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Introduction

This reportas part of the ECVL499:Civil Engineering Design Project course offered in Spring
2009was produced in order to identify the details of construction of the Marina Tower developed by
the Beta Team. It includes transportation engineering design, which was developed by Alla
AbuQulbain, structural engineering design, which was developed byels@tadyeh, foundations
engineering design, which was developed by Mohammed Saifullahi, and project management, which

was developed by Alla AbuQulbain.

Marina Tower is located at the Dubai Marina plot number 9%Bdwn inFigurel, at an
intersection of the extension of Jumeirah road in thabai Marina with a local road\rchitectural
designs of the Marina Tower including floor plans and fagade drawings were givea bwiieras

shown inFigure2.

The Marina Tower is a combination of residential and commercial facilities. It consists of five
floors basement parking, a five flooregestal divided into a parking lot underneath the tower and a
three floors hypermarket equivalent to five floors in height, and a forty one floors residential tower
on top of the pedestal. The tower consists of single bedroom apartments in the first &3,flo
double bedroom apartments in floors 11 to 20, three bedroom apartments in floors 21 to 38, and
penthouses in floors 39 and 40. It as well contains a health club in floor 41, and a swimming pool on

the roof top.
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Figure2: Facade Drawing of Marina Tower
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Transportation

Transportation engineering design of the Marina Tower was performed based on rules and
regulations of the Dubai Marina. Transportation engineering aesifj the Marina Tower was
achieved based on Dubai Roads and Transportation Authority (RTA) regulations, and the Dubai
Technology and Media Free Zone Authority (TECOM) regulations. The design was performed in a
way to satisfy the demand of the project, ammbmply with the regulations. At first, the
transportation engineering design of the Marina Tower could not be developed properly due to
limitations in the regulations. For which, the involved teams had to propose multiple solutions from
which the best waghosen based on the economical aspects of the project. After choosing the best
solution out of the provided proposals, the design process for the parking started by drawing the
parking lot using AutoCAD with parking dimensions determined according to TE@Od&rds,
taking into consideration the locations of the columns and walls. Later on, due to limitations in
space, turning radii were not to standards. Therefore, RTA parking code was used to introduce
compact parking spaces, which are smaller in dinwerssiGoing outside the parking lot, the facility
entrance was identified providing the maximum storage distance for the facility users and the level
of service of the surrounding routes and intersections was identified for the year 2012. Maps of

these roues before and after the construction of the Marina Tower are provided in Appendix A.

Parking Analysis: Supply and Demand

Based on the TECOM parking code, Table & 3arking Requirements table provided in
Appendix A, the demand of the assigned projectswalculated. As shown in the table, for a
residential facility, the number of parking spaces required for a single bedroom apartment equals
one parking space, the number of parking spaces required for a two bedroom apartment is one and
a half parking spas, and the number of parking spaces required for three or more bedroom
apartments are two parking spaces, in addition to a single visitor parking space for every four

apartments. As for the commercial area, it is required to provide one parking spaegeiyr 37m
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of gross floor area (GFA). At first, the Marina Tower consisted of 880 single bedroom apartments,
and three floors of a general retail area equal to the area of the tower pedestal containing a 50 x 20
m? commercial area. Based on the standarithe following calculations were made to calculate the

demand:

DEMAND - 8804p[ + 880ap.[4 + 60x6043/37
N\

Residents Visitors Commercial area users
DEMAND = 1,392 PARKING SPACES

The estimated supply of parking spaces wakulated based on the space provided for the
parking lot and the dimensions of each parking space according to TECOM FigugdP@u&ithg Stall
Standards provided in Appendix A. Based on TECOM standards, the dimension$ garkd
distributions ofeach parking space are 2.5m by 5.5m with an isle width of 6m for two directional
routes and 5.5m for one directional routes. According to these standards, the maximum supply that
could be provided was 810 parking spaces, which is less than the demaneéfof@emnultiple

solutions were proposed, from which the most economical alternative was chosen.

Alternative (1)

The first solution proposed for this problem was to extend the pedestal to the plot limits,
shown in Figure 2 in Appendix A, with part of theoad ground structure as parking space. This
solution provided enough supply to satisfy the demand of the Marina Tower. Using the cost
estimation values showim Tablel, which were provided by companies in the region, multiplied by

the corresponding areas, the construction cost estimate was calculated.

Alternative (2)
The second solution for this problem was to change the apartment types from single
bedroom apartmentd¢o a combination of single bedroom apartments in floors 2 to 10, two bedroom

apartments in floors 11 to 20, three bedroom apartments in floors 21 to 38 with a single bedroom
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apartment in each of those floors, and double storey penthouses in floors 3@@rehch taking the
total space of four apartments, two from each floor. In addition, providing part of the pedestal, with
mezzanine floors between each floor and the next, and the pedestal rddfodr of the tower), as

parking spaces.

Using the cosestimation values shown ifiablel, multiplied by the corresponding areas for

this alternative, the construction cost estimate was calculated.

Tablel: Cost Estimation of Alternatives

Area Cost per M(AED)  Alternative 1-Area Alternative 2Area
(m%) (m%)
Commercial 4,306 8,100 3,000
Residential 6,458 77,695 77,695
Parking 2,691 30,375 30,000
Total Estimated Cost (AED) 619,319,900 625,203,800

Comparing both alternatives, the difference between the estimated costs is AED 24,116,000,
for which the second solution is better. In addition, by comparing both alternatives construction
wise, the second alternative provides enough space for storaffices, and other site facilities,
while on the other hand, alternative one provides no space for site facilities, for which construction
must be divided into two stages. In the first stage one part of the tower is built with the site facilities
placed atthe outside, then in the second stage the site facilities must be moved to the structure
constructed in the first stage to provide enough space for construction. The construction process in
this case will be time consuming, which will later on generatieaegosts, since equipment and

workers will be on site for more time. Therefore the chosen alternative was the second alternative.

Using the same process to calculate the demand mentioned in earlier stages of this section
of the report, the parking demandf the Marina Tower became 825 parking spaces. In addition,
according to the TECOM standards mentioned previously, the supply of the Marina Tower became

818 parking spaces, as shown in detailJatle2. In this case, the supply is less than the demand,
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yet it was approved by Dr. Dima Jawad, the Transportation Engineering Professor at the American
University in Dubai that a range of 5% within the demand is acceptédileyhich this case is

acceptable.

Table2: Supply Distribution

Parking Hoors Spaces per Floo Total Spaces

Outdoor 1 22 22
Roof 1 97 97
Ground Floor 1 38 38
Typical Pedestal 2 49 98
Typical Mez. 3 46 138
Basement 5 85 425

TOTAL SUPPLY 818

Parking Design

As mentioned previously, the parking lot was drawn using AutoCAD, taking into
consideration the locations of the columns and the turning radiuses. First, all the parking spaces
were defined based on TECOM standards. Yet, for residential parking lots adiirmand small
cars, a minimum turning radius of 4.5m must be provided. This turning radius is measured from the

center line of the inner lane as shownFkigure3.

Figure3: Radius of Curvaturen (m.)
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Based on this, some turns in the parking lot such as the one showigune4 had to be

changed.

G
/ — —

1t

Figure4: Radius of Curvature in (m.)

Therefore, the RTA code was used. It mainly defines a different type of cars for situations
where space lintations apply as shown iRigure4. It was used to introduce what is called compact
cars parking spaces, for locations like the one marked reldignre4. Compressed cars parking
spaces are provided with limitations to the types of cars to be parked in it. They are provided for
those users who own cars of small sizes such as Fards, Toyota Corolla, Nissan Sunny, etc. The
dimensions (in m.) of these parking spaces are showhignre5 along with the dimensions of

TECOM based regular pargsispaces as a comparison between both.

Figure5: Comparison between Regular and Compacted Parking Spacgs.)

After finalizing the turns and the parking spaces with compressed cars providing all
dimensions according to standards, final drawings for the parking lot were produced on AutoCAD

and are provided in Appendix

Capacity Analysis
In order to check the imgct of the Marina Tower on the intersection at which itdsated,

shownin FigureA-2, the level of service of the intersection had to be calculated with and without
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the impact of the Marina Tower. In order to achieve this, a traffic analysis softw#esl Gynchro

was used. This software is a tool that can be used to model road networks with different types of
intersections, and assign traffic volumes to different routes. It can be used to play an animation of
the flow of traffic to give an idea of hoears will move, in addition to the option of projecting these
volumes to the future by providing an annual growth rate, which in the case of the Marina Tower

was 3%. As well as that, it was used to calculate the level of service of routes and intersections

As part of the project, during a peak honom 6pm to 7pm.traffic counts were made for
the intersection at which the assigned plot is located, to identify the traffic volume of the
surrounding routes, and study the impact of the Marina Tower. Theficrafounts for the
intersection and the drawing of the intersection using AutoCAD are providédgime A8. After
that, the intersection was modeled on Synchro with the traffic volumes inserted for the
corresponding routedn addition, a growth factorfoi3% was identified, and the traffic volumes were
generated to the year 2012, assuming by then the Marina Tower will be in service, as shown in

Figure6 and Figure?.

Figure6: Traffic Volume in 2009
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Figure7: Traffic Volume in 2012

As for the equation used in Synchro to gerierfraffic volumes after a certain number of

years given the traffic volumes in this year is as follows:

& = 61+ Qf

@ = generated traffic volume
= current traffic volume
"Gk growth rate per yeafin decima)

€= number of years after which theaffic volume is to be calculated

As for the impact of the Marina Tower on the surrounding routes, a customized database
provided by RTA to Dr. Dima Jawad was used. The results are shbaliénAl to demonstrate the
contents of this sheet. This excel sheet is capable of calculating the number of trips generated in and
out of a facility during one hour of the PM peak hours, by entering the independent variables. Using
this excel sheet it was founthat the number of trips generated by the Marina Tower in the PM peak

period are 262 trips into the facility and 183 trips out of the facility. The trips into the facility had to

l4| Page



'ﬁem

Civil Engineering Design Final Report

be divided on the different routes passing through the intersection at whietplot is located to the

route at which the facility access is located. These trips were divided based on logical routing. The
users coming to the facility are mostly from Dubai and Abu Dhabi, with some from the Jumeirah
Beach Residence and Jumeirah. dsssming from Abu Dhabi can access through only one route,
which is marked with (1) iRigure8. Users coming from Dubai can access through routes (1) and (2),
shown n Figure8, but most likely from route (1), since route (2) has high traffic congestion due to
people going from Jumeirah to the Jumeirah Beach Residence. Finalg, e@ming from the
Jumeirah Beach Residence can come from routes (3) and (4), yet more likely to come from route (4)
since route (3) is located at the beginning of the Jumeirah Beach Residence and most of the parking
spaces are provided after this routBased on this, the assumptions represented in percentage at

Figure8 were made.

Figure8: Division of Intersection

The impact of the Marina Tower was then inserted into Synchro, from which the results

shown inTable3 were obtained.

Table3: Changes in LG8d Avg. Delay Time

Before After
Intersection LOS D D
Intersection Avg. Delay Time (s 39 44.6

Therefore no significant effect is found on the intersection due to Marina Tower after

consulingwith Dr. Dima Jawad, for which no mitigation effort is required.
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Structural Engineering

This portion of the report will show the structural aspect of the Marina tower and its
pedestal. The structural design was made using two design software packages which are ETABS and
SAFE. ETABS was used to design the columns, the shear walls and swioofrsngport. SAFE was
also used to design the slabs and generate detailed drawings for beams and slabs. The output results

were checked by hand calculations.

Structural System

The structural system of the Marina tower is a flat slab supported by colandsshear
walls which resist gravity and lateral loads due to wind and earthquake. Many trials were performed
in order to get a satisfying design. First one consisted of a flat slab on columns and core wall, but the
shear on the walls was high. In ordersolve this problem, 4 columns on the short direction and 6
other columns on the long direction were made shear walls in order to increase the lateral
resistance. The design showed no overstressed members. The next structure to design is the
pedestal towhich an expansion joint was assigned due to its size. As a consequence, the tower and
half of the pedestal should be designed separately. The structural system of the pedestal which has
the ramps and the hypermarket is a solid one way dkdpre9 shows the location of the expansion

joint and the structural system of the main tower and the pedestal.
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Figure9: Structural system of the Maria Tower and its pedestal

Swimming Pool

An 8 by 12 by 2 m swimming pool is located on the roof on top of the core wall left portion.
As a consequence, 4 elevators are terminated on the fortieth floor. However, the other 4 will
continue operating until theooftop. This design gives more freedom to the architect to design any

esthetical shape on the rooftop.
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FigurelQ: Top View of the Swimming Pool Support

Figurell: Cross Section of the Building on theng Side

Modeling the Structure in Etabs
Two buildings were modeled in ETABS since an expansion joint was assigned to the
structure. Due to that fact, the pedestal was divided into two parts: the part under the main tower

and the one where the hypermarkét.

Several steps were taken in order to generate an analytical model for the structure. During
the preliminary design, typical floor plans for the main tower and the pedestal were drawn in
AutoCAD. On each of those drawings, details such as the loa#tithe columns, curvature on the
slab and core wall were represented by grid lines. Using the linear dimension option, the spacing
between grid lines in the x and y directions was determined. Afterwards, the values were entered in

the custom grid linespacing of ETABS. Once the grid lines were completed, the number of stories
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and their floor heights were to be determined. In ETABS, the number of stories corresponds to the
number of slabs in the building. For that particular reason, 54 stories whicldentdhe pedestal and
basement were defined: the last residential floor, the health club and the rooftop correspond to the
fortieth, forty first and forty second floor, respectively. The pedestal part located under the tower
has a typical floor height of 3 mith 5 stories below ground and 7 stories above ground level. In
contrast, the main tower has 3.6 m floor height. After the grid lines are set up, some assumptions
have to be made regarding the columns. One reason is that before locating the colummightits
place, the dimensions had to be entered in the software. Therefore, as an initial guess, the available
space for columns in the preliminary drawing in AutoCAD was entered as the dimensions of the
columns of that buildingFigurel12 shows the three dimensional model made for the main tower

placed upon the pedestal.

For the second model, the basement has a floor height of 3 m. However, above the ground
level, the floors have two parts. One part was modeled for the ramps and the other for the
hypermarket which is 6 m high as shownFigurel3. An elevation view of the ramps ssiown in
Figurel4. Another particularity of the second model is that it consists of a beam and girder system.
For that reason, the dimensions of the beams and gsdead to be assumed. For the depth of the
beams, Table 9.5 (a) in the ACI gives the approximation based on the deflection control. As a first
guess, the width of all beams was assumed to be 1 m. Columns were assumed to be 800 mm by 800

mm. The dimensionsf@ach would be reduced, if the detailed design allows it.
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Figurel3: Three Dimensional View of the Second Part of the Pedestal
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Figurel4: Elevation View of the Modeled Ramps

Defining Materials

High strength concrete with an ultimate stress of 80 MPa was assigned to the swimming
pool support and the compressive members which includes the columns and the core @aNPRa
concrete was given for the slab and the mat foundation. The reinforcement consists of steel rebars
with a yielding strength of 420 MPa. The second step of this process was to determine the modulus
of elasticity of the concrete used. According tetACl code, the modulus of elasticity should be
determined based on the formuld700 T%é K S N.Bepr&eénts the ultimate strength of the
concrete used. For the pedestal, a concrete strength of 50 MPa for slabs and beams was chosen.

Concrete with 60 MPaompressive strength was assigned to the compressive members.

Loads

Four types of loads are assigned to the structure: dead load, live load, wind load and
earthquake load. The dead loads include the mechanical, electrical and plumbing loads, the ceramic
tiles load, the mortar load, sand load and the partition load. The Ceramic Tile American Institute

gives amapproximation of the tiles, the mortar and sanmhtls.Kenneth Leet and Chiding Uang
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provided an estimate for the loads of the partitions and mechanical, electrical and plumbing loads.

Table4 summaizes the values found for the applied dead load.

Dead loads Load in kN/nf
Partitions 2
Mechanical, electrical, plumbing 1
Ceramic tiles + sand bed + mort 1
Sum 4

Table4: Dead Loads Applied on the Structure

(0p))

¢ K aSO02yR (el 2F t2IR OGAy3a 2y (G(KS &aiNHz0
RS&aA3Iy f2FRa TF2N 6dAf RAy3Ia |yR 2GKSNI aidNWzOG dzNB a

building being desigi.able5 sums up the values collected for Table 4.1 of the ASCE code.

Types Load in kN/nf
Lobbies and firstloor corridors 4.79
First floor (Retail) 4.79
Upper floors (Retail) 3.59
Garages (passengeehicles only) 1.92
Gymnasiums main floors and balconies 4.79
Residential floor 1.92
Balconies (exterior) 4.79

Table5: Live Loads Applied on the Structure

The third type of load applied on the structure is the wind load. In ETABS, the user can
specify the code to be used for wind load calculations. However, the user still has to specify the
coefficients to be used. According to Dubai Municipality, the wiyekd is considered to be 40 m/s.

The type of exposure used is type B because the Marina tower is being constructed in an urban area.
According to Table 1.1 in the ASCE code, the Marina Tower is classified as a type Il building which
corresponds tdouilding representng a substantial hazard to human life in the event of failurable

6.1 gives an importance factor of 1.15. The coefficient accounting for topographical effect is taken as
1 because the building is not located over a hill, ridge or escarpriietnext coefficient, known as

the gust effect factor, is considered to be 0.85 for rigid structures. The exposure height starts from
the first story above ground to the rooftop which has a parapet of 2 meters Highle6 gives a

summary of the coefficient entered in ETABS.
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Wind speed 40 m/s
Exposure type B
Importance factor 1.15
Topographical factor, K 1
Gust factor 0.85

Directionality factor, K 0.85

Windward coefficient, ¢ 0.8

Leeward coefficient, 0.5
Table6: Wind Load Coefficient

The forth type of load applied on the structure is the earthquake load. For that type of load,
the UBC 1997 is used. Similar to the wind lsadtion, ETABS gives the option to set the code which
the designer wishes to use. The seismic coefficients are needed to be inserted according to the
location of the building. Dubai is classified as a zone 2A with a seismic zone factor of 0.15. The value
of G which is used to determine the building period is given as 0.020 ft. Based on the soil report
provided, the type of soil underneath the building is classified as very dense having soft rock. In the
UBC code, the soil type is classified as SC. Thertampe factor is 1.0 for special occupancy
structures. Finally, the overstrength factor is 5.5 for the shear wall frame interaction sybidaie7

summarizes the earthquake load coefficient.

Seismic zone 2A
Seismic zone factor 0.15
G 0.020

Soil type SC

Overstrength factor, R 55

Importance factor 10

Table7: Earthquake Load Coefficient

Analysis

Main Tower

Once the model is finalized with its loads and properties, the analysis can be run which
provides the reactions and the internal forces in every member. The result of the analysis which
corresponds to the internal moment and shear is showFkigurel5. Moreover the analysis shows
the deflection of any member chosen by the structural engineer. It is a duty for the engineer to

check the defection according to the cod&®r the structural element, the deflection was checked
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based on the immediate live load deflection which should be less @60l as required by the ACI

code.

DHagram for Beam B550 at Story STORY41-1 {ConcBm)

End Length Offzets [Location] Dizplay Options
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Figurel5: Results of analysis of a beam from the swimming pool sag

Deflection due to wind load

Before starting to design the building, the lateral drift should be checked whether it is below
the allowable drift provided by the ASCE code. Table 12.12.1 indicates, for a building in category lll,
the allowable drift i99.015h,where hyis the story height. The maximum allowable ingtory drifts
are 54 mm for the tower and 45 mm for the pedestal. The lateral drifts for the tower are analyzed in
two directions: xdirection and ydirection. Figurel6 and Figurel7 show the plan views of the roof
undergoing lateral deflection due to the wind bhan the x and y direction, respectively. An

important aspect to know is that the governing load combinatiorDiBO 1CQlbwhere D and EY
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represent the dead load and the earthquake load on thdirgction. As a result, the wind load has

no effect on thestructure. However, lateral deflection should be checked.
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Figurel6: Lateral deflection due to wind load on the-direction
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Figurel7: Lateral deflection due to wind load on the-girection
Since they direction is the shorter side of the building and has less stiffness, the deflection

on that side is more significant than thediection. TableB1 and Table B2 show the story drift for
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each floor on the x and y direction, respectively. Based on those tables, two graphs were generated

which are shown ifrigurel8.
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Figurel8: Story drift in the x and y direction due to wind load

The maximum story drift in the x direction was found to be 0.716 mm whereas, in-the y
direction, it was found to be 3.34 mm. Since the allowable drift given by the ASCE code is 54 mm, the

building isin the safe side as the lateral drift caused by the wind load is concerned.

Deflection due to earthquake load

The second check to perform during serviceability is the lateral deflection caused by the
earthquake on the x and y direction. The UBC code ireguevaluating the maximum inelastic
response story drifts. However, Etabs provides the elastic story drift. The formula which calculates
the inelastic story drift iy = 0.7'Y¥-ywhere ¥; is the inelastic story drift; R is the overstrength
factor and Y-y is the elastic story drift. The overstrength factor, R, is 5.5 for shearfraaile
interaction system as given by TableM6rom the UBC 1997 cod€&able B3 and Table B4 show the
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