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ABSTRACT 

Life is fast approaching with maximum technology and minimum interaction with the nature. 
The stress has been increasing on the individuals. To reduce this stress, there will not any 
solution other than Mother Nature. The concept of sustainable resort is to make people 
move from one place to another in order to relax themselves. It is considered a place for 
relaxation and provides entertainment for the visitors and tourists. These kinds of resorts 
make RQO\�D�PLQLPXP�LPSDFW�RQ�WKH�HQYLURQPHQW�ZLWKRXW�FRPSURPLVLQJ�WKH�JXHVW¶V�FRPIRUW�
and safety. It can replace typical air-conditioned structures. The resort has to blend with the 
local natural and cultural environments by employing the environmentally sustainable 
design. It also minimizes use of energy through passive solar design. Wherever additional 
energy inputs are required it should utilize the renewable resources such as sun, air and 
water. It also has to make minimum impact on the environment by limiting waste emissions, 
pollution and other environmental effects. This study concludes with a few parameter 
recommendations aimed to deliver environmentally conscious sustainable resort at Rambha 
cluster in Chilika Lake. Such an approach is expected to minimize impacts on the 
environment as well as creating leisure experience for tourists.  
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CHAPTER 01 
   
1.1 INTRODUCTION  

A sustainable resort is a lodging facility that takes active steps toward environmental 
sustainability and social responsibility by helping its natural surroundings and the local 
community. It offers a comfortable and relaxing experience to visitors. Such a resort 
makes minimal impact on the environment without compromising guests comfort and 
safety. It also has the ability to blend with local natural and cultural environment. It 
makes minimum impact on the environment by limiting waste, emissions, pollution and 
other undesirable effects of its operation. Odisha, one of beautiful Indian State, has 
been a religious and spiritual significance for which the state is explored by thousands 
of devotees across the world every year. 

 
 

 
Fig 1.1 Konark Temple Odisha  

 
 
1.2 AIM OF THE STUDY  
To design a sustainable resort not only for leisure but will offer a tourist a complete eco 
experience. 
. 
1.3 OBJECTIVES OF THE STUDY  

a. To provide a recreational environment for varieties of facilities and functions. 
b. To provide a comfortable design that portrays an environment of leisure and 

promotes interaction with nature. 
c. To respond to climatic and energy consumption issues raised by present day 

architecture through sustainable design. 
d. To design a suitable perspective to the surrounding environment and without the 

environmental disadvantages. 
e. To locate the buildings with public spaces and common facilities for social 

interaction. 
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f. To adopt a cost effective and functional design.  
 
1.4 SCOPE OF THE STUDY 

a. The scope of this study is the eco resort with recreational facilities. 
b. The intention of this eco resort is to go some distance far from city so that they can 

enjoy the environment. 
c. The development of the eco resort will provide a lot of scope for site planning and 

landscaping. 
d. It will also provide the opportunity to study the local culture and heritage. 

 
1.5 NEED OF THE STUDY 

The main need of this study is to revitalize the industry which has been largely 
ignoring the social, environmental and cultural values of the surrounding region by 
limiting the interaction between the tourists and the locals.  

 
1.6 RESEARCH QUESTIONS 

a. What is the need to develop of an eco resort at Chilika Lake, Odisha? 
b. What are the parameters that are effecting form and planning strategies of an eco 

resort? 
c. What are various functions of an eco resort? 
d. How locally available materials can be useful for development of an eco resort? 
e. How soil type, topography and climatic conditions affect the development of an eco 

resort? 
f. What are the space requirements of an eco resort? 

 
1.7 LIMITATIONS OF THE STUDY 

a. The analysis will be done focusing only on location at Rambha Cluster of Chilika 
Lake, Odisha. 

b. The study will not cover details related to landscape design. 
c. Detail environmental assessment will not be done. 
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CHAPTER 02 
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CHAPTER 03 
 

3.1 LITERATURE CASE STUDY 01: LOTUS ECO BEACH RESORT, KONARK, ODISHA 

3.1.1 INTRODUCTION 

a. This eco beach resort is located at the junction point of Bay of Bengal and 
Kushabhadra River in Puri district. 

b. This eco resort is 89 km away from Bhubaneswar, the Capital city of state Odisha. 
c. Conveniently located just 15 minutes away from Konark Sun Temple. 
d. Various tourist attractions like water sports, boat ride, butterfly garden, kids play 

area, outdoor seating, seaside cafe and bar, restaurant are provided apart from villa 
and cottage accommodation. 

e. Locally available hard wood like Sheesham, Mahogany, Babul, Sal are used for 
construction of the villas. 

f. Apart from this, Bamboo columns are used to support thatched roof which protects 
the entire structure.  

 
 
 
 

Fig 3.1 Exterior images of wooden cottages of Lotus Eco beach Resort 
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Fig 3.2 Plan of Lotus Eco beach Resort 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig 3.3 Interior images of the wooden cottage of Lotus Eco beach Resort 
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Fig 3.4 Images of Conference centre of Lotus Eco beach Resort 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.5 Outdoor seating arrangement at Lotus Eco beach Resort 
 

 

 
Fig 3.6 Interior of AC Restaurant and Common house at Lotus Eco beach Resort 
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3.1.2 CLIMATE ANALYSIS 

a. Lotus eco beach resort is 
located at the junction point 
of Bay of Bengal and 
Kushabhadra river in Puri 
district. Most of the districts 
of Odisha  are undergoing 
warm and humid climate 
zone.  

b.  Critical Months ± 

Hottest Month : May (Avg Temp 
30.8 degree C) 

Coldest Month : January (Avg 
Temp 22.0 degree C) 

Most rainfall Month : July (Avg. 354 
mm) 

Least rainfall Month : January (Avg. 
10 mm)  

Fig 3.7 India map showing different types of climate zones 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3.8 Temperature and rainfall graph of Odisha 
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3.1.3 DETAILS OF THE COTTAGE 
PLANNING  
The whole wooden structure is protected 
under a thatched roof and an open 
corridor all around the building. The outer 
thatched roof is supported with bamboo 
pillars. 

 

 

 
 
 

 
Fig 3.9 Planning details of the wooden cottage 
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3.1.4 SOLAR RADIATION ANALYSIS (ROOF) ± 
 
Fig 3.10 Solar radiation level on roof in the 
month of May at 12 PM 
 
 
 

 
 
 
 
Fig 3.11 Solar radiation level on roof in the 
month of July at 12 PM 
 
 
 
 
 
 
 
 
 
 
Fig 3.12 Solar radiation level on roof in the 
month of January at 12 PM 

Fig 3.13 Radiation Graph 
INFERENCE ±  
The villas are designed with double roof consisting of a wooden roof over which a thatched 
roof is provided. In the month of May, maximum solar radiation is hitting the roof is 265.6 
BTU/Sqft. Minimum radiations 117.5 BTU/Sqft is visible in the month of January. 
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3.1.5 SOLAR RADIATION ANALYSIS (SOUTHERN FACADE) ± 
 
 
 
Fig 3.14 Solar radiation level in the month of 
May at 12 PM 
 

 
 
 
 
Fig 3.15 Solar radiation level in the month of 
July at 12 PM 
 
 
 
 
 
 
 
 
 
Fig 3.16 Solar radiation level in the month of 

January at 12 PM 

Fig 3.17 Radiation Graph 
 

INFERENCE ±  
The southern facade is most affected during summer as well as monsoon months. 
Maximumradiation is 271.5 BTU/sqft. During winter months moderate radiation is visible. 
Minimum radiation is 114.5 BTU/sqft.  
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3.1.6 SOLAR RADIATION ANALYSIS (EASTERN FACADE) ± 
 
 
 
Fig 3.18 Solar radiation level in the month of 
May at 12 PM 
 

 
 
 
 
Fig 3.19 Solar radiation level in the month of 
July at 12 PM 
 
 
 
 
 
 
 
 
 
Fig 3.20 Solar radiation level in the month of 
January at 12 PM 

Fig 3.21 Radiation Graph 
 
INFERENCE ±  
The eastern facade is very less affected throughout the year. The open corridor present all 
around the villa protects it from direct sun efficiently. Maximum radiation is 192. 2 BTU/sqft. 
Minimum radiation is 114.5 BTU/sqft during winter season.  
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3.1.7 SOLAR RADIATION ANALYSIS (NORTHERN FACADE) ± 
 
 
 
Fig 3.22 Solar radiation level in the month of 
May at 12 PM 
 

 
 
 
 
Fig 3.23 Solar radiation level in the month of 
July at 12 PM 
 
 
 
 
 
 
 
 
 
Fig 3.24 Solar radiation level in the month of 
January at 12 PM 
 
 

Fig 3.25 Radiation Graph 
INFERENCE ±  The northern facade is highly affected during summer months. Maximum 
radiation is 243.9 BTU/sqft. Minimum radiation is 135 BTU/ sqft during winter season. 
Comparatively the northern facade is highly affected than other facades of the villa 
throughout the year.  
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3.1.8 SOLAR RADIATION ANALYSIS (WESTERN FACADE) ± 
 
 
 
Fig 3.26 Solar radiation level in the month of 
May at 12 PM 
 

 
 
 
 
 
 
 
Fig 3.27 Solar radiation level in the month of 
July at 12 PM 
 
 
 
 
 
 
 
Fig 3.28 Solar radiation level in the month of 
January at 12 PM 

Fig 3.29 Radiation Graph 
INFERENCE ± The western facade is affected with radiation during winter months. 
Maximum radiation is 233.8 BTU/sqft. Minimum radiation is 12.37 BTU/ sqft during summer 
season. As we know winter sun is not harsh and does not cause discomfort, so there is no 
need to any extra precaution. 
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3.1.9 DAY LIGHTING ANALYSIS (MONTH ± JANUARY AT 12 P.M.) ± 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Recommended day lighting level 
value for an adult Bedroom: 

Fig 3.30 Day lighting simulation results in the 
month of January 
 
INFERENCE - This bedroom is achieving recommended Lux level which is in between 100 
to 300 Lux.  
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3.1.10 DAY LIGHTING ANALYSIS (MONTH ± MAY AT 12 P.M.) ± 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Recommended day lighting level value 
for an adult Bedroom: 

Fig 3.31 Day lighting simulation results in 
the month of May 
 
INFERENCE - This bedroom is achieving recommended Lux level which is in between 100 
to 300 Lux. 
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3.1.11 DAY LIGHTING ANALYSIS (MONTH ± JULY AT 12 P.M.) ± 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Recommended day lighting level value 
for an adult Bedroom: 

Fig 3.32 Day lighting simulation results in 
the month of July 
 
INFERENCE - This bedroom is achieving recommended Lux level which is in between 100 
to 300 Lux. 
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3.1.12 DAY LIGHTING ANALYSIS (MONTH ± JANUARY AT 12 P.M.) ± 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Recommended day lighting level value 
for an adult Bedroom: 

Fig 3.33 Day lighting simulation results in 
the month of January 
 
INFERENCE - This bedroom is achieving recommended Lux level which is in between 100 
to 300 Lux. 
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3.1.13 DAY LIGHTING ANALYSIS (MONTH ± MAY AT 12 P.M.) ± 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Recommended day lighting level value 
for an adult Bedroom: 

Fig 3.34 Day lighting simulation results in 
the month of May 
 
INFERENCE - This bedroom is achieving recommended Lux level which is in between 100 
to 300 Lux. 
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3.1.14 DAY LIGHTING ANALYSIS (MONTH ± JULY AT 12 P.M.) ± 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Recommended day lighting level value 
for an adult Bedroom: 

Fig 3.35 Day lighting simulation results in 
the month of July 
 
INFERENCE - This bedroom is achieving recommended Lux level which is in between 100 
to 300 Lux. 
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3.1.15 WIND ANALYSIS (MONTH ± JULY AT 12 P.M.) ± 
 

 
 
 
 
 
 
INFERENCE - 
For the location Konark, in 
Odisha, maximum wind speed is 
experienced during the month of 
April, May and June. Wind 
speed is more than 38 Km/h 
during these months. The 
prevailing wind flow is from 
South West direction to North 
East direction throughout the 
year.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3.36 Wind direction and Speed Graph 
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Fig 3.37 Autodesk flow design software simulation result 
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INFERENCE -
Maximum wind flow 
is achieved inside 
the structure. 
Southern facade is 
getting maximum 
wind flow from South 
west direction. In 
southern facade wind 
speed in range of 11 
to 13 m/s.  
 
 
 

 
Fig 3.38 Autodesk flow design software simulation result 
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3.2 LITERATURE CASE STUDY 02: KUMARAKOM LAKE RESORT, KERALA 

3.2.1 INTRODUCTION  

a. This lake resort is situated in Kumarakom village located on the banks of the Vembanad 
Lake. Soothing back waters, thick mangrove forests, green paddy fields and ripe coconut 
groves add the beauty of this serene stretch of land. 

b. This eco lake resort is situated on an 8.2 acre, west facing waterfront property. This lake is 
located at Kottayam district Kerala. 

c. There are internal waterways which run through the site, creating small artificial islands. The 
site is covered with buffalo grass and extensively landscaped. 

 

Fig 3.39 Image of Kumarakom lake Resort, Kerala 
 

d. The entrance to the eco resort is on the east side of the site. The resort is open to 
Vembanad Lake on the west face of the property. Access to the waterfront is open to the 
tourists staying at the resort via walkways which run along the property. 

e.  Kumarakom lake resort is designed by Calicut based architect Tony Joseph to showcase 
Kerala heritage and culture. 
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Types of 
accommodation ± 
Presidential Suites 
Heritage lake view 
villas 
Luxury pavilion 
rooms 
Houseboats 
Villas for the 
physically disabled 
Meandering pool 
villas 
 
 

Fig 3.40 Image of Kumarakom lake Resort, Kerala 
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Fig 3.41 Image of Kumarakom lake Resort, Kerala 

 
Accommodation features ± 
Refrigerated private bar 
Tea/ coffee maker 
Twice daily housekeeping services 
24 hour in room dining 
24 hour laundry 
Non smoking rooms 
All news cable networks 
Cordless telephones  
 
Resort features ±  
The resort features an ayurvedic treatment centre which houses a yoga centre, beauty 
salon, consultation, message rooms, an infinity swimming pool, a conference centre, a 
business centre and a fitness centre. 
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3.2.2 PRESIDENTIAL SUITE 

  

 

 

 

 

 

 

 

          Fig 3.42 Plan and Exterior view of Presidential Suite 

 
 
 
 
 

 
3.2.3 HERITAGE LAKEVIEW VILLAS WITH PRVATE POOL 

 
 
 
 
 
 
 
 

 

 

 

                                                               

 

 

Fig 3.43 Plan and exterior view of Heritage Lakeview villas  
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3.2.4 HERITAGE VILLAS WITH PRIVATE POOL 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.44 Plan and exterior view of Heritage villas with private pool 

3.2.5 MEANDERING POOL VILLAS 

 

  

 

 
 
 
 
 
 
 
 
 
 
 

Fig 3.45 Plan and exterior view of meandering pool villas 
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3.2.6 LUXURY PAVILLION ROOMS 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.46 Plan and exterior view of luxury pavilion rooms 
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3.2.7 MEANDERING POOL DUPLEX 

 
 
 

 
 

 
 
INFERENCE - 

This resort scheme has reconstructed a mini 
village of traditional architecture and 
DGDSWHG�LW�WR�WKH�UHVRUW¶V�program.  

The architect has been true to the principles 
of the traditional architecture and with their 
use of materials. The site is completely 
gated off from the outside world in order 
to create a private internal space for the 
UHVRUW¶V�guests. 

 

Fig 3.47 Plan and exterior view of meandering pool duplex 
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3.3  LITERATURE CASE STUDY 03: TREE HOUSE SUITE, MEXICO  

3.3.1 INTRODUCTION  

Architects: Deture Culsign, Architecture Interiors 

Area: 2 Acres 

Year: 2015 

Owner: David Leventhal  

Country: Mexico 

Fig 3.48 Image showing Tree house Suite, Mexico 

a.  This eco resort is an elliptical shaped form with bamboo wrapping.  

b. Inside the structure, there is an open-air lower-level villa which is housing the sitting 
area and bathroom and upper-level platform for the sleeping area. 

c.  The villa is consisted of clay tile roof and exposed wood beams. 

d. In the bathroom, locally sourced wood is used for countertop and carved stone is the 
vessel sink. 
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e. Bamboo screening provides privacy while the roof is intentionally carved back so 
showering can be experienced outdoors. 

f. All needed for usage is heated by solar panels. Complete water usage recycling is 
incorporated inside the site.   

g. All electrical appliances used are provided by 100% solar power. 

h. The windows are designed in such a manner that it is supporting the natural 
ventilation as well as the passive cooling technique. 

i.  Locally sourced woods and bamboo create the floor, ceiling and wall. 
j. Each element is staggered to show the randomization of elements found in nature.  
k.  The design is created in such a way that it would give its guests a pleasure of 

suspension.  
 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.49 Image showing Tree house Suite, Mexico 
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Fig 3.50 Plan of Tree house Suite, Mexico 
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Fig 3.51 Images of Tree house Suite, Mexico 
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3.4 COMPARATIVE ANALYSIS BETWEEN LITERATURE CASE STUDIES 
UNDERTAKEN 

Parameter 

 

Literature Case study 
01_Lotus Eco beach 

Resort, Konark, Odisha 

Literature Case study 
02_Kumarakom Lake 

Resort, Kerala 

Literature Case study 
03_Tree house Suite, 

Mexico 

Roofing 
system 

 

Double roofing system is 
designed to protect the 
structure from sun as well 
as rain. Wooden roof is 
again covered with a 
thatched roof. 

Terracotta clay roof tiles are 
used for roofing. Traditional 
sloped roof is used for the 
entire structure. 

Clay tile roof is used in this 
eco resort. 

Wall 
material 
used 

Locally available hard 
woods like Sheesham, 
Mahogany, Babul, Sal are 
used for construction of the 
villas.  

Locally available hard 
woods like Sal, teak and 
bricks are used for 
construction of the villas.  

Bamboo and locally available 
woods are used as walls.  

Tourist 
attraction  

Apart from the green lush 
surrounding water sports, 
boat ride, butterfly garden, 
kids play area, outdoor 
seating, seaside cafe and 
bar, restaurant are 
provided. 

 

The resort features an 
ayurvedic treatment centre 
which houses a yoga 
centre, beauty salon, 
consultation, message 
rooms, An infinity swimming 
pool, a conference centre, a 
business centre and a 
fitness centre. 

Apart from accommodation 
there are no such other 
facilities available in this 
structure.  

 

Lighting 
system  

Artificial lighting and 
electrical light fixtures are 
incorporated. 

Artificial lighting and 
electrical light fixtures are 
incorporated.  

Artificial lighting and electrical 
light fixtures are incorporated.  

Sustainable 
features 
incorporated  

Locally available 
construction materials are 
used. Locally grown 
vegetables are cooked and 
served.  

Locally available 
construction materials are 
used. Locally grown 
vegetables are cooked and 
served.  

All electrical appliances as 
well as water heaters used 
are incorporated with 100% 
solar power. 

 

TABLE 3.1 Comparative studies among literature case studies undertaken 
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3.5 DERIVATION OF DESIGN PARAMETERS FROM ANALYSIS OF LITERATURE 
CASESTUDIES   
 
Design parameters derived from the analysis of case studies which will be carrying forward 
for design validation:  
 

Parameter  Descriptions  

Landform  Landform is an important parameter for site selection. In 
case of slopes and depressions, the building must be 

located on windward side or crest to take advantage of cool 
breeze.  

Open spaces and build 
forms  

Buildings should be spread out with large open spaces in 
between for unrestricted air movement. 

Central courtyard  In case of multi storied building, a central courtyard provided 
with vent at higher level can draw away the inside rising hot 

air.  

Water bodies  Inside an eco resort, presence of water bodies will create 
relaxation in guests. These should not be placed near 

buildings as they would tend to further increase in humidity.  

Orientation of the building  North-South direction is ideal from the point of view of 
blocking solar radiation.  

Width of the walkways  The width of the walkways must be such that intense solar 
radiation during late morning and early afternoon can be 

avoided particularly on summer.  

Building form  Long and narrow building form would be best for allowing 
cross ventilation.  

Position of toilet and 
kitchen  

Heat and moisture producing areas like toilets and kitchens 
must be ventilated and must be placed separated from rest 

of the structure. 

Use of semi open spaces  Semi open spaces like balconies and porches can be used 
to avoid direct heating of exterior walls.  
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Roof form  Instead of a flat roof, sloped roof will be preferable to protect 
the structure from heat and rain as well. Double roof with 

rooftop vents would be very suitable. 

Walls  Walls must be designed in such a way to promote air flow to 
counter the prevalent humidity. Use of baffle walls both 

inside and outside the building can help to divert the flow of 
wind inside.  

Fenestration  Cross ventilation must be achieved through fenestration 
design. Outlet must be larger than the inlet for proper air 

flow. Blinds and curtains can be added for protecting from 
excessive solar heat gain.  

Overhangs  The openings should be shaded by external overhangs. 
Outlets must be located at higher level to remove the hot air.  

Vegetation  Adding vegetation around the site would improve the 
microclimate of both outdoors and indoors. Through 

transpiration of leaves temperature is lowered. Vegetation 
also helps to control humidity as free water is absorbed 
during day time and water is evaporated during summer 

months. 

 
TABLE 3.2 Study of design parameters derived from case study analysis 
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CHAPTER 04 

4.1 INTRODUCTION 

'HSDUWPHQW�RI�7RXULVP�KDV�LQYLWHG�SURSRVDOV�IRU�³6HOHFWLRQ�RI�DQ�$UFKLWHFWXUH��8UEDQ�
Planning agency for preparation of Integrated Tourism Master plan of Rambha cluster 
and Satapada-Sipakuda FOXVWHU�RI�&KLOLND�/DNH´�LQ�DFFRUGDQFH�ZLWK�WKH�FRQGLWLRQV�DQG�
manner prescribed in the RFP document. I am going to focus on Rambha cluster for 
my proposal for an eco lake resort.  
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4.2 DEMARCATION OF CLUSTERS FOR DEVELOPMENT  
 
ICZMP Tourism master plan of the Chilika and its catchment, prepared by Chilika 
Development Authority (CDA), identified 4 tourism clusters of Chilika, and they are : 
 

a. Rambha Cluster  
b. Satapada-Sipakuda cluster  
c. Khallikote Cluster 
d. Mangalajodi Cluster 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4.1 Location of identified clusters in Chilika lake 
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4.3 PROPOSED TOURISM MASTER PLAN AREA AT RAMBHA CLUSTER 
 
Chilika Tourism Masterplan ( under ICZMP) recommends following 4 priority projects in 
Rambha Cluster: 
 

a. Tourism Node (Rambha Panthanivas) 
b. Luxury eco resort Convention centre ar Sabilia  
c. Eco-village (Poribeso gramo) at Breakfast island 
d. Water Sports operations  

 
 

 
Fig 4.2 Location of identified for development at Rambha Cluster 
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4.4 SITE SELECTION AND JUSTIFICATION 
 
This piece of land is selected for the development of the eco resort by the department of 
tourism, Odisha. Due to following reasons this site is selected. 
 

a.  This eco resort project is an extension to the Rambha Panthanivas which is 
presently not effectively serving the tourists as there is always a lack of availability of 
accommodation. 

b.  Rambha Chilika Lake Point is one of the tourist interests from where the site is very 
near. 

c. Rambha palace is also an attraction due to which the site is selected.  
 
 

The Site Area: 6.13392 Acre or 24823.120 Sqm 

 
Fig 4.3 Demarcation of Proposed site 
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4.5 PROXIMITY OF THE SITE FROM THE RAMBHA BIRDSANCTURY 
 
The site is approximately 5.1Km away from the Rambha bird sanctuary. There is no such 
impact on the Rambha ELUG¶V sanctuary due to construction at the site.  
 

 

Fig 4.4 Proximity of the site from Rambha bird sanctuary 

 

 

 

 

 

 

 

 

 

 



42 

 

CHAPTER 05 

5.1 LANDUSE SURROUNDING THE PROPOSED SITE 

Fig 5.1 Land use pattern surrounding the proposed site 

5.2 MACRO CLIMATE ANALYSIS OF THE SITE 

The proposed site is situated under tropical savanna climate type. Nearby weather 
station is Bhubaneswar which is located 90 kms. far from the proposed site. 

 

 

 

 

 

 
 
 

Fig 5.2 Temperature and sky cover range graph 
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Fig 5.3 Solar radiation and wind velocity graph 

 

 

Fig 5.4 Relative humidity and Dry bulb temperature graph 
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5.3 SITE ACCESSIBILITY AND PROXIMITY ANALYSIS 

Fig 5.5 Locating important structures nearby proposed site  

Fig 5.6 Photographs of important structures nearby proposed site  
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5.4 SITE PROXIMITY ANALYSIS 

Access Road: 11.7M wide road laid from OTDC Panthanivas towards Rambha Chilika 
Lake view point Jetty. 

Nearby Bus stop: Chatrapur bus stop (25.2 Kilomtres) 

Nearby Railway Station: Chatrapur railway station (26.2 Kilometres) 

Nearby Airport: Biju Pattanaik Airport park, Bhubaneswar (126 KM) 

Nearby health care facilities: Rambha Government hospital (1.5 KM) 

 

5.5 SITE CONTOUR ANALYSIS 

 

Fig 5.7 Contour maps of proposed site  
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5.6 3D IMAGES OF THE PROPOSED SITE 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig 5.8 3D views of the proposed site  

 
The site is a flat land with gradual difference in the terrain ranging from 6m elevation in the 
North to 5m at the centre of the site and 4m at the southern end. The slight variation is 
visible from the edges of the site to the centre of the site. 
INFERENCE: 
The natural slope of the site can be utilized for site draining and storm water collection. 
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5.7 SWOT ANALYSIS 

 

STRENGTH OF THE SITE -  

a.  Site is closer to National Highway 16. 

b.  There is proper road connectivity. 

c.  Close proximity to major amenities. 

d.  Appropriate location for development of an eco resort due to prevailing natural 
beauty.  

 

WEAKNESS OF THE SITE ±  

a. Loose soil in the site may cause difficulties during construction. 

b.  There are no adjacent buildings present for self shading of the building. 

c.  Strategies should be adopted to achieve thermal comfort in summer.  

 

OPPORTUNITIES OF THE SITE - 

a. Lake present nearby the site will help to modulate the microclimate of the site. 

b.  Existing trees on the site can be helpful for shading. 

c.  We can use the natural resources to create an energy efficient structure. 

d.  Use of natural slope for site drainage system. 

e. Site is located in a calm spot away from the city which is suitable for visitors.  

 

THREATS ASSOCIATED OF THE SITE ± 

a. There is a possibility of Chilika Lake to overflow during monsoon season.  
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5.8 LOCALLY AVAILABLE MATERIALS NEAR TO SITE 

5.8.1 LOCALLY AVAILABLE STONES IN ODISHA 

 

Fig 5.9 Locally available stones in Odisha 

5.8.2 LOCALLY AVAILABLE TIMBERS IN ODISHA 

 

 

 

 

 

Fig 5.10 Locally available timbers in Odisha 

 

5.8.3 SOIL TYPE ANALYSIS AT RAMBHA CLUSTER OF CHILIKA LAKE 

The proposed site is located in Ganjam district where soil consists of Sandy loam, Loam 
Costal alluvium and Saline soil in few patches in coastal plains in eastern parts. Helical 
piers or helical piles or helical anchors are best suitable foundation for this type of 
sandy soil.  
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5.9 SITE SUN PATH DIAGRAM, PREVAILING WIND DIRECTION ANALYSIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5.11 Sun path diagram and prevailing wind direction at site level 
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5.10 MICRO CLIMATE ANALYSIS OF THE SITE 

Fig 5.12 Showing ENVI-MET software results regarding various physical parameters 
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Fig 5.13 Graphical representation of ENVI-MET software results regarding various 
physical parameters 
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 TABLE 5.1 Study of design parameters derived from case study 
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5.11 FUNCTIONAL SPACE REQUIREMENT ANALYSIS 

 
TABLE 5.2 Study of various functional space requirements 
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5.12 CODES AND STANDARDS TO BE FOLLOWED  

 
TABLE 5.3 Study of Codes and Standards to be followed 
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5.13 GUIDELINES AND REGULATIONS TO BE FOLLOWED 
 

a. Proposed site area = 24823.12 Sqm. 
b. Approaching road width = 11.8 m 
c. Permissible FAR (Floor area ratio) = 2.00 
d. Maximum permissible ground coverage allowed = 20% = 4,964.624 Sqm. 
e. Maximum height allowed = 7m 
f. Vegetation - 
g. Minimum percentage of vegetation covering the whole site = 50% 
h. Setbacks - 
i. For road width in between 9 m to 18 m : 
j. Minimum frontal set back = 4.5 m 
k. Minimum other sides set back = 3 m 
l. Parking - 
m. Minimum percentage of car parking = 50% of total permissible built up area  
n. 15% of the total parking should be allotted for two wheeler parking. 
o.  Barrier free access for the physically challenged differently able person, elderly and 

children. 
p.  Recharging of ground water is mandatory for all types of buildings having a plot 

area more than 300 square meters. 
q.  For the plot area of 300 square meters and above, minimum generation capacity of 

5% of the connected load should be provided with rooftop 
r. Solar energy installation. 
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CHAPTER 06 

6.1 FORM FACTOR ANALYSIS  
Form factor analysis describes the relationship between external surface area and the 
internal treated floor area. This allows useful comparisons of the efficiency of the building 
form relative to the useful floor area. We all know heat will enter through the building 
gradually throughout the day. Compact buildings (reduced surface area) will have less heat 
entering inside it. Achieving a heat loss form factors of less than or equal to 3 is a useful 
benchmark guide for designing small passive buildings. 

FORM FACTOR (FF) = BUILDING ENVELOPE AREA / GROSS FLOOR AREA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 TABLE 6.1 Form factor analysis 
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INFERENCE ± 

From the above simulation results, it is clearly visible that FORM 04 is receiving minimum 
solar insolation of 554 kwh/sqm whereas FORM 03 is also performing better by receiving 
916 kwh/sqm. FORM 03 and FORM 04 have form factor 2.98 and 2.953 respectively which 
are less than 3 which is recommended for small passive house design. 

6.2 ZONING ITERATION 01 

 

 Fig 6.1 Showing Site zoning iteration 01 
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 6.2.1 POSITIVE ASPECT: 

a.  The primary entry and exit is positioned along 8 m wide road.  

b.  Administration block is placed at the entrance of the site for better ease of 
communication. 

c. Shops are also placed at the entrance of the site so that it will encourage tourist as 
well as outsiders to purchase local handicrafts. 

d.  First-Aid Clinic and Pharmacy are also located near primary exit for any kind of 
emergency. 

 6.2.2 NEGATIVE ASPECT: 

a.  Private zones like tourist accommodation are surrounded by public activities which 
may create increase in noise level. 

b.  There is no provision for service entry and exit in this zoning iteration. 

c.  Outdoor amenities are located near to the ecologically sensitive zone in this zoning 
iteration which is not suitable. 

d.  There is no segregation between public, semi public, semi private and private 
spaces which can hamper entire site. 

e.  Placement of Open air theatre near to the tourist accommodation can cause privacy 
issues. 

f.  Caretaker accommodation must be located near to the tourist accommodation for 
easy maintenance. 

g.  Main entry and exit must be placed through 12m wide road which is advisable. 
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6.3 ZONING ITERATION 02 

 

Fig 6.2 Showing Site zoning iteration 02 
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Fig 6.3 Site zoning bubble diagram 

 6.3.1 POSITIVE ASPECT: 

a.  The primary entry and exit is positioned along 12 m wide road.  

b.  Administration block is placed at the entrance of the site for better ease of 
communication. 

c. Shops are also placed at the entrance of the site so that it will encourage tourist as 
well as outsiders to purchase local handicrafts. 

d.  First-Aid Clinic and Pharmacy are also located near primary exit for any kind of 
emergency. 

e.  Provision for service entry and exit is incorporated. 

f.  There is proper demarcation of public, semi public and private zones.  
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6.4 ARRIVAL OF PUBLIC, SEMI PUBLIC, PRIVATE, SEMI PRIVATE ZONES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.4 Demarcations of different zones in site layout 
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6.5 ESSENTIAL STRATEGIES THOSE WILL BE INCORPORATED AT SITE LEVEL  

a. Orientation ± The longer facade of the building should orient towards North and 
South direction. Length of eastern and western facade should be kept minimum. 

b.  Shading ± There is already a band of existing local shading trees in the eastern side 
of the site which will be beneficial to avoid direct solar heat. Apart from this, through 
native shading plants, bushes and trees shading of walkways can be increased. 

c.  Ventilation ± Placement of maximum number of larger inlet windows in the north 
facade and placement of small outlet windows in southern facade will encourage 
more wind flow inside the building. For releasing warm air from the interior of the 
building, we can go for placement of skylights as well as vents at higher level. 

d. Humidity control ± Efficient use of prevailing wind can control humidity as there will 
be presence of higher humidity due to lake near to site. 

e. Other strategies ± Design strategy must involve various building components like 
roofs with higher solar reflective index, solar radiation reduction with composite wall. 
Compact structures must be preferred to reduce exposed surface. Use of local 
material with lower embodied energy and lower carbon emission will make the 
structure sustainable. The lowest point on the site must be converted into water 
harvesting pond. 
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CHAPTER 07 

7.1 BLOCK ORIENTATION ANALYSIS WITH RESPECT TO SOLAR 
RADIATION 
  
  
 7.1.1 ORIENTING BUILT FORM AT 0º 

 

 

 

 

 

 

 

Fig 7.1 Orientation at 0º with respect to solar radiation 

 

  

 7.1.2 ORIENTING BUILT FORM AT 15º 

 

  

  

 

 

 

 

Fig 7.2 Orientation at 15º with respect to solar radiation 
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  7.1.3 ORIENTING BUILT FORM AT 30º 
 

 

 

 

 

 

  

Fig 7.3 Orientation at 30º with respect to solar radiation 

  

 

 

 7.1.4 ORIENTING BUILT FORM AT 45º  

 

 

  

 

 

 

 

 

Fig 7.4 Orientation at 45º with respect to solar radiation 
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 7.1.5 ORIENTING BUILT FORM AT 60º 

 

Fig 7.5 Orientation at 60º with respect to solar radiation 

 

 

TABLE 7.1 CUMULATIVE SOLAR RADIATION CALCULATIONS 

INFERENCE - Minimum radiation is visible along Zero degree orientation.  

Radiation unit ± BTU/Sqft. 

 

  

 



66 

 

7.2 BLOCK ORIENTATION ANALYSIS WITH RESPECT TO WIND SPEED 
 
 7.2.1 ORIENTING BUILT FORM AT 90º TOWARDS WIND DIRECTION 

 

Fig 7.6 Orientation at 90º with respect to wind direction 

 

 7.2.2 ORIENTING BUILT FORM AT 60º TOWARDS WIND DIRECTION 

 

Fig 7.7 Orientation at 60º with respect to wind direction 
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 7.2.3 ORIENTING BUILT FORM AT 45º TOWARDS WIND DIRECTION 

 

Fig 7.8Orientation at 45º with respect to wind direction 

 

 7.2.4 ORIENTING BUILT FORM AT 30º TOWARDS WIND DIRECTION 

 

Fig 7.9 Orientation at 30º with respect to wind direction 

 



68 

 

 7.2.5 ORIENTING BUILT FORM AT 15º TOWARDS WIND DIRECTION 

 

Fig 7.10 Orientation at 15º 

 

 

 

 

 

 

 

TABLE 7.2 CUMULATIVE WIND SPEED CALCULATIONS 
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7.3 DETAIL SITE PLANNING 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.11 Detail Site layout 
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7.4 SITE AREA MAPPING 

 
GREEN PAVERS ±19.42%                                          GREEN SPACE ± 66.62% 

Fig 7.12 Site area mapping 
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     CONCRETE ±2.1%                                                    BUILT UP AREA ± 17.9% 

Fig 7.13 Site area mapping 
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7.5 VARIOUS BUILDING BLOCKS AND THEIR DETAIL PLANS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.14 Blocks demarcation in site planning 

 

 

 

 

 

 

TABLE 7.3 FUNCTIOAL SPACES PROVIDED IN DIFFERENT BLOCKS 
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Fig 7.15 Detailed plan of shopping arcade, administration block 
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Fig 7.16 Blocks demarcation in site planning 

TABLE 7.4 FUNCTIOAL SPACES PROVIDED IN DIFFERENT BLOCKS 
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Fig 7.17 Detailed plan of service block, club house, birds watching tower, open air 
theatre and gazebo 
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Fig 7.18 Blocks demarcation in site planning 

 

 

 

 

 

 

 

TABLE 7.5 FUNCTIOAL SPACES PROVIDED IN DIFFERENT BLOCKS 
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Fig 7.19 Detailed plans of care taker accommodation and restaurant cum snacks bar 
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Fig 7.20 Blocks demarcation in site planning 
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7.6 DETAILED AREA STATEMENT 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 7.6 DETAIL AREA STATEMENTS 
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7.7 DETAIL PLAN ± ³35(6,'(17,$/�&277$*( 

 
Fig 7.21 Detail plan ± Presidential cottage 
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 7.7.1 SOLAR RADIATION ANALYSIS ± ³35(6,'(17,$/�&277$*(´ 

 
Fig 7.22 Solar radiation analysis - Presidential 
cottage 

 

 

 

 

 

 

 

TABLE 7.7 CUMULATIVE RADIATION CALCULATIONS - Presidential cottage 

INFERENCE ± 

From the above simulation result we can see, maximum solar radiation is seen on 
EASTERN facade. Maximum radiation is visible during the month of JUNE which is around 
693.61 BTU per sqft. Strategies must be adopted to cut down the excess heat on 
EASTERN facade of the building. 
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 7.7.2 DAYLIGHTING ANALYSIS ± ³35(6,'(17,$/�&277$*(´ 

 
Fig 7.23 Day lighting analysis - Presidential cottage 

 

 

INFERENCE ± From the above simulation result it is seen that, SDA = 62.26% which 
satisfies required criteria. (REQUIRED CRITERIA - Minimum 55% of regularly occupied 
floor area must meet SDA 300+ lux for 2 CREDITS of LEED VERSION 4.0) and ASE = 
3.11% (REQUIRED CRITERIA ± ASE percentage value must not exceed 10%). This 
building is maintaining the minimum required values with respect to natural day lighting 
aspect. 
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7.7.3 WIND FLOW ANALYSIS ± ³35(6,'(17,$/�&277$*(´ 

 

Fig 7.24 Wind flow 
analysis - 
Presidential cottage 

 

 

INFERENCE ± From the above simulation result, it is visible that entire building is well 
ventilated and there is no obstruction in wind flow inside. The outdoor wind velocity is 3 to 5 
m/s. As per SP41, average indoor wind velocity is around 30% of outdoor velocity. The 
Indoor wind velocity is 0.9 to 1.5 m/s. 
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7.8 DETAIL PLAN ± ³'(/8;(�&277$*(´ 
 

 

 

 

 Fig 7.25 Detail plan ± Deluxe cottage 
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7.8.1 SOLAR RADIATION ANALYSIS ± ³DELUXE COTTAGE´ 

 

Fig 7.26 Solar radiation analysis ± Deluxe cottage 

 

 

 

 

 

 

 

 

TABLE 7.8 CUMULATIVE RADIATION CALCULATIONS ± DELUXE COTTAGE 

INFERENCE ± From the above simulation result we can see, maximum solar radiation is 
seen on EASTERN facade. Maximum radiation is visible during the month of JUNE which is 
around 693.61 BTU per sqft. Strategies must be adopted to cut down the excess heat on 
EASTERN facade of the building. 
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7.8.2 DAYLIGHTING ANALYSIS ± ³DELUXE COTTAGE´ 
 
 

 

Fig 7.27 Day lighting analysis ± Deluxe cottage 

 

INFERENCE ± From the above simulation result it is seen that, SDA = 78.18% which 
satisfies required criteria. (REQUIRED CRITERIA - Minimum 55% of regularly occupied 
floor area must meet SDA 300+ lux for 2 CREDITS of LEED VERSION 4.0) and ASE = 
6.11% (REQUIRED CRITERIA ± ASE percentage value must not exceed 10%). This 
building is maintaining the minimum required values with respect to natural day lighting 
aspect. 
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7.8.3 WIND FLOW ANALYSIS ± ³DELUXE COTTAGE´ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.28 Wind flow 
analysis ± Deluxe 
cottage 

 

 

INFERENCE ± From the above simulation result, it is visible that entire building is well 
ventilated and there is no obstruction in wind flow inside. The outdoor wind velocity is 3 to 5 
m/s. As per SP41, average indoor wind velocity is around 30% of outdoor velocity. The 
Indoor wind velocity is 0.9 to 1.5 m/s. 
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7.9 DETAIL PLAN ± ³)$0,/<�&277$*(´ 
 

 

 

Fig 7.29 Detail plan ± Family cottage 
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7.9.1 SOLAR RADIATION ANALYSIS ± ³FAMILY COTTAGE´ 

 

Fig 7.30 Solar radiation analysis ± Family cottage 

 

 

 

 

 

 

 

 

TABLE 7.9 CUMULATIVE RADIATION CALCULATIONS ± FAMILY COTTAGE 

INFERENCE ± From the above simulation result we can see, maximum solar radiation is 
seen on EASTERN facade. Maximum radiation is visible during the month of JUNE which is 
around 693.61 BTU per sqft. Strategies must be adopted to cut down the excess heat on 
EASTERN facade of the building. 
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7.9.2 DAYLIGHTING ANALYSIS ± ³FAMILY COTTAGE´ 

 

Fig 7.31 Day lighting analysis ± Family cottage 

 

INFERENCE ± From the above simulation result it is seen that, SDA = 59.21% which 
satisfies required criteria. (REQUIRED CRITERIA - Minimum 55% of regularly occupied 
floor area must meet SDA 300+ lux for 2 CREDITS of LEED VERSION 4.0) and ASE = 
5.25% (REQUIRED CRITERIA ± ASE percentage value must not exceed 10%). This 
building is maintaining the minimum required values with respect to natural day lighting 
aspect. 
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7.9.3 WIND FLOW ANALYSIS ± ³FAMILY COTTAGE´ 

 
Fig 7.32 Wind flow analysis ± Deluxe cottage 

 

 

 

 

 

INFERENCE ± From the above simulation result, it is visible that entire building is well 
ventilated and there is no obstruction in wind flow inside. The outdoor wind velocity is 3 to 5 
m/s. As per SP41, average indoor wind velocity is around 30% of outdoor velocity. The 
Indoor wind velocity is 0.9 to 1.5 m/s. 
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CHAPTER 08 

���� 5(6($5&+� 3$3(5�� ³6$)(�� 6,03/(� $1'� &20)2RTABLE HOUSE 
:,7+� %$0%22� 5(,1)25&('� &21&5(7(� 6758&785(´� %<� 1<20$1�
SUTARJA 

In this research paper, author has conducted analysis of house constructed with bamboo 
reinforced concrete structure. These houses are resistant to earthquake and wind as well. 
Following conclusions are made by author as follows:  

(1) compressive strength of concrete, fc = 20.75 MPa and the tensile strength of 
bamboo, fy = 129.17 Mpa  

(2) The simple house with the bamboo reinforced concrete structure can fulfill the 
requirement of being safe prevailing in Indonesia. 

(3)  It can fulfill the requirement of physical comfort, which includes the temperature, 
humidity, the wind speed, noise, and illumination. 

(4)  Based on the information obtained through the questionnaire, such a house can 
also make the dweller feel highly safe, comfortable, and satisfied. 

(5) The measured building physical comfort included the temperature, humidity, noise, 
and the natural illumination. The results of the measurement are presented below.  

 

TABLE 8.1 LISTS OF PHYSICAL COMFORT PARAMETERS  
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Fig 8.1 Construction process of Bamboo reinforcement structure 

The tensile strength of the bamboo averaged 129.17 MPa and the rupture strength 
averaged 191 Mpa. The over strength is 47.86%. The flexibility averages 84 MPa and its 
elastic modulus is 200.000 MPa.  

INFERENCE FROM THE RESEARCH PAPER ±  

1. The simple house with the bamboo reinforced concrete structure can fulfill the 
requirement of being safe prevailing in Indonesia.  

2. It can fulfill the requirement of physical comfort, which includes the temperature, 
humidity, the wind speed, noise, and illumination.  

3. Based on the information obtained through the questionnaire, such a house can also 
make the dweller feel highly safe, comfortable, and satisfied.  

4. This is suggested that the bamboo reinforced concrete structure should be taken 
into consideration in case of the simple house construction. 
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8.2 CURRENT AVAILABILITY OF BAMBOO IN INDIA: 

Bamboos are largest members of the grass family represented by 75 genera and 1621 
species across the tropics and sub tropics in the Asia, Africa and Pacific. India has 20% of 
WKH�ZRUOG¶V� EDPERR� UHVRXUFHV� VSUHDGLQJ� DFURVV� DURXQG� ���PLOOLRQ� KHFWRU� RI� IRUHVW� ODQG��
India has abundant bamboo resources of about 29 genera and 148 species (both wild and 
cultivated). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8.2 Annual Bamboo production in different states of India 
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Fig 8.3 Bamboo species production in different states of India 
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The National Bamboo Mission recognizes 13 commercial bamboo species in India. The 
multiple uses of bamboo include house construction, bamboo ply, agricultural implements, 
handicrafts, irrigation, brooms, medicine food, fuel, fodder, paper and pulp and especially 
bamboo as a perfect substitute for some wood based products. 

There are about 1500 documented application of bamboo, which include use as floor 
boards, bamboo mat corrugated sheets, bamboo mat boards, bamboo ply boards and 
bamboo particle boards.  

 

TABLE 8.2 LISTS OF STATES WITH BAMBOO GROWING STOCK 

8.3 CURRENT STATUS OF BAMBOO IN ODISHA: 

a. Odisha has 9% of WKH�&RXQWU\¶V�WRWDO�EDPERR�IRUHVW�FRYHU�DQG����RI�WRWDO�JURZLQJ�
stock of Bamboo.  

b. The bamboo in forest areas of Odisha grows as mixed crop associated with Sal & 
other species. The mixed bamboo forest area is spread over about 17,795 Sq. Km. 
and pure bamboo forest (occurring mostly as bamboo brakes) is about 375 Sq.Km.  

c. There are about 13 species of bamboo available in Odisha of which most commonly 
found are Dendrocalamus strictus. 

d. (80%), Bambusa bambos (10%).  

e.  Cultivated species are Bambusa vulgaris & Bambusa nutans. Bambusa tulda, 
Dendrocalamus lorgispathus, Schizostachyum pergraicile, Thyrostachys oliveri & 
Gigantachloa rostrata are occurring in localized area in different parts of State.  
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 8.3.1 THE BAMBOO SPECIES AVAILABLE IN ODISHA CAN BE 
BROADLY CLASSIFIED IN TO FOUR DIFFERENT CATEGORIES:  

a.  Occurring naturally 
in the forests :  

Dendrocalamus 
strictus (Salia), Bamb
usa bambos (Daba) 

b.  Cultivated by 
villagers in their 
homestead land :  

Bamusa 
vulgaris (Sundarkani),
 Bamusa 
nutans (Badia) 

  TABLE 8.3 RECORDED BAMBOO HARVEST IN LAST TWO DECADES  

c.  Found in small numbers in specific locations either in forests or in village 
land : 

Schizostachyum pergracile (Dangi) Gigantochloa rostrata (Pani 
bans), Thyrsostachys oliveri (Nala bans), B.tulda (Taleda) 

d.  Occurring as very few individuals : 

Bambusa striata, Bambusa wamin, Dendrocalamus giganteus, Thyrsostachys regia.  

 8.3.2 THE FOLLOWING ACTIVITIES NEED IMMEDIATE CONSIDERATION 
FOR IMPROVEMENT OF THE RESOURCE BASE: 

a.  Rehabilitation of degraded bamboo areas. 

b.  Introduction of new bamboo species. 

c.  Study the Culm production in different intensity of felling cycle to prescribe cutting 
period to meet the requirement of artisans. 

d.  Study the growth and production behavior in different climatic conditions. 

e.  Development of technique for vegetative methods of propagation for mass 
production of quality planting material.  
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8.4 WALL MATERIAL ANALYSIS: 

 

 

 

 

 

 

 

 

 

Fig 8.4 Sectional view of bamboo reinforced  

Concrete 

 

 

 

 

 

 

 

TABLE 8.4 DIFFERENT TYPES OF WALL MATERIAL ANALYSIS 

INFERENCE ± RT = Rsi+Rse+R1+R2+R3+R4, RT = 0.17+0.04 
+2.27307=2.48307mK/W.  U-value) of wall = 1/RT = 0.409 W/Mk 
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8.5 ROOF MATERIAL ANALYSIS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 8.5 DIFFERENT TYPES OF ROOF MATERIAL ANALYSIS 



100 

 

 

 

 

 

 

 

 

 

 

 

Fig 8.5 Details of Bio-Solar 
roof 
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8.6 5(6($5&+�3$3(5��³675(1*7+�%(+$9,25�2)�%$0%22-
5(,1)25&('�&21&5(7(�6/$%6´�%<�52=$,1$�,60$,/��<21*�
CHUA BON, NUR ADIBA  

7KLV�VWXG\�VXSSRUW�WKH�HIIRUW�RI�XVLQJ�³6HPDQWDQ´�EDPERR�DV�D�VXVWDLQDEOH�
engineering material since it can be used effectively as structural reinforcing bars in 
concrete.  

From the conducted study, it is shown that higher percentage of main reinforcement 
sample able to cater more loads. It also experienced cracking later than the one with 
lower percentage of main reinforcement.  

Methodology - 

a.  The research work was carried out to determine the load-deflection relationship of 
bamboo-reinforced concrete slabs subjected to four-point load and its mode of 
failure.  

b.  Two slab specimens were prepared to test for the flexural capacity. Slab dimension 
is 1100 mm x 500 mm x 100 mm and were reinforced with main and secondary 
reinforcements. They are reinforced with Semantan type of bamboo strips with 20 
mm wide and 10 mm thick. 

 

TABLE 8.6 MAXIMUM LOAD AND DEFLECTION FOR BAMBOO REINFORCED 
SLAB 
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TABLE 8.7 TYPES OF BIO SOLAR ROOF 

 

 

 

 

 

 

Fig 8.6 Details of bamboo 
reinforced slab 
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8.7 WINDOW AND DOOR MATERIALS COMPOSITION: 

 

TABLE 8.8 WINDOW MATERIAL COMPOSITIONS 

 

8.8 FOUNDATION ADOPTED: 

Isolated footing with RCC of 
depth 2000 mm until plinth level 
of the building will be selected 
as foundation. Ground level 
beam tie and plinth level beam 
tie would be 600 mm above 
ground level. This foundation 
type would be structurally 
sufficient as structure height 
would be 5m (only ground 
floor).       Fig 8.7 Foundation details 
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8.9 BAMBOO FLOORING 

Due to following reasons bamboo flooring is 
preferred. 

a. Eco-friendly and sustainable flooring 
option. 

b. Inexpensive choice compared to 
hardwood flooring. 

c.  Strand Woven bamboo is extremely tough and durable ± can be used in 
commercial areas. 

d.  Can be used in versatile ways (in conservatories, with under floor 
heating). 

e. Easy to look after and maintain. 

 

Fig 8.8 Details of Bamboo door and Bamboo curtain 
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CHAPTER 09 

9.1 ANNUAL POWER CONSUMPTION CALCULATION 

TABLE 9.1 ANNUAL POWER CONSUMPTION CALCULATIONS 

9.2 ANNUAL SOLAR POWER PRODUCTION CALCULATION 

 

 

 

 

 

 

 

TABLE 9.2 ANNUAL SOLAR POWER PRODUCTION CALCULATIONS 
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9.3 LIFE CYCLE COST CALCULATION 

 
TABLE 9.3 LIFE CYCLE COST CALCULATION 
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TABLE 9.4 LIFE CYCLE COST CALCULATION 
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TABLE 9.5 LIFE CYCLE COST CALCULATION 
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TABLE 9.6 LIFE CYCLE COST CALCULATION 
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TABLE 9.7 LIFE CYCLE COST CALCULATION 
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TABLE 9.8 LIFE CYCLE COST CALCULATION 
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CHAPTER 10 

BENEFITS OF SUSTAINABLE TOURISM 

Environmental benefits - 

1. Promotes conservation of nature. 

2. Protects biodiversity. 

3. Balances stability of ecosystems. 

4. Generates awareness on environmental education. 

5. Connects people to the environment.  

Economic benefits - 

1. Generates economic benefits.  

2. Promotes sustainable livelihood.  

3. Encourages stable and quality employment growth. 

4. Speaks for equitable distribution. 

Social benefits - 

1. Helps in enrichment of society. 

2.  Preserves local culture. 

3. Preserves local art and regional master crafts. 

4. Respects indigenous peoples. 

5. Create bridge for cultural exchange among people.  

Sustainable tourism is a major economic activity that has developed significantly 
over the years. Sustainable tourism is deeply interconnected with pillars of 
sustainability.   

Tourism not only benefits the government but also the people that live in the local 
area by creating business as well as employment opportunities for the local people. 

But in reality, local people are excluded from many major grant-aided initiatives and 
marginalized from earning income directly from tourism. This condition will not be 
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sustainable in long run. In conclusion, we can say that Government support will be 
needed to co-ordinate economic activities, so that demand for resources can be 
met within the limits of ORFDO�HQYLURQPHQW¶V�FDSDFLW\� 

The success of sustainable tourism is the participation of local people based on the 
use of their assets and diversification of their livelihood.   

Government should create a mechanism for empowerment of local people as well 
as development of tourist spots to enable tourists to enjoy their best. 
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