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Challenges of Car Pack Design in Nigeria

Anthony Nkem Ede, Peace Feyiyemi Adepoju, Paul Oluwaseun Awoyera

Abstract—Problems of parking space in urban towns and in all
places of large congregation is becoming a common issue around
the world. Over the years engineers and architects have come up
with alot of solutionsfinding a way to create more parking spaces
within minimum size of land by the design and construction of
multi-storey car parks. Thisislinewith the trend in modern cities
all over theworld of developing high-rise buildings asto overcome
the challenges of urban over population, for optimal use of scarce
land resources, as status symbol, etc. Standing on the advances
made so far and the frequent problematics verified on existing
multi-storey car parks, this research presents the design of a
multi-storey car park for the mitigation of traffic challenges in
public areas using Canaan land, Ota Nigeria as a case study.
Canaan land, the seat of Faith Tabernacle in Ota, Ogun State of
Nigeria isused as a case study because of the amount of vehicles
that compete for parking space on Sundays or on other days of
events. The research consist of the creation of the architectural
drawings of the multi-storey car park with AutoCAD drafting and
the modelling, structural analysis and design using the software
Orion R16. The structural analysis and design were challenging
but good results were obtained, approach for more innovative
multi-storey car park identified.

Index Terms— Design, Multi-Storey Car Park, Structural
Analysis, Traffic Challenges, Urbanization.

I. INTRODUCTION

The population of the world is continuously on therease

and towns and cities have grown up around theirlipu

transport system. The increasing population andieding

urban centers has been accomplished by increasing

ownership and increasing demand for movement fdoua
purposes. Regardless of income or social states,dhdition

Findings in the research work done by Department of
Transport Management Technology, Federal university
Technology, Minna, Nigeria [1] revealed that pagkin
problems and traffic management issues in Nigefigchv
leads to time delays and traffic congestion ara assult of
inadequate parking space, traffic signs/signaldisaipline,
encroachment of illegal activities at car parks . etc
Recommendations were made for parking management,
parking design standard, parking control, traff@nagement
for both vehicular and pedestrian, land use and lan
development, enforcement of edict and bye-lawstdyi®ry
agencies. Today, automobile is the dominant mode of
transportation in most nations of the earth inalgdNigeria,
where an average family has at least a car, whashléd to
many transport and traffic problems within citiesda
inter-cities and the challenges of parking in lagg¢herings
such as churches, shopping malls is beginning ta beeat
issue. Over the years engineers and architects foavel a
way to create more parking spaces within minimupe sif
land by the design and construction of multi-staray parks.
This is line with the trend in modern cities alleovthe world

of developing high-rise buildings as to overcomes th
challenges of urban over population, for optima abscarce
land resources, as status symbol, etc. [2]. Mtdtiey car
park also known as a parking garage or a parkimgtstre is a

b building designed for car parking with a numbeflobrs or

levels on which parking takes place. It is esséptiastacked
Barking lot that has multiple access and exit sydie avoid
traffic congestion in and out. Car parking systérage been
around almost since the time cars were inventedtélare car

under which people travel have become more and mol?@rk'ng systems in most areas where there is ignif

difficult and for some absolutely intolerable. Derdafor
transport and travel intensity tends to increase s with
the growing size of a city and town especially witles city
center or major centers of activity continues tovgin terms

of both size and employment [1]. Parking in pullieas can
be very tasking with little or no form of securltgcause it is

fraught with all sorts of hazards created by eitingmans or
lack of parking structures. In order to reduce stress of
parking and any form of danger or insecurity toscand
owners, adequate parking facilities must be pravidemeet
up for the demand of parking.
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amount of traffic. Car parking systems and the agzanying
technologies have increased and diversified overytars.
Car parking systems were developed in the early @&htury
in response to the need for storage space for leshic
Multi-storey car park is used virtually in everyvatced
nation. It is called parking structure is used he United
States especially when it is necessary to distgiguhe
structure from the garage in a house. Architects eimil
engineers usually call it a parking structure dughe nature
of their work. The earliest known multi-storey qaark was
built in 1918 for Hotel La Salle at West Washingtitneet in
the West Loop area of downtown Chicago, lllinoiswhs
designed by Holabird and Roche. Another early irdage
multi-storey was in the 1920s when an English canitst
imagined a hotel for cars; he drew a multi-storaygmark [3].
Today, a lot of innovation has been done on parkiysiem,
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parking automobiles to the use of machines andtsobo
The design of a car park involves various procesd a
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have been made and are still in the making updilv but the
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very first one was prepared in 1970's and updatetbB0’s.
In the intervening years, the perception and defgigtures of
multi-storey car parks have changed significarithe growth
of car usage and increased familiarity with diffare
multi-storey car park facilities has led to incre@ublic
expectations on issues such as security and easecess.
There has also been interest in upgrading prowssion car
parking as a marketable facility. Increasingly, parks are
recognized as an integral and vital part of a dgwekent,
often forming the first impression a visitor hasaofown or
specific development. Multi-level parking has comi¢h a
number of reliefs since they come with a number
advantages such as optimal utilization of spaagscdmfort
for drivers since the stress of struggling for jregkspace is
taken off, more security and environmental harmdiwy. the
design of multi-story car park, the planners musigh the
relative merits of convenience versus cost. Somehef
factors that need to be considered are desire te la
convenient parking space with direct access tcettivst need
it, the need to ensure safety of all users, the@alés protect
open space and the environment and availabilitgsdurces
to build and operate parking facilities.

Some structural failures were reported in the n88as
concerning the 1970’s car parks, which mainly iredl the
older stock of car park structures. Among theslerds was
failure of car park barriers caused by accidentgdact that
resulted in cars falling onto the lower floors. Téevere other
well publicized failures, one caused by concretgradation
with reinforcement corrosion in a slab with theustural
consequences of a punching shear failure leadimgp@rtial
progressive collapse. The nature and mechanisnthi®f
collapse was fragile, with little prior warning efructural
distress. Brittle failures are more likely in reinfed concrete
structures due to deteriorations of structural men:bor
wrong choice of materials and bad combination ofies§4].
Failure to detect this kind of mechanisms leadsdocrete
degradation and corrosion to progress until strattollapse
occurs. In recognition of the problems affectingelepment
of car park technology and to allow the lessonsnteftom
such failures to be incorporated into design guidanreview
of institutional guidance began in July 1999 [SheTreview
noted that failures in older car parks were nobmnected to
inadequate design details and insufficient undedite of
the adverse loading conditions to which the stmesticould

This research presents the design of a multi-stwaepark for
the mitigation of traffic challenges in public aseasing
Canaan land as a case study. Canaan land, thefdeaith
Tabernacle in Ota, Ogun State of Nigeria is used aase
study because of the amount of vehicles that coenfuet
parking space on Sundays or on other days of evitritas
been observed that a lot of people arrive earlyGhurch
service but end up entering the Church late dtieet@roblem
of finding a space for their vehicles. Canaan land
accommodates a lot of occupants, visitors, churembers
and workers. This implies that a lot of automobiiemp in

and out every day with the peak on Sundays andigl&filoh

and thus the ease of movement, parking and safdtyese

individual’s cars against theft, vandalism and Wweatmust be
provided. This can be done with minimum consumptién
space and land, orderliness and adding to the peduhe

environment by providing an aesthetic multi-stocay park
facility. The research will consist of the creatiof the

architectural drawings of the multi-storey car parging

AutoCAD then performing the structural analysis aedign

using the software Orion R16.

Il. LITERATURE REVIEW

Multi-storey car parks have a number of uniqueuiest that
distinguish them from other buildings or structur&dack of
understanding and recognition of these distinctattaristics
by designers and those responsible for inspectind
maintenance is believed to be the major cause ofrofthe
common problems identified in these structures P&rking
structures are generally classified as either itStabr
“automated.” The automated parking are more cominon
Europe while static is the most prevalent type afkjng
structure in the United States [6]. The two typesamps that
can be used are straight ramp and curve ramp.tides of
layout that can be used in traditional parking cttice
includes parallel packing, perpendicular/ angl& 8agle 66,
angle 48and angle 30[7], [8]. The floor level system can be
flat on the same floor, can be split level or stagd floor
systems or sloping floor systems.

For the design aspect, there are numerous confignsaof
multi-storey car parks featuring different arrangeits of
deck and ramp. The final selection of the confijarawill be
determined by the overall size of the car parkstiegpe of the
site and the use for which the car park is intend#drting

be subjected and the poor performance of draina@e agom the planning dimensions, you consider the wijth,

waterproofing systems, which are vital for the dhiliy of
the structure. The situation was worsened by tiserade of

aisle width, ramp dimensions, planning grid, aligminpaths
to exit barriers, means of escape distances, tidis&nces

proper monitoring and adequate maintenance. StalCtufrom the car to the destination, security, vistiilispace

health monitoring, inspection and maintenance ppeaks by
qualified professionals experienced in corrosiatigfie and
structural deterioration are essential for durattieictures
including car parking facilities. As with any othstructure,
design details that enhance durability, facilitgieoper

allowances, lift provision and payment system amotiger
things. In structural design, a buildings thattieast three-
storey in height must be framed. The loads fronott®ipants
are transmitted through the slab, beam and colurdnathe
foundation and therefore each element of the framast be

inspection and the maintenance of drainage angksigned to effectively handle its own dead load the load
waterproofing will significantly extend the life drsafety of a being transferred to it [9], [10]. For the ideatipa of the
car park structure. Historically, car parks weresigged actyal structure, the structural model should eefae actual
according to building codes. The review suggesteat t henavior to material properties, structural detaitel loading
durability requirements for closed car parks shdiddsimilar  5nq boundary conditions as accurately as it isticaue [11].
to those for bridges or marine structures due toicwtar  The structure should be so designed that adequestasexist
wheel load effects not applicable to building stoves. to transmit the design ultimate load, wind and isgmloads
safely from the highest supported level to the
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foundations as specified in [12]. As the heightadjuildings
becomes much, horizontal deflections must be coedapwtth
greater accuracy. The deflected shapes of indiVidua
structural members should be taken into accouttigrfinal
analysis of tall slender structures [13], [14].

I11. MATERIAL ANDMETHOD

The architectural drawing was realized with Autosaftware
as seen in figures 1, 2 and 3 for the plan andaéiens
respectively. Orion R16 is used for the structaralysis and
design of the parking structure. Codes for desighamalysis
for the multi-storey car park were [15], [16], [1Brocedures
followed in this research conforms to the work bf]. Dead
load, imposed load, wind load, dynamic load anddloa
combinations were all provided according to BS sode

The features of the proposed car park include ftnors
above ground, 1,200 parking spaces, occupying #§a@are
meters, mechanical service center, car wash, 2rett@mps, IV. RESULTSAND DISCUSSIONS

2 entrances and exits each, Lifts and stairs atoppjate Here the result of the work carried out in thiseash is
places and emergency exits. The analysis of thdemeas presented. The result includes the outcomes afntiaeling,
carried out using Orion 16 and considering the bend structural analysis and design.

moment in slabs, shear stress and bending in beahsins S
and walls. The slabs were analyzed using finitenefd
method and the loads transferred to the suppoléams.
The design of the beams, columns under uniaxialbgndal
bending was done with the Orion in accordance to B#
wall analysis was done based on gravity and latesals.

Figure 3 Right side view showing the external ramp
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Figure 1 Architectural ground floor plan

Figure 2 Approach view of proposed multistory car park
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Modédling and Analysis

The architectural model was carried out on Autodbe

sloping of the ramps was carried out using plaRegure 4

shows the slab modelling while figure 5 is the 3Bwof the

multi-storey car park with the two side ramps shmpbeams,
slabs, shear walls, columns and slab openingseddtthctural
modeling on Orion R16. Analysis Of different loadses
were applied on the model before the analysis wa®pned.

The analysis of the structure was performed degithie beam
loads from the slabs by the finite element flooalgsis

performed for each floor starting from the fourbof to the

Design in Nigeria

to the sloping of the structural members from oloerfto
another. Planes had to be created on each cummgdapick
axis method, allocating the desired heights albegrtaxis at
three different points; the members along the ptefaition
were then moved to the plane height. For the aisatyfsthe
ramp, the loads applied on the ramp were diffitmidentify
and so was its placement on the sloped structinedifferent

beams along the curved ramp axis were broken i@o 1

straight line elements causing discontinuity betwehe
beams at the joints thereby making the analysis embwery
complex. This challenge was solved by placing colsirat

first floor slab. After the analysis of the struaithas been such joint and then linking the beams together.
carried out, the software shows the structural negmithat
pass with the applied forces in the structure framegreen
and the members that fail as red. Result from ttadyais of

the first model gave most of the columns failing #me beams
not analyzed at all due the beams sizes not beiaguate to
support the applied load especially from the ploiatls of the
secondary beams at point of intersection and thencts
failed because of excessive wide span between tiem.
second model was created, where columns of diamete
600mm were placed at the intersections of the skgn
beams to reduce the effect of the point loads. rAfte
analysis was run, all the beams in the structussgzhexcept
for the beams on the ramp and it was realizedligtvas due

to the effective span depth ratio was exceededthemanodel
was created with reduced length of beams alonggatimg but

the beams still failed. And finally the last moaeds created
and the ramp modelled as if it is flat on eachhefftoors and ’ i
then the loads transferred to the end beams toekiefloor.
After this approach, all the members including tlenp
passed when this was done as shown in Figures 8.and

Figure 4: shows a 3D model with all members passed.

V. CONCLUSION

The objectives of this research were achieved as a
multi-storey car park was proposed, effectivelylyred and
designed. The construction of this multi-storey park will
help mitigate traffic challenge of parking spacespublic
areas and also add aesthetic value to the envimrimenhich
it would be placed. The structural model was siefodyg
developed and the analysis simulated in Orion Rifvare.
Detailed considerations were given to the effeclatéral
loads since this is a medium-rise and expansetsteusubject
to dynamic loading due to vibrations from machiesrand
vehicles. From the design result of the first fl@mumns,
walls and beams, it can be said that all the sestat the
ground floor structure under the loading conditiadspted,
is valid and the lateral drifts for each floor xaptable. This
research work is exiting, challenging and reallyeative as it
brought out opportunities for problem solving, hat
learning and exposure to deep aspects of compleststal
analysis much different from conventional buildstguctures
designed in civil engineering discipline. It wassebved that
columns and shear walls that the regular combinaifgust MOSt multi-storey car parks built in recent timesieveloped
dead and imposed loads gave the highest axiaboawer —countries are automated, operated by machines abats:
moment while the combination of the wind load wik dead FOr this kind of structure to be designed, thereesd for
and imposed loads gave a slightly reduced axiagddsads SYNergy between the civil engineer, mechanicalreragi and
but higher moment and shear force. Limited examples the electrical engineer before a truly functionabicture to
multi-storey car parks were available as therevary few €Mmerge. In order words, inter—disciplinary reseav
multi-storey car parks in Nigeria causing limitatias to create a platform for dlﬁerent professionals tmedogether
examples for literature review and models to pattére fOr @ research such as this, where automated stalty car
structure after. The modeling of the ramp was egjing due park project is carried out together for a bettgpat in terms

Figure6: showsthe 3D view of theanalyzed ramp with all
the member s passing

Observations and Challenges Encounter ed
It was observed from the analysis result of theugdofloor
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of innovative technology.
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