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ABSTRACT

The underground structure forms an integral constituent of infrastructure which is mostly used for
various purposes. The main requirement in the underground space development is the need of natural
day light, hence the research will focus on optimizing the use of daylight in underground by
incorporating the combination of structural elements and construction technologies. The goal is to
develop an underground platform in Ariyalur fossil museum and to provide daylight by the detailed
study of subterranean construction techniques which leads to provide a new underground
atmosphere. The result would be an attempt to point out the value of using innovative day lighting
system in underground which would be referred as a benchmark for such future underground
projects.

KEYWORDS: Daylight, underground structures, courtyard, atrium, lux level.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

There are many studies and research prove that our human bodies are literally
designed for natural light. It produces vitamin D and improves our metabolism. The natural
daylight has many benefits, it is important for human’s both physiological and psychological
wellbeing. No electric lamp can match that.

In Architecture, daylight plays a major role in improving space quality, occupant’s health
well-being and also for indoor comfort. One of the most challenging parts in underground
space development is receiving daylight. These underground structures form an integral
constituent of the infrastructure which is mostly used for various purposes and is usually
constructed beneath the surface of the earth. The underground space should have a major
purpose or need to be built and in future, the structures maybe used to an unrivalled extend
through unique and creative design techniques.

Among many constrains, the use of natural daylight on underground is the major issue.
By providing daylight in the underground spaces, many advantages can be clearly
identified. Starting with the increase of underground space use, passing by the
enhancement of the built environment - by increasing open areas above grade by moving
certain undeceived functions below grade and finally discovering different and new
environments that have never been explored before. In underground, it has many prospects
which provide simulation by connecting people with outside atmosphere and sunlight.

This research proposes an underground platform in Ariyalur fossil museum and
provides daylight into the spaces by the detailed study of subterranean construction
techniques. This leads to provide a new generation of underground environment.

1.2 AIM

The main goal is to develop an underground platform in Ariyalur underground fossil
museum and to provide daylight into the spaces by the detailed study of subterranean
construction techniques. This leads to provide a new generation of underground
environment.

1.3 RESEARCH QUESTIONS



Why we go for underground structures?

What is the importance of daylight in underground structures?

In what way the museum is going to acquire benefits by the proposal?
What is the average lux level required in underground?

1.4 OBJECTIVES

To create an underground museum at Ariyalur for ASI (Archaeological survey of
India) which is an extension of the fossil museum.

To develop a natural daylighting system in underground fossil museum, by
enhancing the working conditions of it through the combination of construction
techniques.

To provide the knowledge regarding the performance of daylighting systems and
strategies.

To overcome the lack of display counter in the museum.

To assist fossil preservation in the museum.

1.5 SCOPE OF THE STUDY

In future the demand to build the underground structure may increases, this proposed
designed strategies
would be referred as a benchmark for such future sustainable projects. It is probable

that the proposed design
feature can be enhanced in ways by considering the other environmental features in

future.

1.6 LIMITATIONS OF THE STUDY

The proposed daylighting system shows that each system has its own advantages and
dis-advantages.

This proposal in future needs to be chosen considering the parameters such as
Ventilation, indoor comfort and type of building.
The retrofit of existing building is only 40-50%



CHAPTER 2
LITERATURE REVIEW

2.1 Study of Passive Methods
There are certain methods which would be used to provide daylight in to the

underground structures. Such methods are traditional passive methods and innovative day
lighting systems, which are implemented based on the characteristics of the space. The
study of passive methods includes Courtyard, Atrium and Top lighting systems.

AN AN

sV

Summer solstice Winter solstice

Figure 2.1.1: Summer and winter solstice of 45 degree-oriented courtyard

2.1.1 Courtyard

A courtyard is a space which is open to sky, presents within a building or between the
buildings. Several characteristics will be addressed in the day lighting analysis of the
courtyard. These characteristics include:

A.Orientation to the Sun

In older cities, with no grid pattern of streets, there is a massive variety of courtyard
orientation whereas in newer gridded cities, the streets with courtyards are generally either
oriented to the North-South and East-West cardinal points or set at about 45 degrees off the
cardinal points. The consequence of 45-degree orientation gives an eventual distribution of
sunlight on the facade throughout the year. At summer solstice, morning sun falls on the
northeast-facing walls; evening sun falls on the northwest facing walls. At winter solstice,
morning sun falls on the southeast-facing walls; evening sun falls on the southwest-facing.

B.Types

There are a number of courtyard types such as two-sided Courtyard, three-sided
courtyard and four-sided courtyard are available to optimize daylight into the underground

space.
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C.Shape and Geometry

If the form of the courtyard can be utterly independent of size and shape of the site, then
the designer's first task is to define its proportions: Length, Width, and Height. Usually, one
large courtyard is better than two smaller ones. If sun penetration is required into the
adjoining spaces, then the court should be designed wider but not too deep.

The design of courtyard proportions will lead to study the courtyard aspect ratio.

Aspect Ratio = Area of the courtyard
floor / (Average height of surrounding
walls)?

2.1.2 Atrium

Atria are the central courts and are considered to be part of the building to which they
are attached with glazed roof. They allow daylight penetration into the core deep levels. The
amount of light available at the base of the atrium depends on the following factors: the
atrium orientation to the sun, the shape of the atrium and its geometrical proportions, the
transmittance of the atrium roof, the reflectivity of the atrium surfaces and the penetration of
daylight into adjoining spaces.

A. Orientation to the Sun

The orientation of the atrium and the openings within its walls are the significant factors
which plays a major role in daylight penetration into the floor level spaces. The north-south
alignment of atrium may allow daylight penetration into the base of the atrium but not to the
spaces adjoining it. An east-west alignment type will allow daylight penetration to the upper
floors of the south facing facade but not to the base of the atrium.

Figure 2.1.2: North-south alignment and East-West alignment atrium types

In general, the best recommended orientation of the atrium openings is the north
oriented types whereas the southeast and southwest orientations are considered to be



worst as the sun's angle is low and the intensity of the light is variable which may cause
visual problems.

B. Types

There are a number of Atrium types such as two-sided atrium, three-sided atrium, four-
sided atrium and Linear-atrium are available to optimize daylight into underground space.

C. Shape and Geometry

The critical proportional relationship in designing an atrium is the ratio of the width of
the atrium (W) to the height of the building (H). This ratio is expressed by H/W.

The geometric proportions of an atrium are best described by the combination of two
parameters, the Plan Aspect Ratio (PAR), which is the ratio of the atrium width to its length,
and the Section Aspect Ratio (SAR) which is the ratio of the atrium height to its width.

For the given width (W), length (L) and height (h) of an atrium the ratios are:

PAR = well width (W)/well length(L)

SAR= well height (H)/Well width (W)

As the width of the atrium is increased relatively to its height the daylight penetration in
the atrium is improved. As the width of the atrium is decreased relatively to its height, the
penetration becomes lower.

2.1.3 Top lighting Systems

Top-lighting concepts are those in which the daylight penetrates an underground space
from openings that are located above the ceiling line and usually constitute the part of
building roof. Top-lighting perceptions were used in cases where the side-lighting from
courts oratria is insufficient.

They can be used to improve the level of penetration from the side lighting apertures.

Sawtooth Skylights
Monitor ik B

Clerestonies ‘

‘, h



Figure 2.1.3: Top lighting concepts

Top lighting concept offers a better illumination in terms of quality and quantity. As the
daylight can be controlled a desired Top lighting could be divided into horizontal and vertical
a top-lighting technique which includes skylight, monitors, saw tooth and clerestories. Each
of these concepts involves a different architectural treatment of the building form and
interior design. Each technique provides a unique lighting character and distribution
patterns that differ from all the other lighting concepts.

2.2 STUDY OF ACTIVE METHODS

There are certain innovative active day lighting systems which are used to incorporate
daylight into the deep underground levels. Such active methods are Heliostat and Fiber
optics day lighting system.

2.2.1 Heliostat Day lighting System

A "Heliostat" is a device consisting of movable mirrors that tracks the sun as it crosses the
sky, this constantly reflecting direct sunlight to any desired location within the building by
means of other fixed mirrors.

The simplest heliostat devices use a clock mechanism to turn the mirror in synchronization
with the rotation of the earth, whereas the advanced active heliostats consist of both
primary and secondary a mirror which automatically tracks the sun rays and transmit into
the space through solar luminous.

The heliostat main concept is the reflection of direct illuminance into the building by
concentrating the received light through collimator which increases the density of arriving
sunlight.

Figure 2.2.1: Mechanism of Heliostat

2.2.2 Fiber Optics Day lighting System



An optical fiber is a thin fiber for transmitting light. Fiber optic lighting systems have the
advantage of transmitting light from the light source which is separated from the light output
and there is no electricity transported into the fiber. No heat or current, no infrared and no
ultraviolet radiation are led through the fiber, only light can pass through. One advantage of
the fiber optic lighting system is that it is possible to use it in contact with water, like
swimming pools or water fountains with no electricity transported.

Figure 2.2.3: Sunlight Distribution through Fiber Optics Cable

2.2.3 Sunlight collector System

The SP4-8.2 give each light point give 700-1100 lumen. All values are based on solar
illuminance of 100 000 Lux and dependent on the cable length. It helps to save 0.5 million
(5L) in Energy cost per year.

; SPA—8.2 :

SP4-8.2

Figure 2.2.4: Sun collector system

| 5600 -8800

| LIGHT POINTS (Pcs): 8

| POWER PRODUCTION (PPD):
| 400W PER LIGHTPOINT = 400X 8 !
= 3200w |

SYSTEM EFFICACY : |
16,200 WH \

|
]
\
\
\
'LIGHT OUTPUT (Im) : |
|
|
\
|
|

|
Cost: 3,32000 (INR) |




CHAPTER 3
STUDY OVERVIEW

3.1 AREA OF STUDY

Fossils play a vital role in learning pre historic archaeology and evolution. Ariyalur fossil
museum is one of the museums in India and the only fossil museum located in Tamilnadu. It is
located in Varanavasi, Ariyalur district of Tamilnadu in India. The district is well known for its rich
prehistoric fossils. The museum department is expecting all the development within the area of
10,386.68 square meters (2.5 acres) around the building and the museum also entails a good
preservation for the fossils. The proposed underground design helps to attract the people and connect
both the excavation site and the museum. Therefore, it will be easier to display all kinds of fossils.
The proposed design not only helps in preserving fossils but also help in teaching the younger
generation about the prehistory archaeology and progression. Most of the visitors to the museum are
from Archaeological students from in and around Tamilnadu and also from keelapalur and
Varanavasi district Schools and colleges. The museum also attracts the tourists from worldwide.

Museum area: 606 sgm ( 6522.9sqft )

Space allotted
for expansion

Fig: 3.1.1 : Proposed site (Source: Google maps)



From entrance point ( EAST)

Power room (WEST)

Fig. 3.1.2 Photos of the Study area Ariyalur Fossil museum, Tamilnadu.

3.2 METHODOLOGY

DETAILED METHODOLOGY:

Fig. 3.2.1 Detailed methodology
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PHASE 1 : STUDY PHASE

- IDEOLOGY OF UNDERGROUND STRUCTURES IN ARCHITECTURE
— - CLASSIFICATION AND TYPES
- TRADITIONAL METHODS OF CONSTRUCTION
- INNOVATIVE SYSTEMS
- BASIC DESIGN PARAMETERS

TYPES v PARAMETERS + LIMITATIONS l
= LUX LEVEL
- TOPLIGHTING - ORIENTATION OF THE SUN - ORIENTATION AND WIDTH OF ATRIUM
- COURTYARD - GLAZING MATERIAL - ASPECT RATIO OF COURTYARD
- ATRIUM - ASPECT RATIO

- CAST SHADOW OF THE BUILDING
y ECBC FOR DAYLIGHTING

- INCREASE IN THE WIDTH OF ATRIUM WILL INCREASE THE ADVENT OF DAYLIGHT
k. IN UNDERGROUND STRUCTURE.

-
- FIXING THE ORIENTATION OF COURTYARD IN ACCORDANCE WITH THE CLIMATE
WILL INCREASE THE ADVENT OF DAYLIGHT.
- IN UNDERGROUND STRUCTURE USING STEPPED ATRIUM WALL IS BETTER THAN
USING SPLAYED ATRIUM FOR DAYLIGHT INCORPORATION.
5 5 - CLIMATE
PHASE 2 : ANALYSIS PHASE i s
QUALTATIVE ' _ STATISTICAL DATA INFERENCES STUDY OF
ANALYSIS - MATERIALS - PLAN FORMS EXISTING
QUANTITATIVE . BUILDING
_ HERATIONS PERFORMANCE
ANALYSIS - INFERENCE
- RECOMMENDATIONS
PHASE 3 : DESIGN PHASE
Calculation methodologies:
— "I Materials — VLT, UVALUE, SHGC
—
MODEL —_— L1t — OuTPUT

Fig. 3.2.2 Detailed phases
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3.3 CLIMATE ANALYSIS

The climate of Ariyalur district is sub-tropical. The average rainfall of the district during
Northeast monsoon and Southwest monsoon is 485 mm 357 mm respectively

Jar Feb Ma Apr May M Aug Sep Xt Nov Dec
COORDINATES 11°8"14'N /9°4'40°E
Quick climate info:
Mottest Month May (33 °C avg)
; ; Coldest Month Jans
Wettest Month October (144.2 mm av)
Windiest Month by (22 ket avg)
Annual precip, 007.2 then (per yuar)
o4 B WT o RN WS B WO WIS eI s W
May Climate & Weather Averages in Ariyalur January Climate & Weather Averages in Ariyalur
High Temp: 39 °C Peoopitmton: 685 mm Hgh Tempr 31 °C Procpitation & & mm TIME m: lil_(__o_‘,_i_f) (I_S_l)
Low Terrp: 26 °C Humidey: 60% Low Temp: 21 °C Mumisty: T2%

ELEVATION : 76 m (249 ft)

Mean Temp: 33 °C Dew Poirt: 23 °C Maan Temg: 26 °C Dew Point: 20 °C
Fig. 3.3.1 Monthly weather averages of Ariyalur.

3.4 CONTEXT ANALYSIS
RQAD H'ERARCHV TO ENHANCE THE MUSEUM, THE SITE IS LOCATED ON THE
B . LOCATION AND ACCESS : NEARBY ARCHEOLOGICAL EXCAVATION PIT OF ARIYALUR.

@ susroap
@ Twowar

MAINROAD
\ susstors
\

\: PEOPLE ACCESS e
/| MAIN ROAD WIDTH: 10M
/
o SUB ROAD WIDTH:  5M

TRAFFIC

Ariyalur district is governed by Municipality

900 AM and the site comes under Thirumanur block.
. GOOD The place is rich in minerals like limestone
and fossils H I H
mnm Fig.3.4.1 Site surroundings
@®| BaD

600 PM

Traffic is good and moderate
from morning to evening

The entire settlement almost
covered with

= Fallow land 55%,

Scrap land 22%

Ariyalur District -
Ariyalur Thirumanur - LM
AR Pt

tx SETTLEMENT PATTERN OF i’ -
raR > o

ARIYALUR Nty




WARD — VARANAVASI Visitors to the museum: 44 Is of Ca Tai Wells and Bore for irriga

* POPULATION SOURCE: Deputy Director of Statistics, Ariyalur, Year: 2018 - 19
S * More from keelapalur an:i
Varanavasi School and college 3
| 1947 4087 students. RSt — §
* Archaeological students from in £ & Length
nopuunm and around Tamilnadu. No, | Mameofine Block P S % o
* Tourists from worldwide. we | Weas i o | wea | 2
» MALE = FEMALE = = a5
4 1 ARIYALUR - - 1434 159 - - 55 - 173
Urban Land use and Land cover 2010 35 :
3
Urban Land Use 2010, S Water source : Through Kallanai dam to Varanavasi zone
Ariyalur District 2
GROUND WATER DEPTH:
£ 1509 s (1.10 - 8.5M BELOW GL )
= ‘300 1
g 600
£ 400 05
s 209 - I:., - |- I m Educati T = Bankandatm ™ Industr
5 o = i 2ai0 o cation emples ank an v
————
S & 4 &bis\ <8 i+$*‘§;s \;»“:} \?i vé\d’ee \?.,-:b* & -2010% PLACES Anouur) / "‘— -~
= R i)
b icati 3 B2 CPaiman f‘.',',’, Q
(SN0 | classes | AREAsQuw |AREA% s .
i RESIDENTIAL 10.47 0.53 ,' S S
2 COMMERCIAL 1.04 0.05 " Apyonn 1
3 VILLAGES 107.53 5.48 e = I
‘ School, vnra ast
4 AGRICULTURE 1061.44 54.11 Y P CES NEARBY
5 FALLOW LAND 325.81 16.61 \‘ O .- LA
6 FOREST LAND 109.96 5.6 \\ AROUND 1 KM,I
WATER BODIES -] \\ 'I
7 BARREN LAND 219.13 a1 \~~ i s
8 INDUSTRIAL 7.73 S =" B
T
VEGETATIONS ON SITE
THE SITE WHICH IS SURROUNDED
BY THE NATIVE SPECIES ,
® Salvadoraceae ( Mull kuthi chedi)
® Rutaceae ( Masiha chedi)
® Tiliaceae ( Thadasu maram )
: Rhamnaceae ( Nungu maram)

Lamiaceae ( Thiruneetru pachai )

SOIL CONDITION

SOIL TYPE : RED LOAM

The district has fairly rich in
mineral deposits Celeste, Lime
Stone , Shale, Sand Stone,
Canker and Phosphate nodules
occur at various places in the
district . Mining and quarrying
Units also there in this district.
Red soil contains a high

WEAKNESS

- The site have more existing greens, on construction
leads to remove more vegetations.
- High maintanence needed

percentage of iron content, OPPURTUNITIES

which is responsible for its color. 5 % S , 8
This soil is deficient in nitrogen, - Constri on site the site's \,
humus, phosphoric sustainable potential and improve views

acid, magnesium, and lime but from surrounding properties to the site.

fairly rich in potash, with its pH - The development attracts tourists worldwide
ranging from neutral to acidic. and educational institutions.

moisture compaction level is
13%, the chance of collision
from natural calamites is less.

TURE RANGE IS RECOREDED TO AVG.

AROUND THE SITE, MOSTLY EMPTY
'SELF SHADOW ON THE SITE IS
ou me SITE IN PEAK HOURS.

——mmmm————=?

e

Fig.3.4.2 Site documentation
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 SITE OUTDOOR ANALYSIS

9.00AM

OUTDOOR TEMPERATURE AND RELATIVE HUMIDITY

humidity —®—Outer

Fig.4.1.1 Outdoor
temperature and
A relativehumidity

30 | Temp: 34.8'C | Temp: 36°C | Temp: 35.6'C

9.00AM 1.00PM 4.00PM

— -

Bl beow s68%
Bl +sst045.15%

Onsite recorded Outdoor temperature and Relative humidity,
dated on March11,2021 from 9.00AM to 4.00PM

using testo- data logger. [
B sss3t04611%

D ®ncé#ss|

The relative humidity range shouldn’t exceed 85% [ s6s8to47.06% |

for the body fossil and molecular fossil types. 7.06t047.53% |

1

1

- 1

The higher range leads to fungal growth. | 47.53t048.01 %
1
1

==
=
Bl :soitodsas e
=

9.00AM 4.00PM

n
E

2RwMSBC
M.5810 2695 °C
269502831°C
BiwiLC
316880 MOS°C
340510 3641 °C
%4110 3878 °C
BI0ILISC
above 4115 °C

([T

=EWNG Fig.4.1.2
.. temperature and UV
radiations on site
surface

Min: 19.85 °C
Max: 43.51 °C

i
:

below 0.26 m/s
0.26 0 0.44 mys.
04410 063 s
06310 081 s
08110 0.99 m/s
059t 117 ms
11710 1.36 m/s
1360 154 m/s
154t L2 mis
above 172 mfs

(L IR |

Topreventthe radiations, RADIATION ON THE WALL SURFACE OF THE MUSEUM
Waterbodies can be installed on Onsite recorded surface radiation, dated on March11,2021

South west and vegetations to from 9.00AM to 4.00PM using Infrared- thermometer.
be Installed more on around the

Layout and for the movement :.: NORTH EAST WEST SOUTH

e cosen mateids e B | G | 270C 36.6'C 204°C 333°C
Concrete pavements ( having okt bt it '
Losser Uvalug than Asuhakc) || AFT_ | 30°C 32.2°C 135.2°C 36.4°C ;
it - 1
EWNG  335°C 33.1°C 136.0°C 34.9°C '
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4.2 SHADOW ANALYSIS ITERATIONS

[ sHADOW ANALYsis |

WINTER SOLSTICE

21UNE 22SEPT e 230t

Fig.4.2.2 Shadow movement on site
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4.30VERALL RESULT OF PASSIVE AND ACTIVE ITERATIONS

For the selected 45 degree tilted underground platform, daylight analysis has been done for
different courtyard and atrium types. From the analysis, one of its best types will be chosen based on
the average lux level that achieves for the spatial type. As per SP- 41 day lighting standards, lux
range of about  150-200 Ix is recommended for museum display areas and the spaces like library,
record room and office spaces require an average of 500Ix. Following such standards in order to
achieve good visual comfort in underground structures, the average lux range of about 5001x is set as
target in the base case. The lux range attained courtyard and atrium types will be carried out to the
spatial planning of the museum underground galleries.

ITERATIONS 9.00AM 4.00PM LUX MATERIAL
(LV) ¢ LUX | EFFICIENCY

COURTYARD 260 sQM 462 Ix 490Ix  3101Ix

COURTYARD WITH SKYLIGHTS 260 SOM 525 1Ix 598 Ix 504 Ix v
G-1 LEVEL

COURTYARD WITH 260 sQm 505 Ix 538 Ix 304 Ix
CLERESTORIES

SKYLIGHT COURTYARD 260saM | ) : Active heliostat 4496 Im SUN

3 I

WITH HELIOSTAT ( FOR DEEPER AVERAGE 539 LUX e With frensol lens  LUMINARES
LEVELS ) G-2 LEVEL And collimatos S8W light load
- ATRIUM 625 SOM 390 Ix 410 Ix 378 Ix
. STEPPED ATRIUM G-1 LEVEL 625 SOM 513 Ix 498 Ix 376 Ix
STEPPED ATRIUM WITH SOLAR SUN 625 SQM Solar sun 4308 Im sun
w COLLECTOR ( FOR DEEPER LEVELS ) | collector, luminares
B C-2-3 LEVELS AVERAGE 596 LUX Optic fibres with  S5W connected
‘ sun luminares load
% E — SHAPED ATRIUM 6285QM 402 Ix 378Ix 264 Ix
H — SHAPED ATRIUM 628 SOM 329 Ix 285 Ix 224 Ix
v S - SHAPED ATRIUM 620 SQOM 470 Ix 492 Ix 385 Ix
% S = SHAPED STEPPED ATRIUM 620 SQM 506 Ix 518 Ix 480 Ix v
% .. S- SHAPED STEPPED ATRIUM 620 SOM ] Solar sun 4308 Im sun
g S WITH SOLAR SUN COLLECTOR collector, luminares
; ‘ AVERAGE 517 LUX o Optic fibres with 55W connected

sun luminares load

Fig.4.3.1 Iterations of courtyard and atrium types
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CHAPTER 5
FINAL PROPOSAL

5.1 RETROFIT THE EXISTING BUILDING

BEFORE RETROFITTING AFTER RETROFITTING

w CONFERENCE
e oo

GROUND FLOOR

Fig.5.1.1 RETROFIT GROUNDFLOORPLAN

5.2 FINAL SITEPLAN
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TOTAL SITE AREA: 10386.68 SQM
COURTYARD AREA: 260 SQM
ATRIUM AREA: 620 SQM

TOTAL BUILTUP AREA: 2920 SOM
PLOT COVERAGE: 38%

East - West elevation

Based on the terrain
Slope level, the RWHP
are implemented on site.

Jalli wall with water
Body on southern
facade to cool the
High speed hot winds.

R — a— - CAR PARKS (30)
= = ‘ - o BIKE PARKS (90 )

SECTION AA

Fig.5.2.1 FINAL SITEPLAN AND SECTION

5.3 SHADOW ANALYSIS FOR THE SITE

Finding the suitable location and analyzing the shadow range is the most important thing in
underground spatial planning. Orientation of such platforms plays a major role in daylight
optimization. The cast shadow of the surrounding buildings may affect the daylight arrival into the
space. So, the analysis of shadow is mandatory. In order to find the suitable underground platform,
courtyard with different types is analyzed on both the summer and winter solstice with the site
characteristics. Coming to the findings, Courtyard of 45degrees off the cardinal points performs
much better than North-South and East-West elongated platforms for the site condition. Based on the
scheduled timings from 9.00 -4.00pm, the shadow analyses were done.
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:

NS - ELONGATED PLATFORM EW - ELONGATED PLATFORM

e

L-----------------

Fig.5.3.1 Iterations of different underground structures

INFERENCE OF SHADOW ANALYSIS

9.00AM: In the 45-degree tilted courtyard, about ¥ of the floor illuminates sunlight to the base floor.
Whereas on the other two types (NS and EW elongated platforms) nearly % of the floor is shaded.

1.00PM: Courtyard tilted on 45 degree performs much better than the other two types, nearly % of
the floor is illuminated than the North-South and East-West elongated platforms.

4.00PM: In other two types, almost the entire floor is in shadow but the 45-degree tilted courtyard
illuminates light into the short east face in such a way the 45-degree tilted courtyard performs much
better than the other two types.
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5.4 COURTYARD DAYLIGHT ANALYSIS

For the proposed underground galleries with the passive method (courtyard cut outs and the
dome roof shells) the G-1 level of courtyard space attains the average lux range of 500Ix in daytime.
But the range achieved in the G-2 level doesn’t satisfy the SP-41standard requirements. So, to
improve the efficiency of lux in G-2 level, the active heliostat day lighting system is used to achieve
the required lux range in space.

COURTYARD DAYLIGHT ANALYY

(0 21 ) - MRIOUKC FORSM
LInRARY
(6 20 ) REMARON LAR
CONSENE O
RECORD ROOM
FOM STORACH

9.00AM

9.00AM 1.008M 4.00PM

Fig 5.4.1 Iterations of different underground structures

From the active Heliostat day lighting system, with the selected sun luminaire type it illuminates
daylight into the space of about 5231x range in the G-2 level and satisfies the SP- 41 lux requirement.
In the wall surface, achieved lux range is between 100-300 Ix from 9.00AM to 4.00PM which is
more sufficient for the spatial function and for occupant’s visual comfort.
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RECEIVER TOWER

SECONDARY REFLECTORS

PRIMARY REFLECTORS

Fig 5.4.3 Active heliostat arrangement in courtyard
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5.5 ATRIUM DAYLIGHT ANALYSIS

From the passive method (Stepped planning, roof dome shells and through the larger width
atrium opening) the achieved lux range is about 5461x in G-1level and for the G-2 level, the achieved
lux range is about 440Ix, which is more than the required range of 3501x for the 3D-theatres and

allied spaces. So, there is no need of using active systems in this floor. But for the G-3 level, an
active system is much needed to improve indoor light efficiency. The level achieved here is only
about 3001x average range, through the passive planning. Hence as per standards, the floor level for
the space planetarium should have the range of about 4001x.

ATRIUM DAYLIGHT ANALYSIS

(G-1m)
4 TYPES OF
FOSSIL Dasy

1.00FM

(G-2M)
B K 3D THEATRE

1.00¢M

(G -3t )
PLANETORIL

1.00PM

Fig 5.5.1 Daylight analysis of atrium in passive method

From the active sun collector, the lux range attained on the G-3 level is 5171x, which achieves
the target range of 5001x and the spatial daylight requirements. The selected sun collector type is
SP4-8.2 sun collector, with 8 light points. Each light point will give about 700-1100 lumens and the
system also consists of fiber optics cable, up to a length of 100meters.It helps to distribute light to the
indoors and minimize the annual energy cost.
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LED humenasres OFFICE
V1-AG-00070-01000- 2005465 + V2-AD
0P00-03.2.0007,15

- . iSolar sun collector

0.595 x 0.595 x 0.050m

LT type eex sun

Designation in DWG plan  solar sun collection v2A0- luminare
Workplane (Perpendicular iluminance)

Actual Target

Average 432 » SO0 Ix

Min 847 K

Max 517 I

Min/ average 0.18

Miry/max 0.095

Parameter

Hesght 080 m
Praomet s dan
Lumrenare humenous fux 4008 m

1000

S54 W

778 m /W

LED module -
08 | S0K | SSaw

Fig 5.5.2 Daylight analysis of atrium in Active method
5.6 SIMULATION RESULTS

The result shows the attained lux level in each floor by the passive and active methods of
courtyard and atrium.

Taneenans (= 2500 482lx  526lx
DAY 5001x 465Ix  548Ix  510Ix

RIS 500k 272Ix  322x  304lx  418Ix 521lx 516lx
MOt | 500 268ix 323k  304ix 415k 523k 518k
s 500k 264ix 318 308l 432 520l 518k
:‘u:n(u S00kx 268Ix 320Ix 306ilx  430Ix 521ix 518Ix

CHVBNE . 5000 248Ix  305lx  298lx  412Ix 518Ix 508Ix

0CM T
govont 500k 202Ix  297Ix  274lx  404lx  510ix  500Ix
— 500k« 246lx  303Ix  295Ix  410Ix 5201 506Ix
stomstl 500k 210ix  318Ix  302ix 428Ix 516Ix 510Ix
soMeE 2 500k 212Ix  312lx  304lx 426lx 516k  512lx
Avg hux range achieved in g-2 level 1000
P : 900 0%

276ix  326lx  3021x

A 430k 523k 516l

Fig 5.6.1 Floor wise Lux Range in Courtyard
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494lx  546lx  507Ix

9.00AM | 100PM  |4.00PM |
el 1]l |
BRRCs 350Ix 412Ix 462Ix 429Ix . -
350Ix 408Ix 454Ix  422Ix

ROOM

""""" 7?:6:'"" w'r“\‘ /rzL 1*@'\ r"\_r sl
susero 300Ix 291lx  330Ix 2901x 482l 5171 502Ix

Avg.lux range achieved in g-3 level X 8 .
mmmm - ——

291Ix 3301x 2901x

A 482Ix 517Ix 5021

Fig 5.6.2 Floor wise Lux Range in Atrium
6. CONCLUSION

The result of this paper presents an attempt for designing underground platforms by optimizing
daylight through the active and passive methods. The daylight analysis of both courtyard and atrium
in underground platforms shows an efficient way of achieving lux range in each space through the
selected strategies. The proposed method helps to achieve IEQ (Indoor Environmental Quality) credit
of IGBC Green building rating system under daylight criteria.

In future the demand to build the underground structure may increase. This proposed designed
strategy would be referred as a benchmark for such future sustainable projects. In several
metropolitan cities, providing Daylight and HVAC is the major issue while designing heavy
underground structures. Taking this research as a base, the day lighting issues can be resolved in
urban underground projects such as Multilevel Basement Parking, Metro Stations, Office Spaces, and
Hyper Markets etc. By further research, the proposed design features can be enhanced in many ways
by considering the other parameters such as Indoor comfort and HVAC.
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