Architecture and Civil Engineering

SATBAYEV
UNIVERSITY Volume 2 (2025), Issue 2, 1-6

https://doi.org/10.51301/ace.2025.i2.01

Design of Residential Spaces with Consideration for People with
Special Needs

L. Sidorenko, N. Sarzhanov”
Satbayev University, Almaty, Kazakhstan
*Corresponding author: n.sarzhanov@satbayev.university

Abstract. This article analyzes the key principles of organizing the residential physical environment for individuals who
use wheelchairs. Contemporary architecture is increasingly oriented toward creating comfortable and inclusive spaces; howev-
er, for millions of wheelchair users, the lack of adequate comfort and safety within residential settings remains a pressing issue.
People with special needs are still often perceived and treated as individuals with «limited abilities» due to environmental
barriers. Designing buildings that can be used by individuals of all ages and health conditions should become one of the prima-
ry directions in architectural practice. The urgency of creating an inclusive environment stems from the growing recognition of
the need to humanize the built environment for those facing temporary or permanent physical limitations. Adapting residential
spaces to meet the needs of such individuals requires particular attention, as it directly impacts their quality of life. Many resi-
dential buildings, including those in Kazakhstan, fail to meet contemporary accessibility standards. This is evident in features
such as narrow doorways and thresholds, the absence of ramps and specialized handrails, and other architectural shortcomings
that restrict mobility and hinder the social integration of people with disabilities. Despite legislative efforts to address these
challenges, the situation remains problematic in both older and newly constructed buildings. This study explores the principal
challenges and proposes potential solutions aimed at creating an accessible and inclusive environment for individuals with
musculoskeletal impairments.

Keywords: barrier-free environment, adaptation for wheelchair users, inclusive design, social isolation and autonomy, ac-

cessibility.

1. Introduction

The creation of a barrier-free environment for wheelchair
users is a critical step toward building an inclusive society in
which every individual, regardless of physical limitations,
can lead a fulfilling and autonomous life. One of the primary
challenges faced by people with limited mobility is the lack
of accessibility in public facilities and residential spaces,
which prevents them from maintaining a full and active life-
style. This, in turn, often leads to psychological issues caused
by social isolation.

A partial solution to these challenges lies in the imple-
mentation of universal design principles, adaptive furniture,
and smart home technologies, all of which can significantly
enhance the quality of life for wheelchair users [4]. The
analysis of successful architectural and design practices from
various countries provides a basis for developing concrete
recommendations for the design of inclusive residential envi-
ronments. These solutions aim to improve the daily living
conditions of individuals with disabilities, facilitate their
social integration, and increase their level of independence.

2. Materials and methods

For this study, it is proposed to conduct an analysis of
case-based design projects, as well as a survey of individuals
with severe musculoskeletal disorders and their family mem-
bers, followed by a synthesis of the results.
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When analyzing the layout of a typical residential building
that is not adapted to the needs of people with limited mobility
(Figure 1), several aspects can be identified that require modi-
fication:

- Narrow doorways, which are unsuitable for wheelchair
passage;

- Lack of ramps, elevators, or specialized lifting devices,
which significantly hinders movement to and within the build-
ing, particularly between different levels;

- Restricted spaces, which do not allow for wheelchair
turning and are further complicated by barriers such as thresh-
olds and inconveniently opening doors;

- Furniture and equipment arrangement that fails to consid-
er the needs of individuals confined to a wheelchair, creating
additional obstacles to movement and rendering many ele-
ments unusable without external assistance.

Possible Solutions for Eliminating Identified Deficiencies

The first critical area of improvement is the building en-
trance, where it is essential to install gently sloped ramps with
an incline not exceeding 5 degrees, along with the use of lifting
platforms or elevators in multi-level buildings. Additionally,
sufficiently wide doorways with automatic or sliding mecha-
nisms should be implemented to ensure unimpeded access.

As for interior spaces, key solutions include widening
corridors and doorways, eliminating thresholds, and using
level, seamless flooring throughout. An open-plan layout—
minimizing interior partitions and maximizing fluid, inter-
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connected spaces—is particularly aligned with the principles
of a barrier-free environment.

Figure 1. Floor plan of a residential building

For bathrooms and toilets, accessible design can include
walk-in, curb-free showers with floor drainage systems, non-
slip floor coverings, the installation of grab bars, and height-
adjustable sinks and toilets [5].

In terms of technical equipment, priority should be given to
the automation of basic daily functions. For example, automated
curtain systems, lighting controls, extendable wardrobe shelves,
and voice-activated commands can significantly ease daily
tasks. The so-called smart home system has the potential to
address many challenges faced by individuals with limited mo-
bility; however, its high cost makes it inaccessible for many.

A more budget-friendly alternative for adapting residential
spaces to the needs of people with limited mobility may include
the use of voice assistants, smart plugs, and Wi-Fi-enabled
lighting systems, all of which can be controlled remotely.

From a psychological perspective, living in a space that is
not accessible for free movement in a wheelchair often leads to
emotional discomfort, increased stress, and a sense of help-
lessness in individuals with special needs. The constant neces-
sity to rely on others for assistance significantly undermines
self-confidence and fosters a feeling of dependency [6].

Moreover, the inability to leave one’s home independently
due to the absence of a barrier-free environment contributes to
the social isolation of people with physical disabilities, further
exacerbating their psychological and emotional challenges.

These significant issues require targeted solutions, of
which at least three key approaches can be identified:

- Fostering autonomy through the design of residential
spaces that enable individuals to independently perform essen-
tial daily tasks such as cooking, laundry, and remote work;

- Applying an inclusive and personalized approach to the
selection and arrangement of equipment, particularly in house-
holds where one family member has special needs;

- Incorporating the social dimension into residential design
by allocating areas for social interaction, hosting guests, and
working from home.

A classic example of successful home adaptation is the
Laurent House, designed by Frank Lloyd Wright for Ken
Laurent, a World War Il veteran who was paralyzed from the
waist down. Wright was truly ahead of his time, designing a
residence that met all the specific needs of a wheelchair user—
based on direct input from Laurent himself, who described in
detail what was required for comfortable living.

Among the client’s requests were lowered placement of
door handles and light switches, widened doorways, and level

flooring throughout the home. In addition, the spatial organiza-
tion of the interior was designed to allow unobstructed wheel-
chair movement without the need to shift furniture or ask
guests to move out of the way—an essential feature for main-
taining both functionality and dignity [7].

Accessibility considerations were evident even in the land-
scape design of the property. The house featured a spacious
driveway that ensured easy access (Figure 2). True to Wright’s
architectural philosophy, which emphasized harmony between
the built environment and the natural world, the Laurent House
was no exception. It was seamlessly integrated into the sur-
rounding landscape, appearing to blend effortlessly into the
lush greenery.

Figure 2. Kenneth Laurent House

In the spatial organization of the Kenneth Laurent House,
Wright experimented for the first time with an elliptical form,
which—combined with extensive glazing—provided panoramic
views of the surrounding nature and ample natural light through-
out the interior (Figure 3). This design approach enhanced not
only the microclimate within the home but also contributed signif-
icantly to the psychological well-being of its occupant.

The wide corridors, open floor plan, and abundance of
unobstructed space ensured comfortable and unimpeded
movement for a wheelchair user, demonstrating a thoughtful
integration of form, function, and accessibility.

Kenneth Laurent House, Rockford, Illinois. Cost in 1952: $27,000.

Figure 3. Kenneth Laurent House

Throughout the entire house, there are no thresholds or
other physical barriers separating its various areas. The me-
ticulously considered design illustrates how architecture can
genuinely empower a person with a disability by providing a
sense of freedom and independence—something that conven-
tional design solutions often fail to achieve (Figure 4).

For the comfortable living of the family, the house includes
three bedrooms and two bathrooms. Particular attention was
given to ergonomics. For instance, in Ken’s room, shelves are
installed at a height accessible from a seated position, and the
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countertop is designed without a lower support, allowing a
wheelchair to roll underneath without obstruction.

The corner panorama of the master bedroom provides a
strong visual connection with the natural surroundings, creat-
ing a unique sense of openness and integration with the envi-
ronment (Figures 5 and 6).

Figure 6. The bedroom of Laurent's house

It is also important to note that this work by Frank Lloyd
Wright marked a true breakthrough in the design of envi-
ronments accessible to individuals with physical limitations.
It laid the foundation for accessible design principles long
before any official standards were introduced—indeed, such
standards were not formally adopted in the United States
until forty years later.

By creating a home that was both aesthetically unique
and functionally adapted to the needs of a person with lim-
ited mobility, Wright not only met the specific requirements
of his client but also inspired architects and designers around
the world to reimagine how inclusive environments could be

Figure 5. Kenneth Laurent's wheelchair in his Frank Lloyd
Wright-designed house

Table 1. Inclusive design solutions

object
«Tree house», London
The authors: 6a architects

object photo

Inclusive House, Hamp-
shire

Authors:  Ayre Chamber-
lain Gaunt.

Residential house «Maison
Bordeaux», Japan
Author: Rem Koolhaas

created.

planning organization

ways to adapt
Ramps, Wide Doorways,
and Flowing Spaces

Height-Adjustable Kitch-
en Surfaces, Automatic
Doors, and Designated
Parking Spaces

Smart Home  System,
Spacious Interiors, Three-
Level Design with Lift
Platform, Sliding Roof,
and Transparent Second
Floor Connecting with
Nature
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Orchard House, Wiltshire,
England

The authors:

Studio Octopi

3. Results and discussion

The analysis of these case studies formed the foundation
for the reconstruction and adaptation project of a residential
home designed to accommodate the needs of a person with
disabilities and their family (Figures 7, 8).

The project proposes the removal of interior partitions to
widen doorways and expand shared spaces. A key modifica-
tion includes the relocation of the opening between the kitch-
en-living area and the hall, facilitating easier wheelchair
access to the terrace. This revised layout not only improves
mobility but also enables clear functional zoning between the
kitchen and living areas within the open-plan space.

In addition to shared living areas, the first floor includes a
dedicated home office designed specifically for the resident
who uses a wheelchair. The hallway expansion makes it
possible to install a vertical platform lift connecting the first
and second floors (Figures 9, 10).

Bathrooms have been enlarged and equipped in accord-
ance with the needs of a person with limited mobility, incor-
porating accessibility features such as grab bars, roll-in
showers, and height-adjustable fixtures to ensure safety and
independence.
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Figure 7. First floor plan before adaptation

10500

Threshold-Free  Layout,
] Elevator  for  Vertical
\| “yp——rT Circulation, and Barrier-
1 S B Free Access to the Garden

2000 ,

———007, ']

1800

Yz

I
#

4500

RN
AT

¥
N

RN

_ e
N1

6000

/| 5

2!
T

L
.,

R NN
S

|‘ 3000

. 5100 L 3600 L
,[L | 13800 j{
“’1\,3 (32 5 4

demckan
206m2

4500

demckas
©  165m2

O]

4 xaduwem ;

SEE=z; =
B==ci

15842 “'?_{‘ i

— E

Figure 9. Second floor plan before adaptation
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Figure 10. Second floor plan after adaptation

The project includes a reconfiguration of the bedroom ar-
ea, involving the removal of the walk-in closet to improve
maneuverability for a wheelchair user and to accommodate
the installation of a lifting platform.

Wall corners have been rounded, and doorways widened to
reduce obstacles and ensure safe, fluid circulation. By partially
demolishing interior partitions, the design creates a more open
and accessible space, enhancing freedom of movement
throughout the room.

Additionally, for both shared areas and private rooms used
by the wheelchair-using resident, custom furniture is being
developed. This furniture is specifically designed for comfort-
able and functional use from a seated position, ensuring ease
of access to storage, work surfaces, and daily household tasks.

4, Conclusions

Undoubtedly, the creation of an inclusive environment
for people with disabilities is, above all, about establishing
the conditions necessary for their independent, comfortable,
and fulfilling life. The example of the house designed by
Frank Lloyd Wright for Kenneth Laurent demonstrates how a
carefully considered architectural approach can profoundly
improve the quality of life for individuals with limited mobil-
ity, ensuring not only their physical comfort but also their
emotional and social well-being.

The essence of inclusive design lies not merely in dividing
spaces into adapted and non-adapted zones, but in creating a
unified, accessible, and harmonious environment for all users
[6]. Drawing on international best practices, several key prin-
ciples of universal design can be identified, including:

« Intuitive usability,

« Appropriate dimensions and proportions,

« Flexibility and simplicity in use,

 Minimization of physical effort, and

« Organization of space that facilitates ease of movement.

However, the most important aspect remains the accom-
modation of the individual needs of all residents. In each
case, design solutions must be highly personalized.

For instance, while many of Frank Lloyd Wright’s inno-
vations for the Laurent House are exemplary, not all are
universally applicable. One such feature—the lowered ceil-
ing, intended to align with the visual perception of a seated
person—may, in practice, cause discomfort for other family
members due to the resulting sense of spatial compression.
This highlights the need for balanced, context-specific solu-
tions that promote inclusivity without compromising the
comfort of other users.
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Epexiie kakeTTunikTepi 0ap axaMmaapabIiH TYPYbIH eCKepe OThIPbIII,
TYPFbIH YH KEHICTIrH YUBIMAACTBIPY

JI. Cunopenxko, H. Capxanos”
Satbayev University, Awvwamoi, Kazaxcman
*Koppecnonoenyus ywin aemop: N.sarzhanov@satbayev.university

Angarna. Makanana wmyrenekrep apOachlHAa JKYpeTiH agaMiap YOIH MOHIIK-KEHICTIKTIK eMip Cypy OpTachH
YUBIMAACTBIPYABIH HETI3r MpUHIMNTEpi TajnmaHaxel. Kas3ipri 3aMaHFBI COyJeT KAl opTa KypyFa OarbITTanraH, ajainia
MIDIMOHIAFaH MYTeleKkTep apOacklHa TAaHBUIFAH ajaMaap YVIIiH TYPFBIH YH KEHICTIriHIE KaKeTTi JKaIbUIBIK TeH
Kayirnci3mikTiH 0omMaysl ©3eKTi Mocene OOBIT Kama Oeperi, aj epeKine KaKeTTUTikTepi 6ap agaMmap «MYMKIHZITT MEKTeYTi
amamzaap» Ooseln Kama Oepeni. Ke3 kenreH jkacTarbl jKoHE JACHCAYNBIK JKarJailblHAAFbl anamiap MaijanaHa anaThiH
FUMapaTTappl jkolanay coyjeT ToKipuOeciHaeri MaHbI3/Ibl OarbITTapIblH Oipi Ooyybl Kepek. HKIIO3UBTI OpTaHbl Kypy
Maceleci IEHCAYIIBIKTBIH YaKbITIIa HEMECe TYPaKThl LIEKTeYJIepiHe Tan OOJFaHIap YUIIH OHBI I3TUICHIIPY KaXKeTTUIIr Typasbl
xa0apapibIKTHIH apTybIHa OaiaHbICTRl. MyHIAl agamMmap YUIiH TYPFBIH Yiini OefiiMaey Mocemeci epekile Ha3ap aynapy/abl
KaXeT eTelll, OHTKeHI OyJI ONapiAblH eMip Cypy camachiHa Tikeleid ocep erenmi. KemTereH TyprbIH YiJiep, COHBIH iIIiHae
Kasakcranma, KoJ1 >KETIMIUTIKTIH 3aMaHayW CTaHAapTTapblHAa COWKeC KenMmeiini, Oyl Tap ecikTep MeH TaOaJIbIphIKTapia,
NaHIycTap MeH apHaibl TYTKaJapAblH OoJMayblHIA, COHOAaW-aK MYKTaX aJamIapAblH KO3FalbIChl MEH OJICYMETTIiK
OeliiMIenyiH MIeKTeUTIH 0acka Ja COyIeTTIK KeMIIiikTepae kopineni. Ockl Mocenenep i Menry YIIiH 3aH MIBFapyIIbIIap IbIH
KYII-KirepiHe KapaMacTaH, eCKi jKOHE KaHaJaH caJblHFAaH FIMaparTap/a jkarmail Kypaeni Oomsim Kanma oepeni. by skymeicTa
TipeK-KUMBLI almapaTsl mpobiaeManapsl 0ap agammap YIIiH KOJ KeTiMAl OpTa KypyFa OaFbITTaiFaH HETi3ri mpobieManap MeH
OJIappl MICIIYAiH MYMKIH HYCKalaphl KapacThIPbUIFaH.

Hezizzi co30ep: kedepeziciz opma, myeedekmep apobacvina Oetimoeny, UHKIIO3USMI OU3ALH, d7IeyMemmiK OKUWAYIdy HCIHe
ABMOHOMUSL, KOJl HCEMIMOLILIK.

Opranuszaums ’KHJI0ro NPOCTPAHCTBA ¢ YYETOM NMPOKUBAHMS JIIOAeH ¢
0CO0BIMH NMOTPEOHOCTAMM

JI. Cunopenko, H. Caprxanos”
Satbayev University, Arvameoi, Kazaxcman

*Aemop ons koppecnonoenyuu: N.sarzhanov@satbayev.university

AHHOTanus. B craTbe aHATM3UPYIOTCS KIIIOYEBBIE IPUHIIMIIBI OPraHU3alUH NIPEIMETHO-IIPOCTPAHCTBEHHOM JKUIIOH Cpenbl
JUI JIIOJEH, TepeBUraloINXCcsl Ha MHBATHIHBIX KoJsickaX. COoBpeMeHHas apXUTEKTypa OPHEHTHPOBAaHA HAa CO3JaHUE KOM-
(hopTHOH cpelibl, OHAKO AJIST MHJUIMOHOB MHBAIMOB-KOISICOYHHUKOB, OTCYTCTBHE HEOOX0AUMOTO KOM(OpPTa U O€301MaCHOCTH B
JKHJIOM TIPOCTPAHCTBE OCTAETCSl aKTyabHON MPOOJIEMOit, a JIFOJIU C 0COOBIMH MOTPEOHOCTSIMHU, OCTAIOTCS IIOJIbMU C OTPaHH-
YEHHBIMH BO3MOXKHOCTSMI». IIpoexkTupoBaHHe 34aHWI, KOTOPhIE MOTYT OBITH WCHOJB30BAHBI JIOABMHU JIFOOOTO BO3pacTa H
COCTOSIHUS 30POBBS, TOJDKHO CTaTh OJHUM W3 BaXHEHIINX HANPABICHUH B apXUTEKTypHOH mpakTuke. [Ipobmema co3maHust
MHKITIO3MBHOM Cpeabl 00yCIOBICHA PacTyIIUM OCO3HAHHEM HEOOXOJUMOCTH T'yMaHHU3aIlMH €€ U TeX, KTO CTAJKHUBAeTCA C
BPEMEHHBIMHU WJIM MOCTOSHHBIMU OTPaHMYCHHSMH IO 310pOBBIO. [Ipobimema amanTanuy >KWbs IS TaKWX Jroaed Tpedyer
0c000ro BHUMaHUSI, BE/Ib OHA HANPSIMYIO BIMSET Ha KA4eCTBO MX XXM3HM. MHOTHE Xujble JoMa, B ToM uuciie B Kazaxcrane, He
COOTBETCTBYIOT COBPEMEHHBIM CTaHAApTaM JOCTYIIHOCTH, YTO IPOSBIAECTCS B y3KHUX IBEPHBIX IIPOEMAax M IIOpOrax, OTCYyT-
CTBHMHM MAaHJYCOB U CHEIMAIbHBIX MOPYUYHEH, a TaKKe, JPYTUX apXUTEKTypHBIX HEIOUETaX, OTPAHUUMBAIOIINX NEPEABIKEHHE
U COLUANIbHYIO aJalTalyio TeX, KTO B 3TOM HyxJaercs. HecMoTps Ha ycunus 3akoHoAaTenel, npeanpuHUMaeMble s pelle-
HUS 3THX Npo0IIeM, CUTyanusi OCTaéTcsl CIOXKHOM KaK B CTaphIX, TAaK M BO BHOBb BO3BOJMMBIX 37aHUSAX. B maHHOM padoTe pac-
CMOTPEHBI OCHOBHBIE MPOOJIEMBI M BO3MOXHBIE BapHAaHTHI MX PEILICHUS, HAIPaBJICHHbIE HA CO3JaHHE JOCTYITHON Cpebl s
JFo/IeH, IMEIOIMIHX MPOOIEMBI C OIIOPHO-IBUTATEIEHBIM allIIapaToM.

Kniouegwie cnosa: bezbapvepnas cpeda, aoanmayus 0 UHEATUOOE-KONACOUHUKOB, UHKIIO3UBHOE NPOEKMUPOBAHUE, COYU-
ANbHASL USONAYUS U ABMOHOMUSL, OOCIYNHOCMb.
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