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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

With the on going trend, Every buildings came up with large windows glazing
and inappropriate shading device. But they have failed to cope up with the
external conditions which lead to ingress of solar heat, causing discomfort it
to the occupant. Commercial Building space accounts for 33% of the total built
space and increasing at a rate of 8-10% annually. The average annual
electricity consumption for space conditioning and lighting in India is around
80 KWh/m2 and 160 KWh/m?2.

1.2 AIM

1.3 The study is aimed at analyzing the energy performance of an existing office
building and redesigning it to maximize energy saving through optimized shading
device

1.4 OBJECTIVE

2 The main objective is to determine the optimum external shading device to reduce
energy consumption

3 And to compare the effectiveness of the shading device and its thermal performance of
a building

3.1 LIMITATIONS FOR THE STUDY

4 Understanding the different aspect of designing office building with respect to the site

5 Redesigning a existing office building into a less energy consumption building by
integrating passive strategies and various shading device and renewable energy
system

6 STANDARDS Office building codes and norms from-NBC AND ECBC guidelines

6.1 RESEARCH QUESTIONS

1. HOW SHAING DEVICE AFFECTS THE ENERGY
2. HOW GLAZING AFFECTS ON ENERGY CONSUMPTION

7 LITERATURE REVIEW

2.1 The study aims to critically analyze the various shading devices and their
associated parameters

THE ROLE OF SHADING DEVICE

EFFICIENCY OF SHADING DEVICE
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2.3
Solar Study

Solar paths differ seasonally: in winter, the sun rises from the east and
sets on the west, while in summer the sun rises from the north-east and



sets on the north-west. In the Northern Hemisphere, the sun’s movement
is described by solstices and equinoxes. Solstices are the period of a year
when the sun reaches either its highest or lowest point in the sky at noon.
June 21 and December 22 are the two different solstices that respectively
mark the highest and lowest point for the sun in the northern hemisphere;
these days are also called summer solstice and winter solstice respectively.
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Shading Devices Shading devices have been prominent elements in architecture.
Historically, porticos, colonnades, and overhangs have been used in different shapes
and sizes as shading elements in buildings during different eras of architecture. Frank
Lloyd Wright used shading strategies in the form of overhangs to shade, create
thermal comfort and make an “aesthetic statement” (Lechner, 2014). Le Corbusier’s
architecture highlighted the use of the “brise-soleil”, which means “sun breaker”, as a
fixed structural sunshade.
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Shading devices Buildings around the world require a large amount of energy for
cooling, heating and lighting. Lighting in office buildings alone accounts for around
20-40% of total energy used in the buildings

Fixed Shading Devices Fixed shading devices can be horizontal, vertical, or a
combination of both, commonly called an “egg crate.” Horizontal shading devices are
effective on the equatorial facing facades when the sun altitude is high and are
suitable for the summer months. Vertical shading devices are preferred in the east
and the west directions where the solar altitude is low and the entire window faces
the sun.

External shading devices decrease solar heat gain by as much as 80% (Handbook,
2009). A very deep horizontal overhang tends to trap hot air and can also be loaded
with snow, while overhangs with smaller horizontal louvers in the horizontal plane
can solve those problems. Vertical fins are recommended on the polar side in very
hot places because the sun rises on the north-east and sets on the north west in the
northern hemisphere during the summer months. Yet vertical fins, vertical slanted
fins, and egg-carets are problematic because they obstruct view although eggcrate
can be successful in hotter climates because they require less depth, and the higher
global illuminance of lower latitudes can still admit adequate light through an egg-
crate. The positioning and inclination of shading can be determined by accounting for
the angle of solar 21 incidence on the window during winter, window height and
length, and height above the window

Shading types Description Recommended Direction | Pros and Cons
Overhang horizontal South, east, west Traps hot air, Can be
panel loaded by snow and

wind

11




Overhand horizontal South, east, west Free air movement,
,',”-‘V louvers in horizontal snow or wind load is
sk plane small,
|
3
= Overhang horizontal South, east, west Reduces length of
’/”é louvers in vertical plane overhang, View
[ §/ 2 restricted and available
in miniature louvers
g = Overhang Vertical Panel | South, east, west Free air movement, No
>
P & snow load, View
r- restricted
EXTERNAL DEVICE
= ] Vertical fins East, west, north R restricted view; for
‘ north facades in hot
IR climates only
(I
= Vertical fin slanted East, west Slant toward north,
[ restricts view
i significantly
B

12




— Eggcarate East, west For very hot climates,
view restricted and
traps hot air

Eggcarate with slanted East, west Slant towards | View restricted, traps
fins north. hot air and also for very
hot climate.

LITERATURE REVIEW

The potential of shading devices for temperature reduction in
high-rise residential buildings in the tropics.

* INTRODUCTION

* The present study focuses on the effect of shading devices
on the indoor temperature of high-rise residential buildings
in the hot—humid climate of Malaysia..

* Malaysia has a diurnal temperature range at a minimum of
23-27 oC and a maximum of 30-34 oC

* SIMULATION
* A computerized simulation tool (IES) is used

METHODOLOGY

13



To calibrate the building simulation, IES simulation results were

compared with fieldwork data. The methodology was pursued in

three phases.

oyt

The first phase was the data collection from the field.

The second phase was the verification and validation
process, which included a model of the external shading
device similar to the real one used in a residential unit.

The results of the field measurement were then compared
with those of the simulations.

The last stage involved simulating the five proposed models
with different types of shading device.

RESULTS AND DISCUSSION

The simulation output was compared with the fieldwork
results for the indoor/outdoor temperature pattern for two
consecutive days in the selected room (R1) under ventilated
and unventilated conditions

--------------------
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3. CASE STUDIES:
CASE STUDY: ARCOT PLAZA- CHENNAI

THE DESIGN:

The idea was to maximize the visibility of the building and tap the potential in terms of
footfall as the site is located between the existing railway station and an upcoming Metro
Station. The ground plane was designed as a public zone. The front edge of the site was
designed as a Public Plaza extending the side-walk into the site with the building having an
inviting double-height atrium for the Retail branch. The Office floors have a separate
entrance lobby at the rear with a Vehicular drop-off. The top floor was designed as a
premium office with a large terrace garden which cuts the heat load of the offices.

15



ARCOT PLAZA DAF16A11387

Southern Openings
SUSTAINABILITY Minimal openings on the
. south to minimise building's
Eastern Openings heat gain
Larger openings with sunshade

TRIONL.
1 1l

)
MR
:“f\"\‘\"“:\\’\\"‘\l‘
KOBKEIN

AT

‘n“,‘\\"‘p“‘w\{\

AN Western Openings
Smaller Slit windows with

North light Louvers sunshade to prevent harsh west
Constant Daylight without EXPLODED VIEW light but allow S.W. Wind
glare

SUSTAINABILITY : The Form of the
Building was a direct response to the
Climate. The Northem side faces the
Street. Care was taken to protect the
glass frontage of the building with
appropriate and innovative
shading-devices there-by providing
effective day-lighting and reducing the
solar heat-gain on the building. The
Retail Facade is protected by the
Office Floors Cantilevering from
above. The Western and Eastemn Side
have been designed with appropriate
openings to facilitate
Cross-ventilation inside.

"

A
| \

An ICON through DESIGN : SLIT-WINDOWS:Effective Solution
Fenestration Design. for West.
Page 04 of 06

EASTERN FACADE : Larger windows on the East in designed pattern.
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SUSTAINABILITY: The Form of the Building was a direct
response to the Climate. The Northern side faces the Street.
Care was taken to protect the glass frontage of the building
with appropriate and innovative shading-devices there-by
providing effective day-lighting and reducing the solar heat-
gain on the building. The Retail Facade is protected by the
Office Floors Cantilevering from above. The Western and
Eastern Side have been designed with appropriate openings to
facilitate Cross-ventilation inside

ARCOT PLAZA DAF16A11387

i;»i"i W‘\ "

THE FACADE

Outter frame SS

| Swructural S$
Inner frame SS welded mulion frame
0 outer frame
Polycarbonate sheet scrowed  FACADE DETAILS: Exploded  EXTERNAL VIEW :Views through BUILDING ARTICULATION : S-West.
toinner frame  View of Detasled Design. Facade

INNOVATIVE DAY-LIGHTING
FACADE : The Northem
Facade of the Building for the
4 AW Office Floors was designed to

S give glare-free day-lighting for
M the work spaces. The
trianguiated translucent
poly-carbonate fins placed at
carefully determined patters
cuts the direct sun-light. In =
Chennai during summer the
setting sun moves Northward.
Ouring such months the Fins
provide diffused Eght. During
other times they cut the glare
from the bright sky. It also
offers an intersting view to the
street from the Office spaces
breaking the monotony of the
Spaces. Also the glass used is
solar rated glass to cut
heat-gain. The exploded
diagram explains the facade

INTERIOR VIEW - conrsamcs A comfortable internal environment  COnStruction system.

A\ X
INNOVATWE FACADE: Transiucent shading devices designed to filter the Sun -light.

Page 05 of 06
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2. The Public Plaza 3. Retalil 4. Typical Offici

1 buildable A Public Plaza is created as an extension of Retail floor has a double ht area and a An open floor plan that
the Pavement to create more foot-falls mezanine to maxmise floorspace and lighting and ventiliation to1
g e visibility from the road more Sustainable
S A § Ny~ ST Building Service
Green Roof, ... ueues S Core
Protects the building from direct Positioned on the south to
solar heat minimise building's heat
/
/I K 3
irth light LOUNBTS ssissivasaigouan » 3t “weseeesssss Winter sun angle
Constant Daylight 7 v ‘ - % December 21
without glare [_.' . ‘ )
] | r ~ ¥ Wind:SW.
-astern Openings........ B . - RS e T
Larger openings with g e VY ?\ ] < L St
nshade to allow more << gl 2 : A
daylight  / ] .l ), Western Openings

Smaller Slit windows wi
sunshade to prevent ha

Overhang... ..ceengeens west light but allow S.W

Protects glass from Wind
direct sunlight
Summer sun anglt
! e June 21
-Form 3 ok ~—
| direct response to T T N S e e :
t and Function of the PublicPlaza st Shaded Retail facade

/2 Interface to road Double height glass

Pal

THE SUCCESS: The building has an iconic presence on the
street and due to the sensitive design fetched higher RENT per
SQ FT. Also the building consumes 15% less energy due to the
climate-sensitive design features
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RADIATION ANALYSIS

HARMFUL RADIATION

{0:;0:0}

0 1.5549e+6

THIS IS THE RESULT OF
HARMFUL AND USEFUL
RADIATION OF THE
BUILDING WHICH HELPS
TO IDENTIFY THE AREA
WHICH IS EXPOSED TO
DIRECT SUN AND THE
OTHERS CAN BE
CONVERTED INTO ENERGY

{0:0;0}
0 10426.965573
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BEST ORIENTATION ACCORDING TO SOLAR RADIATION

2.2524e+¢6
2.2566e+6
2.2592e+6
2.260%e+6
2.263Be+6
2.2647e+6
2.2651le+6
2.2688e+6
2.27e+6
2.270Te+é
2.2738e+é
2.275Be+6
2.2786e+6
2.2813e+6
2.2892e+6
2.2872e+6
2.3014e+6
2.3024e+6
2.3036e+6
2.3082e+6
2.3118e+8
2.3166e+8
2.317e+6
2.3172e+6
2.3191e+6
2.3217e+é
2.3236e+6
2.329e+6
2.3305e+6
2.3328e+6
2.332%e+¢
2.3354e+8
2.3362e+6
2.3373e+6
2.338Be+6
35 2.3414e+6

L= R I« T N T i =




RADIATION VALUE

| {0}
0 2.3354e+6

TOTAL DIRECT SUN HOURS

| {0;0}
0O 5985869

IMAC VALUE
THE RESULT OF SOLAR RADIATION ANALYSIS ARE SIMULATED FROM GRASSHOPPER
2836 2144

28.69 21.44
29.13 22.21

29.69 2237
30.31 23.3%
30.53 23.681

30 23,08
29,75 22,83
29,66 22,74
29,41 22.4%
2901 22,09
28.63 21.71

94308 22,4833

SUMMARY AND CONCLUSIONS



In this study, the design and effects of an effective external shading
device for an office building were examined. The reduction in cooling
loads due to the blockage of solar radiation was also evaluated. For the
design of the external shading device, the authors first calculated the
average monthly temperature for the region where a target building was
located. The period when the temperature exceeds 20°C was denoted as
the overheated period, and the building was configured to be shaded
during this period. A shading device was designed to differ depending on
the direction of the target building, and its effects were evaluated by
dividing them into the overshadowing percentage and the effect of the
solarradiation blockage due to the shading device.

4.

CASE STUDY 2

RAMANIYAMS LORD BUILDING

LOCATION: EKKATUTHANGAL
ARCHITECT:RAMANIYAM
AREA: 1.3 ACRES

THE SITE IS LOCATED ON THE MAIN ROAD OF EKKATUTHNGAL AND THE BUILDING
BLOCK IS DIVIDED INTO 2 BLOCKS WITH A RAMP AND THE BLOCK IS 6 AND 8
FLOORS RESPECTIVILY

1.THE BUILDING IS A WEST FACING PLOT.

2.THE MAIN ROAD IS 80FT ROAD,

AND THE METRO STATION IS WITHIN 4KM

3.WEST-ENTRY

4. EAST-VACCANT LAND ON EAST SIDE ,THERFORE INCREASE IN SOLAR GAIN
5.WEST-RESDIENTIAL ZONES WITH LOW RISE

6.NORTH-ANOTHER BLOCK OF LORD’S BUILDING OF 8 STORYS

22



SITE JUSTIFICATION

THE BUILDING IS MAINLY TARGETED FOR ITS HIGHLY GLAZED STRUCTURE WHICH
IS PROPOSED TO REDESIGNED TO ACHIEVE ENERGY EFFICIENT OFFICE
BUILDING AND THE SITE IS LIMITED WITH 2 BLOCKS

23



THE BUILDING IS LOCATED ON MAIN ROAD OF THE EKKATUTHANGAL.THE
BUILDING IS DIVIDED INTO 2 BLOCKS.

BLOCK 1- AREA OF ONE FLOOR 17000 SQFT

TOTAL AREA-9476.11 SQM

OCCUPANTS-1053

BLOCK 2-TOTAL AREA 7896.SQM

TOTAL NUMBER OF OCCUPANT-877

TOTALAREA

BLOCK 2

24
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4.0 METHODOLOGY:

TYPES OF EXTERIOR ZHADING DEVICE

BASE CASE AS rer cace At
EISTING e REDESIGNING
BUILMNG

pl—
VERTICAL

_— HORZONTAL

GG CRATE
EXPERIMENTAL
e SHADING DEVICE




EXPERIMIENTAL
ASTECMIENT METHODE | —» EILILETION —_— —_— DOWIRE RSB0

MIETHOD

CASE 1 WVERTICAL

CAZE X

HORIDOINTAL SOLAR SHADING THERMAL EVALILATING
CASE 3B05G CRATE AMADES 2 CALTULETEON AND ¥ AMMUALLOAD OF
CATE S S ULETION BOTH THE CASES

EXPERIMIEMTAL
SHADING DEVICE

l

COMPARING THE ANALSE OF ENERGYLOAD COMELUMPTION OF BASE AND
RESUMT AMD WVALIDATION — PROPOEED CASE THROUGEH REAL TIME EXNPIREMENT AND SELILATIN

5 CLIMATE ANALYSIS

Chennai experiences warm and dry humid climate due to the coastal area. It does not
experiences extreme variation in seasonal temperature. This can increase discomfort
considerably. Comfort band for Chennai- 20 deg.celcius to 24 deg.celcius.

Temperature range:

In summer it experiences 30-35 deg.celcius during daytime and in night 25-30 deg.celcius
in winter 25-30 deg.celcius during day and 20-25 deg.celcius at night. The maximum
temperature recorded is mostly around the month of MARCH, APRIL, MAY, JUNE being the
recorded maximum of the year. As we look at the relation between the comfort bands the
recorded temperature seems to be pretty higher than the comfort level. So a lot of design
considerations has to be given to the control of daylighting in the building.

Wind wheel:

27



The wind wheel explains the direction and the intensity of the wind approach in the region.
The wind pattern is predominantly from the south east to North West direction and the
temperature of the wind is also cooler compared to the south eastern wind which is high in
temperature.

LOCATION: CHENNAI, -, IND

WIND WHEEL Latitude/Longitude: 13.0° North, 80.18° East, Time Zone from Greenwich 5
Data Source: IWEC Data 432790 WMO Station Number, Elevation 16 m
LEGEND N
TEMPERATURE (Deg. C) ﬁ
H <0 JANUARY - DECEMBER
HWo-22
O22 - 24
W2 -3
W >38
RELATIVE HUMIDITY (%)
0 <3
@ 3070
| >70
(@ All Hours (O) Selected Hours
tam. through | midnight
@ All Months () Selected Months
AN through | DEC
() One Month | JAN Next Month
(© one Day 1 Next Day
Animate
@ Monthly sert
O paily Pause
Hourly Stop

Radiation range:

The radiation range of Chennai recorded as high in the months of March and recorded low
in the month of October. The Radiation chart explains about the level of radiation recorded
in the region throughout a year. A theoretical radiation range is fixed to compare the
measured level of radiation with the actual found out level of radiation. Since the radiation
level is moderate paved surfaces should be considerably used.

TEMPERATURE RANGE LOCATION: CHENNAI, -, IND
California Energy Code Latitude/Longitude: 13.0° North, 80.18° Easl, Time Zone from Greenwich 5
Data Source: IWEC Data 432790 WMO Station Number, Elevation 16 m

LEGEND

RECORDEDHIGH- =

o
DESIGN HIGH o N
AVERAGE HIGH - : °
MEAN - B =
AVERAGE LOW - o ° D =
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COMFORT ZONE 25

i
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@ 1% of Hours Above
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DESIGN LOW: Residental 28

0) 1% of Hours Below 1

() 5% of Hours Below

® 0% of Hours Below
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@ -10 1w 40 °C



LOCATION: CHENNAI, -, IND
RADIATION RANGE Latitude/Longitude: 13.0° North, 80.18° East, Time Zone from Greenwich &
Data Source: IWEC Data 432790 WMO Station Number, Elevation 16 m

LEGEND
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DAYLIT HOURS ONLY D
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MEAN - H
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(20% = grass) el - e U e s e| wo

I === [ [[[]]
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@ voury iy () Daily Tol

SUNSHADING CHART:

JUNE TO DECEMBER:

The sun shading chart explains about the bearing angle of the sun from east to west
through south and the amount of sun exposure a building receives in that angle .The
shading region and the hours of exposure it receives from the sun’s radiation. This differs
from summer fall and the winter spring.

LOCATION: CHENNAL, -, IND
SUN SHADING CHART Latitude/Longitude: 13.0° North, 80.18° East, Time Zone from Greenwich 5
Data Source: IWEC Data 432790 WMO Station Number, Elevation 52 ft
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35
WINTER SPRING g L 16 Ed
(O December 21 to June 21 a 30
SUMMER FALL
(® dune 21 to December 31 7 16 17 |20
] pisplay Grid -,
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[] Display Shading Calculator 6 —~ - 17 18
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Input Obstructions 120 90 30 0 30 60 90 120
- BEARING ANGLE
["] Display Opposite Direction EAST SouTH T

DECEMBER TO JUNE:



LOCATION: CHENNAL, -, IND

SUN SHADING CHART Latitude/Longitude: 13.0° North, 80.18° East, Time Zone from Greenwich 5
| Data Source: IWEC Data 432790 WMO Station Number, Elevation 52 ft
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a0 5 " %6 0060 400600007 ce 0000000
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It's almost same in the winter spring and the comfort level is increased bit compared to the
summer fall in the month from Dec —March by day time and in the month of oct-dec. hence
shading and cooling is required.

PSYCHROMETRIC CHART:

PSYCHROMETRIC CHART LOCATION: CHENNAI, -, IND
California Energy Code Latitude/Longitude: 13.0° North, 80.18° East, Time Zone from Greenwich 5
Data Source: IWEC Data 432790 WMO Station Number, Elevation 16 m
LEGEND RELATIVE HUMIDITY 100% 80%

DESIGN STRATEGIES: JANUARY through DECEMBER

04% 1 Comfort(31 hrs) i 028
.
100% [l COMFORTABLE 318% 2 Sun Shading of Windows(2789 hrs) "

0% [l NOT COMFORTABLE

COMFORT INDOORS

§ Direct Evaporative Cooling(0 hrs) 024
6 Two-Stage Evaporative Cooling(0 hrs)
130% 7 Natural Ventilation Cooling(1142 hrs) WET-BULB
8 Fan-Forced Ventilation Cooling(0 hrs) TEMPERATUR
0.4% 9 Internal Heat Gain(36 hrs) DEG. C 2 25 020

10 Passive Solar Direct Gain Low Mass(0 hrs)
11 Passive Solar Direct Gain High Mass(0 hrs)
12 Wind Protection of Qutdoor Spaces(0 hrs)

RE. DEG/C

13 Humidification Only{0 hrs) .0162
9.7% 14 Dehumidification Only(851 hrs) §
PLOT: COMFORT INDOORS ~ 82.0% 15 Cooling, add Dehumidfication if needed(7184 hrs) :
16 Heating, add Humidification if needed(0 hrs) a
(@ Hourly () Daily Min/Max %
100.0% Cemfertable Hours using Selected Strategies 012T
@ All Hours () Select Hours (8760 out of 8760 hrs) 1
1la.m. through  |[12a.m. /
@ All Months () Select Months A
JAN through | DEC 10& = 008
() 1 Month 34N Hext
()1 Day 1 Next S ‘
(O 1Hour [1aam. Next 0 004
5 § ul
TEMPERATURE RANGE: ><
@® -10ma0=c () FittoDats :(_ :107
isplay Design Strategies
-10 5 0 5 10 15 20 25 30 35 40

DRY-BULB TEMPERATURE, DEG. C

From the psychometric chart it's clearly stated that 100% of comfort is achieved by using
Passive and active techniques.



MAHONEY TABLE:

Air Temperature

Jan Feb | March | April | May | June | July| Aug |Sept| Oct | Nov | Dec |high AMT
Air temperature Month 31| 32.6 34.5| 35.3 38.3| 36.2| 35.2| 36.2| 33.6| 30.6| 29.5 37 28.5
monthly mean min. H 18.9] 22.3] 239 249 24.4] 24| 23.4] 24.3] 232] 218 197 20 17
Monthly mean range 14.1 11 12.2 12| 14.2 13| 12.2 14| 11.9 15 8.8 16(low AMR

RELATIVE HUMIDITY %

jan feb |march |april |may [|june [july |aug |sept |oct |nov |dec
Monthly mean max. a.r 72 68 72 64 59 57| 68 66| 67 76 81 72
monthly mean min. p.n 58 53 66 61 55 52| 60 56| 59 70 72 63
Average Relative Humi 65| 60.5 69| 62.5 57| 54.5| 64 61 63 73| 76.5| 67.5
Humidity group 4 4 4 4 4

INFERENCE:

In this Mahoney table, the air temperature and relative humidity has noted for each month
with monthly mean maximum and minimum. The sun path explains about the comfort band
of the location. The inference of the chart depicts the comfort hour of the days from 7 to
8:30 a.m. and evening time. Rest of the hours makes feel to discomfort.

COMFORT CHART MIONTHLY ANALYSIS

100% —
0% =
B 5B
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6.1 SITE PROXIMITY:

YEARLY PERCENTAGE OF UNDERHEATED, OVERHEATED AND
COMFORT PERIOD

lleges
2s

8 TOTALUNDEREEATED = COMFCRT = TOTALOVERHEATED
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COMFORT ANALYSIS

™
1
N B TOTALHCURS
B PERCENTAGE
u 2 o s
<3 | %7 3 7 s 4
~N @ (e
SR - -
HEATING SUN COMFORT  SHADE COOLING
RIQUIRED  REQUIRED HOUR REQUIRLD  REQUIRLD

COMFORT ANALYSIS

" HEATING RECUIRED
BSUN RECUIRED
BCIOMFCRTHOUR

B SHADE REQUIRED
B CCOLING REQUIRED




BUILDING ENVELOPE

WINDOW ORIENTATION SIZE AND DIMENSIONS

GLAZING TYPE AND
PROPERTIES

WINDOW 1 ORIENTED ON

6 mm single glazing WITH FROST
EAST

] GLASS SHEET. U= 5.7 W/m.K

b # »

WINDOW 2 ORIENTED ON
NORTH

OPERABLE DOUBLE GLAZED
WINDOW OF 12MM WITH COOLING
SHEET .U =6 W/m.k

WINDOW 3 ORIENTED ON

Fixed double glazed with single
SOUTH

opening with frost sheet u=6w/m.k

FULLY GLAZED ON WEST
ORIENTATION

Fixed double glazed for noise
pollution

.5-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE

Spherical Projection
Location: 13.8", 80.3*

Sun Position: 31.9%, 78.6°

HSA: -58.1°

VSA: 83.9°

Time: 11:45
Date: 25th Jun (176)
Percentage Shading: 100%

BRE VSC: 10.8%
Overcast Sky: 14.3%
Uniform Sky: 17.0%




Effective Shading Coefficients

Latitude: 13.8°
Longitude: 80.3°
Timezone: 82.5° [+5.5hrs]
Orientation: 90.0°

Month Avg.SC Max.SC Min.SC
January 45.8% 100.0% 10.0%
February 39.1% 100.0% 0.0%
March 35.7% 100.0% 0.0%
April 35.5% 100.0% 0.0%
May 37.7% 100.0% 0.0%
June 37.2% 100.0% 0.0%
July 35.2% 100.0% 0.0%
August 35.0% 100.0% 0.0%
September 39.1% 100.0% 0.0%
October 40.3% 100.0% 0.0%
November 45.3% 100.0% 10.0%
December 51.0% 100.0% 10.0%
Winter 45.3% 100.0% 6.7%
Summer 36.7% 100.0% 0.0%
Annual 39.7% 100.0% 2.5%

Spherical Projection
Location: 13.8°, 80.3°

Sun Position: -70.1%, 49.0°
HSA: -160.1°

VSA: 129.3°

Time: 15:00 BRE VSC: 10.8%
Date: 26th Jun (177} Overcast Sky: 14.3%
Dotted lines: July-December. Uniform Sky: 17.0%

https://www.nap.edu/read/18509/chapter/6#26
https://www.aurp.net/what-is-a-research-park
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https://drop-desk.com/what-is-coworking

SHADOW ANALYSIS

s —— 3PM

_I—I_I;IJ

MANJULA.S-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE

Effective Shading Coefficients

Latitude: 13.8°
Longitude: 80.3°
Timezone: 82.5° [+5.5hrs]
Orientation: 90.0°

Month Avg.SC Max.SC Min.SC
January 45.8% 100.0% 10.0%
February 39.1% 100.0% 0.0%
March 35.7% 100.0% 0.0%
April 355% 100.0% 0.0%
May 37.7% 100.0% 0.0%
June 37.2% 100.0% 0.0%
July 35.2% 100.0% 0.0%
August 35.0% 100.0% 0.0%
September 39.1% 100.0% 0.0%
October 40.3% 100.0% 0.0%
November 45.3% 100.0% 10.0%
December 51.0% 100.0% 10.0%
Winter 45.3% 100.0% 6.7%
Summer 36.7% 100.0% 0.0%
Annual 39.7% 100.0% 25%
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SOLAR RADIATION

¢ ) 1AM

MANJULA.S-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE
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ON SITE READINGS

32 3s
* E 30 —_;_%——‘_r
30 ——glazing e —lazing
29 x —witth blind ——witth blind
28 =y ithout blind 20 e without blind
27 —ro0f .
. —Z ﬁ e
3% —wall 10 wll
24 T snshede s sunshade
23 T
s 2 : 5 o . : WEST
9 12 3 6
EAST 262
26 - =
258 \ /
256 g
254 \ / 5
252 > A s CENTER
a5 —
248
e , SOUTH
north i roor fioor wall
31
31
= /'\ w0l —ehozing
29 B w——witth blind
29 + = without blind
MINIMUM RH-17.8 = = —roof
T - 12 28
27 = floor
——3 27 /\ T el
MINMUM TEMPERATURE-41.4 2 ~ ——6 -
MAXIMUM TEMPERATURE-25 2 2 —sunshade
25 +
AVERAGE LUX LEVEL WITH BLIND—510 = ’ ' ’ ‘ " ‘ ' s 2 3 s
glazing  witth without roof floor  wall sunshade
AVERAGE LUX LEVEL WITHOUT BLIND- 2000 bind  biind

MANJULA.S-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE

SOLAR RADIATION EXPOSURE

GROUND FLOOR FOURTH FLOOR

H | e
[

In the annual solar exposure the sixth floor recives more solar exposure
compared to ground and 4th floor
MANJULA.5-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS

SIXTH FLOOR

I

[ [ ]]
B

]

L. - - - == ..

when

M.ARCH SUSTAINABLE
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DESIGN CONCEPT CRITERIAS

ENERGY
OPTIMIZA
TION

9%
A ’ RENEW 1 rlEXIBLE

DESIGN ABLE DESIGN
PRINCIPLES G

SHADING ~ MINIMISIN DAY REDUCE INSIDE
DEVICE COOLING || | GHTING GLARE out

LOAD
o

MANJULA.S-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE

SHADING ANALYSIS
west orientation

Effective Shading Coefficients
Laitude: 130"

Longitude: §0.0°

Timezone: 82 5° [+5 5hrs]

Crientation: 270.0*

Month MaxSC MinSC

-
0

Horizontal shade 450mm 3

S

January

Vertical fin 450mm Fl 0

e PF=03 MF=0.64 Max shge of Min vit of
glazing=0.391 elazing=0.27

Summer 67.8% 1000%
‘ Annual 743% 1000%

The average effective coefficients on summer is 70% is achieved by using eggcrate on
western orientation

Effective Shading Coefficients
Lattude: 130"

Longtude: 80.0*

Timezone: 82 5° [+5 Shrs]

Onertaton: 180.0°

usi izontall

“ o --
1 0

Horizontalshade ~ 300mm

Vertical fin 300mm 4 0

450%

PF=0.27 MF=0.64 Max.shec of Min vit of glazing

glazing=0.381 =027 Winter 89.7%
Summer 100.0%
Annual 882%
9890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE 26
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Scheme to determine the defined parameters of shading
quality, GLAZING relevance,

iEcotect Solar radiation i

e A

h 4
i Radiance Light simualtion

‘:a’ \3) "——_’_—" '--.._.__n.-.h_i
Non shaded Shaded ST
(BASE CASE) | (PROPOSAL CASE) acs Non shaded
$ ----------------------------------- ( ------- j
Reduction factor q GLAZWGFACTOR
1
: Shadingmask.... ¥

i RESULT VALIDATION

MANJULA.S-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE 24
North orlentatlon
Effective Shading Coefficients
= “m“_ i
i, Longituds: 80,0
Timezons: €25 [+55s]
' Oricntaton: 0.0°
£ Horizontal  300mm 1 0 vorih ngse uaxsc wasc
. = shade 7 nind
Vertical fin  300mm 2 0 ! "
PF =025 MF=0.64  Maxshgcof Min it of Y
glazing= glazing
0.391 =0.27 ;
- 0.0% 0.0% 1000% 1
752% 100.0% 00% |
432% £0.0% n% |
1
Effective Shading Coefficients
3 - " " " " Lanse 130°
The average effective coefficients on summer is 81% is achieved by using eggcrate Longtus: 800"
- Timazone: 82 5 [+5 Shas]
shading c iyl
Wonth Ag.SC MarsC Un3C
£ Horizontal  450mm
" shade !
Vertical fin ~ 450mm 3 0
.I
PF=0.3 MF=0.64 Max.shgcof Min it of o
glazing= glazing : Vet (e 00.0% by ‘I
0391 =027 = R i
b o e e e e e e e —— 1

MANJULA.S-39890011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE 25
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27
Heat Loss Form Factor (HLFF) is the ratio between the building’s
envelope area (EA) and i's net floor area (NFA). Itis calculated as HLFF =
EA / NFA. HLFF is a number generally between 0.3 and 5, with a lower
number indicating a more compact building. A 20-storey skyscraperwith
20 x 20 m? floor plan has a HLFF of 0.76..Itis calculated as HLFF = EA /
NFA. Surface to Volume Ratio HLFF== FA / NFA

Heatwill gradually make its way to the outside of the building
through building’s external faces (e.g. walls, roofs, terraces).
The larger the area of external faces, the more place heat has to
escape o the outside. In principle, 0 minimise heat transfer

through the building’s external faces, the building shape

should be as compact as possible e :

HLFF=EA/NFA
SReEY EA-218116
A 218016 NFA=26688
V=4762720 FUA=DED
’ SVR=0.04
HLFF=EA/NFA
e EA=63968
TA o3ocs NFA=88359
N Ve1ooan HLFF=0.7
SVR=0.03
HLFF=EA/NFA
SVR=EA/V EA=138290
4 EA= 138290 NFA=292437
v=35741 HLFF=0.05
SVR=0.04
HLFF=EA/NFA
. EA=124105
NFA=213504
EA=124105 HLFFa0.00
V=6162 -
SVR=0.03

MAN 9890011 SATHYABAMA UNIVERSITY ARCHITECT

SOLAR ANALYSIS !

L THESIS M.ARCH SUSTAINABLE
FORM ITERATION ANALYSIS

D o™, 1
/ 'R 43,77,485wn ) 5ok
L§ oL 248 Kt S , » pame ||

e —————— o i \ P
Y g g 199, } >
.92, ’ 7 Z o Updete
Sea 298 Kot o [ Update 2oy s i i 04y St . Sisang i
S5 Samgr--" i V197,653 messcnd o LE 1 46,531 mtseectes i} 1 25,614 mscleced IE ‘
18,949 m*selected | 1-1106:2 sunrise to sunset s . 1T0a6Z sumianiosasy . 111062 sunrise to sunset

111062 sunrise to sunset a oz | - V10024 1

(I'1

- e mms s G s mm s e @ o] sm e mm s e e M S S e Em s s Em e s e Em s em s mm ey

SHADOW ANALYSIS I
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FORM EVOULTION

| To minimize hear transfer through the i :Cuurtyards light up the interior corridors and i L ISlopedwindow avoids the penctration of |
1buildings external faces, the building shape | 1walkways naturally during the day thereby saving 1 !the direct solar radiation during all !
1should be as compact as possible .in that case | 1 electricity. Stack effect paves way for the warm air | Iworking day hours. Moreover, the :
, the surface area of the circle is smaller than 1 1 to cscape into the atmosphere and the recession in 1 reduction of diffuse radiation is very small, \
\other forms, |  the block is provided to dircct wind inside the 1 Iallowing the use of daylight \
A = i, i :building .~

T

P S e e — — —m —— - —————— - — = - - - - = - = - - - - --

:The slight twist of 10 degreein each floor plate in the building will form the stepped envelope which provide the : :ROOF‘S one main space to get direct radiation and

1self shading envelope and the space is used as the garden to minimise the direct radation and to enchance the : jincreasing the energy load.so the canopy minimise the
1

1

1

1
iradiation and which collects the rainwater and provide :
1

1

]

In this climate air conditioning will always be needed,but can High effecti r glazing on all ori
. be greatly reduced if building design minimize overheating e value insulated frames in hot clear summers or dark overcast winters

A radiant barrier will help reduce
radiated heat gain through the roof in
hot climates

Use plant materials bushes and tree, especially on the Use light coloured building materials and cool roofs to
west to minimize heat gain minimize conducted heatgain

Long narrow building floor plan can
help maximize cross ventilation in
temperature and hot humid climates

Good natural ilation can reduce or elimi air conditi
in warm weather

Orient most of the vertical fins ,in very hot climates because there
are essentially no passive solar needs

39890011 SATHYABAMA
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SHADOW ANALYSIS

SUMMER WINTER EQUINOX
SOLITICE : SOLITICE

[ 9AM
9AM : 9AM

12PM

- —_-:)
Daylightining

The working station zones are divided L )
into three segments with each courtyard ’
to achieve daylighting and cross e |

ventilation,the results shows that 70%
lightining is achieved in working station.

According to ecbc ,the courtyard should
achieve 2000 lux which is achieved here
by skylighting and the working space 500

2 3 4 56 7 8 910 . .

| e . Souther ation
Shading time [h]

The concept of self shadingis achieved by projection factor

of incliningthe walls and the windows are shaded with 3ft

of projection of eggcrate shading device

.Even in the month of may the shadingis properly

achieved.

And the roof gets the maximum radiation and italso

protected by the canopy with solar panels

Northern o

MANJULA.S-39890011 SATHYABAM IVERSITY ARCHITECT THESIS M.ARCH SUSTAINABLE 32
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ITERATION OF SOLAR RADIATION ANALYSIS

Self shading parameters

On the concept of self shading
parameters for building envelope the
followings are

Curvature ,flexible design

Inclined wall than straight, due to inclined
wall the radiation get obstructed and
there will be a diffused radiation on the
building envelope.

And on the tilting the building get twisted
and the projection area will act as the
shading device for the below floor plates.
on the analysis of both iteration inclined
and the tower is twisted for 10 degree to

get minimum amount of direct radiation.
INCLINED WALL The results are taken in grasshopper
MAXIMU 1788 1788 1778
DARINICI FL7Z8 e INFERENCE The reduction factoron W
jationi i i MINIMUM 177 177 1244
IS =5 77 _sola.r radiation |5§een_|n_by using
inclined wall and in twisting the
AVERAGE 889 355 tower of 10 degree AVERAGE 533 355 533

MANJULA.S-39850011 SATHYABAMA UNIVERSITY ARCHITECTURAL THESIS M.ARCH SUSTAINABLE 33

ITERATION ON DIFFERENT TYPES OF SHADING DEVICE ON RADIATION ANALYSIS

UNSHADED VERTICAL

EGGCRATE

Office soace

Otice space

1
177 177 177 177 e

Office space

. mtareen
MAXIMUM 1778 1778 1778 1778 e E
AVERAGE 1066 533 355 177, &4 E
1

’ unshaded horizontal  vertical eggcerate E

S-39890011 SATHYABAMA UNIVERSITY ARCHITEC L THESIS M.ARCH SUSTAINABLE 34 :
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TIME LAG ANALYSIS OF GLAZING

SINGLE GLAZED

DOUBLE GLAZED

TRIPLE GLAZED “

e ———— o —————— -—
: ! ————————— H ::_:___ !
p— S—
. - : — P P
1 1 1 11 1 H
1 1 1 [ 1 H
1 1 1 [ ! I
1 1 1 11 1 H
1 1 1 [ 1 H
1 ! 1 e . i 1
L p—— | 1 11 o 1 !
1 "B 1 1 11 ! 1
1 1 1 | 11 1 H
1 1 1 11 1 H
1 ! I [ ! 1
- | e = 1
- — . n 1
The time 2 occures for every 2 hours n sinle glased. The heat | The time lag occures for every 4hours in double glazed. The | I (11 timg lag occures for every 6 hours in tiple glazed  The heat | 1
pe: il heatloss in peak months recieves 12-11 btu/sqft : loss in peak months recieves 10-9 btu/sgft 1
o ettt !
™ T ousan Heol Gainteat Lovs & Diect Norrna Radiation s ot Ganthea L s & Tota Sntace Hadaion May 10 |1
- . i ——
\ wr : " :
- 4 b 1wl \ FraN H
11 4 h- 18 \ / \ Apr 9 :
I : ot Mar 11 [ \ Mar 9 ]
" / Zin L I W \, H
i1 P - Feb 11 f N i
s A 2 f AN !
72 " 7 é A 1
" SEaI AL o - o ot 8 |1
/ \\ vy oct 16 ﬂ 1Y \ 1
” 7 I oct 10 Feb 8 ||
) il ) Il N Jan 9 i y g 7|}
i Jan 15 * S \
I I \ Dec 8 \ || Nov 6 (1
= Dec 13 7
N Te—— A L Nov 8 = = Dec 6 (I
vz as e e s wuE U W En Nv B R B R R R T T R T T ratrngpunenmen = !
Houwrs h 0[N
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ENERGY ANALYSIS OF GALZING TR T ¥ COOLING LOAD OF TRIPLE GLAZING
The most commonly glazing material used in openings is glass,
although recently polycarbonate sheets are being used for skylights. ) . .
Before recent innovations in glass, films and coatings, a typical Chart Title Triple glazing has been estimated to
residential window with one or two layers of glazing allowed roughly WIAN ®FEB m MARCH m APRIL W MAY w JUNE = JULY = AUG = SEP - OCT - NOV ~ DEC reduce energy bills by up to 50%.
75% -85% of the solar energy to enter a building
SELECTION OF GLAZING 115253 Triple glazing can offer a
Warm and humid dimate:
minimum VLT of glazing - 0.27 U-value of 0.8
Maximum effective s.h.g.c =0.25 VLT—64%
82270 SHGC -0.27
s.h.g.c of glazing=ecffectieve s.h.g.c/multiplication factor
glazing with higher u value to minimize conductive heat gain The radiation is drastically )
Reduction
Chart Title dm 121111kw/hr to 102315in by 5%

AN FEB MARCH M APRIL B MAY JUNE 8 JULY 8 AUG M SEP [ OCT [INOW 11 DEC

121111

11441
105211
6951 65501
77792
56844
51702

SINGLE

102208

85894
ssssaI
49543'
Single glazing has a
U-value of 5.6

VLT - 72%
SHGC-0.70

MANJULA.S-398%0011 SATHYABAMA UNIVERSITY ARCHITE

106068
97836 100397
92942
88747
74869
55243

DOUBLE
Double glazing a rating Reduction
U value of 2.8 by 5%
VLT -70%
SHGC-0.39

32I

In the peak months the radiation has been
gradually reduced from 121111 kw/hr to 115253
in the month of may

L THESIS

M.ARCH SUSTAINABLE

the month of may

Chart Title
AN ® FEB ™ MARCH ® APRIL ™ MAY ® JUNE # JULY = AUG © SEP = OCT = NOV  DEC

102315

93985
88855
2927 oqs
66907
49805
aa262

TRIPLE

87212

72957

a7281

41708

36
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INTERMEDIATE FLOOR OPTION

BUILDING MATERIALS AND ROOF

Embodied Energy,Thermal pe: ,costand ility primary - material Erbotad ey [T e =
h for material sel a
AACblock work and RCC framed structure Concratefillersian 471mj/m2 Minimum thicness Concrete
AACBlock work and steel frame work,and precast ©.100m Hollow fillerblocks:
i [ — Dafault thickness St
SCIP Structural concerete insulated panel == 0.200m e
WALLING MATERIAL OPTION ST (== o

default

Durabike reinforcemene
and Biodegrad 11.0kg/m2
ponger = Precastrcpianis  <7omi/m2 Winimummess Cancrete
and joist system 0.100m Precast concrete
Lower Dafaultshicknass  floaring panals
embodied 0.120m Steel
energy. Maximum reinfercement for
thickness0.200m | panelsand o

Defsult Plaster irish
DIRECT RADIATION OF BUILT OF ROOFING Erﬂm
et Horma ahaion ot Gontiot L
LI = 434mj/m2 Minimum thickness Conrete steel
concretasiab 0.225m rentforcemen:
- Defsult thickness  Plaster firish
7 0.300m
- & Maximm thickness
0.600m
. ] \ Default
= reinforcemen:
mijm2 = sy
= Insitureinforced  s67mi/m2 Minimum thicknessConcrete = —
0.100m Steel renforcament
Defsult thickness  Plaster firish
0.200m ®
N Maximum %

227mjfm2

o A1 12 13 % O E

Built-up roofing systems are an evolution of the asphalt roofing
method. As compared to other roofing materials (such as metal
roofs), BUR roofing membranes are created through a layering

Excellent waterproofing
Efficient use of space
Ultra-violet protection
Fire-resistance

process of bitumen and reinforcing fabrics.

The minimum direct rtadiation of 150btu/sq ft is achieved in peak months.
and it lower the radiation the roof is covered by roof garden and its covered
by canopy structure to protect the rooffrom direct radiation

Low-maintenance
Less costly than other systems

¢ 0 O ¢ 0 ¢ %
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:THE BUILDING IS LOCATED ON MAIN ROAD OF THE P
: EKKATUTHANGAL.THE BUILDING IS DIVIDED INTO 2 [
|BLOCKS. (
: BLOCK 1- AREA OF ONE FLOOR 17000SQFT )
:TOTAI. AREA-9476.11SQM /[
: OCCUPANTS-1053 < 4
: BLOCK 2-TOTAL AREA 7896.SQM o——
ETOTAI. NUMBER OF OCCUPANT-877 [}
:SETBACK-4MONA|.LS|DE €= n="
'k > CANOPY WITH SOLAR
i SERVICE EXIT PANELS TO MINIMIZE
i THE SOLAR RADIATION
s s - BLOCK 2 AND IT IS MADE TO

GENERATE SOLAR
POWER THROUGH
SOLAR PANELS.

. — . => CAFETERIA AND ROOF

met=c+=.=.=3 BLOCK1

-

_________ : RAINWATER
HARVESTING PIT

*=+=-=2> TWO WHEELER PARKING



i
theat radiation and the circular block with longer axis facing !

{north south direction. The form is pushed inwards at some : ------------------ -

Thecano is used as solar shadi 1
|places to create shadows and to reduce the heat. b n sy ! Py ofis the ol i
The Service core s placed at th : -IJ-“ the roofist ainisaprce of Ol
|0pemngs are provided on the longer side which lies parallel i | . The cabins are divided into three : th
mmmmmmm lift ¢ i
\to the predominant wind direction. Hence sufficient air 1 '!itherllﬁs, ety mms““mew': om | space to avoid the clustressness | [’a'"l'“;mfﬂ"’,d'_’efﬁidf°_th[’§°f"'_d’!’a§[1
.movement and less heat gain is achieved with this form and , 1 ,copy room and the staircase is providedon Z"wc:'e;:;:r"s'p::‘ﬁ';f“:;z" N
lorientation. ' =both the side .the atrium is open to sky to 1 < S it gardcl 1
1 . | e andcmssve ﬂlﬂﬂ i atrium which is mainly provided !
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WORKING SPACE

/ 1.SMALL CUBICLE Cmmmmm sy

“’ 2 2.LARGE CUBICLE
e 3.COURTYARD

N g CORE

b ! 1.STAIRCASE
y 2.L0BBY

3.ELEVATORS

4.SERVICE LIFT

5. FIREEXIT

3RD ZONE-INNER CONCENTRIC
CIRCLE

1.HRROOM

2.TRAINING ROOM
3.CONFERENCEROOM

4TMZONE

1.PANTRY
2.SERVERHUB
3.AHUUNIT
4.RECEPTION LOBBY
5.ELECTRICALROOM
6. RESTROOM

5™ ZONE
1.CAFETERIA
2.RECEPTION
3.RESTROOM
4.ELEVATORS

SKYLIGHT
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COMPARATIVE ENERGY ANALYSIS OF BASE CASE A

PROPOSED CASE

SASECASE QU INFERENCE |

COMPARING BOTH THE CASES,WHICH HAS
THE SAME OCCUPANCY SCHEDULE,BUT STILL
THE ENERGY HAS BEEN REDUCED DUETO
SELF SHADING PARAMETERS USED IN THE
DESIGN AND THE USAGE APPROPRIATE
GLAZING AND SHADING DEVICETHE
COOLING LOAD IS REDUCED FROM
47.379KWH/M2-24.49 KWH/M2

PROPOSED CASE

2 R
o e
Shading time (h]

PROPOSED CASE
a5 40
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3 0
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