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ADAPTIVE ENVIRONMENTS: sparc

ADAPTATION BY RECONFIGURATION

Shreya Sen’

Abstract

Space Crunch” is a daily struggle in the life of majority of Urban Dwellers, more so for growing
families to which they either respond with unique design solutions or compromise. Internal non load
bearing walls occupying valuable floor space is one of the reasons contributing to this “Space
Crunch”. Thereby necessitating a study to explore transformations on the

Wall plane. This paper is a study of reconfigurable systems both on the wall as well as roof plane
leading to an apt design solution for Reconfigurable, Internal Modular space dividers in Tensile
Fabric. The paper would finally conclude with a conceptual design solution answering the “space
crunch “ issue enhancing functional efficiency of residential dwelling units with changing occupants.
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Migrating population is on the rise as cities
offer lucrative employment opprtunities.
But work places go hand in hand with
corresponding dwelling units, to house this
growing populace. Land is limited and
families still has the pottential to grow.
Predictably needs also grow and households
need more space. This has been going on
right from the time of Industrial Revolution
and humans have always found a solution
because they possess this incredible power
to “Adapt”to changing situations, one of
which is through “Spatial Transformation”.

"Spatial Transformation" in this context is
defined as any

e ALTERATION

e ADDITION

e EXTENSION

e MODIFICATION

Of Residential Interior Space Usage

It has been identified as an integral part of
Inhabitation. In the context of self built
houses in developing countries [1], as well
as homes all over the world occupied by the
Urban populace ,studies show that there is
an abundance of transformation incidents.

(2.

Transformation in Interior walls is defined as
Partition Level [PL] transformation, by the
author T.H. Khan in his book Living with
Transformation. Permanent construction
works is involved as the Internal non load
bearing walls are made of Bricks which is a
rigid material.

1. :The size of one wunit is
increased by devouring some space from
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adjacent units on the same floor.For eg :
as families grow, a larger bedroom is
required and a smaller dining space is
acceptable as a compensation[Fig 1]
———— [
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1 —>
1 1 1

1
1 1 1 H

Fig 1 : Transformation by expansion

2. : The size of one unit is
reduced usually due to change of usage of
part of any area into non residential
activities.[2] For eg : the reduced part
becoming office or storage space.(Fig 2)

Fig 2 : Transformation by reduction

3. :It involves constructing or
demolishing partition walls , or simply
closing a door or two so that parallel
private functions can be carried out in

Fig 3 : Transformation by subdivision

these subdivided areas. [2] (Fig 3)

These categories of transformation incidents
are a common occurrence in small dwellings
in urban areas causing “ Space Crunch” due
to rigid internal non load bearing walls
occupying valuable floor space .
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Gamma diagram:

increase in

subdivisions causes
circulation space, thereby resulting in more
wastage of space. (Fig 3)

Internal

As families grow, sometimes adjacent flats
are purchased and merged into one and the

7

circulation is
shifting the position of few non load bearing

internal reconfigured by

walls  resulting in
subdivision.

transformation by
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Carpet area = 900 sq. ft[Area occupied]

Loading factor =25% [125]

Built up area = Carpet area +
Bed

Loading factor B
D =1125 sq.ft.

Therefore, Carpet Area = 80 % of Built up
Area

Balance 20% is profit for the builders.

Out of the above mentioned 80%,rigid space
divisions in the form of internal walls,
further reduces maximum space utilization.

Actual space utilized = 70% of Built up Area

In such a scenario, Reconfigurable Modules
of Tensile fabrics can greatly reduce space
wastage by an astonishing 20%, as there is
reduction in area coved by fixed walls,&
the reconfigurable nature of tensile
modules makes multiple internal wall
configurations easy, thereby achieving
optimum space utilization.

Reconfigurability on the wall
and roof plane : Built examples
This study was undertaken to understand
the design characteristics of reconfigurable
modules. Even though majority of the
featured projects show reconfigurability on
the roof plane, their analysis led to the
kinematic development of the conceptual
design of Lightweight modular walls.

1Project :ROOF OVER SWIMMING POOL in
Unterluss, Germany.
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http://www.magicbricks.com.
http://www.sl-rasch.de.
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2Project: CANOPIES FOR SHADING
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Fig 5 :Closed to open position showing folding action of the umbrellas[clockwise from top left]
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usgd as internal space dividers
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_ module
SImitarly In the context of this research, the
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thereby allowing a com Fig 20 :Foldable
zone on the floor level, module design
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Taking these points into consideration, a

%, ‘ i
A\
ERGON ESIGN

- ,C,OQSiQ?fi'}&;h@ human height and scale of
L‘l‘L‘fhe“Fo'é'h'f'o‘f'a"genere‘xl apartment [2.7 M] in
ReasndigtitidsilinfAhadyajs theamveralbtiential

modular wall

designed, a

& V%ptability to
W iRdigenous climate
'del of dlexbigigueasidies

%t thERsshased fabrics
with high fire

rating.
“ADE OpréveéntytearUTE
Vin Pariprbpaipegion.
Architect : Jean Nouvel.
eBnt¥Ptual Design Solution
Adhering to these

Specifications

Material

Fig 8 : complete
reconfiguration
of wall module
allowing barrier
free zone on floor
level

CEILING LEVEL

theighil| pfatieeusiogna nclRiIShepdididptirigta. 3
zones. [Fig 21] below

Transformable facades have been used in

the past as part of environmental strategies

for day-lighting control within buildings. An

eRXBATPIB T Dt dnsforit fablefacads thag 2ds

alhetrinoiairtea niveg. ofr belildingam ddefo wadnint
the sowttefiimdteot the $natbditérafeheoArtibe
Wiotidtisr@awid)iEhariseto support the fabric
lenclosnresises to@7,000 motor-operated

aluminium retractable rings divided into 113

penelsitEaatonirng dperadesdnidieidtztigra ndviish
equippeointstbf agthohosensitive mechanism,
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similar to the iris-type diaphragm of a
Prarjeeta (Gg 9onclusion Textiles and
nrosidngninnatguiattiang he oeér axfiie eusads
waltbinskimetitrdévios thee tanbeintfleafbilight
lightedsgahd ssielegoh thebtidsling, according
to the weather and seasonal conditions. This
is a very high-tech and beautifully
(engineerad selution far, 4 strahsfarenabléi g rat
facade. Unfortunately, due to high
maintenance and operational costs the rings

Fig 19: PROPOSED DESIGN of QI Zong Tennis
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Deployab
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no longer work. (".Pmm?nlx Ehe iris- & p
diapPrajeat  used e\ﬁlori!ailﬁ L oo ra icability

. Hrlru:i 13 £ context of

cameras consists of number of very thin

this Jesearch
metal blades mounted on a base plate an
1.ROOF OV

Rarral Farm
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Dase Plas Blades Blade Achsating
C (O botean) Ring (on top)
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Fig 10: Parts of the Iris Diaphragm (3)

m T un

3°9{’>?5‘Fﬂ with a blade actuating ring that has
ﬁ&rﬁs&é xf/ﬁkded pieces(Fig 10). By rotating
Iﬂﬁlm‘%gbﬁ» weldedfipiages push or pull the
Tolpdesand the sizedia‘phfe@m opening can,
Vgsmﬂ'ed,(s) [works like the
pUith Fihiscsystem e sfsueami@liap each
other during the deployment; as a| result
they are forced| to operate on a sloped
angle. The slope of the blades increases as
they approach the closed position. This is
R;EE when the width of the blade i|§artly
[gr condifieivedistgiostidre rangig;fjlicable
esigns possible with this system.

Reconfigurability on the wall

scal gnonel plane @ Coneceptual
TENNISCENTER

[ReRBPSRLrs have gy Mpkesk iR simpldrartly
desienbst effective solution with regardpglicable
Sharaha tinZap and have come up with
innovative desighs, some of which are
described below

4Project : THE SWIVEL DIAPHRAGM

(Anguluicd ¢!
Remactabl
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@
1Closed__
. \3&4
Injernal glazing. 2 e
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Figure 11, Potential transformable facade, configuration of the module.

Fig 11: Potential
transformable faga
utilizing a simpler

swivel diaphragm
CONCEPTUALDESIGN s

A AR -]
t,
ne

Point fixed 102 suppert

Straight element

Figure I, He ! swi

diaphragm, main

AZN AR = i
R B R
1 z 3 )
Fig 12: Hexagonal swivel diaphragm and ne
it’s process of deployment (5)

he
frame and PTFE Membrane cushion as a
The sWespbahebgineil aninRqypRenk Lo
structiPe Gwgent dfls'%n Jf;WcéBt%;P]design
Stage. Nenwvammn st ikeraamiianesnd

J.Chilt8Fe an apt choice for kinetic devices
which reconfigure on a regular basis.

S@%@ﬂf@&%glﬂ%gwgs% odules with an
Iierab fexibie kdématry Gitilising’
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issling actidatfonPolygonalit’s  current
th AtpEROUS geometry.
It is constituted by a concentric series of
afgoelusienof Proipsh A SwWiksting actipnern
tBgether dablgrrafiaEna Ao VR isnadyiss
SHRWeEYRT A LARHIGLPBIRTEY 45 dT'S?é{chﬁ%u*ﬂe
vRREaRliehe Wemtifts efididhd f6idrach
ﬁﬂrﬂﬁfgﬁ@ﬂﬁﬂ/'ﬁoﬁ?%q%}ﬂgefﬂscentre
oﬁﬁ%’?ﬁucture.%ergfo?@%orce an
62V $ig102hRb & preads through the

rest of the structure. [Fig 12].
Architectural Firm :Mitsuru Senda in co-

AREIRERR Wit ARR d3hgnehalilngttigs ief
ﬁéchﬁﬁcéH@kRESmﬁ.ﬁﬁf%ﬁPé individual
components.This allows it to be operable in
offd" piuigestdfore space/activities on

either side of the plane is not disrupted

[B%cmf'igurabilityAnalysis :Retractable Roofs
:The reason why textiles are most suited for
kinetic /reconfigurable devices

Fig 13: Design Advantage : Movement in
In recent decades retractable roofs have

T Bmes commonly used for venues where
variety of j:tdoo'r and indoor activities can

be p{arfor ed MTV\;'L(?W&;J‘;&@Q&MME&
terin Shangha is thej only known: Bt

pl'olecljt that uses ad{&tractable of

struct re*j i

This is the‘,lg_gg,eg‘te;@t}?‘;s aC|I| ,}/ és”akwth

a seating capacity:fil 5;@@0 eople. It has a

ARSI SIniGlEAfEIRYR rine roof which

Structures operable on the retractable ring
mechanism due to the swiveling action have

Fig 16: BUILT DESIGN of QI Zong Tennis centre,

ShanghaiPetal form of retractable roof{(5)

be applied in areas where specialized
technology is not available. From the point
of view of this area of research, this design
concept has a pottential to be applicable as

reoomfigses lelig htppeta Hitialeessinehpipesradf
lauseeni3¢ families.

Dhsadvaetkdgshape truss tums around on one
Holvewer it doesdanect mdisstbraittig géh drovof
the ppémt of bkisg Bppdicptdeinatelyheight
emiimatres Bviheas ther ticadf sivadestisidbes pEhal-
gampetmussbstireenatithe deitye ofiaheafing,
polygonthie hasod tendpeoy thegx@ard placdd
directiohthie pediendteadbaiiag gapsrifégureen
petiohFigd 184t / apartment house has a

fikee veseeatberud danift ahatia$ theoffosed nan
thbereititg , atesigmwn whitle diagiliresbelBTFE

Fig 17 &18 :PROPOSED DESIGN of QI Zong
Tennis centre, Shanghai and it’s opening
detail(5)

ditesttions, thier efoteudisaditactupdots wittivel

rédianbragmsuliiider to make the design
more energy efficient and at the same time

eliminating the gaps.

s~ PTFE cushion
/' ~————Deployable frame

¥ {straight elements layer 1)
J ~— Deployable frame
(straight clements layer 2)

1 Closed

" Deployable frame
(angulated elements)

" Stecl column

"~ Fixed in position support 4 Open

Ihis creates a pathway tor further research
and experimentations which might give
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