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Marina Tower
Consists of:

ÅResidential Area
Å41 floors (combination of 1BR, 2BR, 3BR, 
and Pent-Houses, with a swimming pool 
on the roof).

ÅPedestal Area
Å3 floors of Hyper Market (equivalent to 5 
typical residential floors in height) and an 
above ground parking lot.

ÅBasement Parking
Å5 floors



Project Introduction

ÅMarina Tower Location

ïDubai Marina

ïPlot number: 9GH



STRUCTURAL ENGINEERING 
DESIGN



Structural System

ÅMain tower

ïFlat slab flooring system

ï36 columns per floor

ï10 shear walls + core wall

ÅPedestal (hypermarket area)

ïOne way slab

ï26 columns



Software

ÅEtabs: Modeling, Design of shear walls, 
columns, and beams.

ÅSAFE: Slabs and Mat foundation

ÅDetailed drawing: AutoCAD



Structural System



Modeling Tower



Modeling Pedestal



Define material

ÅMain Tower

ï60 MPa for the swimming pool support and slabs

ï80 MPa for columns and shear walls

ÅPedestal

ï50 MPa for slabs and beams

ï60 MPa for columns

ÅModulus of elasticity:                   (ACI code) 



Gravity Loads

Dead loads Load in kN/m 2

Partitions 2

Mechanical, electrical, plumbing 1

Ceramic tiles + sand bed + mortar 1

Sum 4

Types Load in kN/m2

Lobbies and first-floor corridors 4.79

First floor (Retail) 4.79

Upper floors (Retail) 3.59

Garages (passenger vehicles only) 1.92

Gymnasiumsτmain floors and 

balconies

4.79

Residential floor 1.92

Balconies (exterior) 4.79



Lateral loads
Wind speed 40 m/s

Exposure type B

Importance factor 1.15

Topographical factor, Kzt 1

Gust factor 0.85

Directionality factor, Kd 0.85

Windward coefficient, Cp 0.8

Leeward coefficient, Cp 0.5

Seismic zone 2A

Seismic zone factor 0.15

Ct 0.020

Soil type SC

Overstrength factor, R 5.5

Importance factor 1.0



Analysis

ÅImmediate live load deflection should be less 
than  l/360   (ACI Table 9.5 (b))

ÅLateral drift must be controlled according to 
UBC 1997 for earthquake 



Lateral Drift in short direction due to 
Wind Load

ÅAccording to Table 12.12.1, the 
allowable drift for category III is 
0.0015hsx

Å54 mm for the Tower

ÅMaximum lateral drift is 3.34 mm

Lateral drift due to wind 
load is controlled                 
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Lateral Drift due to Earthquake

Å Etabsprovides the elastic relative 
displacement

Å According to UBC 1997 code, 

Å The overstrengthfactor, R, is 5.5 for shear 
wall-frame interaction system

Å According to the UBC 1997, the maximum 
allowable drift shall not exceed 0.020 
times the story height for the structures 
having a fundamental period of 0.7 
second or greater

Å Fundamental period of tower is 6.70 
seconds 0
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Lateral Drift due to Earthquake on the 
Short Direction

ÅThe maximum allowable lateral drift is 72 mm

ÅMaximum lateral drift is 36.3 mm

Lateral drift due to Earthquake load is 
controlled



Lateral Drift due to Earthquake for 
Pedestal

n Story Drift Y ɲ όƳƳύ ɲΩ όƳƳύɲM (mm) ɲΩM (mm)

11 STORY P7 0.001152 3.456
7.400

8.467
18.130

10 STORY P6 0.001330 3.990 9.776

9 STORY P5 0.001558 4.674
9.810

11.451
24.035

8 STORY P4 0.001726 5.178 12.686

7 STORY P3 0.001829 5.487
10.670

13.443
26.142

6 STORY P2 0.001843 5.529 13.546

5 STORY P1 0.001759 5.277 12.929

4 STORY -1 0.001766 5.298 12.980

3 STORY -2 0.001686 5.058 12.392

2 STORY -3 0.001406 4.218 10.334

1 STORY -4 0.000674 2.022 4.954

0 STORY -5 0 0 0



Lateral Drift due to Earthquake for 
Pedestal

ÅMaximum allowable is 60 mm

ÅMaximum lateral drift on the y direction is 
26.14 mm

The building is on the safe side



Beam



Deflection Check

Immediate live load 
deflection=l/360=55mm



Check Analysis/Design

ÅCompare total static moment,     , from Etabsand assuming a 
pure one way load distribution

ÅwEtabs = 24.4 kN/m

w = 30.5 kN/m

ÅCheck the required area of steel,

Mu (Etabs)

(kN.m)

As (Hand calculations)

(mm2)

As (Etabs) (mm2)

-3463.2 10622 10846

3094 9378 9571

-3582 11029 11266



Detailed Drawing

Units in mm



Moment Coefficient Method

A B C D E F G



Check Analysis/Design

Section Mu (hand 

calculation)

Mu (Etabs)

A -24.4 -55.4

41.9 46.4

-58.7 -53

B -56 -47

38.6 43.2

-56 -45.4

C -56 -47.3

38.6 41.7

-56 -52.2

D -56 -52.5

38.6 42.1

-56 -54.3

E -56 -52.1

38.6 42.6

-56 -51.8

F -49.7 -41.5

34.2 39.2

-49.7 -40.7

G -54.6 -16.2

39 36.8

-22.8 -54.2

Mu(kN.m)

(hand 

calculation)

Mu (kN.m) 

(Etabs)

As (mm2) Hand 

calculations 

based on Mu 

(Etabs)

As (mm2) Safe

based on Mu (Etabs)

-56 -52.5 3142 3792.7

38.6 42.1 2511 2660.2

-56 -54.3 3252 3802.7



GEOTECHNICAL ENGINEERING 
DESIGN



Geotechnical

ÅThe geotechnical aspect of this project deals 
with any sort of activity that will take place 
beneath the earth surface. These activities 
range from; 

-Soil profiling 

-Dewatering

-Retaining wall

-Foundation type



Site Condition

ÅThe site is located at the Dubai Marina, where 
the ground water table is approximately at a 
depth of 2.5mbelow the ground level. The 
site is between the intersection of two roads 
at the northern direction and the sea in the 
southern direction. 



Field Exploration Program

ÅIn order to estimate certain soil parameters 
for classification and design purposes, 
standard penetration test, SPT, was carried out 
in the boreholes

ÅSeven boreholelogs of 100 and 125mm 
diameter were drilled to a varying depth of 
25-35m below the ground Level.



Soil Parameters Estimated from SPT

ÅGround Water Table: 2.5m
Å Soil Material: Sand Stone
Å Friction angle: 38 Degrees
Å Unit Weight: 19.7KN/m
Å Bulk Unit Weight: 16.8KN/m3

Å RQD: 40% (fair)
Å Sub grade Modulus: 16Mpa
Å Poisson Ratio: 0.3
Å Coefficient of Permeability: 6.4X10-5 m/s 
Å Unconfined Compression: 4.41MPa
Å Ultimate Bearing Capacity: 1.46MPa

(After Kulhawy 1980)



Idealized soil Profile



Dewatering

ÅAs the site is located in a place where the water 
table is high and construction is made below the 
water level, a dewatering system has to be 
implemented so as to provide a suitable working 
surface at the bottom of the excavation

ÅThe choice for a suitable dewatering system was 
done based on the cost of implementation, 
amount of water on the site to be dewatered and 
the depth at which the system can reach.



Recommended system

ÅCompared to open sumps and well points, 
deep well is being suggested for the 
dewatering of the site, this is so because;

ÅIt is effective in lowering a large head of water.

ÅAlso, deep wells can be placed at our desired 
depth of about 16m



Quantity of flow

ÅIn order to determine the number of pumps and their 
capacities, a flow net was made and the quantity of 
flow (q in meter cube per day) through the site was 
determined using the estimated coefficient of 
permeability (K) of 6.4x10-5 m/s. 
ÅThe quantity of flow was estimated to be 27870m3 /d 

with the assumption that the impermeable layer is at 
15m below the base of the foundation and the water 
level will be kept 1m below the base of the mat 
foundation.
ÅThis quantity allows the use of 20 pumps each with a 

capacity of 250gal/min



Sectional View of the system



Retaining Structure

ÅCompared to slurry wall and Soil mixed wall, 
secant piles are the most suitable alternative 
to be used in this type of projects, due cost, 
ease of construction, and time saving

ÅAlso, the construction is not very noisy and 
can be used as the permanent retaining 
system with the use of tie back anchors as the 
support system



Design Details of the Wall

ÅThe depth of excavation is 15m below the 
ground surface and the height of the secant 
pile will be (15 + D), where D is the depth of 
embedment and estimated to be 4m (note: 
the value of D was estimated when the 
analysis for the dewatering system was being 
made).



Design Parameters

ÅIn order to design the Secant Pile Wall, certain 
soil properties such as the friction angle, void 
ratio, saturated unit weight and lateral earth 
pressures were computed 



Friction angle and Unit weight

Soil Material

Layer Depth,

Z(m) ʬ (deg)ɔ (KN/m)

Silty Sand 3 36.07 19.97

Silty Sand 7 34.78 19.97

Sand Stone 6 39.97 20.20

Sand Stone 4 38.70 20.67

Sand Stone 5.5 37.13 20.43



Lateral Earth Pressure

ÅSince the secant pile wall will serve as the 
retaining wall for the excavation as well as the 
permanent retaining wall for the basement 
structures, the lateral earth pressure analysis 
was done at  rest (Ko) conditions



Pressure Dist. Against the Wall



Support System for the Wall

ÅTie back anchors are the support system for 
the wall

ÅThe selection of the type of support system is 
based on the BS 8081: code of practice for 
ƎǊƻǳƴŘ ŀƴŎƘƻǊǎΦ IŜƴŎŜΣ ǘȅǇŜ ά!έ ŀƴŎƘƻǊǎ ŀǊŜ 
specified for use because they are also 
specified for the type of soil that is present on 
the site (granular soil)



ÅFor practicality and ease of design, the 
anchors will have a vertical spacing of 3m a 
total of 5 layers and horizontal spacing of 2m a 
total of 30 layers



Elev. View of the Tie Back Anchors



Table showing Tension in the Cables

T (kn/m) Tult (KN) Dg (m) Le (m) F.S > 1.5,ok L (m) L min (m)

163.5 258.33 0.3 6.1 1.58 1.6 7.7

245.6 388.04 0.3 4.74 1.58 2.5 7.24

409.4 646.85 0.3 3.39 1.58 4.16 7.55

573 905.33 0.3 2.03 1.58 5.83 7.86

736.8 1164.1 0.3 0.68 1.58 7.5 8.18



Type of Foundation

ÅThe recommended design is the mat 
foundation since it provides adequate support 
for the structure and more is economical in 
terms of material as well as construction cost. 
The mat foundation is going to be placed on 
the bedrock, and both the pedestal and the 
tower will be placed on the mat



Design Details of Mat

Geotechnical design: 

ÅThe Ultimate Bearing capacity of the 
foundation was determined using several 
methods so as to be able to design for the 
worst case scenario or design for the less 
conservative value with a factor of safety 
greater than three 



Bearing Capacities

q ult F.S

Peck 3 Mpa 6.33

Goodman 5.6 Mpa 11.81

Kulhawy 1.46 Mpa 3.10 O.K

Terezaghi 0.94 Mpa 1.5

Table 4: Ultimate Bearing Capacity



Settlement

ÅThe settlement was calculated using the 
formula for calculating settlement on rocks. 
Based on the Unconfined Compression Test 
data obtained from the bore log, the soil 
beneath the foundation was found to have an 
estimated unconfined compression value of  
4.41N/mm



ÅThe settlement beneath the mat carrying the 
tower was estimated to be 22mm with the 
estimated load of 1000MN, and that of the 
pedestal was 7mm with estimated load of 
281.16MN. Hence, the settlement does not 
exceed the allowable value of 50mm and it is 
O.K to design the Mat foundation. 



TRANSPORTATION ENGINEERING 
DESIGN



Section Outline
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ÅFinal Design
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Codes and Standards

ÅBased on:

ïDubai Technology and Media 
Free zone Authority (TECOM)

ïRoads and Transportation 
Authority (RTA)



Demand and Supply
ÅDemand calculation:

TECOM 
Transportation 
Code

Apartments Parking spaces

216 - 1BR ap. 216

110 - 2BR ap. 165

126 - 3BR ap. 252

11 penthouses 22

463 apartments 116

3,000m2 GFA 81

Total 852



5ŜƳŀƴŘ ŀƴŘ {ǳǇǇƭȅ ŎƻƴǘΩ

TECOM 
Transportation 
Code



ÅFor one directional 
ways with parallel 
parking spaces on both 
sides, an isle width of 
4.5m minimum must be 
provided.

ÅTurning radius must be 
4.5m from the 
centerline of the inner 
lane.

5ŜƳŀƴŘ ŀƴŘ {ǳǇǇƭȅ ŎƻƴǘΩ



Final Designs
Ground Floor & Outdoor Parking Lot



Final Designs
Basement Floor Parking Lot



Final Designs
Typical Pedestal Floor Parking Lot



Final Designs
Typical Pedestal Mezzanine Floor Parking Lot



Final Designs
Pedestal Roof Parking Lot



Supply

PARKING FLOORS
Supply per 

floor

Totalsupply per 
parking

OUTDOOR 1 22 22

ROOF 1 97 97

GRND FLOOR 1 38 38

TYPICAL PEDESTEAL 2 49 98

TYPICAL M. 3 46 138

BASEMENT 5 85 425

TOTAL SUPPLY 818 Parking spaces



ÅRoad counts were 
performed for the 
intersection at 
which the Marina 
Tower is located.

Capacity Analysis



/ŀǇŀŎƛǘȅ !ƴŀƭȅǎƛǎ ŎƻƴǘΩ

ÅGrowth factor addition to account 
for the years until the Marina Tower 
is ready.

Vn=V(1+G)n

Vn = Traffic volume after a certain period

V = current traffic volume

G = growth factor = 3%

n = number of years = 3 years

V Vn
200 219

172 188

276 302

32 35

0 0

88 96

48 52

40 44

92 101

116 127

540 590

16 17

0 0

360 383

172 188

56 61



/ŀǇŀŎƛǘȅ !ƴŀƭȅǎƛǎ ŎƻƴǘΩ

Traffic volume in 2012 
was inserted into 
Synchro

ÅLOS = D
ÅIntersection ADT = 39 sec.


