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ABSTRACT

One of the characteristics of nll office buildings in Dhaka dity is the extensive use of
glazing on the bulding facades. This incteasing use of glass has caused considerable
changes in the reladonship between interior and ambicat climate, where the problem of
overheating has become a major concern. So facades of tall buildings need protecrion
from solat heat pain to achicve desirable indoor environment and to reduce the energy
consumption 1n the buildings by the air conditioning system. Hxternal shading devices
can be uhlised to block the solar radiation before it reaches the window surface and

hence more effectve than internal shading devices.

The problem was approached by performance evaluation of selected commonly used
shading devices of tall office buildings through simulaton study. Shadow simulauen
allows study of the effect of changes in one aspect, keeping other factors constant. The
observations of simulated performance that accurs due to changing parameters allow the
identification of elements, the reduction or introduction of which in the design
contnbute to solar heat gain. Through simuladon study, it is possible to analyse the
performance of shading devices for any period of the year. The simulation studies were
conducted for the months from March to September representng hot-dry and warm-
humid period, which is most significant in terms of climatic severity. The simulation
studies were performed to evaluate performances of shading devices and idenufy the
effeets of different parameters and correladon among parameters m terms of reducing
solar heat pain. This study also helped to understand the influence of window cnentation

on the pefformance of shading devices.

After all the investigaaons and crtical evaluations, a paramctde smdy to explore the
strategies for optimum shading was pursucd through a serdes of simulanons as solar
geometry is 2 predictable phenomenon and much of its impact i3 quantifiable. Paramernc
study allows study of vadous alternafves with reference to performance of the model
and identifying the best one. Based on the paramerric stuly, design recommendalions

and desipn guidelnes were derved.

The findings of tus thesis are concerned with the problem of solar heat gain in tall office
buildings in tropical climate ke Dhaka city. The results of the simulation studies and
patamernc studics have been expressed in terms of 2 number of climate responstve
shading design guidelines. It is expected that the application of these pmdehnes will
reduce solar heat gain in compadson to that of present pracoces.
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CHAPTER: ONE

PREAMBLE



Ay

PREAMBLE

1.1 Inrmduacaon

The trend of recent development has shifted from low to high-nse bulldings due to the
pressure of population 1n much of the world, and Dhaka is no excepnon (Ahmed, 2003).
Constructon of tall office buildings in uthan areas of Dhaka is characterized by extensive
use of plass. These plass facades remamn unprotected or barcly protected from the

scorchung solar radiation of the tropics. These often lead to green housc likke simanon

(Givoni, 1969).

Along with the high out door atr temperature, wu:lat radiation is a major source of heat
gain for building in tropics (Koenigsherger # af, 1973). Vast verucal surfaces of all
buildings are exposed to solar radiation and glass facades may act as heat trap for
incoming solar radiation (Ahmed, 2003). So facades of tall buildings need protection in
view of generating desirable indoor environment. Solar radiation wansmirted through
unprotected windows or transparent walls also cause a great Increase in the cooling
requirements of an ait-condidoned building ot high air temperatures in butldings without
mechanical coching systems (Stephenson o 4/, 1962; Goulding & af 1992). This heat 13

partcutarly unwanted 1n summer and has to be expelled by the cooling system.

Solar radiation gain may be reduced by inteccepting the radiation before 1t reaches the
building surface. lixternal solar shading can be beneficial in preventing unwanted solaz
heat gain thus redueing cooling load and thus can enhance thermal comfort. Moreover,
the thermal cffect of a glazed wall secdon depends on the shading provided and the
spectral properties of plass {Givoni, 1969). Shading the glass affects the property of

incident radiation and hence modifies both the heat flow o the intenor and the indooe

temperi fure,

Limitation of energy resources and ever increasing energy prices and the global warming,
the necessity to reduce the enerpy consumpton in the buildings can be an nportant
1ssue in a developing country like Bangladesh. 1o such a context the need to develop

passive means of solar conmol is important and efficient design of shading devices may

address dus issue significantly.
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Figure 1.1: Tall offhee bniklings showing present rrend of fagade denign in Dhaka city.



1.2 Stacment of the Problem

A good answer to overheating problems is controiling solar radiation incident on the
buildings. Using solar-protective glazing is one simple soluton which can be easily
integrared into the building design (Olgyay and Olgyay 1957). One major drawback of
solar-protective plass is that it reduces solar gains in the building even during winter-time.
Therefore, in eountres with dominant heating requircments, a moveable device is a
hetrer solution (Dubois 1999). Bur again manual control of movable shading devices 1s
not reliable and may cause a conslant disruption for the occupants and most of the
people of ous counuy can’t afford the system of dynamic conuol of mototized shading
devices. Shading provision should be considered as an integral part of feneshation
system design, especially for facades with high solar gains. Shading devices may conrrol
solar gains, block direct sunlight and transmit diffuse daylight in the room, eliminating
glare and high conrtrast and ereanng a pleasant Juminous environment {Hagque, 2004). Iris
neeessary, oo the one hand, to classify the shading devices by their geometric
charactedstes; on the other hand, tw apalyse their energy and luminous performance

through the definition of man mzde parameters and calculation methodology.

In the contexr of Dhaka, there is no tested rule for shading devices. According ta
construction act, 1952 (F.B. Act I of 1953) section 18, (Rajuk, 1996) which is enforced
by RAJUK, it is said chat maximum depth of shading device wll not exceed 0.5 m over
compulsory setback areas. But this rule may not have come from any investigadon or
analysis of shading performance nor any comparative sudy and evaluation for different
clirpatic situatons. Thercfore, buildings are being constructed without proper artention

to the perfarmance of shading devices.

Due to our increased concemn about enerpy efficient buildings and thermal comfiort as
well, expenments and analysis should be made for diffcrent types of shading devices. By
thotough study of the reladonship between depth and other parameters of shading
device and amount of shade that cast on the windowpane, which is essental for thermal
comfort and exclude heat gain (enerpy consumption} from solar radiation should be

established and eventually incorporated in the destgn process.



1.3 Objectives of the Study

The study is an ateempt to investgate the performance of commonly applied shading
devices on facades of tall office buildings as a method of passive cooling with the
following objectives:

1. ‘To evaluate the cxistng shading devices as solar control tool used in rall

office buildings.

2. ‘l'c assess the impact of shading device on indoor envirunment as they relate
to the solar heat.

3. To propose a guideline for designing etiicient shading device for control of
solar radiation m tall office buildings.

1.4 Methodolopy

To achieve the above objectves the methodology that was followed for the endre work

iz stated below.

The problem was approached first by a survey of published information that provided
the knowledge base for the research and information about the sate of the art regarding
solar shading systems, By theoretical sudies the meaning and purpose of solar shading
device was explored. Moreover, this study helped 1n analyzing facrors mfluencing solar
heat gain. The climatic characteristics of Dhaka Ciry were studied to sct the climatie
imperatves with regard to solar heat gain in tll office buildings in Dhaka City.

A physical survey was conducted to record and to idenufy the charactedstics and

petformance of commonly applicd shading devices 1n reference to tall office binldings. It

helped in forming the models for sunulabon sudy.

The simulation process was pursued in two phases. The frst one was conducted to
ascertuin the performance of commonly used solar shading devices in reducing solar
radiation gain. Simulation models with the external shading devices similar to the real
ones in tall office buildings were simulated for different odentations. By the simulanon
study findings and\results was analyzed to identify the effects of different parameters znd

correlation among parameters in terms of reducing solar heat gain. The second stage



involved a parametric study pursued through series of simulatons to explore possible

climatically sensitive design guideline for solar shading device.

Terformance cvaluztion of
shading devices

Literature Simulation study of commonly
sudy ™ used shading devices 4— | Fleld study

Evaluation of performance
apainst a set coteria

Parametric study
of modified shading devices

Identification of ¢fTective
destpn/ peometric feanires

Recomtuendations or design
gl.lidi_‘]iﬂ h

Figure 1.2: Structure of the work.



1.5 Scope and Limitations

The research work presented in this study concentrates on performance ¢valuaton of
various shading devices in reducing solar heat gain 1n the tall office buildings in Dhaka
ciry. Although solar heat gain is 2 combined effect of ditect radiation from the Sun and
diffuse radiztion reflected from surrounding environment, most of the solat heat pain to
buildings is caused by direct radiation through windows. The study is limited to the role
of geometry of the shading devices to cut off direct solar radiadon hence reducing solar
heat gain. Recommendations and design guidclines are made regarding geomctry of

shading devices. Other aspects like matenal of the devices, installadon or comstruction

systems are not considered in this research.

Besides, shading device has impact on daylight, ventilation and view through window.
The performance of shading devices regarding daytight, ventilaton and other aspects are

beyond the scope of this research.

With these opportunities and constrains, research on performance of shading devices

with special reference to Dhaka city was carried out and desenbed 1 the following

chapters.
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THE CLIMATIC CONTEXT: DHAKA CITY

Amongst the innumerable constraints that the Architect faces during the design of
buildings, climate probably is considered as one of the major factots. The chmate of 2
region presents a set of conditions, which need to be addressed adequately in order to
produce climate-responsive buildings. Climate-responsivencss results in comfortable,
encigy-cfficient, environmentally fricndly buldings. Buildings constructed without regard
to surrounding climate ¢an, no doubt, operate given enough energy input to correct
resulting problems, whether they concemn over heating, or darkness. Dut access to such

enerpy is beyond the reach of much of the populaden of developing countries.

The chosen location for this work is Dhaka, the capital city of Bangladesh. The counuy
is sumounded by India on the west, north and north-east. The Bay of Bengal bounds it 1n
the south and with Myanmar on Its south-castern part. The geographic locanon of Ihaka

is, longitudes: 90° East- 90°30 East and latirudes: 23°40° North - 23° h5' North.

‘The following section is concerned with the analysis of climate of Dhaka city in terms of
its challenges and potendals. This analysis will help to determine the climace forces to be
mampulated o provide sadsfactory design solutions for tall structures in tropical

situations from die view point of enerpy efficiency.

2.1 Chimate of Bangladesh - Gueneral Overview

The climate of Bangladesh is categodzed as wann-humud, based on the widely used
classificanon of wopical climate by Atkinson (Koenigsberger ef 4/, 1973). There are three
distnctive seasons, the hot humid, the hot dry and the cool dry season (Reported in,
Mallick, 1994}, Generally, the winter is short and dry while the summer 15 long and wet.
The hot dry perind 15 berween Match and May, the hot humid period covers June to

September and the cold dry seasons starts from trud Getober to February.

Apain, meteorologically the climate of Bangladesh is classified into four distinct seasons —
winter, pre-monscon, moasoon and post- monscon (Reporred 1n, Ahmed, 1995), when

the winter is cool and dry, the pre-monscon 1s hot and dry; meonsoon and post-mensoon

are hot and wat,



The winter months, December to February, are characterized by infrequent rains, cold
northerly winds, mean tempemture 21°C and mean maximum below 26°C. The pre-
monsoon period covers the months March, Apnl and May and s characterized by
occasional thunderstorms, and an average maximum temperature of 34°C. The monsoon
is the Jongest season covering the months June to September, a period with torrenoal
rains, wirh the average reladve humidiy above 80% and an average iemperature of 31°C.
'lhe post-mornsoon scason ranges between the months October and November. It is also
tegarded as a tnsitonal (to winter) penod with infrequent rains and emperamres below

30°C.

2.2 Microclimate of Dhaka City

The climatic characteristics of Dhaka city differ from that of ather cibes of the country
due o ity dense physical developments and location. Again, within the same city these
charactenistics are further modified m different locations (Abmed, 1995). It is due to the
surface qualry of the arca — hard or soft, densiry of built environment, building type,
building height and their orentations, prosimity berween buildings, maredsal used for
construction, dependence on elecirical and mechamical appliances and other related

factors,
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Figure 2.1: 1Dhzka ciry: view of Dilkusha commercial area.
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Tablke 2.1: Clirmtic dars of Dhaka.

Clrnane pernd Flot-Lry Wzrm- Furmid Cool Dy
Month March-May June Sept Oct-Nov Dec-Feb
13 TR T— {(Monsoon) | (Powr-Monsoon) Winter}
1. Air lereperaneee (*c)
2. Maximum Inm .10 kLR Ar4D
h. Minimum 1380 2170 1330 6B
. Averspr 802 n8 25.42 1943
3. Dl watianion [sverage) 11.60 742 T 14
Z Rebatior Hucmindity %a [averape] %.9] 8473 BL5% 76.70
3. Rainfafl {mm) javerepe] 156770 3350 125 FIRE]
4. Ginln) Hulaving (W'/mT) |averspe] 435 an 412 431
5. Sunshinc Hours (dady svorage) 7 4.5 7 8
&. Wird Specd (mfs) [nrrage] 26 22 15 1.5
V. Wendd Threr tiom 5 5K 55K BN 551 N, M-WF
{Yoarre Khes, 2005)
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Fipure 2.2: Yeady weather dan showing tcmpemture profile and solar radation (Foee
Father Tand mriper)

22t Temperature

On the basia of meteorological dara, the tempemture profile of Dhaka city shouws
similariey with that of the mponal panem. The hiphent rempemture is recorded in the
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month of March, Aprl and May, which reaches to 37.8°C maximum i Apsil. In the
monsoon and post monsoon perod, from June to October the temperature remains

steady at an averape of 28.8°C. In cool period it drops to 19.43°C on average {Table 2.2).

Table 2.2: Air terperarure in Dhaka city.

Jan | Feb | Mar | Apr | Ma | fue | Jul | Aug | Sep | Oct | Nov | Dec
T IMI ) 2RR {264

Mean maxdmum adr | 262 270 [ 323 | B2 | 330 | 38 | 3.2 | 3A

temp (deg )
Average alr tomp | 1940 | 212 260

(deg C)

Mean mindmum air

200 [ 200 | 288 | 287 | 286 | 248 | 275 | 235 | 104

1128 145 | 127 | 238 | 250 | 258 | 262 | 261 | 259 | 237 | 182 | 132

temp (g C)
{ionrce Chimate Diveson, Bansbaderh Meteorofogioal Departorent, IMhaka, 20K15)

Overheaung due to inexorable urban growth of Dhaka city is now a major environmental
concern (Ahed, 1995}, Meteorological ohservaton in pre-monsoon period records a

maximum temperatute of 37.58°C, indicating a possible rend towards the increase of

tempetature and overheanng.

2.2.2 Splar Radiatdon

Solar radiation can be considered as a single most deciding factor for assessing the
climare of an arca, because it affects the tempemature and density of ar and thus affecrs
the wind velocity, direcdon and humidity (Ahmed, 1994). Renewable Enerpy Research
Center of Dhaks Universiey collects radiadon <lata for Lhaka city.

Figure 23 shows that in the hot dry period, particularly i the moaths of March, Apnl
and May solar radiation is high 10 comparson with that in the rest of the vear and 1t is
maximum in Apdl (5.5 KWh/sqm/day). From July to November {monsoon to post-

monsoon} the radiation remaing faitly constant.

From Fipure 2.4 it has been observed that, the harizonwl surface {eommonly the roof
surface of a built form) receives the maximum amount of solar radiadon round the year
in compatison with other common external vertical facades. But this i true for low rse
buildings only. Vot tall bui_!djngﬁ, hotizonmal surface is very negligible in comparison to

other four vertcal susfaces and only the top Hoors of the all buildings are affected by
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incutring radiation on the roof of the buiklings. This ronult depicrs the impomance of
sdopted strutepy for venical surfaces of the built forma in tropical architecmre.
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As overheating is one of the key problems for the piven climate, the issue of heat gain
from solar radiation is highly significant and the verrical surfaces are observed as more

imporant than horizontal sutfaces of the built forms {for rall buildings, specially when

the sua is at a low angle).

2,2.3 Relative Humidity

The humidity of Dhaka city 1s high and the mean annual relative houmidity is 77% (Table
24). If all condiions remain the same, then the relative humidiry is inversely
proportonal to the temperature. So, higher temperature yields lower relaove hunudiey
levels. Since air temperamre and radiation depend on the density of the built form, the

hunudity varies with the density of the surronnding built environment.

Table 2.4: Relative humidity in Dhaka dty.
Jan | Feb | Mar { Apr | Ma [Jun [Jul | Aug | Sep | Oct | Nov | Dec

Relanve Humidiey | 69% | &34% | 61% | 7% | 79% | 83% | 86% | 85% | Ba% [ 1% | 75% | TE%

(Fersrees Chmate Demvion, Runghrderh Meteoralppeal Dipartezent, Lhbaka, 2003}

2.2.4 Cloud Coverape

The cloud cover i3 only 38% for the whaole pre-monsoon and post-monsoon period
{Iable 2.5). This clear sky conditton enhances the duect solar radiadon to reach on
building surfaces. The cloud coverage is very high in monsoon penod and is almost 7(F%.
The cloudy atmesphetic condition during this penod helps in decreasing the inecoming

solar radiation o the carth surface,

Table 2.5: Sky condinon in respect to cloud cover for a year,

Typc of Sky Hot-Dry Hot-Humid Cool-Diry
Fre-Monsoon Monsoon Tost-Monzoon {Trec-Feli)
{March-May) (June-Sept) (Oer-Nov)
Clear Sky (7% 31% 4% £5%
Orvercast Sky 33% 69% 3% 15%

(Vorree: Chaade Divdnon, Bangladerh Meteorodogicad Diepartrenlt, Dbaka, 2003)
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Figure 2.5: Monthly average cloud cover (fure Chmafe Divigos, Banpladesh Meleorsiogia!

Department, Dibaka, XKE),

2.2.5 Sunshine Hours

‘1he amount of solar radiation received by the surfaces also depends on the durauon of
sunshune (Reported in, Ahmed, 1994). The supshine hour in pre-moansocn and post-

monsoon i quite [ong than that of monsoon perod (Figure 2.6).
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Fipure 2.6: Monthly average sunshine hours Fewme Chmate Dividos, Bargiadesh Metearningrool
Deporrimeene, [Haaka, HN5)
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2.2.6 Wind Flow and Direcrion

Wind speed in Dhaka in Hort petiod is relatively high and the direction is predominantly
southerly and south-easterly (I'able 2.5). For winter perod Lhe direction of wind was
found mostly from nocth and north-west. According to the diumal pattern of wind fow,
in summer (except Aptil) the wind speed is low berween 12:00 and 1300 hours
(Reported in, Ahmed, 1995). During that period airflow may not be considered as
reliable resource for cooling, rather depending on shading of surface from solar radiation

would be more preferable.

Table 2.5: Monthly average wind speed and dircerion,

MMonths and sexsons Wind speed inm/s Wind dwecnon
January (Cool-Dey) 1.4 giue
Frbnean (Cool-Thy) 1.6 N
Slarch (| or-Tiry) 6 SwW
April (Hot-Dey) iz W
aay (Hor-Doy) 4.4 5
June (W% arm-Hunmd} 18 SE
July (Warm-Huoonid) in SE
Apgust (Warm-Humid) 33 3E
September (Warm-f Iomed) 34 SE
Cerober (Warm-Hounid) 25 fa
~overnber (W ome-FHund) i4 MW
December (Cool-Deny) 15 AW

{Fonrrs, Chmate Diviston, Baagladerk Aeteorofgecal Daparteent, Dbaka, 2001)

2.3 Problems in Designing in the Hot-Humid Climate

'lhe hor-humid climadc zone is charactetized by high ambicnt temperatures, high
humudity, high and fairly evenly distributed minfall, small diurnal and annwal varations of

temperarure, little seasonal varation, light winds, and long perods of sull air.

The physivlogical thermal requirements and heace the building charactenshes are the
same for the whole year, as the seasonal elimaric variadons are low (Yeang, 1990). The

main cause of discomfort is the subjecdve feeling of skin wemess (Koenigsberger ¢f 2/,
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1973). Continuous ventitation is, therefore requited © ensure a sweat evaporadon rate

sufficient to maintain thermal equilibrum and minimum sweat accumnulation of the skin.

Radiation solar heat gain should be prevented.

The hot-humid zones present two problems to destgners:
s Avoulance of excessive solar radiation, and

s Provision for moisture evaporadon by breexes.

To cope with these, the stucrures and setdements need to be built to allow frec aic

movement. The ofs need to be insulated and provided with large overhangs to protect

apainst sun and rain.

Under hot condidons, the thenmal controls in che Ibui]ding should:

o DPrevent heat gain.
s Maximise heat loss

« Remove any cicess heat by mechanical or passive cooling,

2.4 Conclusion

Although for most of the peniod, overheanng is a major environmental concern for
13haka, dse narire of the problem is dictated by the combination of the eovironmental
factors in the ambiance dunng those pertods. [rom March to May chere 1s high air
temperature assoclated with hiph solar mdiation, white from June to October, condinnns
with high humidity is assoctated with high air temperatare. So from March o May,
reducing the impact of solar tadiation can potendally moderare the overheated conditton
and thimi-zing shadung can play a vital fole towards moderatdon. For a tropical warm
humid elitmate like Dhaka city the minimum solar heat gain with the help of adequate

shading is the major considerations to achieve thermal comfort.
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TALL BUILDING AND SOLAR HEAT GAIN

Increased land valve, limited wurban accessibility, expanding urban pepulation,
globalization of natonal economy and locational preferences of business make the ull
building inevitable. In addidon to accommodating Lving space for the purpose of
habitation, tall buildings arc now extensively used as working space. Althouph dhe
principles of designing with climate are relanvely advanced for low-risc and mud-nse
buildings, adequate attention and rescarch yet to be dirceted towards the tall building
pe (Yeang, 1990). A bref discussion on tall and high-rise bulldings, with special

reference to their climatic characteristics has been presented in the following sections.

3.1 Tall Building
3.11 Definition

The experts differ in defining the physical parameters of tall buildings. Accotding to the
Council for Tall Buildings and Urban Mabitat (C1IBUH), a tall bulding 1s not smetly
defined by the number of stories ot its height. It also depends upon the context in which
it sads. CTBUHM defines tall buildings as a building whose built form, by virmue of its
height, requires its own special cngineering systems (Yeang, 1997). The important
cdterfon is whethet or not the design, use or operation of the bullding is influenced by

some aspects of tallness.

As stated by Eli Atta in hus seminar paper in ‘Fourth World Congress on 1all Dwlding:
2000 and beyond’ David Fisher defines the tall buildings as “We build tall buildings of
necessity; how we build them is a reficcuon of sociery. Tall buldings do not have to be
beautiful, they simply must be fanctional; so it is the degree of our concern for their

beauty that serves as a measure of our humamry’ (Artia, 1990).

According to Ken Yeang (Yeang, 1997}, a tall building can be charactenshcs by
a) A small foot-print in compatison to its total built-up space
b} Tall facades duc to its height
¢) Smali roof-area in comparison to external-wall atca
d) Specital enpineering systems, different from the low bulding

type stmply because of its heyght.
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According to Taranath, to define tall building from structural aspects, from structural
design and construction point of view, it is simpler to constder a building rall when its

stmcmral analyses and design are in some way affected by the lateral loads (Taranath,

1998).

3.1.2 Justifications for Designing with Climate

Ken Yeang (Yeang, 1990) justifies the reasons for designing the wll buildings with
climate very clearly. The most ohvious justification must be the lowerng of costs as a
result of lowerng the energy consumption in the operation of the building. This can be
by as much as 40% of the overall Lfe-cycle energy costs of the building, Signihcant
savings in operational costs would justify mcorpdration of climaucally-responsive design

fearures despite a higher inidal capital construction costs.

Another radonale is from the impact on the users of the wall building. The climate-
responstve tall bullding would enhance i users’ zesthede well-being while enabling them
o be aware of and to experience the external climate of the place. The climate-
responsive design would provide the building’s users with the opportunity to experience
the external ¢nwvirnnment (and the diumal and seasonal changes where existent} and averr
the blindness of spending their working hours over a significant part of their day mn an

artificial enviromment that remains constant throughout the year.

A further jusnfication is the ecological one. Designing with clmate would result in the
teducnon of the overall enerpy consumptHon of the building by the use of passive
structural devices (i.e. non-mechanical). Cost savings in the operational costs means less
use of electrical enerpy resources which is usually derived from the butaing of non
renewable fossil-fuels. The lowering of enerpy consumption would further reduce the

averall emisston of waste heat thereby lowernng the overall heat-tzland effect on the

locality.

3.1.3 Fagade Design of Tall Buildings in Tropical Climates

In passive low-cnergy tall building design, attention should be given to the facade desipn.
For low volume-to-sucface ratio, wll buildings have more cxternal surface than same

volume of low tise bulding, In case of tall bulldings, generally facades do not get mutual
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shading from its surrounding like low rise buildings. That's why; external surfaces of tll

buildings should be designed as an environmentally-responsive filter.

‘The fagade should be mulii-functonal in its design. For instance, it can provide for
reducing solar heat gain to the space through external shading devices, fresh air

ventilaton, acoustic barrer, maintenance access and a conrribunon to the building’s

sesthedc.

Tall buildinps are cxposed more directy than others to the full impact of external
temperaturcs and direct sunlipht. The greatest source of heat gain in the tropical climate
can be the solar radiation entering through the window. This solar heat gan can be
reduced by wsing shading devices. These shading devices cut the huge solar heat gains
directly through window. This enables the designer to use clear-glass, to give better

dayhght entering the intemal spaces, which then reduces the lighting enengy-load (Yeang,
1997).

3.2 Solar Radiation

Solar radiation influences the indoor thermal chmate by direet heaong on penetraong the
windows, and indirectly by heating the external envelope of the bulding. Heat flow
through the wall and roof then determines the indoor surface and air temperatures. The
effect of solar radiation on internal temperatures, as mentioned at the beginning, may be
divided 1nto two parts: 1) the cffect on the temperanures of the external surfaces and roof
and the resulting heat flow and indoor heating, 2) heaunp caused by penetradon of

radianon through glazed or open areas (Givoni, 1964).

Solar radiation is 2n electtomagnete radianon emitred rom Sun (MeMullan, 1992). The
Spectrum is broadly divided into two regions Le. the visible radiation and non-visible
radiadon. Solar radiadon teaching the cardh’s surface conststs of about 47 percent visibie,

48 percent short-wave infaa-red (hear), and abouc 5 percent ultra violet radiation

(lechoer, 2001).

Sunlight contmns no heat, both in the visible region and i the non-visible region (mainly
infra-red with some ultra-violet) in about equal propomons. It is only when radiation

falls on surfaces that it is eonverred into heat. The non-visible part of the spectrum often
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referred to as “thermal radiation’, implying that only this part is the cause of heaung. Dut

the visible part stll carries half the energy that potentally can become heat (Steemers e

al, 2002},

3.2.1 Visible Radiation

The wavelengths of clectromagnedc radiztion that are visible to the cye range from
apptoximarely 380 nm to 760 nm [1 nanometre (amj is 10”7 meted. If all the wavelengths
of light are seen at the same tme the cye cannot distingtush the individual wavelengths

and the brain has the sensadon of white hpht @dcMullan, 1992).

Wavelangth
_._._+
v % Y, IR : RADID WAVES
rays rays E i Rader ™ Sound Radig
1 1
VISIBLE
Ulira
Violet VIOLET  GREEN CRANGE RED i‘;’;’

abo abo sbo 500 7o abo

Wavelengii'nanometers

Figure 3.1 Elecuromagneac spectrum (Seere: MaMalizn, 1992)

Whute light 15 the effect on sight of combining all the visible wavelengths of hight. Whte
light ecan be separated into s component wavelengths. One method 15 o use the
different refractions of light that occur i 2 plass prism. The result is 2 spectrum of light,
which 15 trmditionally descdbed in the seven colours of the rainbow although, in fact,
there is & continuous range of hues (colours) whose different wavelengths cause different
sensanons m the brain. Monochromatic light is hight of one partcular wavelength and
colour 1 the coloury of the speetrum are recombined then white light is again produced.

Varnng the proportions of the individual coloum ean produce different qualines of

‘white’ ligh L,



3.2.2 Non-Yisible Radiadom

Flectromagnerc radiations with wavelengihs cutside the range of visible wavelengths
capnot, by definivon, be detected by the human cye. However, those radmnons
immediately adjucent to the visible range of wave lenpths are emitted by the Sun, along
with light, and are often relevant to lighang processes (McMullan, 1992).

Infra-Red

Wavelength range of infrared is from 760 om to above. Infra-ted (IR} radiaton bhas
wavelenpths slightly greater than those of red light 2nd can be felt as heat radianon from
the Sun and from other heated bodies. Inlra-red radistien 1s made use of in radiant
heating devices, for detecting patterns of heat emissions, for “seeinp’ in the dark, and for

commmmurcanon links.
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Figure 3.2: Solar spectrum (Soure: Sizmeers o al 20602).

Thra-¥iolet

Wavelength range of ulira-viclet is below 380 nm. Ultra-violet {{IV) radiation has
wavclengehs slightly less than those of violet light. Tt is emitted by the Sun and also by
other objects at high termperature. Ultra-violet radiadon helps keep the body healthy but
excessive amounts can damage the skan and the eves. The composinon of the Earth's
atmosphere aormally protects the planet from excessive UV radiaoon emirted by the

Sun. Ttra-violet racdtation can e nsed to kil hammfal bactenz o kicchens and in
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hospitals. Certain chemicals can convert UV encrgy to visible hight and the effect 1s made

use of in fluorescent lamps.

3.2.3 Durecy, Indirect Solar Radiation

Solar radiation is a dominating influence on all climatic phenomena, OF the total encrgy
radiated by the sun towards the carth, part is reflecred off clouds ourwards, part is
absorbed by water vapour, polluaants, dust particles and other atmospheric condinons,

being re-emitted as diffuse radiation, and the rest of it is directly transmitted to the

carth’s surface.

Figure 3.3: Direct, indirect solar radiation (dfter Abmed, 1987)

Whereas direct radiation is dependent only on the altitude of the sun, and is independent
of geographical position, diffuse radiation varies with the time of the day, the weather,
the cloud cover and the portion of the sky from which it is received. According to Jones,
no specific ditection can be assigned to diffuse radiation and therefore there {5 no
direcdonal shadow associated with it 18fuse radiaron also vaties with sclar alomde, as
direct jntensitics reach their highest values at midday, and there 15 much more mdiation

available For scattering than when the sun is low in the sky (Reported in, Ahmed, 1987).

3.3 Splar Heat Gain

The heat gain in u building by radiation from the Sun depends upon the following factors

(McMullan, 1992}
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The geographical latimade of the site, which determines the height of the Sun in
the Sk}r.
The orientadon of the building on the site, such as whether rooms are facing

south or nords.

The scason of the year, which also affects the height of the Sun in the sky.

The local cloud conditons, which can block solar radiation.

‘I'he angles between the Sun and the building sutfaces, because maximum gain
occurs when surfaces ate at right angles to the rays from the Sun.

"The nature of the window ghass and whether it absorbs or reflects any raduanon.
L'he namre of the toof and walls, because heavyweight matenals behave

differently to hphtweight materals,

Solar radiation falls on a surface vares throughout the day and the year. Most solar heat

gain to buildings 1s by direct radiation through windows. The maximum gains through

south-facing windows tend to occur 1n pre-monsoon and post-monsoon penod when the

lower angle of the Sun causes radiation to fall more directdy onto vertical surfaces. The

solar heat gains for a particular building at & specifie Hroe are relatively comphcated to

calculate, although it 15 important to do so when predicung summer heat grins in

comumercial buildings.
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Figure 3.4: Typical proportons of inctdent solar radiatton, reflected, absorbed,

transmitted and retransmitted by glass (Sewrce Soith of ol 1582).
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The solat radiation fmling upon a clear plass surface is reflected, alsorbed and
transmmirted in proportions similar to those indicated in Figure 3.4 These quantities
depend upon the angle of incidence (i) and the proporden of direct and diffuse radiation.
The angle of incidence (i) is the angle measured berween the incident light beam and the

normal to the plane of the glass (Smith & af, 1982).

The absorbed radiation heats the glars and part of this heat reaches the room surfaces by
convection and rmdiation from the inside surface of the glass. The solar heat gain is
obtained by adding this inwards released heat to the directly mansmitted component of
the incident solar radaton. Absorption of this solar heat gain by the internal surfaces
raises their temperature. These heated surfaces behave as low temperature, long wave
radiators. Since glass tansmits shorbwvave mdi:a.l:inn in the range 0.3 to 2.8 pm but is
opaque to long wave radianon from low temperature surfaces, the solar heat gained is
trapped within the enclosure causing an intemal remperarure asc. This phenomenon,
frequently referred to as the greenhouse effect, may give rise to solar overheating, Heat

gain is directly proportional to the arca of glass exposed to solar radiation and therefore

large plared areas will permit a large and rapid heat gain.

3.4 Conchision

The extensive use of glazing in the building fagades is ane of the charactensdes of
modem architecture. This, and the increasing use of lightweight structures has caused
considerable changes in the relationship between interior and ambient climates and the
problem of overheating has becore a major concern. To face this problem, in most of
the cases mechanically cooling system 1s the solution. But this becomes 2 hurden on total

encryy load of the country. The idea of a climate-responsive tall building may change the

prefetence to one away from the present fully arnficial working environment. Tall
buldings designing with climate arc vvidently justified on the ground of recorring savings

in cost and encrgy use in the operaton of the building.
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SOLAR CONTROL AND SHADING DEYICES

Tall buildings are exposed to the full impact of direct solar radiation, which is the greatest
source of heat gain in the tropical climate. Heat gain through window is directly
proportional to the arca of glass exposed to solar radiation and therefore large glazed
areas permit a large and rapid heat gain. Shading is a key strategy to reduce solar heat pain
in overheated petiods. The most efficient solar control is provided by external shacing
devices. This chapter presents a brief discussion on methods and principles of solar
conteol emphasising on external shading deviees. Tt helps to develop a clear

understanding of the issues involved for the further development of design suategies of

shading Jevices in the later sections of this work.

4.1 Solar Conrrol

1¥irect solar radiaion can be prevented from reaching all or part of the walls, roof or
windows of a building by the use of shading. Shading can be provided by namural
vegetation, neighbouring buildings or the surrounding landscape. Shading devices on the
bulding (fixed or movable, the latter being manually or automatically conirolled) can
prevent direce radiation reaching catical parts, such as windows, doors and even roofs.
Indirect solar pain from the sky, or reflected from the surrounding buildings or the

pround and atr heated by imadiated sorfaces also enhance signtficantly to the cooling

load.

4,2 Method of Selar Control

The greatest source of heat gain can be the solar radiadon eatening through a window.
This could, in fact, increase the indoor temperature far above the out-door air
temperature, cven in moderate elimates, which is known as the ‘greenhouse effect
(Koenigsherger ef af 1973). Window glasses are pracocally wansparent for short-wave
infra-red radiaton enutted by dhe sun, but almost opague for long-wave radiation crmmed
by objects in the room. The consequence of this 15 that the radiant heat, once it has

entered through a window, is trapped inside the building.
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There are four methods available for the reduction of solae heat gain through wmdows:

1. Window Omnentation
2. Internal blinds, curtains
3. Heat absorbing/reflecting glasses

4. External shading devices

4.2.1 Window Orientation

Duilding odentadon affects the indoor climate in two tespects, by 1ts regulation of the
influence of mwo disunct climate factors {Givon, 1969
a. Solar radiation and its heanng effect oo walls and rooms facing different

dircedons.

b. Venoladon problems associated with the reladon between dhe direcuon of the

prevailing winds and the orientation of the building,

The effect of window orentation on the indoor temperatures is laggely determined by the
vendlanon conditions and the degree and cfficiency of the window shading. When
shading is not effecove, solar radiation enrers through the windows and directly heats the
building intertor, the temperaures of which will obviously be influenced by the
orientation of the windows. The heaung effect of solar energy penetranng a glazed wali

or closed unshaded windows is magnilied, as the energy is fransformed in the extenor or

by longwave radiation, to which the glass is opaque.

In the equitotial location, if solar heat pain is to be avoided, the main windows should
face north or south (Koenigsberger ef af 1973). At higher latitude, an orentadnon away
from the equator would receive the least sunshine, but here it may be destrable o have
some solar heat gain in the winter, when the sun #s low — so an onentation towards the
vquator may be preferable. In both lecations only minor openings of unimpottant rooms
should be placed on the cast and west side. Solar heat gain on the west side can be

pariicularly moublesome as its maximum intensity coincides with the hotest part of the

da};'.
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4.2.2 Intemal Blinds and Currains

From an enerpy-rejecion peoint of view, rthe external shading devices are the most
effective. But for a number of pracucal reasons, the ineror devices, such as cureains,
roller shades, venetian blinds, and shurers, are also very imporrant. Interior devices are
often less expensive than extemal shading devices, since they do not have w resist the
elements. They are also very adjustable and movable, which cnables them to easily
respond o changing requirements. Besides shading, these devices provide numerous

other benefits, such as povacy, glare control, insuladon, and intertor aestheucs (Lechner,

2001},

Since ternal devices are usually included whether or not external devices are supplied,
we should use them to our advantage. They should be used to stop the sun when it out
flanks the exterior shading devices. They are also useful for those excepHonslly hot cays
during the transition or under heated perdods of the year, when exterior shading is not

designed to work. In the form of venedan blinds or light shelves, they can also produce

fine day lighting.
T
SN
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Figure 4.1: Intedor shading devices for solar control (Fewrme Lachuen, 2001).

One of the main drawbacks of intedor shading devices is that they arc not always
discerning. They cannot block the sun while admimng the view, something that can be

effectvely done with an external overhang. Since they block the solar mdiaton on the

mnside of the plazing, much of the heat remains indoors.
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It is rrue that they stop the passage of radiation, but they themselves absorb the solar
heat and can reach a very high temperarure (Koenigsberger ef @ 1973). “Lhe absorbed
heat will be partdy convected to the indoor air and partly reradiated. Significant portion of
this reradiation is outwards, but as it is of a long wavelength, it is stopped by the window
glass. The usual narrow space between the window and the blind will thus be quuce

substantially overheated. The hot surface of the blind canses the indoor MRT o nise far

above the air temperature.

As a broad generalization the daily average solar pain factor of a single glhzed window
will be:
8 = 72% without any solar control device, and

§ = 55% with an internal venedan blind [i.e. the reducnon is oaly 1 7% |

4,2.3 Heat Absorbing/ Rellecting Glasses

Even the clearest and thinnest glass does oot transmit 100 percent of the maident solar
racdhation. The radiation that is not mansmitted s etther absorbed or reflected off the
surface. The amount that is absorbed depends on the type and thickness of the plazing.
The amount that is reflected depends on the nature of the surface and the angle of

incidence of the radistion Lechner, 2001).

One type of unted glazing s called heat absorhing because it absorbs the shormwave
infra-ted part of solar radiation much more than the visible part. But even this type of
glazing reduces the solar heat pain by only a small amount. Although tinted glazing
reduces the light wansmission, it usually does not deerease the heat gain by much because

the absorbed radiation is then reradiated indoors {Giveni, 1998}

(Glazing also blocks solar radiaton by reflection. The amount of solar radiation that is
reflected from glazing can be increased significandy by adding a reflective coating. One
surface of the glazing is covered with a metallic coating thin enough that some solar
tadiation stll penctrates. The percentage reflectance depends on the thickness of this
coating, and a mirror is nothing mote than a coating that is thick enough so that no light

is transmitted. Reflective glazing can be extremely effectve in blocking solar radiation

while still allowing a view.
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Figure 4.2; Heat pain through different types of glazing (Soare: Lachser, 2007).

When reflective ylaxing became available in the 1970s, it quickly became popular for
several reasons. It blocked solar radiation better than heat-absorbing glass, and did so

with out any coler distortion.

Although tinted and reflective plazing systems cun be effectve shading devices, they are
very undiscerning. They do not differentate between hght from the sun and lght from
the view. They filter out Light whether daylight is desited or not. And they block the
desirable winter sun as tnuch as the undestirable summer sun. Thus, anted or reflechve
glazing is not appropnate where either day lighting or solar heanag 15 desired. It is also
not appropiate when only the sun should be excluded, but not the view. When glaziog is
expected to do all che shading, it has to be of a very low ransnumance type. The view
through this kind of glazing makes even the sunniest day look dark and gloomy. Thus,
external overhangs, fins, etc. which are more discerning, are usually stll the best shading
devices. Tinted or reflective glazing is excellent, however, for blocking diffuse sky

rzdiztion in very humid regions, 2nd for glare contml {Lechrier, 2001}

When daylighting is desired and solar heating is not, having the visible component of
solar radiation pass through while heat radiarion is blocked would he advantageous.
Cermin “specially sclective™ glazing systems can do that to a mited extent Specially
selective low-e-glazing transmits cooler daylight than other glazing materals, because it

transmits a much hugher rabo of visible-to-infrared radiation {Givon, 1994).

In the near future, there might be even bettet glazing system than the “selechive™ oypes
mentioned abave. “These are known as responsive glazing systems because they change in

response 1o light, heat, and clectricity.
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Responsive glazing can be either the passive or the actve kind. Passive glazing responds
directly to environmental conditons, such as light level or remperature (photochromics
or thermochromics, respectively). The acdve system can be conrrolled as needed and can

include such devices as hquid crystal, dispersed particle, and electrochronmucs,

Photochromrics: These materials change their mansparency in response to lght intensicy.
‘they are ideal for autnmatically controlling the quantity of daylight allowed into a
building. The goal 1s to ler in just enough light to eliminate the need for electde Lighting,

but pot s much that the enoling load would increase.

Vhermochroniicr, These materials chanpe transparency in response to temperature. They are
rransparent when cold and reflecuve, white when hot. Lhey can be used in skylighes,
where the loss of transparency on a hot day is not a problem as it would be n a view

window. These materals could also be used to prevent passive systems from overhearing

in the summer

L iguid-Crystal Gi':sﬂtz'ﬂlg.' When electric power is applied, the wansparent liquid crystals align
and become manslucent. Thus, liquid-crystal glazing has some application for shading,

lrut fts real potential is in privacy control.

Dispersed-Particle Glaging: Although similzr to liqud-crystal glazing, this matertal 1s more
promistng for solar control because the applied power can change the transmittance of

the material in a range between clear and dark states, thereby preserving the view.

Blectrochromic Glaging: Thus is the most promusing materal because it can change
transparency-not transiucency-continuously over a wide range {about 10 percent to 7
percent) and can be easily controlled. Consequentdy, either a computer, a photocell, a

thermastat, or the occupant can adjust the transparency as the local condidons require.

4.2.4 External Shading Devices

Blocking the sun before it reaches the building, particularly the glazed, but also dhe
opaque surfaces (includhing the roof) and reflecung the solar radiation, is fundamental to
the prevention of heat gain (Goulding, 1992). The appropriate choice from a wide range
of fixed and movable shading systems will depend on location, oneatation, building type
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and the overall cooling, heating and daylighting stratcgies adopted in the design phase of
the building.

While shading systems must prownde good solar protection in summer, they should not
reduce solar pains in winter, ohstruct namral ighting or impede natural vendlation. Well
desipned shading systems can actually ¢nhance natural ventilation and daylighting.
Shading systems can block the direct component of solar radiauon but are usually not a5

effective in reducing the diffuse and reflected components.

4.3 Shading Devices

Onee the window size has been established the most effecdve medthod of reducing solar

heat gain is to prevent the transmission of shortwave radiation through the glass by

external shading.

The effectiveness of a typical glzing and shading system may bc measured in terms of

the solar pain factor. T'his is the proportion of incident solzt radiation cansmirted by the
window and shading device to the interior of an enclosure. The solat gain factor for an

unglazed unshaded apertuce is unit. This factor decreases 25 the shading system becomes

mote offective in reducing solar heat gain (Smith e 2/, 1982).

‘The requirements for daylight and ventilation may well conflict with the need to provide
shading devices to control solar heat gain, reduce glare and prevent direct radiaoon
falling upon the oceupants of an enclosure. Traditional heavyweght building with small

windows is unlikely to experience the solar overheating problems, which may occur in

the excessively glazed lightweipht moderm oflice block.

4.3.1 Objective of Shading

Shading the plass affects the quanury of incident radiation and hence modifies both the
heat flow to the interior and the indoor temperatares. It Is useful to ser out the purpose

of shading in some denail (Steemers ef «f 2002). They are mennoned as follows.

¢ To mininuse the toml solar enetgy entering a room and thereby reduce the average

termperature of the room
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s To prevent sunhght from faling directly ontn occupants, resulang in an effective
increase of temperature of between 3°¢ and 7%¢
¢ To reduce the local flumination of sutfaces that may present plare sources w the

occupan s

e To prevent the view of brightdy Lir.outside surfaces, or clouds, or the sun itself

4.3.2 Types of Shading Devices

Shading devices are broadly classified 1nto three categories based on its integraron with
the window (Goulding, 1992; Steemers ¢ af, 2002; Lechner, 2001). They are classifed
apain within these categones by their morphological charactenstces and physical forms.

The broad catepones of shading devices are:
» Retractable or removable shading device
¢ Movable or adjustable shading device

» Fixed shading device

Rewractable Shading Device:

Retractable means that these elements can be completely or partially removable from the
window aperture {Steemers ¢f @/, 2002} Tt is impottant to note that shading devices of
this type do not influence the avalability of dayhght in the room. That 15, they will not
wnfluence switch-on tme, because at times of low light avalability they can be removed
from the apermure. Clearly this property reconciles the conflict between allowing useful
light in and keeping unwanted radiaton out. Jf correctly opersted, devices of this type

will not lead to an increase in artifical ighong energy.

Movable Shading Devices

Mowvable shading is used extemally or internally. Control czn be either manual or power
assisted and may be automated o respomd to changing conditions, sach as curzenr
radiation levels and daylighting or thermal requirements (Goulding, 1992). The
configuration of operable shading devices can be changed, and therefore their

performance can be much betrer than that of fixed devices. However, thewr posinon has
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to be adjusted, daily or seasonally, to the changing patterns of the sun’s relative monon

and the shading needs {(Givoni, 1998). They wsually nced maintenance to keep them in

good condition.

Orechang, Awning

.-ff"'l.!""j_"

Fin [lotating fns Epgerate: Rotating Hodzanral buvers

Figure 4.3: Somc of movable shading dewnices (fawre. fechmer, 2001 )

The movement of shading devices can be very simple or very complex. An adjustment
twice a year can b quite effecuve and vet simple. Late in sprag, at the beginning of the
wverheated period, the shading devices would be manuelly extended. At the end of the

overheated perind in late fall, the device would be reracted for full selar cxposure

(Lechner, 2001}

There is 2 general convicion that since a bulding should be as low mantenance as
possible, movable shading devices are unacceptable. The use of existng technology and

careful demiling can procduce trouble-free, Jow-maintenance movable shading devices.
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Fixed Shading Devices

Iixed shading systems include structural elements, such as halconies and projecrng fins
ot shelves and non-structural elements, such as canopies, blinds, louvers and screens.
The orientation and shape of the opening to be shaded, relative to the position of the sun
at different fmes of day and year, is eritical o the design of [xed systems (Goulding,
1992). Fach orentation will need to be examined separately, taking account of direct and
diffuse or rellected components of the overall solae radiation throughout the day and
gear. Typically horizontal shading is used for south facades, whereas vertical or diagonal

fns ot louvers are often more efficient on the east or west facades in northern
hemisphere.

Fixed shadmg systems are most commonly used on the external facades where they can
prevent direct radiation from teaching glazing or other openings and where heat
absothed by the shading system can be dissipated to the ouwside air. An obvious

advantage of fixed shading is that 1t needs no handling by the occupants and is often

rmaintenance free.

Fixed shading devices are of three types based on their physical forms (Koenigsberper ef
o, 1973; Givoni, 1998). They are horizontal shading device, vertcal shading device and
combination of the owo {cgpcrate). A bdef discussion of these three types of fixed

shading devices are presented below:

Vertfeal Shading Devuces

Vertical devices consist of Jouver blades or projecting fins in & vertical position. Narow
blades with close spacing may give the same shadow angle as broader blades with wider
spacing (Koenigsberger ¢f &f 1973). Vertical fins are often presented as the shading

dovices of chowe for east and west.

Vertical fins can be approptiate either when there is a destre to control the direcdon of
view or when the view is not lmportant. This ope of device is most effectave when the
sun 15 at oae side of the elevation, such as an castermn or western clevaton. A verucal
device to be effective when the sun 1s opposite to the wall considered, would have to

give almost complete cover of the whole window.
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Horizontal Shading Dewrevs

The hotizonul overhangs and its variations are the best choice for south facade. Beeause
they are directionally selective, they can allow the low winter sun to enter while fully

shading the ligh summet sun with minimuwn obstructon of the view.

Horzontal louvers have = number of advantages over sold overhangs. Horzontal
louvers in a horizontal plane reduce structural loads by allowing wind to pass rght
through (Lechnee, 2001). In the summer, they also minimize the cellecunn of hor air next
to the windows under the overhanp, Horizonwal louvers in a wverlical plene are
approprate when the projecting distance from the wall must be hmited. This could be
impormant if a building is on or neat the property line. Louvers can also be wseful when

the architecrure calls for small-scale elements and 2 tich texpure,

When designing an overhang for the south facade, one must remember that the sun
comes from the southeast before noon and from the southwest after noon. Therefore,
the sun wilt outflank an overhang the same wadth as a window. Narrow windows need
either a very wide overhang or vertical fins in addinon to the overhang. Wide strip

windows are affected less l::-j,r this pmblem.

Horizontal devices will be the mose effectve when the sun is opposite to the building
face considered and at a hiph angle, such as for north and south facing walls
(kocnigsberger #f 4/, 1973). In summer they can block the rays of the sun and in winter
they can admit radisdon from the sun’s lower posidon. To exclude 2 low angle sun, this
type of device would have to cover the window completely, permitting a view

dowawards only.

Epgerate

Lgpcrate shading devices are mainly for east and west windows in hot climates and for
the additional southeast and southwest ocrienmdons in very hot climates (Lechner, 2001},
An cpgerate is 4 combinaton of horrontal Overhangs (louversy and vertical hns. By
conuoling sun penetradon by both the alotude and aximuth angle of the sun, very
effective shading of windows can be achieved. The Designer should first decide on the

general appestance of the epgerate systern. As far as sun penetration is concemed, the
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scale of the eggerate can be changed at any time as long as the ratio of height/depth and

widlh/depth are kept consmnt.

4.4 Conclusion

Shading is a key sumtegy of achieving thermal comfort in-the symmer. Although.shading
of the whole building is beneficial, shading of the glazed areas is crucial. Heat gain is
dircetly proportional to the area of glass exposed to solar radiadon and therefore large
glared areas will permit a large and rapid heat gain. Existing heat-absorbing glasses can
protect only 20% of the total incident radiation and reflective plazing prevents solar
radiation up to 50%. Hence external shading devices can be a good answer to conwol the
solar radiation. The mnst efficient solar control is provided by external shading devices,
the design of which can only come from understanding the solar geomerry. Direct
radiation 1s dependent only on the altitude of the sun and geographical position. That’s

why; direct radiation can be connolled effectively by proper external shading devices.
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PERFORMANCE EVALUATION OF SHADING DEVICES

The performance of shading devices and its impact on solar heat gain through windows
can precisely be evahurted by simuladon study. Because in reality, due ro the sumuleaneous
infleence of many different conditions, it is difficnlt to isolate the exclusive effect of one
single aspect or the changes of it Shadow simuladon allows study of the effect of
changes in one aspict, kecping other factors constant. The observations of simulared
behaviour that occuts due to changing parameters allow the identification of elements,
the reduetion or mtroduction of which in the design conmbute to solar heat gain.
Another significant achievement of simuladon study is that, it is possible to analyse the
performance of shading devices for any perod of the year simply by assignung simulation
parameters (e, temperaure, radiadon, wind speed and direction, relatve humidity and

cloud cuver).

In this chapter, nine tall office buildings from different commercial areas in the Dhaka
city have been considered to evaluate performance of their shading devices, in terms of
teducinyg solar heat gain through simuladon study on the basis of set criteria. A dynamic
computer simulation program named ‘Heomet' (version 5.20) has been used for thas

simulation study.

5.1 Selection of Shading Devices e Evaluation

Before making selecdon of shading devices, tall office buildings are identifird nn the
basis of cermin considerations to be discussed in the following scetion. These tall office
bulldings are located in different commercial arcas in the Dhaka ciry, such as Motijheel,
Dilkushs, Kerwan bazaar, Panthapath, Banani, Mohakhali ete. Afrer that, buildings were
categorised conaudering the rypulogy (based on geometry) of shading devices instzlted on
their front fagade. Skewches of window sections with shading device of these buildings
wete prepared with demail construction features, installation rechnique and geomeric
features. Afrer analysing the sketches, nine shading devices were selected D evaluate
performance in terms of reduciog solar heat gain considering shading device fypology

and similantes in peometric features.
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Tall Building Criteria

There is no fxed parameter of height to denote eall and high-rise building. According to
the Council for Tall Buildings and Urban Habitet (CTRUH), the number of stones or its
height does not strictly define a tall building. It also depends upon the context in which it
stands. The Council for Tall Buildings and Urban Habimt (CTBUH) considers for
instance, @ll buildings as being buildings of ten storeys or more.

a) Walk up hmit / provision for lift:
e According to Building construction rules (2006), buildings of seven storied and
above in height shall have provision for lift.
e According to Bangladesh Nadonal Building Codes (1993), lifts shall be provided
tn buildings more than six stored or 20m in heipht.
t) [Mre escape provision:
» Accarding m Fite Service and Civil Defence naes, buildings of seven stoned and
above in height shall have provision for Fite escape/ alternative staircase.
c) Structural analysis and design:
¢ According o Wolfgang Shueller, buildings with height-to-width rade above 5-7

are considered as high-rise smcmre.

In view of the above considemtions, in the present conrext of Dhaka city, buildings
above six storeys may be considercd as tall buildings.

Selection of Shading Devices

Following the above cotena, cighty-four wll office buildings of Dhaks city were
identified for investigation. Among them, forry buildings are simated ar Modjheel and
Dilkusha area; twenry-four buildings at Mohskhah, Gulshan Avemue and Bamani Kemal
Anmruwrk Avenue; fourteen buildings at Karwan Bazaar area and six buildings at

Panthapath.

Among these buildings, rwenty two buildings have honzontal shading devices, eleven
buildings havi: wvertical shading devices, rwenty bwldings have composite type
(combinanon of horizontal and verdcal} shading devices and thiny one buldings do not

have shading devices on their front fagade. Among these eighty-four tall office buildings,
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nine buildings were sckcied to evaluate perdformner of their shading devicer. The lat of
buildings with loaton, beghi, otienmtion and rype of shading device installed is
prescnied belows

‘Table 5.1: List of the selected buildings and shadmy devices.

Sl | Idcniifeation Location Srorcy | Orienution Shading
MNo. I beer Drevice
t HO1 Janata Bank Bhatwn, Mothhedd n Ean Hornzontl
2 HE2 Glnta] Tamesnce Lid, Dilieta 1 South Horzontal
3 Ho3 Brac Centrr, Motuakhali ¥, 1] North Horirantsl
4 vl Rupah Bank Ltd, [iTkasha 1] South Verpald
5 Vo 1apezhsi Blatan, Thlkusha 9 VWeat Verbend
5 ) Danghadesh Semobye Biaban, Motihed 5 Fau Verncea!
7 o Krishi Bhaben, Dhtkosha 1 Semrth Conrrpeosi te
L] o BCIC Bhahen, Dilineha X South Composinc
9 o Meghna Lifc Inmurance, Dilhusha 10 Fan Compasite

Vicw of front facades of the selecied building and skeiches of window sectrons with
shading devices of these buildings wre presented below

Figure 5.1(n): Vicw of buldmg HO1.

Figure 5.1(b): Window section of HOIL,
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Figure 5.9(a): View of bulding C03. Figure 5.9(b): Window section of CO3.

5.2 Perlormance Evaluarion Process

Performance of the seleced shading devices will be evaluzted in terms of reducing solar
heat gan through simulaton study on the basis of set criteria to be discussed in the
following secrion. Simulation is 2 powerful technique for solving a variety of problems.
To simulate is to copy the behaviour of the phenomenon under study. It refers to some
representanon or medel of a sysiem that can be studied in onder to understand the
behaviour of the acrual system itself and m make predicdons about the famire. It involves
developing 3 model of a systemn and carrying cut experiments on it. It helps analyzing the

effect of phenomenon and their interaction on one another {Sun, 2005).
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Lraluarion process comprises the following steps:

s Sething criteria for performance evaluation
s Preparing chimate Jatalase

s Sethng simulabion pammeters

s Developing simulanon moedel

* Analysing results of simulaion

In order v cvaluate the performance of shading devices in reducing solar heat guin, a

hase-case siuadon is estabhshed by studying the unshaded window {wathout shading

device) during the crncal shading pedod of the vear at differcot oricntadons.

5.2.1 Criteria for Pedormance Evaluation

The perceompe of the shade area, prven by vanous types of fixed shading devices
(Givoni, 1969; Steemers ¢ af 2007). The percenmpe of the shade areas refers to
pormon of the window area, which is not exposed to the direct solar radiadon. “Lhis
also reflects the abiliry of 2 fixed shading device to protect the window area at crtical
timec.

Compuraton of the shading coefficient, which is the rato of the heat enrenng the
window-shading combination to that entering an unsshaded window. Shading
coefficient (C,, Jean be expressed as below.

Heat entering through the window with shading device
(':sh =

Heat Enh:ring thrnugh the window withouwr shadjng device

Shading coefficients basically refer to the fracton of solar heat guin that passes
through a tensparent solar aperture compared to the amount of solar mdiation
mncident upon it. 'The shading coefficient is expressed as a dimensionless number
from 0 to 1. A high shading coefficient means high sclar gain, while a low shading
coefficient means low solar gain (Givony, 1969, Greoni, 1998; Steemers ef &/ 2002,
Lechner, 2001).

5.2.2 Simulation Program

Simulatons regurding solar performance analysis are carried out using building analysis
sofrrare ‘BECOTECT +53.20°. It features a usct-fhendly 30 modelling inteeface fully
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integrated with a wide range of performance analysis and simulation funcdons. The visual
marure of ealculation feedback makes ‘HCOTECT’ unique. The process can be started
with a derailed climatic analysis o calculate the potential effecnoveness of various passive

design techniques or m opomise the use of available solar, light and wind resources.

"Lhe orpinal ‘TECOTECT” sofrerare was wrirten as & demonstration of some of the ideas
presented m PhD thesis by Dr. Andrew Marsh at the School of Architecture and Fine
Arts at The University of Westem Austmalia. The sofrware has underpone some major
changes since then. Version 5.2 builds significantly on the functionslity of previous
versions inmroducing 4 mnge of new analysis functions and real-time hidden line and
aketch visualization. It also refines some of the major algorichms, such as the thermal and
daylight factor calculadons.

ECO1ECT provides a range of thermal and solar performance analysis options. At its
core, 5 the Chartered Institute of Building Services Engmeers (CIDSE) Admittance
Method used t determine heat loads. The Admittance Method is widely nsed around the
wotld and has been shown to be an extremely useful desipn-tool This chermal algorithm
is very Bexible and has no restricions on building geometry or the number of thermal
zones that can be simulmneously analyzed. Most importantly, with only a few pre-
calculations for shading and overshadowing, it is very quick mecthod o calculare and can
be used to display a wide range of very useful informanon.

Whilst in summary it is a simplified method, the Admittance Method encapsulares the
effects of conductve heat flow through building fabric, mfilradon and ventilanon
through openings, diect solar gains through mansparent materials, indirect solar pains
through upaque ¢lements, internal heat gains from equipment, lights and people and the

effects of inter-zonal heat How.

Nicki Taylor validated DCOTECT as parr of his research work for the degree of
Bachelor of Engineering (Hons.) from Deparrment of Environmental Engmneering at
University of Western Australis in 2002, He showed in his research that the mean error

of the estmated results s less than 2%, indwcating a reasonable depree of accuracy
(Taylot, 2002).



5,2.3 Climate Database

The climate database stores files coneaining houdy weather data. The weather files
supplied with Ecotect cover different regions of the world and each represents a ypical
year's weather for a patticular region. The weather file is not provided with the software.
Dut facilities are provided to allow creating own weather files and can be added to the
chmate database.

The weather file ‘Ban_Dhaka, wea’ has been prepared for the research purpose by using
the Weather Tool, associated sofrware of Ecotect, The Weather Toaol 1s a visualizanon
and anslysis program for hourly climate data. The weather file consists of a group of
pammeters teladng to the weather site and hourly values of seven weather varables {dry-
bulb temperture, relanve humidiry, direct radiabon, diffuse radiation, wind speed and
direction and c¢loud cover). Hourly radiation data has been collected trom Benewable
Energy Research Cenrre of Dhaka University. Three hourly weather data reparding dry-
bulb temperanire, relanve humidity, wind speed and direcuon and clewd cover has been
collected from Climate Division, Bangladesh Meteorolopical Department Agarngmon,
Dhaka. De to the simulaton requirements, alt three hourdy data have been converred w
houtly daw by imerpolatien method. Houdy weather vanables for Dhaks heve been
collected for the year 2005,

The site: parameters of Dhaka for weather file are as follows:

Paramerers Derails
Lanmde {deprees MNorth) 23°50' North
Longitude (degrees Easi} S0°20" East
Time Zone (hours ahead of GMT) GMT +06.00

"The combination of site pammeters and hourly weather vanables forms the weather file,
with which the simulaton progmm DFeotcet i3 capsble o analyse any climane

chamcilersacs of the selected site,

5.2.4 Simulation Parameters

Before starting the simulanons a set of pammeters are set. These are descobed below, To
investigate the resule of the mimulations, a specific day has been selected {from the
weather dambase for a year) on the basis of some specific atmibutes to observe the

tesults,
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Considrerations for Idenifying the Simulation Day

For individual daily profile analysis, a day of the year has heen sclected in considerarion
of the typical characteristics of the given climate.

The wst day is 217 of March {Day: 80}. Cutdaor air tempemture mnge of this day is
24.5°C -35.4°C and sky condinon is clear. From 0900-1700 hours the cloud cover 3 1.1
out of 8.0 {13.8% covermge). This is a day with considerable high oumdoor air IEmperature
but not the exrreme one and bears a common chatacter regarding the climade fearures
spedally of the hot-dry season. ‘Lhe aversge tempemture of this day (29°C) is very close
1o the averape temmperature of the scason (28.02°C). It has been cbserved that the sky
condidon in the piven climate is clear for 67 percent of the whole pre-monsoon pened
(earlier shown in table 2.3) and the ‘clear sky’ condinon prevail for the chosen day. This
‘clear sky’ condition of the chosen day is also important 1n inveshgate the impaces of
golar radianon and this clear sky conditon enhances the direet solar radiadon w reach on
building surfaces. Overcast sky condition impedes dircct madiation o reach the building
surfaces. Fixed shading dewice are effechve o reduce heat gain from direct solar
radiation. These are the reasons behind choosing 2 day with dlear sky condinon.

For a fixed shading device, the shading period is symmetrical about June 21 {Lechner,
2001). This is becanse the position of the sun cycles through the sky on a seasonal basis.
Thus, the Sun will pass through the same parh twice every year, the first time when poing
from winter I» summer and the second tme when traveling buack to winter. Thus, any
shading device will abways shade berween two dates. In the northem hemisphere, an
oprrnized shading device for the 21st of March will actually shade fom the 21st of
March, right through June until the 21st of September. Thus the whole overheared
petiod (hot-dry and warm-hurnid) is taken into account for ssmulation.

Considerations for Identifying the Time Penod for Simulanom

For simulaten to investigate the porformance of the shading devices, the time period is
considered when the space 15 only considered to be used dunng office hours, In general,
the office time 1s from 0900 to 1700 and this time penod is taken as a cntical tme penod
for shading requirement
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5.2.,5 Simulation Model

Following models have been developed for simulanon that represent the selected shading
devices. These models refer to the high-rise buildings selected wnth identical facades with
4 sitnilar wweated [loor ares with the shading device with single plazed clear glass. The
room size for simulaton model i8 6Xmm x 6000mm which is considered as located 1n
an mtermediate floor of 2 hiph-rise bulding. The room size is taken from the typical
high-rise column grid. A fized window widch 5400mm has been considered with sigle
glazed plass, as the window covers the whole span hetween rwo calumns. Different
shading devices are attached with it for simulation study. For the ease of calculation, a
study plane at the level of the cxterior surface of the window wall is considered.

In terms of shading analysis and solar heat gain, the simulations are done for the
following optinns of models:

+ 'lhe “without shading’ option - which refer o the high-rise models wach wdenncal
facades with a similar treated floor area without the shading device but with clear
plass;

» The ‘with shading’ option which refer to the high-rise models warh shading as
designed by the architect.

10; [
R S
Section of typical high rise bullding Typical floot plan of high rise building

Figure 5.10: Schemarc drewings showing generation of simuladon model from rypical
high rise building.



The simuladons are done for the following models generated by “Ecotect™
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Parameters:
* Offiee room dimension:
6000mm x 6030mm
* Floor height: 3000mm
* Wmndow: Sill: 600mm,
Width: 5400mm, Height: 13(mm
* Overhang depih: 450mm

Paramerers:
* {Jflice rnom dimension:
G000mm x GXN0mm
* Floor height 3000mm
« Window: Sill: 600mem,
Width: 5400mm, Height: 2100mm
* (verhang depth: 750mm

Figure 5.13: Simulation model of Shade HO3.

Paramerers:
= Office room dimension:
HONmm x GOOmm
* Floor height: 3000mm
* Window: Sill: 750mm,
Width: 5400mm, Heighe: 2400mm
* Overhang depth: 450mm
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Parameters:
» Office room dimension:
G6000mm x 6000mm
* Floar hejght: 3000mm
* Window: 5ill: 600mm,
Width: 5400mm, Height: 195(0mm
= Vertical Fin: Depth: 375mm,
Spacing: 600mm

Parameters:
* Office room dimension:
G0mm x 6000mm
* Floor heypht 3000mm
* Window:  Sill: 600mm,
Width: 5400mm, Height: 1950mm
*+ Vertical Fin: Depih: 300mm,
Spacing: 6(0mm

Figure 5.16: Simuladon model of Shade V03,

Parameters:
* Office toom dimenaion:
6000mm x G000mm
* Floor heipht: 3000mm
* Window: Sill: 600mm,
Width: 5400mm, Height: 1950mm
* Vertical Fin: Depth: 450mm,
Spacing: 6(Mmm
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Parnmerers:
* (MLice room dimension:
) GOO0Mm x GOO0Mmm
3 [t * Floor height: 3000mm
1 + Window~  SiHl: 600mm,
Whdth: 5400mm, Height: 2400mm
e « Vertical Fin: Depih; 300mmdc 900mm,
i Spacing: 750mm
* Orvethang depth: 300mm & ¥00mm

I
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Pamameters:
* Offce room dimension:
Hrm x GD00mm
* Floor haghe: 3000tnm
* Wmdon~ Sill: 750mm,
Width: 5400mm, Height: 2250mm
* Verticul Fin: Depth: 450mm,
Spacng: 1500mm
* Owverhang depth: 2Z25mm

Figure 5.18: Simulation modd of Shade COZ

Paramerters:
* Oflice room dimension:
&000mm @ S000mm
* Floot height: 3000mm
* Winderar  Sil: 600mm,
Width: 5400mm, Height: 1800mm
* Vertical Fin: Depth: 500mm,
Spacing: 1050mm
s * Overhang depth: 375mm

/

W
N

Figure 5.1%: Simuladon madel of Shade C0O3.
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5.3 Simulation Study for Performance Evaluation

Two studies about the performance of shading devices on solar radiation protection are
carticd out as under. The first study investigated the mmpact of coentation oa the
performance of shading devices while the second study compared the performance
among the selected shading devices in different onencations on the basis of previcusly set

Paa | 1=¥a -

This study will help in idenafying the effect of different parameters and interrelation
among parameters in terms of solar shading aspect. This study will also assist to
understand the influence of window orientatoen on the shading performance of shading

devices.

5.3.1 Effect of Orientadon on Shading Pedormance

‘The efficiency of the window shading is largely determined by the odentation of the
windora. When shading is not eftectrve, solar radiation enters through the wandows and
heats up the building inwrinr directly. Hence the indoor tempemrure will obviously be

influenced by the ogentation of the windows.

The quantitative effect of window crenttion has been sdied by simulabon technique
under different shading condition, which also teveal whether shading devices used are
effective or not, according to onentation in ordet © cur direct sunlipht penemation at

cratical nmes of the day. The resule of the study are summanszed in the following secton.

53.1.1 Performance of Horizontal Shading Devices

The three models with selected hormzontal shading devices were oriented in the three
cardinal directions {East, West & South) and two oblique directions south-east and

sourh-west. The results are gnen below wrich respect to indrvidual cases.

Table 5.2 shows percentage of shaded area with regpect to whole window area of Shade
HO1 at every 30-minute interval from surnse to sunset. In the feld invesnganon it was
found that this sheding device was attached mostly with an east-facing window. But
through simuladon, it is found that this shading device is not efficient at east coentahon.

It is capable to shade below 50% of the window area at east but up to 60% window area
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1t south odentation. The performance at south v more consistent than tha: of other
onientatons. Figure 520 shoun the shading performance of Shade HOU in different

oticnations and it expresses & consistent performance only in south ooention,

‘Table 5.2: Percentage of shaded nres by Shade HO1 for 21 March,
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Pigure 5.20; Percentage of shaded ares by Shade HOi for 21" March st differcnt
arenmtiony'

In case of Shade HOZ2, simulation tewults shoa that the devee shades more window area
at south arenmoon, In the field investiguoen it was found that this shading device was
artached with a south facing sindow, As per simulaton it 19 capable to shade up to 53%

of window ares a1 south onenopon. The perfommance at south is more consistent than

! Correspondding vatues of prrcentege of dhwded areas prine to bours thown are pot indicared as e em
does not ser the window prior to thre tme angy shown peniod.




that of other orentations. At south-west odentadon i shades up 1o 56% of window aren

but the performance is not consistent. Tabie 53 and Figure 521 show the performance

of Shade HO2 st different oricnmtions and it indicates a consistent performance only in

pouth onentaton.

Tablec 5.3: Percenuape of shaded srea by Shade HO2 for 21% March.
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Figure 5.21: Percenuge of shaded arca by Shade HOZ for 217 March at different

odenmtions.! ¥

Table 5.4 and Figure 522 show the performancee of Shade HO3 at different onentations
and it expresses 1 comparatively bettet performaner at south orienttion than that fot

other onbentatons. It thades marimum 46% window wres st south and more or less

consistent for the whole day.
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Table 5.4: Percentage of thaded area by Shade HO3 for 21% March.
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Figure 5.22: Percenmpe of shaded arew by Shade HO3 for 21" Mwarch ar differen:

ofentatons. ' * 0

Findings

It has been observed from the resuls of the simuhbons that the performance of
hotizonal shading devices remains quite consistent at south odentatton only. It works
berer when the aun is oppotite to the window panc at a high altingde. This performance

dropa when the eun is in & lower alitude and oblique to the window pane. The horizancal
averhang iy not capable to protect the window when the sun szimuth and altirnde are

low, S0 from these nrulynes, need {or medificadon is evident when the sun is ax low
szimuth and sltoede
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5.3.12 Performance of Yemical Shading Devices

The three sclected vertical shading devices were onenred in the three cardinal direcdons
(East, West and South) and rwo oblique directions south-esst and south-west to evaluate
their performance at differcnt orentatians. The results are given below with respeet 1©

mdrnideal cases.

Table 5.5: Percentage of shaded area by Shade VO for 21" March.
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Figure 523%: Percenmage of shaded ares by Shade VU1 for 21 March at different

opentations, ' * ¥

Table 5.5 shows percentipe of shaded wres with respect to whole window ares of Shade
V01 at erery 30 minute mterral from sunrse co sunset. In the field investipadon it was
found that this shading device was attached with a south facing sindow. But through
sirnulation, 1t 15 found that this shading device is not only effiaent ot south otenotion, it
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also works well at cast and west. This shading device iv capable to shade 60% of the
window trea on an sverage at cast ad west aed wp o 4% window wmea at south
onentation. But one thing is clent that the large overhang that holds the vertical fing
mmkes the whole shading device effective at south. Actnally vervaal fins do not have
significant role in protection of windew at south.

‘Table 5.6: Percentage of shaded wrea by Shade V02 for 21™ March,
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Figure 5.24: Percennpe of shaded area by Shade V02 for 21" March ac different

odenttons, ' # %9

Io case of Shade V02, smulaton resulty show that the device shades more window area
1t south odentation only when the sun is at an angle with the windowpane. That is when
the sun is in southwest and southesst, this shading device is effective and capable
shade up ro 87% of window wres. In the fiekd tnvestigaton it was found that this shading
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device was attached with 2 west-facing window. Through simulition it is found that this
shading device is effectve at weat otienution and it abo shades well at east and wes

This shading device is capable to shade 52% of the wmdoo ares 00 an averape at cast
arrd west.

Table 5.7 shows percenuge of shaded aren with mapect to whole window area of Shade
VO03. In the ficld investgation it was found that this shading device ams atuched with an
east facing window. Through simulation, it is found that this shadinp device is efhaent
scuth abentution; it also works well a1 south-cast and south-west. This shading device ix
capable to shade 50% of the wmdow area on an sverage at cast and west, This shading
device iy effective in south fagade only when the num 13 at an angle with the window.

‘Table 5.7: Tercentapge of shaded atew by Shade V03 for 21% March.
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Figure 525; Percenuge of shaded ares by Shade VO3 for 21° March at different

odentations, ' ¥ 7
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Findings

The investgeton shoun that vernoal shadmg deviees are effective on wost and aant
facade. The simulation results show that all these theee verdeal shading devices are
capable to shade above 50% of the window arca on an sverage at east and west. Verooal
thading devices sre also capable o shade up to 94% window area at south ooentadon,
But one thing has to be notced that the lupe overhangs that holds ihe vertical fins

makes the whnle shading device effeeive at south. Acrually vertical Rns do not have
significant role in shading of window st south. They work efficiently when the sun s
an angular position with the window. They are not effective when the sun's alatude is
low and perpendicubar with the fagade It has also to be noticed that verta! finy are rot

efficient at cast and west oficnmgon when the sun is just in front of the window. Ths

phenomenon needs further mvestzanon.

53.1.3 Performance of Composire Shading Devices

The three sclected composite shading devices {comhmation of vertical fin and hordronnl
overhang) were onented m the fve directions - East, West, South, South-cast and South-
west and then simubred o investgate the influence of orientation on their shading

performance, The results are given below with ceapect to individual cases.

Table 5.8: Percentage of shaded arca by Shade C01 for 21" March.
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Table 5.8 showa percenomge of shaded arca with respedl to whole window arca of Shade
CH1 at every 30 minute interval from sunnse to sunset. In the Beld survey 1t was found
that this shading device was sttached with » south faong window. Through simulanion, it
is found thst this shading device is oot only efficient at south orientation; it abo works




well nt south-east and south-wear. This shading is capable to shade 60%% of the window
Rrea 0N A0 avorage at south-cast and south-west and up to 100% windew area a1 south

ooentation.
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g e ————— o .
E A P PG s U SRR G gL
Thoe

Pigurc 526: Percenuge of shaded area by Shade COU for 21* March at different

- odenmtions '® ¥

In case of Shade CO2, simuladon resules show that the device works berter at south
onenmbon specially when the sun is 1n an ungle sath the window pane. That by when the
sun is in south-west and south.cast, this shading device is effectve and capable 1o shade
up to 100% window area. In the fucld servey it was found that this shading device was
attached with 1 south facing window. But through simulaton it is found that this shading

derice i also effective m east, south ~east and south-west odenmtion.

Table 5.9 Percentage of shaded nrea by Shade CO2 for 21" Mareh,
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Figure 5.27: Pcreentage of shaded area by Shade CO02 for 21" March at different
obenmtons. ' ® 3%

Table 5.10 shows percentage of shaded area with rspect to whole window arca by Shade
C03. In the hicld survey it was found that this shading device was stnched with an east
facing window. Through simuladon, it is found that this shading device is effectve at
cast and west ogentation, but not consistent. The shading performance at south-zsst ln:ﬂ.

south-west is more consistent than other onenmtions.

Tabte 5.10: Percentage of shaded area by Shade C03 for 217 March.

oeion |§IEIENE(E|2|E[A|5 2 E[2[8]2|5{3|E
S N N N I O S T I O LN O O BT LT B 8
T Wi 4 5 171" 1° 1° &1° §1° 8§1° 0° 1° |= t(° t° 1° [*
pr—— w i1» | » |32 [& &l t° 1 [ [+ | [ F I TR
Soarth O EC BN EN R EREEER R ER R D O S TR B
I —— DR R EE N E R ER R E
N I I I I I EE EEERE R ERER R ER E
the

* Percenmpe of shade? erca i ant nhen inn sccoumt as the sum does aot see wirubore,







Shaded area (%)

= F @'ﬁ‘ -p? -@F -:\"? {bﬂ -».."l-jl -Z‘!F -‘.‘!5' x‘*ﬂ \‘.‘!P \“E -!‘:P \"’P \'ﬂf {ﬁ'
Time

Figure 5.28: Percennpe of shaded wrea by Shade CO03 for 21° Muarch ar different

orienmbons, ' 39

Findings

The analynis shows that compoaite shading devices are effective in south, south-cast and
south-west oricntaton. They are effectwe both when sun is in perpendicular and angular
poution with the window pane. Horizonml overhangy of the compaosite shading arc
eflective to provect the sun when it ¢ st perpendicalar posidon to the window, And
vertical fins of the composite shading are cffecure to prorect the sun when it is at &n
nogular posinon 1o the window. But their performance in east and west orientation & not

consietent.

5.3.2 Comparative Annlysis of Shading Performance

To cvnluate the shading performance on the basiy of set criterin dcussed endier 2
compamtive analyaby among the sclected shading devices has been summarised in the
following section. This shudy will help in ikdentifying the cffect of differont parametets

and correlation smong parameten.
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5.3.2.1 Comparison among Horixonwl Shading Devices

From shove investignton on influence of cricnntion, it was observed that honronnl
shading devices were effectve on windowy st south orienmation than other orientations.
At south otiennation, all three shading devices were capable to abade maximum wrea of
window pane at mid day. Simulation results show that smong the three horizontal
shading devices, Shade HO1 can shade maximum 60% of 1he whole windoopane, Shade
HO2 can shade maximum 53% and Shade HO3 can shade maximum 46% of the whole

windowpine.

Table 5.11: Percentage of shaded area at different orentatons by horzonml shadng
devices for 21* March.
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From whle 5.11 it 13 observed that mt ense, south-east, west and south-west oommnons
all three shading devices are 0ot cffective. Sometimes these three shading devices can
shade up to 63% of the window wrea but the efficiency drops frequendy. Considering all
these limitations, in comparison among these three horizonnl shading devices, Shade




HO1 is capsable ¢o shade better than other taro shading devices ar all fr'e onenmtions.

Shade HO1 performs better in protecting solar mduton in comparson to other two

shading deviees.,

Table 5.12 showy chat at south onentaton, Shade HO1 csn block 3411 wait solar
radintion which is 54% of the toral incident mdisdon (6314 wsn). If it is compared with
other two horizonml shadmg devices, it i3 found that Shade HOZ can block 46% of the
mcident radiation and Shade HO3 can block 41% of the inddent mdiaton

Table 5.12: Amount of direct solar mdiation madent on windowpane st different

onen@tons.
Shade 1101 Shade HO2 Shads HO?
Clnentation Shaded Unshaded Ehaded Unshaded Shaded Unihaded
n Wat in Wt nWatt m Watt in Wit in Wan
Faxt 1R8% ]3] 2153% 16 2125 7s
South 2003 6314 LA M9 o6 a1
Sourth-eaat 2420 5020 2150 5005 2854 5013
Saonoth -wrer 1493 1933 1960 amm . 1L 3™
Wt 11\ 2553 1318 2554 1421 2558
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Figure 5,29 Comparison of percentage of shaded area at south orientation by horizontal
shading devices for 21 March.
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Figure 5.30: Comparizon of percentape of shaded ares at cast orenmnon by hodrontal
shading deviees for 21% March, ' &
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Figure 5.31: Comparison of percentage of shaded ares at south-cast ofenaden by
horizenil shading devices far 21% March.'®
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Figure 532 Companson of percentage of shaded arca at south-west orenmvon by

horizontal shading devices for 21 Mareh '® %
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Figure 533: Comparson of percentage of shaded area at west ornientation by horizontal
shading devices for 21 March,'# 9
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Figure 5.34; Comparson of shading coclfident of three horizontal shading devices at

different orentagony

Althoupgh Shade HO1 is more effective in compatsen to Shade HOZ and HO3, the
shading performance of Shade HO1 is not up to the mark It can not block atmost 5%
of the tom] incdent radhation, This huge mdiation enrers through the unshaded part of
the window pane into the space. So, hodzonml projection of this Shade HO1 i not
encugh 1o protect the window from the wolar radiatron propedy.

Findings

The invesdgation shows that the honzonnl shading dovice with lugee ovethang wath
respect to window height, shades more window area and reduces heat gain than other
typex It indicares that projection depth of honronwml shading devices is the main
determining factor fot shading the window from direct solar radiation.

5£3.22 Comparison among Vertical Shading Devices

From aforesaid invesdgaton on influcnee of orentadon, it was also observed that
Vertical shading devices were cffective on windows a1t south-cayt and south-west
otientation, 5o Gruly, the performances of the vertenl shadmg devices are evaluared with

reference 1o their performance at these two orieptagons



At south-cast and south-west orienation, almost same characier of performance of these
vertical shading devices has been observed Al three shading devices are capable o
shade maximum area of window pane at the time when the sun is just rilted to cast or
went from south, Simulation resulos show that among the three vertaal shading devices,
Shade HOT can shade 53% of the whole windowpane, Shade HO2 can shade 45% and
Shade HO3 ann shade 42% of the whole windowpane on wn svemge.

From able 5.13 it is observed that at cast, south, west onenmbons all three shading
devices ate not consistent in their perfformance. Someimes these throe shading devices
can protect almost 3% of the window area but the elficiency drops frequently to 15%.
Considering sl these limimtions, in comparison with these three vertical shading devices,
Shade V0t is capable to shade betier than other two shading devices ac all frve
ofenttions. So Shade V01 gives better protection from solr mdmtion in compartison to
other two shading devices

Table 5.13: Percenge of shaded arm ot different orientations by vertical shading
devices for 217 March.
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Table 5.14: Amount of direct solar radistton incdent on window pane at different

orenmton.
Shade Vi Shade VIR Shade VO3
Orentation Shaded Linmhaded Shaded Unthadcd Shaded Unthaded
in Went m Wit m Wiett tn Wan in Wn n Kt
Eaw 1248 L H 1461 1766 1443 3163
Seuth 1o 6319 1783 6326 1335 6318
South-can 1490 505 1962 500 1998 501}
Senrthewat 1022 3984 1465 4364 1492 4304
West o 2554 204 2556 s 2556

‘Table 5.14 shows that at south-cast and south-west ariennton, Shade VI aan prevent
akmos: 70% of the tots! incident mdhton. If it is compared with the other two vertical
shading devices, it d found that Shade V02 can resist 60-65% of the nadent adiaton
and Shade VO3 can prevent 60-65% of the incdent radiaton.
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Figure 535: Companson of percenmge of shaded aren at cast orienmtion by verricsl
shading devices for 21% March.'® 9
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Figure 536: Compatison of percentage of shaded arca at south.cast ooenmton by
vertical shading devices for 21* March.'® *?
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Figure 5.37: Comparison of percentape of shaded area at south orentution by verical
shading devices for 21 March.
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Figure 538: Compnrison of percenmage of shaded area at south-west orientanon by
vertical shading devices for 21" March,'®*?

1o

m.
o
- 4] —— Chade YTH
5 —— Shade V2
3 a == Shade VO3
a

20

a

Figure 53%: Companson of percentage of shaded area at west odenmtion by verneal
shading devices for 2t March ! *%
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Figure 5.40: Companson of shading cocfficent of three vertical shading devices at

different coenratons.

Although Shade V01 iy mose cffective in companzen to Shade V02 and V03, the
performance of Shade V(1 is not up to the mark. Actually it can not block 3% of the
towl incident rediston. This mdianon enters through the unshaded pan of the wandow
pane into the space. So the depth, spacing and angle of the vertical fins of this Shade V01
are not enough to protect the window from the solar radistion propedy.

Findings
The investgatian shows that the vertical shading device with luger fin depth ahades
mote than other sclected verticnl devicers. [t indicates the role of effective depth of

shading devices {distince from window face to ourer face of fim) inchwding the gap
beroeen them on shading performance.

5.3.2 3 Comparison among Compoaite Shading Devices

From curlier invesdgadon on influence of coentation, it vy cbserved that composite
thading devices were offecive on windows at south, south.east and south-weat
odentaton. So the performance of the compotite thading devices s evahuated with
reference to their perfarmance at these three otienmtions.
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At south-cast and south-west odentation, the same chamscter of performance of these
comnposite shading devices has been observed Simubigan resulie show that ameng the
three compunsite shading devices, Shade CO1 can shade maximum 96% of the whole
windowpane, Shade C02 can shade maximum 83% snd Shade CO3 can shade maximumn
67% of the whole windowpane. The percenage of shaded window wrea decreases when
fun moves 1o east or west from south, Table 5.16 thows that at south-east and sourth-
west ofentadon, Shade C01 aan block almost 80% of the towl incdent radiacon. If it is
compared with the other roo compaosite shading devices, it is found that Shade C02 can
binck 65-70% of the inadent mdiatdon and Shade C03 enn also block 60-65% of the
incident radistion.

Table 5.15: Poreentage of shaded area at different onientations by composite shading
devices for 21° March,
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Table 5.16: Amount of direct solar radudon incdent on window pane at difTerent

ogfientations.
Shade 01 Shade CO2 Shade (03
Chricntarinmn Shaded Unstaded Shaded Urrshaded Shuied Unakearded
m Wan n Wt n Wart i Wert in Wan in Want
Hant DED e 1255 a2 1342 3767
Somizh M 6324 1251 5843 1180 5319
South-eant 451 505 1697 5008 1849 S025
South wewr TRN dots 1159 31735 1382 4089
Went 531 2556 0 2558 ANy 2558
100 o= N pre—
o | R
".::' & | / = Shoude {01
- F —8— Shalc O
E * l{ = Shade (1D
" h
2
a =%====J

$33333588323d33d
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Figure 5.41: Comprison of pereentage of shaded area at cast orientation by composite

shading devices for 21* Mareh, ' ®*?

The performance of composite shading devices is quite satisfactory at south cornmnon
They aan thade up to 100% of window ares. Although all three shading devices can
shade up to 100% of window wres, only Shade CO1 is consistent in ity performance
throughrout the day. It is cearly evident from figure 543, At scuth orientanon, Shade
CH can block 5260 Wan, which is almrost 95% of the incdent mdistion (6324 Wan).
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Figure 5.42: Comparison of percenuge of shaded ares at south-east oriennoon by
compaosite shading devioss for 21 March.' ® %%
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Figure 5.43: Compatison of perceaupe of shaded atea st south onenmdon by
compoite shading dericss for 217 Muarch,
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Fipure 5.44; Caomparison of percentage of shaded ares at south-west orientation by
compaosite shading devices for 21* March.* @Y
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Figure 5.45: Companson of percentage of shaded area at west cnenmtion by composite
thading devices for 21 March.'# ™

From mble 5.15 it is observed that at cast and wesr onientations al) three shading devices
are not consarent in ther performance. Somedmes these three shading devices can
protect almost 0% of the window area but the efbidency drops frequenily 1o 15%.
Conxidering all thesz limmanons, 1 companson among these three composite shading



devices Shade CO1 in able to thade better than other o shading devices at all five
ogenatons. 50 Shade CO1 performs better in protecting solar radmtion wath compared

to other two shading devices.
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Figure 5.46: Comparison of shading coefficient of three composite shading devices at
different otenmtons.

Although Shade C01 is more cficeve in comparison to shade CO2 and CO03, the
petformance of CO1 is not upro the mark at south-cast and south-west. It an not block
akmos: 20%-30% of the tonl inddent mdiabon. This radiation enters throuph the
unshaded part of the window panc into the space. So the depth, spacing or angle of the
vertiaal fins and hodronml overhang of this shade CO01 can be modified o protect the
window from the solar mdispon propedy.

Findings

The iovestipation shows that the composite thading devices wre signifieanth: efficient at
south odemutions. The shading device with larger overhang and fin-depth and smaller
spacing betaeen fins performs betrer than the others. 1t indiceres the role of depth 2nd
spacing of hns and overhang on shadmg performance. With same depth and spacing of
fins and overhang, shading devicrs are not as effecove st south-east and south-west like
south crientation. Here angle of bins may help to cut off the direct rd Bon at south-cast

and south-wrest,
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5.4 Conclusion

The influences of odenmtions on performance of vanous shading devices are now clearly
evident. Ttis also evident that horizontal uverhangs are effectuve on facades facing south,
vertcal fins on windows at cast and west coentton and composite shading devices are
cffcedve on wmdows at south-cast and sourh-west. It has been alio observed that
vertical fAins are not cffecrive at east and west onentmidon when the sun is n east or west

side,

After investigaring the performance of commanly used shading devices it could be stated
that the design of the shading devices are need to be explored for debired performance.
The results of hoth the studies indicate that depth and spacing of overhangs and depth,
spacing and angle of vertical fins has significant effect on shading performance.
Modification of these parameters may make the shading devices effective 1n different

orentations at the cridcal periods.
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PARAMETRIC STUDY FOR OPTIMUM SHADING

After investipating the selected commonly used shading devices, it is found that the
performances of these selected shading devices are not consistent through out the critical
peniod of the day. Heat gain is directly proportional to the arca of glass exposed to solar
radiation and, therefure, unshaded plazed areas permit a large and rapid heat guin. Solar
heat pain can be controlled cffectively by opumising shading. To achieve optmum
shading, the desipn stratepy of shading devices 13 needed to explore furdher.

An investigation through paramemic study m explore the sirategies for opumum shading
is presented in this chapter. Paramernc study allows stndy of vanous specific alternatives
with reference w performance of the model and choosing the best one. Senes of
pammetric studics are performed where different parameters of shading devices am
subjected to adjustment. Only one parameter is changed at a dme in order o determine
the teladve inflacnce of each. On the basis of the mvestpation and analysis that has
been carried out in the previcus chapter, some parameters have been chosen as variables
to investigae through computer simuladon for opomum shading. The simulation

program ‘Ticotect’ {version 5.20) has been used for this paramemic smdy.

6.1 Patamelers for Opumum Shading Analysis

Before smrang the paramemic study, a set of parameters are considered as variables and
some parameters are consideted as copstent. Variables and constans are considered
separately for horizontl, vertical and composite shading devices. Variables that have

been taken into consideration as different alternatives for simulations are given below:

A. Cases with horizontl shading devices:
= Diepth (I} of honzontml overhangs
#  Side oifset (W) of hoozontal overhanps
*  Minimizing the offcctive height ()
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Iilewaton

Figure 6.1: Schemadc diaprams showing parameters of honzoneal shading device.

Secoon
Figure 6.2: Schematc diagrams showing parameters of horzontal shading device,
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B. Cases with vertical shading devices:

s Depth (13} and spacing () of vertical fins

s  Honzonal nnglc uf vermcal fins {ﬂ)

» Hyiension (X of verocal Ens above window
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Figure 6.3: Schemaric chagmms showing different parameters of verucal shading device.

. Cases with compaosite shading devices:
s  Depth (d) and spacing {h) of hotizontal overhangs
s  TDepth (d and spacing {w) of vertical fins
s Horzontal angle of vertical fins ()
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Figure 6.4: Schemate diagrams showinp different pammeters of composite shading

device.



6.2 Simuladon Day and Time for the Paramerric Study

The considered day for simulanon is 21" of March (Day: 80). The tme period s
considered from 090 to 1700. The considerations behind selecong the day and time

puri(xl were mentoned earher,

6.3 Paramcreic Modelling

Models have been developed for the paramerne study by ‘Ecotect’. ‘The following aspecrts

have been considered for the parameric mixlels:

# The room size for simulation model is A000mm x §000mm, which is considered as
located in an intermediate floor of & high-rise building, The room sizc is taken foom
the typical high-rise column grid.

* A fxed window size (5400mm x 2400mm) has been considered with single glazed
clear glass for the paramerdc study. “Ihe window wadth is determined by the column
span as it is assumed that the window covers the whole span between two columns.
The maximum window height found in the feld survey is taken as the height of the
window for the paramerrc study. Different shading devices are amached with it for
simnulaton stucly.

»  Dor case of caleuadon, dhckness of the shade has not been mken 1nto account and a
stuly plane at the level of the exienior surface of the window wall has been

considered,

In onler b evaluate the shading performance of shading devices i reducing solar hear
gain a base case situanon is estblished by studying the vnshaded window (withour
shading device) dunng the crincal shading peniod of the year at different orentabions.

6.4 Paramerric Smudies for Hoazontal Shading Devices

From case studies and literatore reviews it has been observed that horizoneal shading
devices are effectve at south orentation. Through parametric study an atternpt has been
made tc hnd out the size of the hodzontal overhang for optimum shading at south
orieneanon only. Three parameters (overhang depth, side offset of horizontal overhangs

and mimmizing the effectve height) are considered as vanables for this parametdc study.
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Only one parameter ts changed at a dme in order to determine the effect of each
parwmeter on the shading performance. The paramerric study is started with & cettain
value of parameters and then an increase in value of parameters has been considered to
assess the impact of parameter on the shading performance. In all the cases, the shading
performance is increased to a cenain level with the increase in value of parameters. After
that, the shading perfommance is not increased any more with the Increase in value of
parameters. This value of parameter is considered as opumom value for marimum

shading. The results of this srudy are summansed in the following sechons.

6.4.1 Effect of Depth of Horizontal Overhangns

‘The parametric study is started for horizontal shading devices of varpng depth, started
from 750mm up to 1350mm fom the exterior sutface of the wall, over the window

(medel shown in fipure 6.5). In each step impact of 150mm increment has been smdied.

12

11

“-n...-_---

Figure 6.5: View of the model with honzontal overhang (1050mm depth) uvsed for

parametric study for 217 March (Fcotect outpur).
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The percentage of shaded area of the window varies for different depths of overhang.
Table 6.1 shows percentage of shaded wrowy for different overhang depth. The
percentage of shaded area is increased wath the ineroase of shading depth up to some
extont. For 750mm depth, it shades maximum 74% of the window area and for 200hmm
depth it cxn shade maxmum 88% of the window ares. For 105mm depth, it shades
maximum 100% of the window ares and sfrer that the pereennge of sheded wren ™ nor
increased with the increase of chading depth. But although for 1050mm depth, it shades
maximum 100% of the windirer arce, the porcentage of shaded area is decressed along as
tme passes before and afier mid day {shoen in Agure 6.6),

Table 6.1: Percenmge of shaded ares by horizonul overhangs with different depth for
21" Mareh.
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Figure 6.6: Percentape of shaded area by horizonral overhangs with diffcrent depth for
21" March.
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From table 6.2, it is evident that tnote encigy is saved with the increase of shading depth,
which it not alwap applimble e.g. energy taving performance of 1050mm device is szme
to 1200mm and 1350mm device. Highest percentage (B1%9%) of encrgy i saved by the
devices having 10S0mm o 1350mm depth, while the kowest was presented by Mhnches
device, which was only 61%.

‘Table 6.2: Shading cocfhcent by horironuwl overhangs with different depth for 21°
March.

Shading depth With shade Without shade
No. in mm in Wan in Wit Shading Coclfident
1 i 2463 6327 039
2 b 1673 637 026
3 1050 1202 6327 0.19
4 1200 1185 a37 019
5 1350 1179 6327 .17

0 —

040 T

Shading co-efickent (Ca)
B

410 _I
114 4) A
750mm A0mm 1050mm 1X0mm 1350mm
Depeh of sheding device

Figure 6.7: Shading coeflicent by honronul overhangs with different depth for 217
March.

From fipure 6.7, it hax been observed that the rarnio of toml cnemgy reecved between
thadod and unshaded sinaton i jowest for 1050mm o 1350mm deprh of shading
device, while it is highest for 750mm depth. The 1050mm deviee shows lowest shadmg
coclBaent (h19, which v cqual to that of 1200mm and 1350mm device. For 1050mm
depth the phading devier roeches the lowest shabing coclficient and afier that it poes



same for 1050mm and 135mm depth. ‘The lower the shading coeflicient is betier against
solar radiation gain.

Findings:

For 1050mm depth, honzonml overhang shades maximum window area and shows
lowest shading coefficient. So, for 2400mm window height, sptimum depth of overhang
for maxiroum shading is 1050mm which is 7/16 of window height.

6.4.2 Effiect of Side Offuet of Horzontal Overhangs

From the abowve investipatuon, it has been observed that honzonml shading device wath
1050mm depth can provide maxunum shading. Afer that, further inerease in depth has
no significant Improvement m increase shading area. To impmv;s: the performance of
105(mm depth device at morming and afrerncon, the effect of side offser of horicontal

overhangy from window edge 15 studicd. The parametric study 15 sarted fur hodzontal

shading devices with varying side offset, started from 300mm up to 1200mm (model
shown in fgure 6.8). In each siep 300mm increment has been eonsidered.

A A

Figure 6.8: YView of the model with honzental overhanp {1050mm depth) with 1200mm

side: offsct used for parametric study for 21" March (Ecotect ourput).



"The percentage of shaded arcn of the window varies for different side offset of overhang,
Tahle £i.3 below shows percentape of shaded areas for dilfrent ode offset. The
peraenoge of shaded srea is increased with the inaomece of ade offset. Por 1200mm
depth, it shades 91% of the window area at 9 am, which 15 18% higher dthan thar of
without gde offset of 1050mm device. lot 1050mm depth, it shades 84% of the window
area and after that, the porconiage of shaded area is decressed as dme passes (shown in
figure 6.9). At Spmo it can shade 44% of the windoa: aren, which is 13% higher than that
of without side offset of 1050mm device.

Table 6.3: Percentage of shaded area by honironul overhanps {1050mm depth) with
different side offsct from window edge for 21 March,

Side

ome |E|EVE|Z|2(2(2|2 (8|2 |2|0|8|3|5]2)F
b § % | e e |t | te [ %a [ [ [t | |t [ % [ % [ [t e
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I ERE DN LEEEEEEE O L B A EE R E
600 Al |2 |9 %7 |m W LU Y | . 7T " M m N 3z
I EEEREEEEE AR IO EEEE L EEER I
1200 |91 |92 | # (¥ {08 | 100 j i | jtm | W v ]9 [92 [& [ 2 | &

Shaded wren (%)
=3 a

X

Figurc 6.% Percentage of shaded arca by horizontal overhangs with different side offzet
from window odge for 21" March,
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Findings:

For 1200mm side offset frum window wdge, hotizontal overhang shades maximum
window area So, for 2400mm window heipht, optimum side offset of overhanp for
maximum shading is 1200mm which is 1/2 of window height 900mm side offset may
also be used.

6.4.2 Effcct of Minimizing the Effectve Height of the Window

From the above investigation it has been obscrved that horizontal shading device with
1050mm depth with 1200mm side offset frtom window edge can provide maximum
shading.

Figure 6.10: View of the model with honizontal overhangs (525mm depth) with 600mm

sicde offset used for paramermic study for 21 March (Feoteer output).

Afrer that, to mvesngare the impact of the effective height of the window on the shading
performance of the devices, two opuons have been studied. Ar first opuon, two
overhangs are considered, one at lintel level and another at mid pane of the window. The
depth of both of the averhangs is 525mm, which is half of the presious depth (1050mm)
with 600mm side offset from window cdpe {model shown in fipure 6.10). At second
opton, four overhangs are considered, one at lintel level and the other three are

distributed evenly at 600mm intervals. The depth of both the overhanps is 262mm
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inches, which 13 half of the provious depth (325mm) with M00mm ende offset from
window edpe (model shown in Bgure 6.11).

11

ﬁ{’\ /X Tj‘“""“—.
'kl ; "}:_
. - / I J ,

Wy
o :
R 7
“'a:g_.‘ oy U—J o

Fipure 6,11 Vicw of the model with horirannl ovethangs (262mm depth) with 300mm
wide offsct uscd for paremectric study for 21™ March (Tiootect output).

Table 6.4: Percennype of shaded area by horironul overhanps with diflerent effective
heights of the window for 21* March.

DTl E BB R B EER[(E 2|88 8
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The percentage of shaded wres of the window increases with minimiring the effective
height of the window. "I'able 6.4 shows peracntage of shedal ares for dilferent optons.
For first opuen, it shades 35% of the window wrca st @ wm and 67% of the window area
at 3 pm o while for secoond opton, it shades 78% of the window area at 9 2m and A% of
the window ares 2t 5 pm. At S5pm the percenage of shaded area for second option is
t5% higher than that of for fimt oprion.
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Figure 6,12: Percenage of shaded aren by horizonnl overhang with different effective
height of window for 21 March.

From table 6.5 it is evidont that morc cnergy is mved with minimizing the effecure
height of the window. Highest percentage (95%) of encrgy is saved by sccond opbon
which is 4% higher than that of first optton. The ratio tom) cnogy warived berareen
shaded and unshaded sinnadon is Jowest for second option In the second optron the
lowest shading co-efficient s 0,05. The lower the shading co-effident is better against
solar rediatron gain.

Table 6.5; Shading coellicent by horizontl overhanps with different depth ac different
height for 21 March.

Effective hoght of With thade Without shade
No the windrw: in mm in Warr in Wan Shauting Coefliciens
1 2400 Ti4 o327 0.1t
2 120 SA2 6327 9
3 &N 3w 6327 0.05
Findings:

Minimizing efective height of window is beneficiat to improve the petformance of
shading deviee further, Thiv cnuld be done by using peveral overhangs on the window

pane instead of one larpe overhang,
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6.5 Paramerric Studics for Ventical Shading Devices

From case smudies and litermture trvicws it has been observed that veruaal shading
devices nre cffcctive at west and east openation. Through parametnic arudy an aitemnpt
has been made to find out the size and peomeny of the vertical fins for optirmum shading
st cast and west ofentation only. Pammetric stwdy it done for optimum shadmg at west
odentation. As sun path i+ symmeoiaal about 12 pm. same sohution vl be applcable for
cast orienmtion. Three pamameters (depth and apacng of vertiacl fins and angle of
veruan) fins) wre considered as vadables for this pammetric study. The reaults of this

study arc summarnised in the following sectons.

6.5.1 Effect of Depth and Spacing of Vertical Fins

‘I'he parumetric study has been srarted for vertical shadmg devices of varpng depth, from
600mm to 1200mm from the exterior surface of the wall, over the window (model
shown i figure 6.13) while the spacing berween the finv in considered as consanl n
auch step impact of 300mm increment has been obscrved.

L
1. m

Figure 6.13: View of the model with vertiaal fins {(600mm depth at 600mm interval) used
for pametric study for 21% March (Ezatedt cutput),



Table 6.6: Pereentape of shaded area by vertical fims with different depth for 217 March
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* Porooniapye: af dhsded ares by aod taken into sccount as the sm doos siot s the window:,

The percentage of shaded area of the window vuries for different depths of fins. Table
6.6 shows percentuge of shaded nrcas for different fin-depth. The percentape of shaded
srea is increased with the increase of shading depth but not very significamly, For
600mm depth, the device shades maximum 7% of the window arca and for 900mm
depth it cun also shade manimum 70% of the window e and for 1200mm depth it can
shade maximum 71% of the window arcs For $00mm. 200mm, and 1200mm depth, the
minimum percentage of shaded area s "%, 14% and 24% respectively. So, only

incrousing af depth of fins is not effective to shade the window from solar radiation.
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Figure 6.}4 Poroentage of shaded area by verticnl fins with dillerent depth for 21"
March.'

1 Cotreaponding vaboes of percentype of shaded aren paor 1o bours thown are oot indwated sa the mm
s et mer the wmdma prior tn the time e thowsm poriod .



Findings:

The percentage of shaded arma it increased with the increase of shading depth but not
very sipnificamly. So, only tnoreasing of depth of [ins s not effective to shade the
window from solar mdanon

652 Effect of Angle of Yertical Fins

l'rom the sbove investipation it has been obscrved that for vemical shading only
increasing of depth of fins is not effective to protect the window from solar mdmnon.
After that the increase in depth of fins is oot furnther effectve to increase shadmg area.
To improve the perfermance of vertioal devicez, the cffect of different angle of vertical
fins with window surface is studied. The pammetric srudy is done for 600mm, 00mm
and 1200tmen decp vertieal finy with 30° and 45° anples with the lme perpendicular to the
window surface {model shown 1 Ggure 6,15, 6.16),

Figure 6.15: View of the model with vertieal] fins ($00mm depth 30? slanted) used for
parmetric study for 21" March {Ticotect cutput).



Figure 6.16: Vicw of the model with vertcal fins (M0mm depth 45° shinted) msed for

paramictric stwdy for 21" March (Tlootect cutput).

Tabke 6.7: Percenupe of shaded arca by vertical shading devices with different depth

aed antple for 21 Muarch,
ea]y [2]e[e]e] ]2 s]a[s]s[c s e a]e]e
E ¥ 1 S "% | % = g2 | | [ % 0% |* | ™ [*% [%= |™= = |= |
&0 M . . . - L) * ’ * * " (3] ] v n 0| e 3
600 | 45% |« | | [ ]t s min ks [en
ooy | v . . " - - . . - * m | nmm N L1}
o (45 - [ -1~ [-T 1" [ [l [mlfow[n]s|rn|»
1200 | 30* * . ] " . - * ' - LI L O O T . 1 . I I )
1200 [45° f+ 1° 1° 1° | b 1" |- |- |[m = [= %™ == |%
* Percentape of shaded wrra in oot iaken into socount ns the 1n does ool see the window,

The pereentape of shaded area of the window varies for diffoent depths of Ans with
different anpgle. With changing the anple from perpendicular to the window surface the
percentage of thaded aran of the window b iooased ggnificanily. Table 6.7 shows
percenmge of shaded areas for different findepth with different anghes. The highost




performance is seen by vertical fins, 900mm depth with 45* angle. for 900mm depth
with 45% angle vortical fins, it shades maximum 97% of the window arca and sher that
the percentape of shaded aren is not incroased with the increase of shading depth. The
petiormance of 900mm depth with M° angle veriad fina is very close to that of 200mm
depth with 45° ungle vertical fins,
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Figure 6.17: Poreontage of shaded ares by vertical shading devices with dilferent depth
and angle for 21% March. ' &%

Table 6.8: Shading coefficient by vertical shading devices with dilferent depth and angle
for 21 March.

Lepth With shade Without shade
N inmm | Ange b Wt i Wan Shadmpg cocfficent
1 00 o LTA] 1558 0x2
2 600 45° 384 2558 0.15
3 200 H* e 2558 017
4 200 45° 36 2556 0.14
5 1200 »r 419 2558 0.7
6 1200 45° M7 2558 014

I'rom 1able 6.8, it is evident that more enerpy is saved with the increase of shading depeh,
which is not alweys applicable e.p. enecrgy saving performance of 900mm depth with 45°



angle verrical fins is same to that of 1200mm depth with 45% angle venical fins. Highest
percentape (86%) of energy is saved by the devices having 900mm depth with 45% angle
vertical fins, while the lowest is presenred by 600mm depth with 30° angle vertiaal fins,
whach is only 78%.
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Fipure 6.18 Shading coefficent by vertal shadinp desrees with different depth and
angle for 21% March.

Findings:

For M0mm dorth, verical fin at 45* angle with the line porpendicular to the window
sutface, shades maximum window ares and shows loweat shading coefTicient. So, for
600mm apacing, optimum depth of fins for maximum shading is X0mm which s 3/2 of
spacing berween fins,

6.53 Effect of Extending of Yernucal Fina above Window

I'rom the above investtgation it has been observed that for votical shading increasing off
depth and sngle of fins is elfective 10 proteet the window from solar mdntion. After that
the inerense in depth and angle of fins is not further effective to increase shaded area. To
improve further the performance of vertical deviees, the effect of extending of vertical
fins above window s studied for 900mm depth with 45" angle verbonl fins. The

parametnic study is stared for vertical shading devices with varying extension of verncal



finy above window, started {rom 150mm o 600mm {mode) shown in fipure 6.19). In
each step 150mm increment has been comaidered.

Figure 6.19: View of the mode] with vertical fins with 600mm extension shove window
used for parametnc study for 21" March (Feotect output).

The percentage of shaded arew of the window vanes for different exiension of vertrcal
fins shove window. Table 6.9 thows pereenmage of shaded srens for different exrenmon
of verucul fins above window. ‘The higheat performance is seen by verdaal finy with

600mm extension above window, which shades conneantly 100% of the window arc.

Table 6.9: Percenuape of shaded 2rea by verical fins with varying extension of verical
fins abene window for 21 March.
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Figure 6.20: Poreentage of shaded area by venieal fins with varying extension of vertical
fins above window for 21* March.! #*"

From table 6.10 below, it is evident that more energy bt saved with different exrension of
vertical fins above window, Highest poroenge (99%) of enerpy is faved by the devices
having MXmm depth and 45 snglc vertical finn with 600mm exienson above window,

Tablke 6.1 Shading cocfhicient by vertical fins with varying extension of vertieal fins
above window for 21" Manch.

Nb. Extension With shade Without shade Shaiting Coclficiont
R ] n Wan in Want
1 150 218 7558 a.0%
2 3o 132 2558 ans
3 450 67 7553 a.03
4 600 32 2558 0.01
Findings:

For 600mm cxtonsion above window, voriesd in shadey madimum sdindosr ares and
shows lowem shading cocfficdent. So, for 600mm spadng, optimum extension of vertica)
hn above window for maximum shading 13 600mm, which is equal to the spacing
herween fins.
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6.6 Parametric Studies for Composite Shading Devices

Case studies and literature reviews so far done, reveal that composite shading devices are
effective at south-east end south-west odentatdon. Through this patametde study an
attempt has been made to Aind out the size and geometry of the horizontal overhangs
and the vertical fns for optimum shading at south-cast and south-west orienmbon only.
Parametac srudy is dene for optumum shading at south-west orentation. As sun path s
symmetrical about 12 pm, the same soludon will be applicable for south-east orientarion
also. Two paremencry (tlepth and spacing of horizongl overhang and vertical fing and
angle of vertical fins) are considered as vadables for this parametric study. The results of

this study are summarised in the following secdons.

6.6.1 Effect of Depth and Spacing of Horizontal Overhrangs & Yertical Fins

The paramemic sudy has been done for composite shading devices of varying spacing of
horivontal overhangs and vertical fins, while the depth of the fins and overhangy is
considered as constant. As composite shadiog devices are combination of herzonral
overhangs and vertcal fms, spacings of both devices have impact on the shading
performance of composie shading devices.

k|
14 502

B L T T
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Fagure 6.21: View of the model with composite shading device used for parametrc study
for 21" March {Ecotect ocutput).
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Two options have been studied. At fimt option, spacing of verucal fing i considered a9
constant along with the depth of hotizonml ovorhangs and vortical fins; only spacing of
honzonial overhangs is » variable, The parmmetnc study 1 done {or 600mm and 1200mm
spacing of horizonmal overthangs. At second opbon, spacing of honzontal overhangs is
considered a8 constant along with the depth of hortzental overhangs and vermical fins,
only spacmg of veriicul fins ts a vartable. The pammeric srudy is done for 600mm and
1200mm spacmg of vertical fins (model shown i figure 6.21). 1n both eases, depth of
horizoneal overhangs and vertical fins is (O0mm

Table 6.11: Percentnge of shaded arem by compesite shading devica with different

spacing for 21 March.
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Figure 622: Percentape of shaded arca by composite shading devices with different
wpacding for 217 March. 1%
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The percentage of shaded area of the window vades for different spacing of fns and
ovethangs, Table 6.11 shows percenoge of shaded areas for different spacing of fins and
overhanps. The percentage of shaded area 15 increased with the decrease of spacng of fins
and overhangs. The hiphest performance is seen by 600mm spacing vertical fins with 6(mm
spacing horzontal cverhaogs. For &00mm spacing vertical fins with 600mm  spacing
horzontal overhangs, it shades from 79 to 100%% of the window area at different dme of the

day. The performance of other alternatives is not consistent (shown o figuee 6.22)

Findingu:

For 600tmmm depth of ns and overhangs at 600mm interval, composite shading devices
shade maximim window area and shows lowest shading coeffiment. 5o, at 600mm mterval,
opumum depth of vertical fins and overhangs for maximum shading is 600mm, which is
cqual to the spacing betweea {ins and overhangs respeciively.

6.6.2 Effccr of Angle of Vertical Fins

From the above investigation it has been observed that for eomposite shading only
increasing: of spacing of fins and overhangs i1s not effecove to protect the window trom solar
radiation throughout the day. T'o improve the pecformance of composite shading devices,
the effect of Jdifferent angie of vertical fins with window surface is studied o the following
section. The parametric study is done for 600mm spacing horrontal overhang and 600mm
spacing vertical fins with 30° and 45° angles with the line perpendicular to the window
surface {todel shown in figure 6.23).

Figure 6.23: View of the model with composite shading device with slanted fins used for
parametnc study for 21 March.
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The percentape of shaded nema of the window varies for vertial fing of composite
shading devioe with diflerent anghe. With changing the angle from pemendicular to the
window surface the percentape of shaded arca of the window is increased sipnificantly.
Tuble 6.12 shown percentape of ahaded areas for verticul fins with different angies. For
6O0mm spacng hotizonml averhangs with 600mm spacng vertraal fins with M angle, it
shadey maximum 100% of the window ara. The peaformance of 600mm spadnp
horizonml vvcrhangs with 600mm spacng vertical fins with 45° anghe is almost ,ame to
that of 600mm spadng hefizontal overhangs with 600mm spscing vertical fins with 30°
angle (shown in figure 6.24).

Table 6.12: Percentape of shaded area by compaosite shading devices with different angle
for 21" March,
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Figure 6.24: Percenuage of shaded nren by composite shading devices with difTerent
angle for 21 March. ' ***
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Folloeing Table 6.13 shows that, enerpy saving performance of G00mm spacing
hodzonml overhangs with 600mm spracing vertical fins wirh 30° angle is very dose to
that of §00mm rpacing horizonml overhangy with 600mm spacing vertical fins with 45°
angle. Highest percentape (79%%) of energy is saved by the devices having 600mm spaang
hotirantal overhanpe with 600mm spacing vertcal fins with 45° anple.

Table 6.1%: Shading coclfrcicnt by composite shading devices with dilferent angle for
2t™ March.

With shade Without shade
Mo Angls in Went F—— Shading Coeffigent
t o B 4015 ooz
2 e L' 4015 0.01
3 45* 27 4035 nm

Findingn:

For 600mm depth of Ons and overhangs at 600mm interval, compasite shading device at
45°% anple with the line perpendicular to the window surface thades maximum window
arce and shoen lowot shading cocfhicient,

6.7 Conchusion

Based on the obscrvation made in the parametric studies, it can be siated that with the
help of some simple strategies and modibadom of shading devices, the oprimum
sclution conceming solar heat gain 1ssues within mll offree buikdings can be achieved for
considenable period of office hours at {ive cdtiol odhenations for perods roguiring
ahading. By providing » better protection sgainst solar heas gain, the enerpy consumprion
to dissipate that heat could be reduced.
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GUIDELINES FOR DESIGN OPTIMIZATION OF SHADING DEVICES

Shading is the maor consideraton o reduce solar heat pain in overheated penods.
Shading of a window offers the frst hne of defence against heat pains from solar
radiation. External shading device is the most efficient solar control as it cuts off solar
rachation before reaching the window. The design of shading devices can primanly come
from understanding the solar geomerry. ‘The efficiency of the window shading devices 1s

largely determined by the orenmtion of the window. Every cnentation of Lhe window

requires appropriate shading stratepy.

In the previous sections, the theorerical basis and the results of the simulation studies
were discussed. Based on the set criteda nine selected shading devices were evaluated
through simularion. The evaluadon of these selected shading devices in terms of solar
conuel helped in identifying the factors that affect in reducing solar heat gain. To
explore the strategies for opimum shading, a parametnic study was pursued through
series of sinulations. The observatons of the simulated behaviour that ocours due to
changing parameters allow the identification of peometric elemenrs, the reduction ot
introduction of which in the design contribute to reduce solar heat gain. The following

secilons present recommendations and gu.idc]incq.

7.1 Proposcd Guidelines for Efficient Shading System

In view of all the investigations and on the basis of findings curtlined above, a set of
puidelines has been deawn for efficient shading to reduce solar heat pain. Invesoganons
showed that different types of shading devices were appropriate for dilferent
orentations. The following recommendations are made for different odentadons and for
different rypes of shading devices. The recommendations and guridelines are pardcularly

applicable for tall office buildings of Dhaka an (longitudes: 90923 Fast and houdes:
23°46' North),

7.1.1 Gaidelines for Hosizontal Shading Device

¢ Tt has been found from the invesogation that hoozontal shading devices were

efiicient at south orienmtion only. Hence honzontal shading devices are appropnate



167

to protect the windows [rom solat heat gamn at south orentaton. It works effcrenty
from 10 2m to 2 pm when the sun is opposite to the window pane and at 2 high
aldtude.

*» ‘The depth of the overhang depends on the window height and is mdependent of the
window width. *L'he performance of horizontal shading device increases with the
increase of depth of the overhang, After a certain depth, the performance does not
increase significantly with the increase of shading depth. The important factor is the
ratio between depth of the ovethang and height of the window.

¢ For optimum shading, the ratio between depth of overhang and height of the
window is

D=7/16xH
Where, 13= depth of overhang
H= [eight of window

Figure 7.1 Schematic diagram showing parameters of horizonmal shading device.
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¢ When designing an overhang for the south facade, one must remember that the sun
travels from the southeast before noon and to the southwest after noon. Therefore,
the sun will outllank an overhang with the same width as window-width. Windows
need wider overhang offset from the window cdpe (figure 7.2). The side offset from
window edpe also depends on the height of the wandow.
e The rato between the side offset from window cdee of overhang and height of the
window 15
W= H/2
Where, W= side offsct from window edge
H= Height of window

I:W=I'll’2— —W=H.‘2—]

Figure 7.2: Schematc diagram showing parameters of horizontal shading device.

» For large height of windows, minimizing eflfective height of window is beneficial to
improve the performance of shading device further. This could be done by usmg
several overhanps on the window pane instead of one larpe overhang (figure 7.3).
Installing several overhanps on the window pane is alsin appropriate when the
projecting distance from the wall is himited for structural or other reasons. this could
he important if a boilding s on or neat the property line or there are certain
resmictions by butlding regulations. As far as sun penetraton is concerned, the scale

of the overhangs can be changed at any time as long as the rado of D/H and W/H

are kept consant,



1049

AR W
! £
!
/S H /
)
Lo W
/ ;
£ s
,.-’f H ;f
I ;
£ I

Lilevanon

Secrion

Figure 7.3: Schematic diagrams showing parameters of horizontal shading device.

7.1.2 Guidelines for Vertical Shading Device

Tt has been found from the invesdganon that vertical shading devices were efficient
at cast and west odentation only. Henee verncal shading devices are appropriate to
protect the windows from solar heat gain at east and west otentation. It works
efficiently with the sun at 2 low alorude.

The depth and spacing of vertcal fins is independent of window herght and wadth.
‘Lhe performance of vertical shading devices increases with the merease of depth of
vertical fins and with the decrease of spacing between vertical fins. After achieving
certmn depth, the perfommance does not increase with the increase of shading depth.
The depth of verdeal fin depends on the spacing benween vertical fins and vice versa.

The important factor is the ratio herween the depth of vertical fin and the spacing

between verncal fins,
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« For optimum shading, the ratio between the depth and the spacing of vertical fin is
D=1.5x8
Whete, D= depth of vertical fin

S= spacing of the vertical iin
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Figure 7.4: Schemarc diagrams showing different parameters of vertical shading device.

This ype of device is most effectve when the sun is at one side of the clevation. A
vertcal device to be effective when the sun is opposite to the window considered
would have to give almost complete cover of the whole window. With changing the
angle from perpendicular to the window surface to clock-wise direcnon, the
performance of vertical fin increases significandy. Vertical fins at 457 angle with the
line perpendicular to the window surface are most effecuve. This type of vertical
slanted fin can be appropriate ¢ither when there is a desire to conurol the direction of
view or when the view 1s ot impartant.

When designing a vertical fin for west facade, one must remembier that the sun
wavels relutive to earth from the southwest. Therefore, the sun will outflank a vertical
fin with the same height 25 a window-height Windows necd higher vertical fin
extending over the window edge. The extension over the top edge of window

depends on spacing betwecn vertcal ins.
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s ‘The ratio between extension of Ans over the window edge and the spacing between

vertical fins is
X=5
Where, X= extension of fin over the window edge

S= gpacing berween vertical fins

Y U

Figure 7.5: Schematc dizgram showing different parameters of vertical shading device.

7.1.3 Guidelines for Compaosite Shading Dcvice

o The investigation showed that the composite shading devices were efficient at south-
cast amid south-west odenmtion. By conuolling sun penetration by both the altrude
and azimuth angle of the sun, very effective shading of windows can be achicved.

* The depth and spacing of vertical fins and henizontal ovethang of composite shading
device is indcpendent of the window height and width. The performance of
composite shading devices increase with the increase of depth and with the decrease
of spacing berween vettical fins and horzontal overhangs of composite shading
device. ‘lhe depth of verical fin and horizontal overhang depend respectively on the
spacing between verrcal fins and horzontal overhangs and vice versa. The impomant

factor is the ratio between the depth and the spacing between vertical fins and

hotizonral overhangs.
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s For optimum shading, the tatio berween the depth and the spaciog of the vertical fns
of composite shading device is
w—d
Wher, d= depth of verucal fin
w= spacing between vertical fins
And the rado berween depth and spacing of horizontal overhangs of composite
shading device is
h=d
Where, d= depth of horizontal overhang
h= spacing between horizontal overhangs

It means that depth of verdcal fins and depth of horzontal overhangs has to be

equal.
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Fipure 7.6: Schematic diagrams showing different parameters of composite shading
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e  With changing angle of verrical fin from perpeadicular to the window surface to ant-
clock-wise direction, the performance of composite shading device increases. Vertical

fin ar 30° angles with the line perpendicular o the window surface are most effecave.

Figure 7.7: Schematic diagram showing different pataroeters of composite shading

device.

= The Designer should first decide on the peneral appearance of die composite system.
As far as sun penetradon is concerned, the scale of the composite shading device can

be changed a1 any time 25 long as the ratio of h/d and w/d are kept constant.

7.2 Conclusinn

This work was an attempt to explore design strategics of efficent shading devices in
tropical urban climatic context with a focus to teduce solar heat gain in overheated
petiods. To achieve the objectives, through investigations a set of strategies has been
dmawn that could help to design an efficient shading device in place of commonly
practised ones in Dhaka. This work may also instgate designers design efficient shading

devices with a reference to climate issues.
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At present the necessity to reduce the energy consumption in the butldings is an
important issue in Bangladesh. the design strategics of efficient shading devices that
have emerped as a direct outcome of this study are important in producing enerpy
cffcient design solutions. It may be cxrremely useful to have such strategies in mind
during the pre-design and design stages of buildings, as passive solutions allow buildings

to responsive with environment, thereby reducing energy consumption.

1.3 Suggestions for Futnre Research

Some of the most impormant areas that need to be explored further are summarized
below:

* More research needed to assess the itnpact of shading devices on daylight and

venalation through the window.

* Performance of shading devices can be evaluated in reducing heat pan for diffused
solar radiarion.

* TPerformance evaluation can be done with various thickness of shading devices with
different rypes of materials. The use of shading matetals and methods of installadon
with regards to their thermal propertics need to be invesngzted for detailed
recommendanon for their uses,

* Tossibility of mechanized movable shading device can be cxplored. The cost
effectiveness of fixed shading device wath compadson to movable shading device can

be done considering maintenance and eonstruction cost.

* Combination of shading devices (interior and exterior), movable shading devices and
shading devices combined with special (solar-protective, low-€) glazing should be
studied.

* ‘Dhaka Metropolis Building Construction Rule 2006” can be examined consideriag
solar shading in buildings.

* impact of shading optimizanon on building energy consumplinn may be studied in

view of energy saving potendals.
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