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In Mumbai reigns a monsoon climate. This
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The Watson's Hotel is part of an UNESCO group Structure
of monuments, labelled as a grade Il-a heritage. The stability of the building arises \
The current state of the building is in poor ) -

from portal frames which consists of \ | S o Mumbai is constantly high with an average
t'aste, after the numerous cheap and temporary the joining of columns and beams. N\ . N | """ temperature between 24 and 30 °C.
fixes. Parts of the building have collapsed, and The columns are joined by bolts and —us | ) e Every year the city floods because of the heavy
o A muchlls 'Fo be deemed unusable. Some details have brackets which hold the rainfall.
ramd ae e godiss are missing or damaged. beams. Small beams are joined to w o Itis expected that there will be an extreme

uptake in rainfall in the future because of the

the brackets by blind rivets. Also,

3 1960 . strips of iron were attached to the # w2 three times increasein the last 30 years. The
HEB . ¥ flangs of the beams and were | place where the hotel is at does not seem at risk
‘ﬁ 1 it clasped on the brackets of the WELDED at this moment.
§ ‘ jg ; f connecting column. Altogether, a IRONSTRIP ) _ .. Thesea also has an influence on the city’s water
) EE%QR - stiff structure remains. problems. Climate change causes the sea to
Eﬁ“ BB e A w e R B R B B4 . arise, and cities are becoming below sea level. It
" split. Bombay became the new There are someinsecurities about Main structure pemn —— is expected that parts of the city of Mumbai will
capital of Maharashira. . Open-web beam .
the structure caused by incomplete B cobom e o be permanently under water by 21 if no
. . oy o . 3 . R - Column type 2 . . ,
1947 documentation. First of all, it is e I::-’-;nmes measures are taken. At this moment, Watson’s
Bombay independant from un!<nown h-oyv the foundation is hotel is not at risk fqr permanent flood'ing, but it
Britain, b.uﬂt. Also, it is unknown how the Ty ——p e ———— =y T is for seasqna!floodlng. By 2050 thereis an .
—— big beams are connected to the New Projection for 2050 . .= ... expected risein sea level. The Watson'’s hotel is

. at risk of flooding at least once every year when

columns. Over time adjustments
— R . = theseais at high tide.

have been made to enforce the
strength of the structure. Among
which, extra columns and a
reinforced concrete roof. Despite
these measurements the structure
is currently about to collapse.
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Tokyo is the safest city on the planet for the third year in a row, and d
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ion Pyrami - ottt T LR | s 2 T 2 0we 2 Copertage
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SES Clusters 70-74 city Tokyo Singapc Comfort Influence of room height on heat
—ia 2323 Measures to minimize heat gain have been applied in the
- 65 50 | building design of the Esplanade Hotel. This includes the
— i 5054 _Hincu In Seeing high ceilings on each level combined with the natural
4549 ’ ventilation openings between the partition walls. Both
40-44 measurements areregularly applied in tropical climates
Y RELIGION DISABILITY High ceilings help the building minimize heat because hot T L ‘
25'29 Ssmws=  POPULATION OF GENDER POPULATION POPULATION OF air goes up and is able to escape through the ventilation TS g ——
. F-- . . . . I = — A " »
2004 — MUMBAI OF MUMBAI MUMBAI openings. Because of this people are not in the middle of I e were———
1519 ' the hot air and thus do not suffer from the heat. ' u I l I H l |28 }'l'l
10-14 The ventilation openings in the partition walls in the S TR ol R
59 Esplanade hotel are 18 inch (45,72 cm). Despite it being
0-4 _ o Moverment helpful with minimizing heat gain there were complaints
T —— -1000000 0 1000000 . Musims about the noise that came through the gaps and the view
W Hindu [l Musiims (Il Buddhist Il Mot Stated B Mumbai (Suburban) Males B Mumbai (Suburban) Females W In Seeing HIn Hearing M In Speech people had inside the room from the stairs.
0 2 4 6 8 B Vale [ Female _ Not only does the airflow help with regulating heat but it
——— i : [ | i i B Mental Retardation ® Mental lline W Others .y .
M Jain M Christian [ Sikh [ Others Mumbai Males & Mumbai Females also decreases the extreme humidity rate (~80%) during
the monsoon season.

Figure 1. Position of hot air layers in the environments in the upper region.
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CONCEPT MATERIALS
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VARIANT 1: STUDENT VARIANT 2: OFFICE
HOUSING BUILDING

{}%%53{}
= Option 1: Option 2: W&gﬁ& (QE,Q/\{/
The existing facade is made of brickwork. The first The second option would keep the
Rooftop Terrace option would be restore the existing bricks and reuse colours of the building but change _ .
them on the facade. If desired to make the construction the materials. Materials like stone We used this design above the
—— Rooftop Bar of the facade easier, stone strips can be applied. This is can be applied, which would give a window frames on the ground
less traditional in Mumbai, but because the port is luxurious appearance, but also keep = floor. We used this because it
nearby, it would be easy to import and cheaper when the building cool. E adds character to the building,
bought in bulk. = and it gives a nice shadow
= inside. Also, it doesn't let in
F|00ri ng §-=_ much sunlight as windows
: h e S = does.
____|Offices :-_-_:_:

Sandstone is a natural choice for
made of a high-quality plywood flooring. It is one of the most used
core with a thin layer of kind of flooring in India. Due to its
hardwood flooring on top. § —— —4 durability, many choose this type of
Because it's made in —— —ammll tile, especially in high-trafficked
layers, engineered wood flooring areas. Also, sandstone is resistant to
—Icommon spaces has a good stability, which fire and heat. Under fire it emits no
means it's less prone to smoke or toxic substances. As
shrinking or warping. It is fire- sandstone is a natural material, it is

resistant and a good choice in more expensive than concrete. e

Engineered wood flooring is
g & We used the slats near the

window frames
against sunlight/heat. It
also muffles sound.

Mechanical ventilation

Light coloured anc
reflectwe conting

LU Wi ows

LI | - 2 A

| ~— | [ shops high-moisture environments, but | o e Cancrete core scsion
[ 1 BoyRooms [ TPublicSpaces [ 1 Girl Rooms ! [ | Atrium Shoping street the floor can be damaged if ko
A [ stairwell water is allowed to soak into it. " i ok R
[ Night club Outside wall Dividing wall Conclusion o i
[JArcade/ hallway For the concept of the building, we choose bianiony
to apprehend variant 1, but for the layout we
|1=Lf)40Rs choose to combine the 2 variations, because we
want to make the building a welcoming place for Figure & Closed buiiding type in bot humid climans (Source: PEES, 2019)
everyone on the ground floor. ilati
[—JRooms We decided to choose the stone strips as the cross ventlation
[___IShops & housing for employees GLAZED facade for the building, because this is less
[ 1Shared kitchen & common spaces ATRIUM expensive and less heavy than natural stone.
7] Laundry room s Also, it is already used in the original model. For
the flooring we choose engineered wood
[ Istudent entrance & lobby FLOOR flooring. V\%e choose this bicause of the light
[ Storage room weight and the fire-resistance. It is also a good
[ 1 Corridor choice in high-moisture environments, so it fits

[ Atrium & Restaurant well in Mumbai. Because of the heavy rainfall in

[ Technical spaces Brick 230 mm Brick 115 mm India, we must consider that the wood can be e coars ﬂ - \l ,
Air cavity 40 mm Glass Wood 100 mm ] . clhve codng . ‘
Glass Wood 100 mm Brick 115 mm damaged. We prevent that with varnishing the e
Brick 115 mm wood. We changed the walls after feedback fro - . L
Figwe 5 Open building type in kot hwnid climate (Source: PEEB. 2019}

CONSTRUCTION BUILDING PHYSICS NCLUSION

Construction
Variant 1: Ventilation Assisted Cross Ventilation Insulation mmawmw Rules for life and fire For the construction of the building, we choose to restore the construction to the
The construction will be completely restored One of the options is assisted - | Glass wool is an ideal insulation in i - original state, so variant 1. We remove the rust of the columns, which will
Louwer —®<  Louver- — L o _ 7 | NATIONAL BUILDING CODE safety are included hen b d and painted. We ch for thi . b q
to its former state, thus maintaining the cross ventilation in combination | ~ hot-humid climates. It is a T e in the NBC volume then be coated and painted. We choose for this variant, because we wanted to
original look. By means of sandblasting we with ceiling fans. Wind comes in W _ sustainable thermal insulation | 5_ 1, part 4 kee-p -the building ?s similar a.s POSS'ble’ and the structure is an important and
will remove the superficial rust, which will trough windows and louvers and | ( made of sand and has a low energy T;we regu.lations defining part of this. Also, this is much more simple and cheaper.
then be coated and painted. The places with goes out through a louver intoa - fabricating progress. The plus side differ per occupancy Buildi hysi
irreparable corrosion will be repaired by shaft. A single fan per shaftis 1 == = s that it absorbs no moisture, nor and include FUI Ilqng > v.sl,lcs., h bine th at 4
applying other steel profiles or will be needed to force the outgoin w _ does it deteriorate from it and is . orthe \./entl atlc?n Yve choose to Fom. ne the cross Ven'fl ation a.n ..
repaired with local welding. When everything §OINE l _ o requirements for mechanical ventilation. We combine it because mechanical ventilation is too
is repaired it will be coated, for decades of airflow outside, making it an 7 . fireproof. The downside is that openings, expensive to apply over the entire building and it is not energy sufficient. For
orotection. energy efficient way of ! hazsardous subs.tan.ces are released lamination, number the restaurant, shops and the common spaces however, it is a necessity. We
ventilating. - during the fabricating progress. of exits etc. also use cross ventilation, because it is very energy efficient, and it costs much less
Variant 2: The other option is a completely AC Another interesting option is A more general rule tha!ﬁ mthanicaI ventilation. Also, it .is healthier, and it is enoggh for t.he .students
Another ootion for the construction is to mechanical ventilation system I g op _ ¢ is that all floors have to live with. So, for the ground and first floor we use mechanical ventilation and
. P . . . ' o~ Expanded Clay Aggregate. This i : the other floors we use cross ventilation.
partially take over the steel construction. The This option adds the most product is produced in India and - to be zoned in
fir'st floor including the pillars on the outside comfort but is not energy Airflow made by firing clay at 1200 °C. It 3 cor.npartments. Insulation
WI:: be rEstc.)trEci.. FLomfthe secondtfloiir we suff|c.|ent and _ _ . results in hard round spheres with a g Wh_ICh have a fire For the insulation we make use of glass wool for the wall, floor and roof
Wlh. vr\:or.”vzl ‘ 'm e:h rafme con: tr:c Isn'l relatively expensive. If this option size from 0-30 mm. This form of re.5|stance of 120 construction, because it is a sustainable thermal insulation. It absorbs no moisture,
W |ct Wlt. i (.el_:.\/e.r ; orgles © g l.e ;tee. ht is chosen it is necessary to use cooled ai insulation is a good choice for the min between each nor does it deteriorate from it and is fireproof. For a country with a monsoon
. : : oOolea air . . . g or g- . .
construct!on t _'5 'S a? X ur?t € an. tlg We('jg thermal insulation to keep the I ; roof as it can be mixed with binders other. climate, this really fits well within the building. It has also a good acoustic function.
' as possible. ceramic matix of Expanded Clay Aggregate (ECA) sample. this insulation makes the roof sturdy enough to walk on.
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- 4 4 L1 Housing landlord
| | |
éﬂ@ d@ db 5% Gg G% () (&) () Office landlord
4t or
. : . . . | | 1stflo | | | i i
Facade made with natural tones to respect Cafe- Restaurant & bar for the office workersin ~ Two Communal Kitchens in each level for the girls © . T N r ® —ET ||H|I|||| j i L % I Traffic area/ kitchen
the environmentand the trends in Mumbai the area and the public and the students and the boys Ot I e EL= ! Ot Bi=l="1 i i Laundry room
poitom I/ ja ‘ ‘ . pal ‘ .
g_ ENEEE e g_ I ‘ ‘ ‘ [ Student dorm
o1 o1l l F ! ! m..L ! ! %_,_ | Shared common space
of ofl - d ~ HEH B L e
© o= T B
e ——— ) I — I Storage
@ @ T | | | | | ‘1 T 1‘ | | | I
N OOOPOOPNOAEO®®® e Technical oo

o il =
) mmu.}: F(l |

Terrace can be used as a place to dry the students clothes Atriumis an open space with stores and shopsand Rooms are divided by gender and shared with Fire measures (Anahi)
or as a communal meeting place connects to the first floor with three stairwells a maximum of 4 people to lower the rent cost - Noln—tflammable
- @ ' 4 s - - — insulation
il .
o T == = e I D - Panels with 120
_ _ i %Hﬁ 11 L I R | ] e sl i
We investigated the most used 4 —| ' A T s % — LI minutes fire resistance
[ [ \ [ [ [ [ | [ [ ! :
colours for buildings in Mumbai and T T R e ana ﬁ s [ -Door closers
the colours that we saw were beige, @F+¥J4‘ﬁ LLQEH-}FFI i e T i - Fire resistant doors of
red, yellow (orange) and brown. % S T N S S D S N A R PA: ——i 1 atleast 120 minutes
Because we wanted the buildingto fit A O A A A B I R I O Y A | @4 ATV ERE R 1 -Spr{nk|er system on
.. . . | | ! b o d 4 | b e d 4 | | @ spgom || sumoem | e || e ’ aggon | sgams | s | s sgede the first two floors
in its surroundings and for it to keep i v O I I I B == [ I Bl I s 1
its historical value. We ch bei o+ 1 +-t e ey : rot - Intumescent coat on
its historical value. We chose beige, o Lo sad [ I B N S . S I S . | -
YT | w ihe Indoor stee
brown and a darker orange. | ! | | | I - NREEE I - e | structure.
- #- s s w- e w—sw - -—u [T L/ T =Y
- Smoke detectors in
On the roof we made a communal every room and
area that can easily be stored away Ground Floor Mazzanine Floors communal kitchen
on rainydaysor putinthe shade on | = fire compartment | = fire compartment "
: + other measures
hot days. We also make use of solar = protected Subfire compartment (NBC)
panels. | = Extra protected escape route
) . ) . . . Note: The details are not scaled _,1% . . . . . . . . .
Two different ventilation pssisted cross ventilation + mechanical output on commercial loors Itis also pos.s'bly R @ The building is located in a crowded area, this creates limited storage space around the building and
system are applied in our ‘ | , to apply assisted In every detail an AgriBioPanel is applied. This panel is an innovative, sustainable alternative _ causes difficulties for loading and unloading of the commaodities.
bU||d|ng deSign. We choseto B m R iﬂ ‘ cross ventilation for construction boards. It comes in 3 different gradeS and varied thickness. Itis made from * E;géﬂg:;ﬁ?gmmﬂm,esistame Several adJustments are needed that requ”'e Varlous Solutlons |n Ioglstlcs'
do this because there arevery B ) ’ 3 on the 90% straw and 10% binders and comes in 3 grades in varying thickness. Also, itis designed ‘Yfi%i:ﬁ:;%Eg‘?:”?nb??éi?i.stance
i ilati N commercial and produced by an Indian company. Because some of the panels are not sensitive to ’ . . . .. . . .
different needs for ventilation ;g g@ L ithout .p yan'n pany . p. . . . The steel construction will be returned in its original state. If possible, some local restorations will be
oors withou moisture and vapor it is an excellent choice for the hot-humid climate Mumbai has. The function of the , ] i , i
decreasine the . : made and in the case of severe corrosion new steel profiles will be placed. By means of a construction
Ing partition wall is to

. freedom of Floor orovide sound isolation hoist these new steel profiles will be transported to the preferred floor, further transportation and
T1TH1- layout too much. The floor consist of a wood @ Engineered wood top fioor between rooms and installment will be conducted by manpower. (The profiles will be around 400 kg so manpower is

From the third floor up there is

in the public spaces and the
student dorms.
assisted cross ventilation. Also, 1L ET IR : Aok , , -
everv student dorm has a | = This can b-e done construction whichis laid on Glasspmafgcegl.)\=0,034 ensurefire resistance. possible) _ .
cry _ by extending the teel b Iti Vepar hafier This is provided by the The same procedure will be followed for the bricks.
steel beams. Itis p
CEIllng fan Of Its own. AS a ventilation . Agribiopanel, fire resistance of 120 min .
soundproofed with glass | | thin layer of glass wool

result of these two measures il shafts until | 1Tt o , . . . . . . .
there is always a wind flow : - : : ; wool. Although glass woolis | ! %l and the AgriBioPanel. For the vertical transportation two construction hoists will be present. Horizontal transportation will

Cross ventilation ES 263 . . . . .
regardless of the wind A shat about halga ] water resistantit is sensitive | ooy T @ be conducted using wheelbarrows, forklift and a pump truck. As well as around the entire building and

Mechanical ventilation R o~ T . . . . . . . . . .
strength. meter under the to vapor. Because of this a : $ :; /] within the atrium a scaffolding will be placed, the scaffolding within the atrium will be removed when

Assisted cross ventilation throughout the building fIrSt ﬂoor‘ Vapor barrler must be = g I %z -l - | | Facade wall the glass and WlndOWS are replaced.
These measures are not | | o . applied | B T olow brick, axdx inch
: : I | T This is possible ppliea. The facade wall is designed to ensure fire resistance Ll | Wetsproorrn
applied on the ground, instead = but it must be 0SB panel . . . - . .
there is a natural air supply ‘ E dered th h £also h 4 and soundproofing. This is done by applying glass | | Verorvaer 2% Trucks can drive across the adjacent road and unload their commodities on the side of the road with
—— ——) consi ere t at T e roof also has a woo Roof e . Agribiopanel, 120 min fire resistance v suyarane sure
trouch louvers in the facade : oo Clay Agaragate mixed with concrete, A = 0 1188 WK wool and the AgriBioPanel. The needed thickness of some fences for safety.
g ¢ he shaf but h : |
and a mechanical output. We . % ]E € sha tSbmtayl ;(_)n;t”i;tlon Il{t af ‘:_ jistsbod insulation should be included in further research. | Reren doppg et
: ' orm an obstacle igher thermal insulation - . . ADMeloRd ADMs4oRd
chose to apply this because %ﬁ E ‘JE for the stairs and stgndard because this is Vepor barmer 0! Because the building needs soundproofing but not | | ~ 0
5 058 panel ily needs a lot of thermal insulati
the air shafts for assisted 51 . . | Agribiopanel, fire resistance of 120 min | necessarily needs a loto ermal Insulation \ | — 14
ventilation are big and limit ex_trs sfupp;:rt adV.IZEd Ih IthehECBC lroof | _+ + because of the chosen ventilation system. e
the freedom of layout. Also, it 5 hmlg t or;c] (: ll:e5| entlal. The tozta roo ; i izt | The hollow brick is placed between the structure. | | R O
is expected that these lower ;\nglng > daﬂton Es? U-\|/a -ue <1 W/m;(. : 1 :g §  Therest of the build-up is located on the interior | | -
floors are more crowded. so 3 the groundfloor The insulation consists o | | side, when applying there must be taken care of . g =
’ might be glass wool and expanded : & . . : . N = Newred 3
more controlled environment &t = interruptions in the isolation. This might be a 8 T 0
| I Westside - Army Navy
needed. clay aggregate on top. b fth | Suning.For, Mo @

is preferable. —— concern because of the structure. | 5

Airvent L =






