v

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Covenant University Repository
= S - . & S

Modelling, Analysis and Design of a
Multi-Storey Helipad-Car Park: a Proposal for
Canaan Land

Anthony Nkem Ede, Olatunbosu Adaramola, OluwarotimiMicheal Olofinnade

Abstract—The rapid growth of urbanization and the ever The high rate of urbanization has also caused eease in

increasing population of urban centers in modern e@f today,
has brought about increase in the use of cars, reaand other
transportation facilities. This singular factor hascreated
constrains on traffic management system and parkiofjcars in
most of these areas. That is why new innovations &achnology
need to be put in place to help address this isand reduce some
of the constrains on traffic management system aban centers
and also help improve their parking system. One tifese
innovations is the introduction of multi-storey capark. The
multi-storey car park is one major innovation put iplace to help
with traffic management system of urban centers inost
developed countries and introducing this kind ofriavation into
the developing countries such as Nigeria would hehe traffic

the cost of land in the city, making it difficulb tcreate
effective parking space for the high number of olfs that
ply the roads. Urban overpopulation and the desire
optimize the use of scarce land resources in wchgeenters
have led to the trend in modern cities all over wueeld of
developing high-rise buildings [3]. Since adequpéeking
space cannot be adequately provided, car ownensdaha
their cars recklessly along the road sides or sttemers
thereby obstructing the movement of traffic, cagsin
accidents, leading to traffic congestion/jam onanapads
within the cities and thereby making life unbeaeabb the

management system of major urban centers, bring sles SOCiety as whole incurs a lot of social and econataimages

environmental hazards with the attendant social ardonomic
gains for the society. That is why this research ainat the
modelling, analysis and design of a multi-storegrgark which
would improve the traffic management of a functionahodern
society like that of Canaan land. Autodesk Revit andbRb soft
wares are adopted and the results obtained are psing and
replicable.

Index Terms— Helipad Design, Modelling, Multi-Stoye Car

Park, Structural Analysis, Structural Design, Traffi Challenges,
Urbanization.

[. INTRODUCTION

due to lateness to work, to business, aborted appents,
pollution and health hazards. Effective vehiculaaffic
management and availability of parking space hasine a
critical issue in major city centres when the legélhuge
investments that have been made to the road sbgtthe
Governments is being considered. One of the raalist
approaches to solving this problem is the provisam
multi-storey car park. As there are various develepts in
technology, factories, offices, companies, cars hodse
ownership, the importance of provision of adeqymeking
facilities to meet up with the increase in traffitmvement in
public areas cannot be over emphasized. Multi-gtocar

Transportation has been an important aspect of humgark is one of the main facilities that helps ire® the ease

activity, especially in the socio-economical intdian of the
human society. It has helped with the effectiveeriattion
between different locations, bringing about robustvement
of people and good and therefore forming the whaethich
economic activities rely to grow. The growth of gve
country’s economy is measured by the growth diréssport
infrastructure [1]. With the fast growing populatiof the
world today, towns and cities are experiencingidiffies in
managing the traffic flow in the society. The irasiang
population and expanding

and efficiency of parking. Multi-storeys car panisovide
optimum utilization of space by increasing the nemiif cars
that can be parked in an available space througtusle of
multiple floors. Multi-storeys car park also hetpseliminate
side street parking in congested areas therebyirgltraffic
problems and challenges.

A Multi-Storey car park is an elevated or undergubu
structure designed and built essentially for payléars [4].
The earliest known multi-storey car park was Linit918 for

urban centres has be#ie Hotel La Salle at 215 West Washington Streéténwest

accompanied by increasing rate of car ownership aft@op area of downtown Chicago, lllinois [5]. Motterey

increasing demand for movement for various purpesesh
has led to heavy traffic congestion on roads td@ay
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parking house is a very effective facility that hafped traffic
control and manage traffic congestion in most dgved
countries such as the United Kingdom and UnitedeStd
America. This have been a very good option in oy
adequate parking space with little availability lahd for
massive parking space and with improved securitp&oked
cars. That is why in developing countries like Niggethere is
a need to incorporate such facilities in our cigesas to help
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hazards connected to traffic problems. In moderciesp
today, parking has become a major challenge fort omdisn
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Modelling, Analysis and Design of a Multi-Storey

centres and places of mass congregation which dthgol
build-up of traffic on the roads and also the insiéyg of the
cars been parked on road sides and street cormbes.
challenges of indiscriminate parking cars suchnasdurity,
theft and vandalism of vehicles and molestatiocanfowners
are common in most developing countries such aeridig
Researches have shown that traffic congestionaursed by

Hépad-Car Park: a Proposal for Canaan Land

accurately executed in line with the material prtips,
structural details and different load combinati¢hg], [12],
[13], [14], [15].

. METHODOLOGY

Here, the general overview of the methods of apgirdhat
were applied for the development of the structunaldel,

inadequate parking space, poor traffic signs/s@nalagnalysis and design of selected members of thetsteuare

indiscipline of car drivers, poor design standaxdgdarking,
poor traffic management, unavailability of land feerking
facilities, just to mention a few. This why a mdtbrey car
park should be put in place as a way of mitigatthg
problems of insufficient parking space. Due to thassive
traffic that swarm to Canaan land on Sundays anidq= of
special events like Shiloh, Covenant
Matriculations and Convocations etc., there is adnéor
better traffic management and this case study sfggded to
facilitate car parking for Canaan land visitors.
This research aims to model, analysis and design
multi-storey car park with helipad that will helptigate the
traffic congestion in public areas like Canaan lavith the
attendant benefits that comes with it. The reseawidh
develop an architectural model of a multi-storeykpay lot
using AutoCAD and Revit. Then, the structure wik b
modelled, analysed and designed with Autodesk Robot
Canaan land is an ultra-modern, large and fast iggow
community that accommodates large number of pethaie
resides within its premises and large influx of pleq'such as
visitors, church member, workers) that come in\arious
activities. This implies that a large number ofcamibbiles
(cars, vans, buses and trucks) do go in and cbanéan land
on days of mass influx. Sunday services depictpik of
traffic in Canaan land and also during the Shilobgpam at
the end of every year. Canaan land experience enagw of
25,000 cars per Sunday which gives a good unddisiguof
the amount of cars that comes in and out of Cafeaoh
Thus, this indicates the need for better traffimaggement,
extra parking spaces and safety of cars. The raéukfipad
can be justified with the increasing number of fitilgerians
that can afford Jets and Helicopters and to giviionp to
those that can afford it to beat the traffic jamd hassle on
Lagos-Ota roads.

Il. LITERATURE REVIEW ON MULTI-STOREY

CAR PARK AND HELIPAD DESIGN

Few works exist in this sector when compared teokind of
designs such as buildings and bridges. Pike andotaers
[6], [7], [8], [9], [10] considered the problematicof
multi-storey car
difficulties range from some distinct charactedstihat have
led to some failed multi-story car parks, to théqueness of
some basic features to be considered, to the dmitenber of
functional examples on which to follow and createren
innovative models etc. Due to the uniqueness sfdtnucture,
the static and dynamic loads coming on the slabst rbe
effectively transmitted to the beams, columns amdhe
foundation. Therefore, elements of the frame mastdpable
of resisting the worst load cases applicable. Tak sn the
last floor must be particularly reinforced to bdeato resist
the complicated load case deriving from the landafg
helicopters. The modelling, analysis and design tniges

44

parks and the special featurese Tt

considered. The architectural model was developétd w
AutoCAD and Reuvit, but the structural model wasaleped
on Robot Structural Analysis. The analysis andgiesi the
structure in reinforced concrete will be in accarcawith BS
codes [16], [17], [18], [19]. The approach of ttésearch will
be similar to works in [20]. The estimated deaddl@and

Universitymposed loads values used are in accordance veitBitish

Standards. The design load, N, on the suspendéd sa
computed as:

N = 1.46,; + 1.€05 1

where G, is the characteristic dead load agg is the
characteristic imposed load.

The proposed car park is on four floors above giotinave
1,200 parking spaces, occupies 7660have a mechanical
service centre and a car wash, have two externgdggone
for entry and one for exit), two entrances andsegéch, lifts
and stairs at appropriate places and emergencs; exit

The architectural model was developed on Revit vtswery
good also for creating the necessary detail ofthesture that
would be needed for the structural modelling on &olbhe
structure would have external helical ramps whietmpts the
transition of cars from one floor to another. Aftee Revit
model has been completed, the model can be traedféo
robot for analysis. Otherwise, a new structural ela@n be
created from the scratch on Robot or starting fram
AutoCAD architectural plan. The 3D computer modethe
structure is developed on Autodesk Robot Structunalysis
software. The analysis will derive the response tiud
structural element to loading. The Robot Structéualysis
software adopts the finite element method whichifilres the
maximum shear stresses in beams and columns, thimoma
bending moments in slabs, beams and columns, thienman
deformations of the structure under different leades and
the stresses in the shear walls. Figure 1 shows\éedv of the
multi-story helipad-car park while figure 2 is tlyeneral
arrangement of the structural elements which shtves
location and position of the structural membershssiabs,
beams and columns.
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Figure 2: General Arrangement drawing

IV. RESULTSAND DISCUSSIONS

Here the result of this research on multi-storeykipg
structure is presented. The process of the reseaock
consisted of architectural design with AutoCAD dRelvit,
modelling, structural analysis and design with Algsk
Robot. The architectural design was a very impordaspect
of this project. The design provided basic inforigatabout
the structure, information like the total lengthatti of the
structure, the location and diameter of the helieahp, the
dimensions of the packing bay, of the aisle andicbas
geometrical information of the parking facility. Elso
provides pictorial information of the way cars dreing
parked within the car park. It also gives an insighthe
structural elements and where they are to be platkd
sectional properties are shown in table 1.

Table 1: Section of different structural member wit their

position
Sections (mm) Position
BEAM
300 X 600 Beam 25 to Beam 28
600 X 900 Beam 1 to Beam 24
COLUMNS
300 X 900 C67, C68, C69, C70, C71, |
C72, C73, C74, C75, C76,
C77, C78, C79, C80, C81,
C82, C83, C84, C85
600 X 900 C1, C2, C3, C4, C5, Cs6,

ISSN: 2319-6386, Volume-3 Issue-4, March 2015

V. MODELLING

The model went through different stages of develmum
before attaining the final stage that was usea@ifalysis. The
first phase of the modelling process started witharting the
general arrangement layout from AutoCAD to Robotreh
the initial modelling started. The layout was catef
developed so as to prevent any form of error whedeting
in Robot. The various phase of the modelling preca®
being illustrated in figures 3 and 4.

L:“ Gl

Figure 31: Placement of columns and beams on thedt
floor

Figure 42: Wire frame of the 3D model

VI. ANALYSIS AND DESIGN

1200 (Diameter)

C7, C8, C9, C10, Cll, The structural analysis was carried out on robterathe
Cl12, C13, C23, C24, C25, model has been developed on it. Several load cases
C26, C27, C28, C29, C39, taken into consideration before the analysis warded out.
C40, C41, C42, C43, C44, The |oad cases considered for the analyses oftthetwe
C45, C55, C56, C57, C58, \were dead load, live load (which comprises of sthtad +
C59, C60, C61, C62, C63, dynamic load), helipad load and wind load. The Isirgad
C64, C65, C66 cases were then combined in the various mannera@iogao
C14, C15, C16, C17, C18, the code prescription. The combined load casesrdieted
C19, C20, C21, C22, C30, the worst scenarios of all the load cases thatdcafiect the
C31, C32, C38, C34, C35, strycture and lead to collapse. Table 2 showsdheus load
C36, C37, C38, C46,C47, case and their value. Figure 5, 6 and 7 show thpdukload
€48, C49, C50, C51, C52, case, the displacement diagram for the wind load ead the

C53, C54 bending moment due to combination of all the loades
respectively.
&#W%%
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Table 2: Various load cases

Case Label Case Nature Analysis Load
name type values

1 DL1 Dead dead Static - PZ Negat-
Load Linear ive Factor

=1.00

2 LL1  Live live Static - PzZ= -5.0-
Load Linear  O(kN/m?)
(static +
dynamic)

3 LL2 HLP live Static - Pz= -3.0-
(Helipad Linear  O(kN/m?)
load)

4 WD  WIND wind  Static - PY= -5.0- i

Linear  O(kN/m?)
4 WD' WIND wind Static - PX= -5.0-
Linear  O(kN/m?)

FIGURE 75: BENDING MOMENT DUE TO COMBINATION OF
ALL THE LOAD CASES CHALLENGES

The principle challenge encountered was the maugdf the

ramp since it is an irregular shaped element ofsthecture.

Different methods and options of the ramp and sigpvere

tried. After several trials and failures, the fimabdel passed.
Figure 8 shows one of the failed cases. Anothdieaige was
limited example of a multi-storey car park for castady.

There were only two multi-storey car park the reskeers

could visit which indicated that the usefulness af
multi-storey car park has not been fully understoothe in

Nigeria and this made it difficult to obtain morseful data
for this research.

1Py

4 | — /

K A
= ‘ Figure 8: Typical example of a failed irregular ranp

VII. CONCLUSION

il . _ I The architectural model was successfully developed

, Autodesk Revit and the structural model was effetyi

|} i ™ S analyzed and designed on Autodesk Robot Structural
T | i Analysis software. From the design result obtaingwgh

' sections selected and used on each floor of thetate under
i I~ the loading conditions considered are valid and ldteral
7] 2] drift for each floor is within the limit of accepigity.

A Multi-storey car park is an important structure wiitecomes
to car parking and traffic management which reducesl
side parking and its negative effect and optimiaesl use.
The aim and objectives of the research was achieliid
N e [ model can be replicated anywhere there is mucluxndif
cars. This idea of a multi-storey car park degigrect could
Figure 64: Displacement diagram for load case 4 be forwarded to the Living Faith Commission for
implementation as it offers an effective and safeking

kg 5
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solution for cars and helicopters during eventsnudss
attendance.
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