the survey spot: The house at 135/1 no. R. M. Das road in Sutrapur area
was selected as the survey spot number-01. This is a rwo-storied residence built on
approximately 2.1 katha {140 sq.m.) land. The ground floor is partially (approximately
715 sq.ft. or 66.4 sq.m.) occupied by a lhree member tenant family and the first floor
along with the part of ground loor (approximately 1105 sq.fi. or 102.6 sq.m.) is occupied
by five member family of the land lord. About 20% land arca on the south-west side of
the plot is kept apen, through which the main entry approach is made, while the rest is
built-up (Table 4.1). The building is physically attached with a three-storied residence on
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norih and another three-storied residence on the south. On the east side it 15 just 1 meter
away from a five-storied residence and on the west side it is separaled by 2 1.3 meters
wide surface drain from a lemporary single-storied slum settlement (Fig.~4.7 and 4.8).
This plastered brick structure is painted while externally.

The buitding
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Figure 4.8 Section showing transitional space in spot =01 at 135/1, R.M. Das Road, Sufrapur.

4,42 Spot — 02 at Dhanmondi Residential Area

Settiement pattern: During 1950s, the (hen Dhaka Improvement Trust (DIT, now
RajUK; i.e. The Capital City Development Authority) developed a large chunk of lamd on
the north-west side of the old city to cater to the ever-increasing housing needs of (he city.
Originally the plots were fairly large, usually 1 bigha (1338 m®) each, and was primarily
distributed to govemnment officials (Dani, A.H, 1962). The streets are 9 to 12 meters wide
and laid mostly in a grid iron pattern (Fig.-4.9 and 4.11%

Initially large one-unit houses were built in each plot, leaving set-back open spaces on all
four sides, more than the minimum required by the building construction rules for
Dhanmondi R/A (Table 4.1). These open spaces were covered by lush vegetation and the
envirournent was quite soothing. There is a natural lake, extending roughly south 10 north
in Dhanmondi R/A.
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Bollding morphology: Typically the buildings are now six-storied and sccommodate
upto & maximum of six units per floor. To feed greater number of plots from the east-wrest
oricnted streets narrow sides of typically rectangular plols are given road frontage.
Kerping the stair and lifi in the middle, only one or two units per floor face south and the
other faces north. These multi-storied apartmem buildings in Dhanmondi R/A are # recent
development and are being constructed by replecing the old onc-unit houses of 19503 and
60s. At present, only the minimum required setback space is lefi open on four sides of
every building (Fig.-4.10, 4.11 and 4.13). So growth of plant in such deep canyon shaped
spaces between two very closely edjacem buildings is very difficult. Sometimes old one-
unit houses on adjacent site of these new apartment buildings provide big open spaces,
ample light and ventilation. But this advantage is likcly 1o cease very soon as the process

of densification is continuing (Table 4.1).
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Description of the survey spot: The apartment at house-67B, road-12A, Dhanmondi,
Dhaka-1209, was sclected as the survey spot number-02. This is a new six-storied
building built on 10 katha {668.9 sq.m.) land within last 5 years. There ar¢ iwo units per
floor (each 2610 sq.fl. or 242.5 sq.m.) except ground floor. The ground floor is occupied
by different office uses in southern side and the roed side is used as car parking. On the
east there is also & G-storied apartment building and on the west there is an age old 2-
storied residential building. On the south there is a big space kept open by the adjacemn
plot owner and 9 m. access road is on the north. Further north there are 3 and 4 siored
houses. Surveyed building is R.C.C frame structure, painied gray and white externally.
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Figure 4.12 Detailed plan of spot —02 ar House-67B, Rd-12A, Dhanmondi, Dheka-1209.
{Source * A & M Architerts, Dihka, Bangladesh)
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Figure 4.13 Series of six storied buildings Figure 4.14 Survey building and surroundings
ar spat —02 in Dhansromidi at spor —{2 in Dhanmondi

Figure 4.15 Open space in southern plot of Figure 4.16 Free space for parking in ground level
spol—02 waiting for new development of spot 02, Dhemmmonddi

4.4.3 Spot —03 at Teachers’ Quarter of BUET i

Setilement patierm: There are two Teachers’ Campuses within the premises of the
Bangladesh University of Engineering & Technology (BUET), Dhake. The survey spot —
03 was selected in one of them. This building is located in the extreme south of the
campus and most of Lhe structures are exposed red brick buildings. The four or five-
stored structures are all arranged around a vast preen open space allowing free air
movement for each and every housing unit. Gap benween buildings are big compared to
all other areas surveyed during this study (Table 4.1). Meandering paved pathways
common for pedestrians and private vehicles connect all the 15 structures. Lush
vepetation frequented with big trees and their shade make the environment cool and
pleasant (Fig.- 4.17, 4.18, 4.20 and 4.21). The ratio between soft and hard textures is quite
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in favour of soft one. The land is low lying and suffers regularly from water loggmg

during torrenlial rain in monsoon. As a result surface water run-off is low in this area.

Figure 4.17 Satellite imapes of BUET Leachers™ quaner,
{Soures - www earthponsle oo, scsczsed on 24 Deg 2006, nat o scake)

Building merphology: All of the walk-up building blocks have one or two units per floor
gxcept the only 12 sioried building on the east. Longer sides of most of the buildings are
oriented north and south facilitating south breeze in both unils of each block. The five-
storied building {marked by rectangle in Fig.-4.17) in which the survey was conducted is
atypical for Lhis area, made of concrete frame and brick infili, but externally plastered and
painted white.
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Figure 4.13 Layout plan of survey spot — 03 at BUET teachers” quarter.
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The big open space wilh green between northern and southern layer of building blocks
serves as playground for (he children of this campus (Table 4.1). Building morphology
and land use on the immediate south and south-east of this quarter are different They are
comparatively denser and institutional in nature; drawing large number of people and
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Figure 4.1% Detail plan of spot 403 a1 BUET 1eachers® quarter, building no.-46.

Description of the survey spet: The ground floor flat of this five storied building no.- 46
at BUET teachers’ quarter is occupied by a teacher of BUET along with his four member
famnily. This 150 sq.m. flat is a three bed room unit located on the east side. There are two
opposite and idenlical units per floor and the stair is located at the middle, The ionger
facade of this rectangular building is orientiated north and sowsh like most of the buildings
in this quarter {Fig.-4.19 and Table 4.1)). The data is recorded in & veranda located in

south-east comer.

Flgure 423 Ty]:nca] r.rpcn space amund every Figure 4.21 Except vehicular read all open spm:
Building in spot -03, BUET teacher quarier are sofi textured, spot 03, BUET teacher quarter
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Figure 4.22 The central play ground at Figure 4.23 Surrounding cityscaps of
spot —03, BUET teechier quarner spot —03, BUET teacher quarter

4.44 Spot - 04 at Banapi Residential Area

Seftlement patiern: Banani , a planned residential arca of Dheka was conceived during
the 1970s. This area is located on the north-east side of Dhaka about 10 k.m. away from
Dhanmondi. The settlement pattern was almost similar to Dharmondi R/A at its
beginning but with smaller plot sizes, 11/12 katha (7,920/8,640 sq.ft. or 736/803 sq.m.)
each and Lhe streets are in grid iron patiern. Both were developed in the formal sector
serviced with infrastructure. To feed greater number of plots from differeﬁdy oriented
streets, the narrow sides of typically rectangular plots are given road fronlage (Fig.- 4.24,
4,25 and Table 4.1). A natural lake flows along the east and north-east edge of the aren

People of high income range reside in this area.
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Building morphology: Except for Lhe main commercial street, many of the buildings are
slill two to four storied high and accommodate the original lessee with family. Plots have
not yet been sub-divided into smaller plots and almosi all the nses are residential. More
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than the minimum required setback space is kept open on different sides of every building
thus jncreasing the proportion of soft surfaces compared to the Dhanmondi area. $o
growth of vegetalion here is greater creating a more balanced natural environment.
However with time, built mass is increasing in the form of extension with the original

house sometimes vertically and somgtimes horizontally.
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Figure 4.25 Layout plan of survey spot — 04 at Banani R/A.
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Figure 4 27 Detail plan of spot <4 at House-105, Rd-4, Bloek-A, Banani, Dhaka-1213.

Description of the survey spot; The four storied house, House no.-105, Road no.4,
Block-A, Banani R/A, Dhaka-1213, is resided by a joint family composed of parents and
three sons with their families (Fig. 4.25 and Table 4.1). The building has 3623 sq.ft. or
336.5 sq.m. floor space in ground leve! and 2650 sq.fl. or 246.2 sq.m., in each of the upper
levels. It has 20 f. or 6.1 meters setback in road side on the wesL In the south setback is
variable; 16 fL or 4.9 meters ar west-end while 40 fi. or 12.2 meters at east-end. A big
open space on the south-cast comer of this compound shape building serves as green
lawn. The 20 feet or 6.1 meters wide access street is on the west of thfs 11.14 katha or
745 sq.m. ploL In the west across the street a 2-storied building is serving as eye clinic, a
é-storied apartment building is located on the south-west side and a 4-storied apartment
building is standing on the north-west side. There are single storied residences on sourth
and porth sides and a 2-storied residence on the east.

N -sr.w:l'- Frad v N i ™
Figure 4.28 Emiry to the 4-suoried residence Figure 4 29 Single storied residence on the south
spot—04 in Banani of spot 44 in Banani
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Figure 4,30 Open space in sai:ﬂ:mastide of the
I_ spot =04 in Banani

- '1 4 ankR- - - M T )
Figure 4.31 Single storied residence on the north
of spot -04 in Banani

Table 4.1 Calculated physicat aspects existing in four residential districts

Aspects/Location Sutrapur Dhanmondi BUETT. Q. Banani
Existing approzimate Floor between between betwesn between
Area Ratio (FAR) 4to5 3.5t0 4.5 1.1to 13 1.5t 2.5
Existing Ground Coverage between between between between
(GC) by structures (approx.) | 8510 95% | 70 to 80% 25t030% | 55t0 65%
Existing Hard : Saft Surface
(HSSR) (approximately 95: 05 80:20 30:70 60 : 40
excludinag road area)

Population Density (PI)} in
Persons per acre (approx.) 300-400 250-300 150-170 | 150-200

4.5 INSTRUMENT USED IN FIELD SURVEY

Before final instrumentation for data measurement 2 pilot survey was conducted in meny
different residential areas of the city including four selected survey spots. In this pilot
survey four similar mexima-minimum thermometers (Appendix-A.2) were used
siniultaneously. The objective of this pilot survey was to assess the suitability of locemng
the instruments to avoid effects of direct sun-light, inflated radiation to or from any
pariicular direction, funneling effect of air-flow due to specific channe] shape, extraneons
humidity due to any excessive water evaporation or dehumidification. In all Survey spots,
as mentioned earlier, instruments {Appendices-A.2 and A.3) were installed on a south
facing veranda wall of ground leve] at about 2.2 meters height from the floor (Fig.- 4.8,
4.10, 4.19 and 4.26). So the finally recorded data are almost free from localized special
mfluences and can be taken as typical and representative of whole of the concerned
districts’ transitional spaces.
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The instruments used in field study (Appendix A.1, A:2 and A.3 for detail specification)

are as follows:
1. Pocket Weather Meter (KESTREL 3006) {3 Nos.
2. Programmabie Daia Logger (HOBO H08-007-02) (2 Nos.
3. Maxima-Minima Thermometer 04 Nos.

For Air-flow dam measurement ar three different heights at every survey spot three
anemometers (Kestrel 3000 pocket weather meter) (Appendix-A.1} were u.:::ed
simultaneously. Temperature and Relative Humidity data were measured with the heip of
two data loggers (HOBO HO08-007-02) {Appendix-A.3) and with the help of two pocket
weather meters (Kestrel 3000). For simultaneous maximum and minimum lemperature
data four Maxima-Minima thermometers have been used {Appendix-A.2). Prior to the
field data collection, necessary field calibration was made by the recommended
calibration kit (Appendix-A.1) according to the specification supplied with these

imstruments.

46 COLLECTED FIELD DATA

To get the daily maximum and minimum data of temperature and relative humidity, early
m the morning, that is 6.00 2m., and carly in the after noon, that is 2.00 p.m, were
selected for data recording. Due to shortage of instruments, wind velocity dala were not
laken simultaneously in &l spots. Wind datz were taken simultaneously at three different
heights at every spot Although the surveyors compelled 1o go on different dates and
times at different spots, in every spot similar weather conditions and more or less mid-day
sifuations were chosen for recording wind data. In spot -3 and spot-4 programmable data
logger were installed and in other two spots pocket weather meters were wused 1o record
temperaiure and humidity data. For cross checking four maxima-minima (alcochol based)
thermomelers are also used in all sites during survey.

4.6.1 Micro Climatic Field Dala of Four Survey Spots

Foliowing are the data tables for Furnishing maximum and minimum temperature, and
relative humnidity in all four survey spots for (he 15 days during May 2003. Wind velocity
data at three different heights taken simulaneously to identify the wind gradient Due to
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limitation in Lhe quantity of anemometers and other logistics all four survey spols could
not be covered in the same time. Different dates are chosen for different sites. But in one
spot (Sutrapur) wind dala has been taken in several days and found similarity in wind
gradient. So one day data (mulliple readings used) in other sites gives reasonably correct
wind gradient due to the exisling fabric patiem.

Spot -1, Sutrapur at Old Dhaka,
Table 4.2 Temperature and Relarive Humidity Deta 21 spor-1, Summepur,

Temperatare "C Relative Humidity %4
Dote 5.00 AM 2,00 PM 600 AM 2.00 PM
LD5/2003 28,8 335 1) 50
13/05/2063 282 32 35 &0
14/G5°2003 294 322 39 58
15/05/2003 283 323 Bl 54
16/05/2003 27.6 328 38 63
174052003 29.3 333 89 65
LBADS/2003 28.5 iz6 78 59
19 5/2003 29 337 83 61
20/05/2003 270 347 77 34
217052003 2.5 iz 73 &l
22/05/2003 219 31.3 Bl &7
2300542003 307 321 79 76
24/05/2003 288 322 34 66
25/05/2003 2813 31.1 81 74
26/05/2003 29.5 328 37 74
Table 4.3 Wind Velociry Dara et spot-1, Sutrapar,
Date Floor level Max. air speed Avg, air speed
i m/s, in /3. (10 min. reading)
1.00 PM JO00PM 1.00 PM 3.00 PM

Ground {1, 0.5 0.6 <03 <3

16/05/2003 Tt 71, 20 2.6 0.6 0.5

Roof 2.3 16 0.3 i3
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Spot -2, Dhanmondi Residential Area

Table 4.4 Temperature and Relative Humidity Daa ar gpot-2, Dhanmuondi R/A.

Temperaturs °C Relative Humidity %
Date 6.00 AM 2.00 PM 6.00 AM 200 PM
12/03/2003 30.3 34.3 34 4l
13/G5/2003 30,0 338 78 59
14/05/2003 26.5 325 B2 &4
15/05/2003 2B.2 LN 77 62
16/05/2003 289 4.7 75 &0
17052003 27.6 335 79 39
18/05/2003 28.5 336 74 53
19405/2003 2940 3.4 76 47
2040572003 288 34.8 83 58
214052003 28.6 i34 B0 &)
2%05/2003 277 31z g6 b5
23435/2003 29.1 338 5 63
241052003 287 326 Bl 61
25805/2003 K118} 35.0 78 37
26/05/2003 30 34.1 32 64
Table 4.5 Wind Velocity Data at spot-2, Dhatrmaondi R/A.
Diate Floor level Moacx. afr speed Avg. air speed
in m/s. ift 5. (10 min. reading)
1.00 PM 2.00 PM 1.00 PM 200 PM
Ground f1. 0.3 0.7 6.3 - 1.3
19/05/2003 2nd fl. 0.6 0.5 0.2 0.2
Eoof 2.8 2.1 0.9 0.7
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Spot -3, BUET Teachers’ Quarter

Table 4.6 Temperature and Relative Humidity Dama at spot-3 BUET teechers’ quarter

Temperature 'C Relative Humidity %

Dare 5.00 AM 7.00 PM .00 AM 3700 PM
1270572003 783 313 75 61
13/05/2003 29.1 23 76 66
1470372003 303 3 20 &3
1570572003 350 30.7 7 &9
160572003 31 T 3 65
1570572003 59 315 83 70
18/05/2003 753 319 33 64
1970572003 6.7 313 68 53
20/05/2003 311 328 76 60
10572003 26.0 303 50 T3
22/05/2003 273 30.7 81 73
7370572003 767 303 53 T
3470572003 303 TR 35 3
25/05/2003 292 302 26 75
T67052003 296 304 &2 &3

Table 4.7 Wind Yelocity Dam at spot-3, BUET teachers® quarter.

Date Floor level Max. air speed Avg. air spesd
in m’s. in mv/'s. {10 min. reading)
11.00 AM 12.00 Noon 11.00 AM 12.04) Noon
Ground £l 0.7 0.e 0.3 0.4
1940572003 2nd 1. 1.3 0.7 0.3 0.2
Roof 21 2.7 0.6 0.6
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Spot -4, Banani Residential Area

Table 4.8 Temperstwe and Relaiive Humidity Data at spot-4, Banzmi R{A

Temperature 'C Relative Humidity %
Drte
5.00 AM 2.00 PM .00 AM 2.00 PM
1870572003 28.7 328 35 61
19405/2003 25.6 323 77 52
20/05/2003 29.1 344 37 53
21/05/2003 252 303 88 75
22/05/2003 26.3 307 23 73
23/05/2003 26.0 30.3 B7 73
24/05/2003 283 31.1 Gd 75
25/05/2003 26.3 0.7 92 75
26/0572003 I 5 328 94 T2
T 1
Table 4.9 Wind Velocity Data at spot-1, Banani.
Date Floor level Wgx. air speed Avg. air speed
in m/s. in m/g, (10 min. readingy |
12.00 Noan 2.00 PM 12.00 Noon 2.00 PM

Ground fl, 0.2 0.7 4 23

21052003 2nd fl. 1.9 12 0.6 0.3

Roof 31 2.8 0.8 0.7

4.62 Mucro Climatic Data of Dhaka City

Similer dala (temperature, relative humidity end wind speed) during the period of survey
at the same time and on same dales were also collected from meteorological station of
Agargaon, Dhaka, {o get an understanding about the macro-climatic condition and make a
comparison with site climates in all four survey spots. This meteorological station is
located almosi in the middle of the city but far away from CBD {ceniral business district)
(Fig. 1.2). These data are recorded in free field conditions and are given in Appendix-B.

t
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Table 4,10 Temperatur and Humidity Data recorded at Dhaka Meteorological Station.

Temperat: C i Relative Humidity %
Date Min. Max., Max. Min.
1270572003 212 34.8 13 45
13/05/2003 254 350 &35 43
14/05/2003 6.7 34.0 92 56
15/05/2003 25.8 20 3% 55
16/05/2003 250 33.8 93 56
17/05/2003 268 34.6 03 53
18/05/2003 25.6 34.3 33 52
19052003 214 355 g1 43
20/05/2003 273 36.1 Gd 46
21/05/2003 209 315 03 63
22052003 238 321 a1 65
23/05/2003 23.0 322 a1 56
240572003 24.5 328 oj 61
25/05/2003 234 KER @3 58
26/05/2003% 23.8 36.3 90 57

Tource. Climate dpvsion, Bangladesh Metcorslogical Department, A garonon, Dhaka, 2003

Table 4.11 Wind speed data recorded at Dhaka Meteorological Station.

Maxcimum wind spesd [ Avernge wind speed
Dtz 5. Direction i deE. . Direction n deg,

12/05/2003 3.6 18 36 520 {NE)
1370512003 5l 1% 3.6 180 (3
1470512003 ry| 13 51 180 (5)
1570572003 31 05 4.1 130 (W)
160572003 1.6 18 31 30 (NW)
170372003 71 12 26 180 (S)
18/05/2003 7.6 as 2.1 130 (5W)
1570572003 129 3l 26 50 (NW)
J0M572003 3.1 32 129 310 (NE)
ZL05/2003 31 09 3.1 320 {NE)
TZ057Z003 5.1 05 31 90 (W)
2300572003 3.1 36 5.1 S0(NW) |
240572003 Iy 18 31 360 ()
250572003 3.1 18 1 130 (5)

! 6052003 6.2 15 31 180 (5)

Souree Climar dwvision, Darpladesh Meteorological Departrent, Agargacn, Dk, 2003

The weather condilion of Dhaka city on the survey dates were also recorded, based on
general observation, so that thermal changes in transilional spaces due to weather change
can be identified. This link has been analytically established in the oext chapter,
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The following table represents weather report as observed during survey dates.

Table 4.12 Weather conditions of Dhaka city during survey period i

Date Description of Weather Condition

12/05/2003 Tt has rained in carly merning and stopped at dawn. After 900 AM the sun got
brighter with clear sky.

13/05/2003 The sky was gleomy and uniformly clouded and diffused sun-licht wms coming
from all gver the sky dome. During lare aflernoon the sky got clondier.

| 14/05/2003 The sky was gloomy and cloudy 20% to 30% all day ong. But the sun dominated
and the wind had no specific direction.

15/05:2003 The sky remained ¢loudy both in the moming and after evening. White cotton fike
cloud was all over the sky with litile direct sun. The sun came out Al ROOG.

16/05/2003 There was bright sun and strong wind almost through out the whele day. Glare
from sporadic cloud. Duration of sun was short, from late morning o carly evening.

1 7/05/2003 The windy day started with diffused sunlight all ovar. Bright sun light was during
mid day. But cloud was there Lo cast random shadow.

18/05/2003 The areas are sometimes cloudy and sometimes sunny.

19/035/2003 Cool air flow was during early moming. Gradually the sun got bright. Interplay of
sun and cloud started after 11.00 AM.

20405/2003 The day was a bright sunny and was suffocating. Very low air-speed and randomly
from SE and SW ditection. At about 9.00 PM there was & briet storm followed by
low intensity rain continued till mid-night. ;

211052003 Morming was bright sunny and aftemoon was partially cloudy, air flow was normal.
In the late afternoen sky got black and was about Lo rain. Strong cool wind but ne
rain. Comfortable weather.

22/057200% Very sunny day, but got cloudy in the afternoon and was about to rain, Humidity
was high.

237052003 The sky was uniformly cloudy and there was diffused sun-light all over the sky
dome. 1t was raining in might.

24/05/2003 The sky was cloudy about 30% to 40% all day long. But the sun dominated and the
ar had no specific direction,

25/05/2003 The sky remained gloomy in the morning. Clond was all over the sky with littie
direci sun, The sum came out at noon, During afiernoon the sky got more cloudy
and no direct sun.

26/05/2003 There wes cloud cover here and there, Little rain was there. The sky got clear as
the day matured.
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4.7 SCOPE AND LIMITATION OF THE SURVEY

Exacly similar kind of transitional space in every survey spot is not available in terms of
their size, shape, proportion and sequence of ontdoor-semi outdoor-indoor. Onientabions
of all spots are not similar in lerms of their accessibility from the street bw the dala
collection points were taken on south side veranda at ground floor level in each and every
case. In spot -04, temperature and relative-humidity data could not be recorded from 12
May 2003 as done in other three survey spots due to some unavoidable circumsiances.
The data logger was installed in the spot-04 a few days later, aince 18 May 2003.

Air flow data have been recorded in three heights in each spot. One at ground ievel, one
in roof level and the third one is at mid level of the buildings. As all the buildings are not
of equal height ihe air-flow data are not collecled from similar height m all cases. This
variation iz commensurate with the variation of skylines among different survey areas.
Dats was recorded only during a short period at the end of summer 2003. If readings
could be extended throngh out the whole summer season and through a number of
consecutive years, a wider picture of exisling conditions would be mailable,

48 CONCLUSION

Physical density of building mass is found quite variable in different survey areas. Both
Dhanmondi and Sutrapur areas are comparatively denser and having less proportion of
sofi surfaces {Table 4.1). Banani area has a balance situation in its HSSR, while BUET
Teachers’ Quarter has the highest proportion of soft surfaces. The lemperature levels are
greater in comparatively higher density areas and greater dinmal range is found in areas
with high density building mass and with less soft surfaces (Fig. 5.4, and 5.5). Magnitnie
of relative humidity data variation is smaller in different areas (Fig. 5.7 and 5.8). As the
weather is dry and rain fall is less in the month of May, impact on relative humidity is
iargely dependent ou local relevent factors. In all die areas under investigation air-flow &t
ground leve! was found poor, while at roof level the amount was quite considerable. In
higher density areas, like in Dhanmondi, air-velocity at mid-level was found poorer than
that at ground level. An elaborate analysis is given in the next chapter using all these daia
and observation to identify the factors which are directly responsible for degradation of
thermal environment in these residential districts of Dhaka,
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5.1 INTRODUCTION

Seasonal variation of composite climate in Bangladesh exposes people sometimes to hot-
dry summers, sometimes to warm-humid monsoons and some other times 10 cool-dry
winters (Hossain & Nooruddin, 1993). This swinging from hot to cold and from cold to
hot poses major difficulty in thermal comfort. The pood thing is, usually (hese changes
happen gradually and people get some time for acclimatization. The hot-discomfort
during surmmet and cold-discomfort during winier are nol sgverely e¢xtreme, except a
short spell in peak summer {when the scorching sun spills intense radiation through the
clear sky) and even shorler spells in peak winter (when cold wave comes from narthern
Himalayas). Rest of the year, the narural environment remains aimost comfortable in
outdoor shaded areas. During the monsoon high moisture content in the air restricts
evaporative cooling process of human body. Relatively higher velocity of airflow ar the
body level is then essentia! to erhance evaporative cooling. So it can be said that the

macro climate of Banpladesh remains close o comfortable most of the tme, i

Our built environment must make besi utilization of Lhis natural climate, aliowing
positive aspects into indoor environment and resiricting the adversities, Failing to do that
in design and planning makes the situation undesirable and uncomforable. Mass use of
electro-mechanical appliances can be the last resort o achieve thermal comfort, which
compels higher rate of energy consumption. Higher consumption of energy ip a particular
place is a further addilion of heal, which diffuses within built environment raising the
ambient temperature and posing threat to thermal comfort, specially during summer.

Insensitive design and planning of our houses and settlements can cause heat to be
trapped within built-mass for long time. Daily thermal balance between day tme heating
and night time cooling would thus be hampered and thus builds-up compound beat.
Cumulative effect of this heat storage may pose a significant disruption to the objectives

of a home.

The energy copsumplion in buildings is related to the energy system, i.e. the climate, in
which buildings are located as well as to the properties of shelter ivself (Markus & Morris,
1980). With appropriaie design, layout and planning we can achieve thermal comfort

within and around our built-environment and can pay little for energy consumption-
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5.2 URBAN CLIMATE FACTORS

It is generally undersiood that the climate of urban built up areas vary from that of the
surrounding rural areas (Givoni, 1989; Koenigsberger, ¢/ ai, 1992), Due to rapid
urbanization and conlinued densification metropolitan Dhaka is gradually acquiring with
the following symptoms that generale threats to its thermal Environment:

W Higher percentage of hard and lesser percentage of soft surface coverage',

M Rapid runoff of surface water reducing localized percolation and the ground
remains dry almost all the time.

B [ess amount of vegetal preen mass that fails to provide enough

evapolranspiralional cooling during summer.

W High density of electrical energy usage per unit area as the density of activity
is very high in most of the places.

B High density of population that is also a big source of heat.

M Less scope of heat diffusion due to compact building layout.

3
B Presence of smog and thus atienuation in long wave re-rediation during night

B Urban heat island effect in cemtral business Uistricts like, Motijheel C/A,
Karwan Bazar C/A, elc.

53 DIFFERENCES IN PHYSICAL CHARACTER

Thermal quality of an outdoor space, whether natural or man-made, is actually
characterized by their geographic location, surface quality, three-dimensional objects and
topography. On the other, hand thermal quality of an indoor space is highly modulared by
its use pattern and he ability to intersct with the outdoor environment through its

| The stock of public open spaces under Dhaka City Corporarion (DCC) conmel is approximately 190 scres
and under Public Works Department (PWD) is 302 acres. These two mutharities cover 0,763 sq. miles of
open erea, which is only 1.4% of Dhaka’s land (Nilufar, 1995).

% In summer & tree hag been found to operdie as a “cooler™ using up o 100 gallans of water per day énd the
resultanr evepotranspiration TrE is equivalent to a cooling porential of 230,000 keal/dey, which depends on
a number of factors such as leaf area, moisture presence in soil and ambient energy (Kremer, 1960).
Insufficient light, high wind speed or radiarion can results in an increased resistance 1o cvapotranspiration
{Oke, 1978,YLowry, 1991) cited in Ahmed, 1995)
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enclosure. Orientation, building material, building morphology, ventilation system, power
consumption, population, activity, elc. of a dwelling unit are the major man-made
exponeris, which are responsible for indoor thermal environment. Following aspects in
different survey areas are compared between each other 10 determine the overall physical
characteristics of the residential districts under this study.

5.3.1 Physical Density

Physical density is defined here as the volume of built area per unit of ground surface
area i.e. by the floor area ratic (FAR). This can be calculated by the following equation:

FAR = effective total area in all floors / effective totzl plot area

There was no FAR control on any kind of development in Bangladesh vntil 2006. Only
recenily a new set of building construction rules including FAR control specifications
along with Ground Coverage (GC) specifications have been passed solely for Dhaka city
and enacled from January 2007 (GOB, 2006). Devialions of those rules during
construction of buildings are common due to weak monitoring and controi by RajUk
{Chowdhury, 2003; Islam, et al, 2009; Reporter, 2010). But we can get Hopeful that
RajUK has demolished many unauthorized structures from different areas of the city
during last two years and many other unauthorized constructico have been enlisted (about
5000) to be demolished in the very recent time.

In the new Dhaka City Building Construction Rule 2006 {DCBCR-2006) prescribed
residential physical density in different scale. FAR starts from -3.00 for smallest plots {up
10 150 sq.m. size) lo 5.00 for largest plots (above 1300 sq.m. size) and 6.50 for any plot
size, specially for high density central areas. Fringe areas can get further considerations.
Among the four residential districts under this research in metropolitan Dhaka physteal
density is found highest in Sutrapur, closely followed by Dhanmondi and lowest in BUET
teachers’ quarter (Table-5.1). The existing FAR of these areas is far lower than the
highest FAR suggested tn DCBCR-2006. ;
A recent amendment (2008} of FAR in fabour of more densificaltion compared to the
earlier one has been enacted, Starting FAR-3.15 for sroaller plots has been prescribed
keeping Lhe highest FAR 6.5 as it is.



Table 5.1 Comparison of physical aspects in four residential distriets £2003) with DCBCR

Aspects/Locations Sutrapur Dhanmundi | BUET T. (). Banami DCBCR
Floor Area Ratio betwoen between hetween betwesn between
(FAR) 4to % 351045 | L1tel13 | 15te 25 3.0t06.5
Ground Coverage betwetn hetween between between between
(GC) 85 to 95% | 70 o 80% | 25 te 30% | 55 to 65% .| 50 ¢ 65%
Hard : Soft Surface 83.5: 16.5
(HSSR) 95 : 05 BO:20 30:70 60 : 40 75:258
Population Density
(FD) per acre 300-400 | 250-300 | 150-170 150-200 —

5.3.2 Groond Covernpe

In the “Building Construction Rule 1984 (BCR-1984)" and “Dhaka City Building
Construction Rule 2006 (DCBCR-2006}" there are definite rules for Ground Coverage
(GC) percentage along with setback rule for al! four sides of a building (IAB, 1995; GOB,
2006). For all residential buildings 1/3 or 33.3 % area of a plot was suppose to be kept
open and maximum 2/3 or 66.6 % arca of a plot could be covered by building
construction before 1996, This GC rule was given up in 1996, when the building
construction regulation was once reformulsted and only setback rule was enacted
cornparatively in more relaxed form (IAB, 2003). This has encouraged people to build
structures more compactly. According to this rule larger plot owners have got chance to
cover more proportion of plot area by building structures with more GC compeared to the
smaller plol owners. Although there were rules to ensure ventilation and lighting in all
bed-rooms and mandatory external wall/window for kiichen (practically which are not
properly assessed in most of the cases), open spaces have diminished around residential
districts. In the new DCBCR-2006 for Dhaka City, GC rule has once again enacted and it
prescribes, starting from 65% for smallest plots to 509 for largest plots, for residential
landuse to ensure some proportion of open space and soft surface around buildings.

Mass scele violation of building construction rules and frequent unauthorized devianons
are found in Sutrapur area and to some extent in Dhanmondi alse, The setback spaces
around the building are intentionally reduced during construction, to increase interier
space, which points towards faulty inspection and/or monitoring by the authority. That is
why gap between two adjacent buildings is not keeping sufficient and most of the présent
day residences in Sutrapur have very poor provisions for natural lighting and ventilation.
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Practically only in Banani and in BUET teachers’ quarter one-third or more plot areas
were found un-built and kept open for vegetation and green development. So the new
DCBCR-2008, if iinplemented properly, will create more open spaces with higher
physical density in the residential districts of Dhaka metropolilan area.

¢

£3.3 Hard to Sofl Surface Ratio

Hard surfaces are defined as more solid and less porous and usually having more wetght
per unit of its volume, thal is of higher density, Higher density material often has higher
thermal comductivity and Lhis reletionship is true for materials of the same kind with
varying densities, or for the same material with different densities (Koenigsberger et al,
1992), Pavemers, concrete roof, brick wall, etc. are examples of hard surfaces and water
bodies, greenery, barren earth, eic. are the examples of soft surfaces.

Larpe unshaded hard surfaces contribute io the increase of ambient air temperature during
sunny days (Ahmed, 1995), Heat gain by convection from such surfaces is subslantially
increased as turbulent air flow results in a greater convective exchange and rapid mixing
of air layers at tlifferent densiries (Holman, 1989; Duncan, ef g/, 1978}. “Perhaps the most
obvious mechanism is the heating of the eir near the warm ground on a sunny day, for
then a portion of heated air breaking away ffom Lhe ground will find itself warmer than
the cooler air a little way above, and will rise a further distance by buoyancy” (Suicliffe,
1966). ,
So in an ares, where there is higher percentage of hard surfaces like Sutmapur and
Dhanmondi (Table-5.1), the chance of heat tramsmission during day lime is higher
through radiatior, convection and Lhence conduction from outdoor to indoor. But in case
of comparatively more percentage of soft surfaces, like in BUET Teachers” Quarters and
in Banani, the major share of the incoming solar radiation can be released to the sky by
the higher rate of evapotranspimtion from soft surfaces. Becanse soft textres like plants,
earth surface, water body, etc. conlain high amount of moisture.

The simullanecus reflection (r) and emission {¢) of radiation during day lime depend on
surface quality, material and temperature. From Table-5.2 we can find that all the usual
building materials except white pairt and polished eluminium have high absorbance for
solar radiation, which indicate lower percentage of reflectance by those surfaces.
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Emittance of those material surfaces are found very high except polished aluminum.
These indicate thm during day time the usual building roofs and walls with differemt
colours absorb much of the incoming solar radiation and subsequently increase the indoar

temperature.

Table 5.2 Absorbance and emittance of different building marerials

Surface abacnbance (&) etninance (&}
for solar rediation 1010 40 °C
Red brick 0.55-0.80 0.85-0.95
Plaster 0.30-0.50 0,400 .60
White paint 0.10-0.30 G.30-0.50
Window glais trans parent 0.590-0.95
Polished aluminum 0.10-0.40 0.02-0.04

Sowce: (Kocnigiberper of . 1975, Appesdi 5.8

So the increased proportion of hard surface is directly responsible for higher ambient
temperature ihat contributes to the tise of temperature inside the built-form during day
fime. On he other hand the higher proportion of soft surfaces can dissipate absorbed heat
through evapotranspiration of moisture all day iong and keep the ambient temperature
low, which can contribute to the reduction of temperature from the built form. Moreover,
vegelation uses much of Lhe incoming radiation for its biological activities, and it is only
(he residual energy that goes on to increase the temperaturs of the receiving surface.

5.3.4 Population Density

Increase of population density is directly related to (he increase of beat content in a place
as every person dissipate large amount of metabolic hear and indirect heal from
anthropogenic activilies in hisher living environment (Table-5.3). As the population
densities are higher in Sutrapur and in Dhanmondi areas (Table-5.1), day time indoor
temperature is seen to rise to higher levels compared 10 low population density arcas like
BUET T. Q. and Banani. Although the amount of heat cowning from this metabolic source
is small compared 1o the solar rediation (where solar constzut is 1350 Watt/m”), higher
density population source can make a considerable impact in the immediate ervironment

before being dissipated to the culer environment. :

* Druring day time people remain more active and release more hedl, although & house in urban area during
day time is not occupied by all the imembers of a family, as they do during the night Ome person working
moderately can release a5 much as four times heat (290 watts) than a sleeping person {70 wars) end 2
person doing heavy work can relese far more heat {700 warts) (Koenigsberger, et al, 1992y,
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Table 5.3 Hent flow mte by a healthy person during different activity

Actvity Heal flow mte in Wars
Sleeping min. 70
Sitting, moderale movement, .. typing 130-160
Standing, moderate work, scme walking 220-260
Walking, moderale lifling or pushing 200-410
Hardest sustaingd work 580-100
Maximum heavy work for 30 miputes max. 1100

Source: (Koenigaberger ef al, 1975, prge—47)

People in the low income areas also perform more work inside their house which the
people in higher income areas do not need. Low income people do not merely use their
reaidences for living purpose. In mnost cases they use their houses for other income
generating actvities. So this enhanced activity level inside the house gencrales more
metaholic heat and contributes to further rise of temperature. In Sutrapur area many such

professional activities are seen in and around the houses.

In Dhanmondi area various commercial activities are encroaching into the residential
environment, which has increased the scuvity density of this arez Along with I;th.a,
vehicular movernent has also increased manifold here. All these must contribute to the
rise of iemperature during the day in Dhanmondi. In BUET T. Q. non-residentiai
activilies are absent and Banani survey area is found relatively free from commercial and

other professional encroachment.

535 Standard of Living

Expectarion of comfort increases as the means to achieve comfortable enviranment
gradually come within reach (Mojumder, 2000), in terms of both affordability and
availability, For this increased comfort people, of higher income group in Dhaka context,
depend on active means instead of relying on passive control of climate. Patltern of
Urban-form c¢onstituzes the type of link between the rate of energy consnmption and the
spatial structure (location, shape, size, density and iand use) of the city (Owens, 1986).

Maximizing building area for rental purpose without keeping adequaie soft areas around
the building for passive thermal control and then paying for active means of thermal
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control is more profilable. House rent in Dhanmondi R/A is about 20,00 Taka per sq.fi.
and in Banani R/A it is about 25.00 Taka per sq.ft. at present market price (2010). A
family spends an extra Tk. 1,000/= to 1,500/= for active climatic controls®, which can be

recovered by reming out exma 50 sq.f. of built area.

On the other hand, increased income level, fast life, improved living slandand and easy
availability of home appliances in urban Dhaka almost cornpels one to heavily depend on
electrical and electronic house appliances like lelevision, refrigerator, sound sysiem,
electric oven, blender-mixer, washing machine, electric iron, computer, light, fan, etc.
Mass use of Lhese items escalates the energy consumplion. This epergy comes inlo a
house from the national power grid, transfers into heat after use and then gets trapped
inside the house if passive means do not work. Air-coolers or air-conditioners become the
final resort to get rid of this unbearable situation, especielly during summer, thus putting
tremendous pressure on the scarce energy reserves of the country. Finally this extra
energy usage contributes heat Lo the ambient environment due (o ill planming and design
of buildings.

5.3.6 Sethack Space of Buildings

In building construction rules for Dhaka (one that enacted in 2006 and previous ones
enacted in 1984, 1996} provisions for setback spaces in all four sides of a residendal plot
are recommended to facilitate light and ventilation inside the buildings. For different plot
sizes different widihs of spaces are recommended, which are not based on climalic
comfort requirements (Table-5.4, Table-5.5 and Tabie-5.6). Recommended setback space
in front of a plot remained same in all three changes of rules. But in (he sides and back of
& plot it is reduced in new rules compare (o the 1984 rules for the same sized plot. Ths
will lessen provision for sofl surfaces around buildings. And if proper inspection and
monitoring remain faulty during construction, people will be interested (o further reduce
those setback spaces around their buildings as usual practice.

;

* The amount is found by comparing (he electricity bill during the peak summmer berween rwo similar
famihes; one from a compact multi-storied apanmment and other from 2 house with enough setback space for
lighting, ventilation and plantation in the same residential district
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Figure 5.1 Typical old Dhaka streets with no set back space in fram of buildings.

The low income group has more tendencies to viclate the rules at highest magnitude in
case of building construction. This is evident in old parl of Dhaka where lower and
middle income group people are living. Figure 5.1 shows the building on both sides of a
typical old Dhaka street construcied without leaving any space in road front side.

Table 5.4 Recommended minimum setback around residential buildings
in Building Comstruction Rules of 1984.

Flot area Setback space width in Sethack space width in Setback space width in
in m’ fromt (in m.) sides (in m.) back {in m.)
Upto 134 Minimum 1.5 Not mandatory 15
Up to 200 Minimum 1.5 1.25 15
Up to 268 Minimum 1.3 1.25 1.75
Upta 335 Minimum 1.5 1.25 25
Above 335 Minimum 1.5 125 30
Sourge Directory 1995, Instetute of Architests BEmgladesh (TABR).
Table : 5.5 Recemmended minimum setback around residential buildings
in Building Construction Rules of 1996,
Plot area Sethack space width in Setback space width in Setback space width
inm’ front (in m.} sides {in m.) back (in m.)
Upte 134 Minimom 1.5 0.8 1.0
134 to 200 Minimoom 1.3 .0 1.0
200 to 263 Minimum 1.5 1.0 1.5
Above 268 Minimum 1.5 1.25 2.0

Saurce; Drectory 2001, Tnstinne of Architeots Bangladesh (EAB).




Table - 5.6 Recommended mininuim setback around residential buildings
in Dhaka Ci-y Building Construction Rutes of 2007.

Plot atza Setback space wich in t sthack svace width In Setback space width in
in m* front (i m.) sides (D m.) back {in m.)
Up to 201 Minitur 1.5 1.0 140
201+1t0 275 Minimum 1.5 1.4 1.5
275+ 10 1300 Minimurn 1.5 1.25 2.0
Above 1300 Minimuom 1.5 1.5 2.0

Sowrce: Dhake City Building Consirtction Rules, GOB Gadget 2007,

In the study area of Sutrapur, residential buildings were construcled very compactly
wilhout leaving setback spaces on all four sides. In most cases, buildings in adjacent plots
were built without keeping any space in between and no window opening on that side is
possible (Figure-5.1). External window openings were found normally on road side walls,
and seldom on other sides. Other side walls had window in upper floors only when
adjoining buildings on (hose sides are below that level. These upper sioried openings are
ligble to remain closed permanently, once surrounding adjacent structures are extended
vertically in favour of privacy and security. So the provision for natural light and
ventilation in the living spaces in this residential area is extremely restricted, risking
thermal comfort.

-
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Figure 5.2 Section showing lack of setback spaces around the buildings at Sutrapur. Adjacent buildings in
section are shown with hatch =i differem angles. t
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This compac situation acts like a big porous insulative layer between the sky and the
earth. Unlike built-form in arid region the roofs of all structures are in different levels,
indoor-outdoor air exchange is allowed in day time and walls are not enough thick to
make 9 to 12 hours time-lag in hea transmission. The summer radiant heat that penetrates
inside the buildings during day time can not be easily released after sunset due to lack of
ventilation and compact nature of development. As SUMIDEr MAWIES (he curnulative effect

can raise the overall indoor lemperature posing serious threat o thermal comfort.
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Figure 5.3 Section showing encugh setback space in berween adjacent buildings at Banani.

Banani and BUET Teachers’ Quarter show a different patiern. Here the gap between two
buildings is found big enough to facilitate ample light and ventilation through the
different vertica) layers of the buildings (Figure 5.2) and this air flows in through sofler
and cooler outdoor environment, In summer nocturnal cooling is expediled by this
ventilation (Mridha 2002) and by avoiding cross-ventitation during day time comforiable

situation can be retained for long time in the indoor environment.

5.3.7 Building Height

In all the study ercas residential buildings were found up 1o a maximum of six storied
height The construction rules permit this maximum height only when the ground floor is
kept free for car parking. In Sufrapur arca, srructures are found with 8 good mixture of
varisble heights, which created a more or less uneven or bumpy building skyline (Figure-
5.2). This unevenness can increase the turbulence effect in the natural air flow (Figure-
5.10). As a result, better air flow can be ensured at different layers of alt buildings in
residential district (Givont, 1998; Akhtari, 2001).
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In Dhanmondi area wind flow is deteriorated by the increase in building volumes at same
height with narrow interval spaces (Akhtari, 2001). Almost alt of the new buildings are
six storied with almost similar in height, This similarity combinedly creates a large
horizontal plane above the structures (Figure-4.10). Small width of setback spaces
between adjacent buildings remains in wind shadow. As a result higher velocity of air
flow is experienced above rof level, which drastically cut off in the botlom layers
(Figure-5.11). But in the ground level a litle higher velocity of air-flow compared 1o
middle layers is experienced. This happens due the openness in the ground floor level,
which is kept free for car parking. Free floor at ground levels prescribed for parking use
with more perforated boundary controls between buildings can create continuous
openness and thus ensures betier air flow (Akhtari, 2001).
L

BUET teachers’ quarter does not have nolable variation in height among the buildings,
neither do they have ground floor free. But (here are big open spaces enriched with lush
vegetalion between the buildings along north-south direction. Due to these spaces
comparatively better air flow at different height is found {Figure-3.12).

Banani area is also found with variable height of the buildings and large open spaces in
between buildings with sofi surfaces (Figure-5.3}. So far best distribution of air flow at
different height is found (Figure-5.13}. It can be assumed that if ground floor could be
kept free, like that of Dhanmondi R/A, & far befter distribution of air flow could be

ensured here in Banaru R/A.

In view of all these practical observations it can be inferred that, lo ensure higher velocity
of cool air (hrough transitional spaces, the most effective fabric patiern or building
morphology shonid be of variable height with large open spaces in between slructures
(enriched with soft surfaces) similar to Banani R/A. Free ground levels in all buildings
similar to Dhanmondi R/A can accenmuate air-velocity and better distribution of cool air
flow. A combination of these two physical characteristics will be most affective for
desirable cooler air-flow (hrongh the mansilional spaces in a residential settlement
specially during summer. Openness has got a direct relationship with the availability of
higher air-velocity at all height and thus better scope of ventilation.
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54 TEMPERATURE DATA ANALYSIS

Usually the outdoor air-temperature attains its maximum level between 1.00p.m. to 3.00
p.m., which we can find in the hourly data lable that are recorded by data loggers
(Appendix B), That is why temperature at 2.00 p.m. was taken for fifieen consecutive
days at all four survey spols (except in Banani R/A due to survey limitations}. The graph
in figure-5.4 shows that, in most of the survey dates, Dhanmondi R/A area attains highest
maximum and Banani R/A area atmins lowest maximum temperature compared Lo other

two arcas.

The second bighest 2.00 p.m, lemperatures are found at Sutrapur. Average (average of 15
survey days’ data) 2.00 p.m. lemperatures of Dhanmendi and Sutrapur are approximately
33°C, While the average 2.00 p.m, temperatures of BUET Teachers’ Quarter and Banani
residential area are approximately 31°C. On an average, about a 2degC higher in 2.00
p.n. average maximum temperature is found in higher density areas {Sutrapur and
Dhanmondi) than that of lower density areas (BUET Teachers” Quarter and Banani),
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2.00 pm Tomperature in
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Figurs 5.4 Comparative graph of 2,00 pm temperamure in the four surveyed spots.
{Dala used from Table 4.2, 4.4, 4.6 and 4.8)
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Figure 5.5 Comparative graph of 6.00 am temperature in the foor surveyed spots.

(Data used from Table 4.2, 4.4, 4.6 and 4.5)

Both Sutrepur and Dhanmondi areas have higher existing FAR value and proportions of
hard surfaces are very high. On the other hand BUET Teachers® Quarter and Banani areas
gre found having less FAR value and proportion of hard surfaces are comparatively less
while green planis with soft surfaces are more here (Table 5.1 and table 3.2).
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Figure 5.6 Daily max. and min. emperature graph of Dhaka during the survey period.

(Data used from Table 4.9)
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If we see the graph of 6.00 a.m. lemperatures in figure-5.5, we find that both Sutrapur and
Dhanmondi areas have similar moderate kind of lemperature range and average mMinimum
temperature is found within 289 to 29°C. Both BUET Teachers’ Quarter and Banani
areas show 2 to 5degC fluctuation in consecutive days. Compared to all four spots Banani
is showing lowest average minimum 6.00 am. temperaure while BUET Teachers’
Quarter shows ups and downs on different days. Scope of long wave re-radiation ﬂ'lIﬂl;l.gh
open spaces and evapoiranspirational cooling by the soft surfaces are greater in both
Banani area and in BUET Teachers® Quarer, while this nocturnal cooling process is
hampered in Sutrapur and Dhanmondi areas. The small difference, in this regard, between
Banani end BUET Teachers’ Quarter could have caunsed due to other local vanable
factors, like airflow pattern, couvective cooling, presence of moisture in the air, cloud
cover right above the spol, ele. Although (here is highest quantity of open space and soft
surface in BUET Teachers™ Quarter cowmnpared to other survey spats, lack of nocturnal
cooling may be the major reason of not getting Jowest 6.00 am. temperature here. But
some days show thal the 6,00 am. temperature became much lower in BUET Teachers’

Quarter. Relative humidity and airflow analysis could reveal more logical explanations.

55 RELATIVE HUMIDITY DATA ANALYSIS

On an average the 2.00 p.m. dala of Relative Humidity (RH) is found higher in BUET
Teachers’ Quarler and in Banani spot, while Dhanmondi spot shows least average RH
values followed by Sutrapur spot RH values as second lowest. This RH patlern in all four
areas logically corresponds with the paftern of surface water runoff and situation anSS
found in different survey spois. Sutrapur and Dhanmondi areas have more pcrccntagé of
HS coverage compared to BUET and Banani areas (Table-5.3). That's why surface water
runoff in the latter two areas is less and presence of green vegetation is more, creating

more evaporation, hus raising the RH level locally.

9o in hot and dry summet, during Lhe hotiest hours at about 2.00 p.m., this comparatively
more moist air, along with lower lemperature, provides better thermal comforl situation
in BUET T.Q. and in Danani residentia) area. On the olher hand lower RH level in
Sutrapur and Dhanmond: areas are furlher aggravaled by the higher temperature.

* Temperare and Relnive Humidity data of Ranani and Sutrzpur in the same dates have been put in
Psychomerric charn and read the Absolule Hymidity dare, on an average it is more in Banani than Surapur.
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Although (he higher ambient iemperature impedes the heat dissipation process from the
body, lower RH hete allows fasier evaporative cooling if the ventilalion is good. Analysis

of the air flow situalion in the different areas follows.

2.00 pm Relative Humidity in %

43 . r . - . . . . . - - . .
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Figure 5.7 Comparative graph of 2.00 pm Relalive Humidicy in al! four spots.
{Dara used from Table 4.2, 4.4, 4.6 and 4.8)
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Figure 5.8 Comparative graph of 6.00 am Relative Humidiry in al! four spata.
{Data nsed from Table 4.2, 4.4, 4.6 and 4.8)

97



5.6 WIND YELOCITY DATA ANALYSIS

During survey period the maximum wind speed measured in Dhaka metecrological

station shows (Figure-5.9) a moderate range within 2 to 6m/s except 13m/s on 19% May.
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Figure 5.9 Maximum wind speed praph of Dhaka metecrological staticn, deta in May 2003

5.6.1 2-storied residence, Spot-01, Sutrupur

The wind velocity (WV) both maximum and average values (of the measurement period)

are found largely atienualed at ground level in Sutrapur. While the mid levei is enjoying
only a litlle less WV compared Lo the roof level values. This indicales that the WV at lop
jayer happens to make turbulence due to the variable height of the building fabric and

thus the upper floors get more WV than bottom floors.
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Figore 5.10 Wind speed graph of Spot-01, Sumepur on 16 May 2003
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5.6.2 S-storied residence, Spot-2, Dhanmondi
Here the higher WYV at roof level, both maximum and average values, is drastically
reduced in the mid Jevel floors and this reduction is comparatively less in botlorn floors.
The almost equal roof height of the buildings and dense fabrc pattern, which are
encouraged by the previous (1997) building construction rules, are actually the main
causes of this wind pattern ar different heights here. On (he other hand at ground level
free car parking spaces enhance WV and get better compare to mid level (Akbtari, 2001).
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Figure 5.11 Wind speed graph of Spot-02, Dhanmondi R/A, on 19 May 2003,

5.63 S-storied residence, Spot-3, BUET

The WV both maximum and average values (of the measurement period) are found
decreasing from roof layer 1o bottom layers. Roof level gels relalively much high WV,
Difference between mid-level and ground-level i3 not so big. This indicates that the WV
at top layer is unable to make urbulence like in Dhanmondi. A probable cause may be
almost similar height of the buildings (all are 4/5 storied} and (ree canopy existing here.
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5.6.4 4-storied residence, Spot-4, Banani

Both maximum and average WV values (of the measurement period) are found uniformly
decreasing from top to bowom here, The mid-level is enjoying only a litile less WV
cormpared to the roof level while ground leve! gels a further litile less compare to the mid-
level. This indicates that varisble height of the building fabric is making turbulence in air
flow pattern and the positive effect of this reaches up to the ground level to some exlent.
A much better distribution could be possible if ground layer was free for air flow m all
buildings.
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Figure 3.1 Wind spzed graph of Spet-0d, Banam R/A, on 20 May 2003

57 COMPARATIVE ANALYSIS OF DIFFERENT SITES

For summer situalion, Banani R/A and BUET T. Q. are serving much better thermal
cornfort with average maximum temperature about 2degC lower and RH significantly (10
to 15%) higher than thet of Sumrepur and Dhanmonth R/A. The WV distribution at
different height is comparatively better in Banani than that of BUET T.(Q). even I;l'u:lugl'l1 the
hard to soft surface ratio is much better in BUET T.Q. than that of Banani. Varation in
height of building and other physical objects plays a vilal role in the distribulion of WV at
different height, So in overall judgment Banani R/A offers the best thermal environment
during extreme hot discomfort situation compared to all other study areas with the
existing density and fabric pattern. Free or open floors at bottom layers also serve better
for more WV and thus can provide enhanced nocturnal cooling in this season in Dhaka.

Smaller plot size of Banani and Sutrapur areas compared to Dhanmondi area helps to

produce more fragmentation in building mass. Prevalence of private plot cwnership is
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found in these two areas. That is why construclion of building mass vares with the
owners’ variable affordability and naturally produces a vanable fabric pattern appearing
in an incrememal growth, On the other hand, developer-built or inslinional apartment
building comes with final uniform shape, uniforn height and uniform size (Figure 4.10
and 4.13) that discourages variable building mass and thus causes less turbulence in air
flow and produces comparalively poorer WV pattem. On lop of that developers ry to
combine more than one adjacent plot together and construct massive buildings with more
GC, maximizing profit and minimizing fragmentation both horizontally and verncally,
making the development monotonous. So, to ensure fragmenlalion and varying height of
buildings in a residential disirict special policy measures have to be adepted by RajUK.

59 CONCLUSION

In con¢lusion of this chapter it can be said very clearly that the analysis with temperature,
RH, WV and physical property dala that are collected simullaneously from different
selected residential areas shows significant relationship to development patterns. These
can come to a very good use for the policy makers to guide and control the developments
towards better future. As the approach to development by institutions ant-:l developer
companigs differ from (hat by individual private owners, further study can be made to
idemify ways and means to guide (he overall development in this regard. During analysis
it is also felt that the study and findings would be more refined if much more survey spots
in all four residential districts conld be investigated simultaneously for a long period of
lime with enough instrumenlation. Within the limited scope of this research, the
methodology adepted here is found quite workable, and can be replicated for greaier

validation.
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6.1 INTRODUCTION

From the analysis of field dala cerain specific comelations between density of building
mass, physical fabric panem (morphology) and their thermal environments in all the
residential districts under investigation have been found. These findings cen provide
important guidelines and directions to facililale passive climaric control by ameliorating
the man made problems, which are amounting 1o unbearable condition in some of the
urban residential environments of Dhaka. The survey has been conducted in 2003 in the
then existing four residential districts o collect primary climatic and physical data.
Analysis and synthesis are made on the basis of those daia, The physical characteristics of
those zreas have undoubledly changed by this lime. But findings of this study are true for
residential districts that are developing and attain similar characteristics over time. The
conclusions from this investigation can be used to formulale future settlement patterns
regarding densification so (hat the problems identified in these studies are not repcmnd

Pragmatic ideas and feasible solutions in the present conlexi ere given priority in
searching possibilines. General people are highly inlerested to build more areas within
their personal jurisdiction and authorities are concemed to look after Il.he common,
interests. Unfortunalely, these two inlerest groups do not seem to be commitied lo the
same goal of contolling environmental implications. Active initiatives are being taken
now to updale the Building Construction Rules (BCR) for Dhaka city. It is important to

give it a scientific basis and ensure that the rules alleviale present environmental situation.

This research aimed to investigate the effect of physical demsification on thermal
environment (TE) in residential districts of Dhaka. In doing so, Building Height (BH),
Floor Area Ratic (FAR), Ground Coverage (GC), Hard to Soft Surface Ratic (HSSR),
Free Floor Arrangement (FFA) and Population Density (PD) are found Lo be related to the
corresponding TE. Certain practically feasible solutions in the context of Dhaka are
indicated here encompassing the examined physical aspects that may likely be found in
future development projects, thus enhancing scope for passive climatic control. Both
shor term (in the form of motivation, incenlives and lax} and long term (in the fom'; of
building by-laws) possibiliries are taken into consideration. f‘mm the study and analysis

of previous chapters the following findings and recommendations have been drawn.
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v62  FINDINGS SUMMERY

"Density variation in four urban residential districts has been evaluated in terms of a
number of socio-physical factors, which characterize differem morphological parterns of
residential districts. At the same time, various combinations among the four objective
thermal comnfort factors, i.e. lemperature, humidity, wind and radiation (Koenigsberger, et
al, 1992), found in these areas have also been evaluated. Reladonship between socio-
physical factors and objective thermal comfort faclors are co-related to identify logical
relationships between causes and effects. These variable relationships of causes and

effects are summarized here.

6.2.1 Effect of Physical Density on TE

Fioor area ratio (FAR) is one of the indicators of physical density or building mass
density in any urban area Among the four study locations the higher FAR (3.5 10 3) value
areas, such as Sutrapur in old Dhaka (spot-1) and Dhanmondi residential area in new
Dhaka (spot-2), are found developing higher mean maximum temperature {measured
during 2.00 p.m.} compared 1o the areas with lower FAR (1.1 1o 2.5) value, such as BUET
teachers’ quarter (spot-3) and Banani residential area (spot-4), (Table-5.1).

Sutrapur, populated by lower middle and middle income group, is found with highest
FAR level between 4 and 5, closely followed by Dhanmondi area where FAR is found
between 3.5 and 4.5. On the other hand BUET teachers’ quarter {(spot-3) and Banani
(spot-4) arcas have far less FAR level, between 1.1 and 2.5. Comespondingly the mean
maximum temperature profile shows the highest in Dhanmondi area, closely followed by
Sutrapur area (roughly between 32°C and 34.5°C), while BUET teachers’ quarter and
Danani areas shows 1.5degC to 2.5degC less value (roughly between 30.5°C and 327C).

So it can be said that a higher density residential development builds up higher
day time maximum temperafture during summer in the context af Dhaka. On an
average, the FAR increase of 2.5 correspords with the mean maximum

temperature rise up ta 2degC. i

If we compare berween Dhanmondi and Sutrapur area we get a litile higher FAR, ground
coverage (GC) and Hard lo Sofi Surface Ratio (HSSR) in Sutrapur. But, on an average,
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the mean maximum temperatore profile is found a little higher in Dhanmondi area.
Varying building heighté in Sutrapur area produces a bumpy skyline, while uniform
building heights in Dhanmondi area produces a flat skyline. The bumpy-skyline of a
seftlement produces greater surface area exposure towards open sky than a uniform-
skyline, which creates betler provision for heat release. Betier scope of heat dissipation
{convective and radiative) sccentualed by varying heights of buildings (Text 5.3.7) arme

assumed to be the main reasons of lower day time maximum temperarure in Sutrapur,

On Lhe other hand, between BUET and Banani areas a little higher FAR, GC and HSSR
are found in Banani, while the mean maximum temperature is found little higher in
BUET teachers’ quarier. Differences in skyline that is varying heights of buildings in
Banani allows more scope for heat dissipation compared to the flat skyline of BUET
teachers’ quarter. Almost similar kinds of building matenials are used in all the arcas. -

So it can be said thor during summer, heat dissipafion potemtial in residential
districts with higher FAR, GC and HSSR can be increased by varying building
Reighis in the context of Dhaka. '

Mean minimum lemperature profile is found moderaile in Dhanmondi and Sutrapur areas
{(wilh high FAR values), while the ares of BUET leachers’ quarters shows highest mean
minmum tlemperature (where FAR 1s the lowest mmong all four areas) and Banani area
shows least value in this regard. This indicates that FAR levels are not directly relaled 1o

the mean minimurmn temperature profile of 2 residemial area

So it can be said that control of physicol densification through FAR control can

Hot alone ensure desirable TE for the residential development in metropoliian
Dhaka,

6.2.2 FEffect of Hard to Soli Surface Ratio on TE

Both Sutrapur and Dhanmondi areas are found with higher preportion of hard surfaces
compared to that of BUET and Banani areas. Consequently absorbance of solar mdiation
and rate of surfiace waler runoff are likely to be higher in the former two areas (Spot-1
and 2) than the latler two aress (Spot-3 end 4). Bath Sutrapur and Dhanmondi areas
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develop increased mean maximum temperature (gbout 2°C greater) and decreased (about
10% to 15% lower} mean maximum relalive humidity (RH) compared 1o BUET and
Banani areas. Higher temperature aggravates the summer discomfort. While sustained
lower relative humidity will have environmenta| implicalions, leading to loss of vegeial

life and depletion of the ground water table, — resulting in ecological imbalance.

From the readings, it ean be said that areas with HSSR 60:40 develops about 2°C
lower mean minimum temperatire and about 10% to 15% higher RH compared to
that of areas with 80:20 HSSR.

6.23 Efect of Ground Covernge on TE

Ground Coverage (GC) in Sutrapur and Dhanmondi residential districts are extremely
high (80% to 95%) and the mean maximum temperatures recorded in these areas are also
relatively high, which are critical for thermal comfier. The greater the GC the less is the
space in between twe buildings and thereby narrower the provisions for ventilation
potenlial. As the urban buildings are made of permanent materials, they produce surface
water runoff. These readings show that greater GC in an urban area creates more surface
water runcff, which results in a reduction of the RH level and should thus be kept below
the G level of Sutrapur or Dhanmeondi, i.e. less than 80%.

Ground Cover (GC) in the reridential diswricts of Dhaka should be less than 8§0%%
in order fo reduce surface water run-off and to cormrol the RH and generate
potential for wind movement. For identification of optimum GC proportion further

specialized research is needed

62.4 Effect of Building Skyline on Wind Pattern

Wind velocity usually increases with the increase of height from the ground-level in free
field condition. But in this study increase of wind velocity (WY) with height is not direct
for all the sites. This eflect on wind gradient seems to be related to the building skyline of
the respective sites. In Surrapur and Banani arcas (where building skyline is uneven) the
increase of wind velocity is found more or less gradual with the increase of height. In
Dhanmondi and BUET teachers’ quarter {where building skyline is uniform) it is not
gradual; rather wind velocity dips at the mid-level before increasing again at roof level.
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These readings point to the possibility that uneven skylines with variable building heights
both in Surrapur and Banani create more friction and thereby more turbulence in the
natural flew of air. This is helping to distribute (he wind velocity in a more gradual
pattern at different heights creating better ventilation potential in the vertical layers.

So it can be said that uneven building skyline in residentiol districts can produce
better distribution of wind velocity at all the vertical layers, demonstrating
improved ventilation potential compared to that of uniform building skyline.

6.2.X Effect of Free Floor Arrangement on Wind Pattern

During the survey period, in Dhanmondi most of the buildings are found 6-sioried with
free floors {FF) at ground level for parking as prescribed by Building Construction Rules
(BCR). Measured wind velocity at ground level is found higher than that of mid-level
(Figure 5.11) unlike other three study areas. The other three residential districts do not
have FFs at ground levels. The results clearly demonstrate that free floors directly
influence and cause (his increased wind velocity, displaying distinct ventilation potential
of the immediate sumounding TE.

So it can be said that a Free Floor (FF) between ground and roof level of a mulfi-

storied building can increase wind velocity to its immediate surrounding TE.

6.2.6 Effect of Population Density en TE

Population density in Sutrapur end Dhanmondi area are found almost double the density
of Banani and BUET teachers’ quarler areas. More populalion density in urban situation
means more concentrated consumption of energy (many heat producing sources like,
electrical appliances, many cooking burners, many auto-mobiles, and much surplus
melabolic heat} (Figure 3.2), a major portion of which ultimately converts inlo heat
energy and contributes to the rise of temperature (2 to 3 degeeC bigher temperatre is
found in Dhanmondi and Sutrapur areas than that of Banani and BUET areas during

survey periods} in the concemed TE.

Higher population density is directly related with higher mean maximum and

mean minimim femperanire.
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63  APPLICABILITY IN BUILDING CONSTRUCTION RULES

From the findings of this research we can say that present rules and regulations to control
Floor Area Ratio (FAR) based on front road width, Ground Coverage (GC) and Setback
Open Space can not ensure enough provisions for Passive Climatic Contro] in residential
districts of Dhaka Metropolitan Area (DMA). Prescribed specifications on the above
mentioned faciors are also needed to be modified. On top of thal, certain new clauses can
be introduced in the exisling set of rules to ensure ‘Uneven or Bumpy Skyline’, Free
Floors’ and control of population density. These can facilitate Passive Climatic Conlrol

and thereby reduce dependency on Active Climatic Control.

To ensure uneven residential skyline and to encourage lower density encrgy usage BCR
can adop policies whereby even and odd numbered plots in a row (along a road) can have
same FAR but different ground coverage specifications. To ensure higher ventilation
poteniial in all vertical layers of a multi-storied building ‘Free Floors’ (FF) can be
prescribed at cerlain intervals. These FFs at different heights can salisfy both the purposes
of commupity activity for the inhabitams of the ploL, as well as wind-channels for
surrounding buildings {Figure-6.1). Further investigation will no doubt be necded for
detailing out the appropriate distribution of these free floors, relating them to heights and

distances of ¢concerned bnildings in a settiement.
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Figure 6.1 Schemalic sketeh of proposed Residential Developmem Paremn with Higher FAR
and saggered armangemen of free-floors

The rules can also include provisions for increased FAR permission in any plot {(beyond
its prescribed limit). To enjoy that privilege one can be asked to inserl more FFs in the
building. Vertically staggered placement of these FFs localed in all buildings in a
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residential district can create a very good flow of air, thereby accentuating the ventilation

potential through out the whole area, also ensuring better air flow along the whole height.

Table 6.1 Proposed FAR, GC and Energy Consumption Rate

Road width in front | Ground coverage for | Ground coverage for Highest limit of
of the olot {even holding no.) | (odZholding ne.} fnergy use at normal rate
P (kWh/month/family)
More than 18m. X% - Y% 200
Minimuam 12m. X% x-y% 150
Minimum 9m. %+ 5% x-5% F50
Minimum 9m. x+ 10% xe 150
Minimum 6. X+ 20%% x + % 123

Where “x’ may be a value as affixed after further investigation and wind tunnel experimentation to snsure
increased ventilation potential under Dhaka's urban context.

Judicious consumption of power cen be encouraged by purling hierarchical usage limit
(monthly kWh per family Lo be purchased at normal rate) corresponding with a hierarchy
of the plot sizes. Energy usage beyond Lhese limits can be allowed at significantly higher

rales than the reguler unit price to discourage excessive consumption and limit wastage.

A new set of BCR (2008) has been recently introduced in Dhaka, which is not formulated
on the basis of proper climatic research. Moreover, its effects will not be experienced
until a mumber of constructions are made following these rules, This set of rules permits
FAR from 3.0 (for piots below 150 sq. m. size with front road width minimum 6 m.) to
FAR 6.5 (for plois of any size with front road width minimum 24 m.) for residential
development in Dhaka. Ground coverage has been allowed from maximum 63% for
smaller plots to maximum 50% for larger plots or for plots which have wide roads (218

m.} in front.

The development pattern that is allowed in the new rules (2008) of Dhaka is exemplified
with & calculated below. If we take a plot of 1337.76 sq. m. size in Dhanmondi residential
area (original allotment of 20 Kathas equivalent to 14400 sq. fi.} with front road width 12
m, the new nile will allow maximum 50% ground coverage and FAR 6.5. So the building
with full 50% GC can go up to 13 steried high. By the previous (1996) setback rules,
without FAR restriction, one could build a maximum of 6-storied (height was restricted)
building in Dhanmondi residential area producing a FAR of 5.0 and GC of 84%. In new
rules {2008) higher FAR is allowed with lower ground coverage. So the new rule will
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create more open areas and provision for higher proportion of soft surfaces compared to
the earlier rules. Scope of venlilation can be made better with this. But physical as well as

population density will be increased with the practice of new rules.

6.4 RECOMMENDATIONS

Based on the findings in this research which are summarized in the previous sections it
can be said that physical densification in the residential districts of meftropolitan Dhaka
has a direct relationship with the rise of temperature during summer time and atienuation
of the convective cocling process. Physical densification is also reducing the proportion
of natural green (sofi surfaces) in the environment, and increasing the propertion of hard
surfaces, posing threat to the (hermal environment in residential districts. This continued
densification is also gradually narrowing down the prospects of passive climatic control
and putting alarmingly increasing pressure on limited available energy supply. Under

these circumstances, following recommendations can be drawn based on this research.

6.4.1 As unlimited physical densification in residential districts of merropolitan Dhaka
shows definite rise in lemperature, this densification process needs to be
controlled. Because this retards cooling process, especially nocturnal, and compels
higher consumption of energy, which eventually raises the temperature in a
cumulative process (from findings no. 6.2.1, 6.2.2 and 6.2.6}.

6.4.2 As Banani residential area is found with best thermal condition among the four
study areas, ils (i) FAR - 2.5 (ii) ground coverage (55% to 65%) and (jii) Hard to
soft surface ratio {60:40) can be followed to develop existing residential areas as
well as new residential areas (from findings no. 6.2.1, 6.2.2 and 6.2.3).

6,43 FAR conwo! specifications alone can not ensure desirable thermal environment for
residential districts in metropolitan Dhaka. It must be linked with other physical
variables like, Ground Coverage, Hard to Soft Surface Ratio, Population Dens;ity,
Energy Usage, eic. and needs further specialized research Lo identify the
appropriate combinations of all these faciors for each of the residential areas.
(from findings no. 6.2.1, 6.2.2 and 6.2.6).
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6.4.4

6.4.5

6.4.6

6.5

Varying heights of buildings in residential area creates betler convective and
radiative cooling provisions and thus decreases the mean maximum and minimum
temperatures. So the building rules (by manipulating FAR and Ground Coverage
specificalions) can be modified Lo ensure varying beights of buildings in any given
ares (from findings no. 6.2.4).

For mulli-storied residential buildings staggered armangement of Free-Floors {FF)
at different vertical layers can be prescribed in BCR (by delermining necessary
intervals between FFs through further specialized research), which can provide
both community ‘space and better venlilation potential throughout the whole area
{Ffroin findings no. 6.2.5).

A sel of primary lmits in power consumplion per dwelling-unit can be prescribed
in BCR (to be sold at normal price). However, consumption beyond those limits
can be allowed at much higher price. Limits and prices of different slabs can be
determined through further research (from discussion at 6.2.3).

SCOPE OF FURTHER RESEARCH

Within the limited scope of Lhis research the relationship between physical density and

thermal environment of only four urban residential districts in the context of Dhaka are

investigated. If the scope is widened further new research can be carried out to achieve a

more comprehensive scientific set of Building construction rules and thereby ensure more

sustainable residential thermal environment. So, following further researches can be

conducied in futre.

6.5.1 To assess the thermal behaviour of residential districts inore specifically further

6.5.2

research could be conducted by setting more survey stations at different vertical
levels in a greater number of buildings. So that comparison and relationship
between different residential areas on many other detailed aspects can be made.

Significant researches could be conducted to identify the effects of varions ratios

between open area {including areas allocated for road network, parks, etc.) and

built area on residential thermal environment in different urban contexis.
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6.5.3

6.5.4

6.5.5

6.6

A thorough research can be conducted to develop effective combinmions of FAR,
GC, HSSR and Population Density on the basis of thermal environment
considerations for different sizes of plots with different road widths.

Research can be conducted Lo determine feasible specifications of Free-Floors
(FF) for multi-storied residential buildings to be prescribed in the BCR of
Bangladesh.

Similar research to assess the effect of densificarion on the thermal environment in
urban residential districts can be carried out in different seasons like, monsoon,
winter, etc. With the findings of all these researches a more comprehensive set of
building construction rules can be formulated and enacted to aftain comforable
thermal environment all round the year.

Effect of power consumption pattern on die thermal enviromment of urban
residential districls can be determined Lhrough a research. Findings of this study
could be utilized to specify general power usage limits per dwelling and different

price limits 1o ensure judicious power consumptions.
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APPENDIX
EQUIPMENT DETAIL

1.
Kestref® 3000 Pockei Weathar™
Meter

NIELSEN-KELLERMAN, [ISA.

MEASURES:
Wind Speed
Temperature
Wind Chill
Relative Humidity
Heat Index
Dew Point Temperature
. P

Two of the Kestrel® 3000
Pocket Weaather™ Meters

FEATURE AND SPECIFICATIONS:

Wind Speed Functions

Operating Modes: Moving 3-second
average (  }, maximum 3-second gust
since power on (MAX) and averape
since power on (AV(G).

Scales: Knots, M/s, Km'h, M/h, F/m,
Beaufort

On-axis Accuracy: Greater of £3% or
tleast significant digil

Off-axis Accuracy:-1%@5" -2%@10° -
3%E15".

Calibration Drifi: <2% after 100hrs use
at 6M/s,

Minimum Speed: 0.3M/s.

Mavimum Speed: 40M/s.

Temperature and Humidity Fanctiona
Operating Modes: Temperature, Wind Chil}
Relative Humidity, Heat Index, Dewpoint
Temperatre.

Seales: Centigrade (*C), Fahrenheit ('F),
Percent (%49).

Accuracy: Temperature and Wind Chill £1.0 °C,
Relative Humidity +£3%, Dewpoint Temperature
+2°C and Heat Index £3°C, (between 5%

and 95% RH).

Minimum Temperature: -29 "C (-20 °F).
Maximrum Temperature: 70 "C (158 °F).
Humidity Sensor Response Time: 1 Minute.
Humidity Sensor Calibration: May be held or
Factory calibrated.

Display

Type: Reflective 3/ digit LCD.

Digit Height: 9 mm,

Update: 1 second.

Range and Resolution: Depends on
measurement seale selectad.

Temperature Limitations: Normal operation
from -15°C to 60°C. Below -15"C, accurate
readings may be taken by keeping the unit
warmer than «15°C and exposing it for the
minimum Lime necessary to take a reading (less
than one minute).

Auto Shutdown: After 30 minutes of no button

Presses.

Environmental

Sealipe: Electronics enclosure IP&7 — water
resislant 1o 1m. (3f1.). Floats.

Shock: Drop tested 1o 2m. (6ft.).

Storage Tempearture: 40°C to 60°C (40°F 10
140'F).

122



Physical

Buttons: Two sealed tactile rubber
buttons control all fnctions.

Battery: User-replaceable CR2032 coin
cell. Typical life, 250hrs (25,000+
readings).

Impelier: 25mm. (1lin.} diameter,
sapphire bearings, light weight. User-
repiaceable impeller/housing assembly.
Temperature Sensor: Hermetically
sealed precision thermistor.

Humidity Sensor: Solid state silicone
capacilance sensot.

Case: Slip-on case prevents damage lo
display and moving parts,

Dimensions: 122x42x14mm.; case,
117x46x15mm.

Weight: Unit, 43g,; case, 23g.

Kestrel® Pocket Weather™ Meters
Relative Humidity Calibration Kit

NIELSEN-KELLERMAN, USA.
0824 CALIBRATION KIT.

Relative Humidity Calibration Kit
with a Kestrel® 3000

FEATURE AND SFECIFICATIONS:

Calibraton Sak
Sodium Chloride: 715.30%

Magnesium Chloride: 32.80%
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MEASURES:
Day’s Maximum Temperature
Nig
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A Maxima-Minima
Thermometer

Maxima Minima Thermomeler

t's Minimum Temperature

Blue Signal P;i:::?.itinning Aclion in a
Maxima-Minima Thermometer tube

FEATURE AND SPECIFICATIONS:

Functions

The day’s maximum and Lhe night’s minimum
temperature can be determined on these
instruments ar every time or be read afterwards
as conveniently as one read every raise and fall
of temperature indicared on it.

How They Work

First one has to pull with the magnet {magnetic
slider) and replace the blue signals (magnet
sensitive) in the tube down to the mercury
column in either wbe arm. When temperature
raises or f[alls, the sipnals will be pushed
upwards and will rest in the capillary in a free
position, so that even at some later time one
may easily read from Lhe basis of the signais the
maximum and minimum temperstures of the last
period.

Country of Origm: Germany.
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HOBO HOS-007-02
Data Logger for measures: Temperature/RH/2 1 External

ith
t3r

Tempr
2 2 External

i
i
|
l HFr

}
=

Temperature, RH Data Logper w/ 2 External Inputs Specifications

i Dailn Storage
Capacity

' Sampling Rate
Operating Range

Operatieg Modes

Temperuture
Sensor

Humidity Sensar

' Compatible
E:tnmal Topaot

. Typts

, External 2.5%
Input

" Drop Proof
Time Accaracy

, Range Qutside Case: 40°F Lo 2487F (~40FC 1a 120°C)

_Split Core CTs for AC Current {(#CTV-X)

4-20mA [nput Cabie (RCABLE-4-20mA}

7,543 B-bit Samples/Readings

.5 Second to 9 Hours (User Sclectabie)

Tempemaiore: -20°C to 70°C (-4°F o 158°F)
Hurmdltyj 0 13 3% RH non-condensing, nnn-ﬁ:vggmg

- Stop W'I'mn Fuﬂ
Wrap-Around When Full

Range: -4°F 1o 158°F (-20°C to 70°C)

Accuracy: +1.27°F (+0.7°C) al +70°F
Resoluton: 0.7°F (0.4°C) at +70°F

Response Time (Sensor Inside Casel: 13 min.
Response Time {Sensor Cutside Case}: 1 min,

Banpr: 25% o 95% RH at 80°F for Imervals < 10 Ses, Non-Condensing and Non-
Fogging

Accuracy: +3%

Response Tine (In Adrk: 10 min.

Sensgr Operating Environmen: 5°C o 50°C (41°F to 122°F), Non-Condensing
and Non-Fogping

Temperature Sensors {#TMCx-Hx)
Yohage Transmitters (#T-CON-ACT-X)

{10 2.5 Volt DC Input Cable (#CABLE-2-5-STEREQ}
Carbon Dhoxide for Tebaire Monitor (#CAHLE-CDE]

2.5 mim fack: External Tnput Ground, Lopurt, Switched 2.3 Volt Dulput E.ncmal
Input Ground Conneclion is not the Same as PC Inlsrface Connection Grownd and
Not Be Commected 12 Any Exlemal Ground

Inpyt Ranpe: 4 to 2.5 Vaolts DC
, Accuraey: =10 mV +1% of Reading
s Resolution: F0mY (8-hit)

COut Power: 2.5 Volu DC @ 2mA, Acdtive Only During Measurments

‘Upio s R.
=] Minute per Week at 20°C {68°F)
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Storage Range Temperature: 40°C to 75°C (~40°F to 167°F)

Batiery Life Typically 1 Year

Battery 3-¥Yolt CR-2032 Lithium Battery {(User Replaceable)

Scandards CE )
Compliance

Weight 29 grams {1 oz)
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