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.  INTRODUCTION

A.Purpose
This reportincludesthe design of the five story hospital building in accordance to the following
fields: 1. Structural Engineering, 2. Tisportation Engineering, 3. Geotechnical Engineering, and 4.

Construction Management.

B.Background

On T of September 2008 the construction of a five story hospital is assigned to a team of
senior civil engineering students as parE@VL499Civil Engineging Design ProjectThe hospital

is proposed to be built in area located@iweerDubaiand Jebel Ali as shown in Figute

Figure 1: Location of EMA Hospital. Source (maps.google.com)

The boundaries of land of this Project are listed in Table

Table 1: EMA Hospital Accessibility

Geographical Direction | Accessibility Current Status

North side Shekh Zayed road Freeway and currently in Use
East side E77 Road Converting from Road to Freewa
South Side EMA Road Will be constructed by RTA
West Side Jebel Ali Village Residential Area

Pagel
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The allocatedrea is to be ifess tharmguarterof theland designatetly the ownerThe area of the
land allowed for the Hospital is 287,006, which is onefourth of the colored aress shown in

following Figure2.

W e

Figure 2: Project Area (Approximately 1 kmz)

The basic architectural planstbis hospital are provided and they include: Basement, Ground
Floor, and Four stories. The architectural drawings for this hospital are attached in Appendix A. In
order to make efficient use of the limited time, the project is broken down into four, fields
Transportation engineering, Structural engineering, Geotechnical engineering, and Construction
management. Each team member is responsible for the design of one of the four main fields. The
team coordinated the designs during regular meetings and editagp analysis, design
modifications, and construction details are discussed by all members to compile a final solid general

analysis and design report.
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C.Scope

The following fields of the design of the hospital are:
- Transportation Engineering Roadsand Parking facilities required for the hospital
- Structural Engineering Design of the Structure required for the hospital
- Geotechnical Engineering Required Foundatiodesignof the hospital
- Constructional Engineering Management of the constructioncetine cost Analysis
For the transportation engineering the purpose is to design accessible roads entering and leaving
the hospital, and also to provide and design the parking lots for the EMA hospital which is found in
chapter ¢t¢t.
For structural engineery, the scope of this purpose is to designs the structural required for the
hospital and sample construction drawings from the model.
For geotechnical design criteria regarding foundations for the structure on this report includes the
following:
1 Review ofsubsurface conditions, and a summary of the Laboratory test results;
1 Foundation design recommendations and calculations including foundation type, allowable
vertical bearing pressures, and calculated settlements;
1 Recommendations for retaining walls;
The sope did not include the design of the retaining walls. Furthermore, the foundations of
shear walls are not designed yet.
For Construction managemehetscope includes the following:
1 Quantity takeoff by the usage of TEKLA software
9 Unit Cost Estimation bthe usage of RSMEANS software
The scope does not include:
9 Scheduling (precedence diagrams)
1 Cost charts

1 Gantt charts
Page3
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[I.  TRANSPORTATION ENGINEERING

A. Purpose & Scope

The purpose of this section is to have accessibility entering and leaving the hospitalp and als
provide and design the parking lots for the hospital.
The scope of the transportation section of this report includes the following:

- Accessibility of the hospital
- Parking lot design

B. Choosing Hospital Location

In choosing the hospital location mafagtors should be considered, the first one of these factors
is accessibility of the hospital and the accessibility is discussed in the next section. The second
consideration is to have a good use of the land and do not misuse the land. The last tomsidera
is connecting the hospital to a local road instead of an arterial in which there is more safety and

comfort to access the hospital.

C.Accessibility & Setting Out Plan

One important factor that should be considered in the design is the accessibiditsadaioility of the
roads. As mentioned in the Background, sectiBnthere are four roads surrounding the plot of our
project. These roads could be used for entrance and exit to and from Hospital.

A plan view of the future road layout is shown in Fig8re
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Figure 3: Accessibility Plan View (Source: Road and Transportation Authorities)

In the drawing it is seen that the road E77 w
Community roundabout is being converted to an interchange. Based on this drawing, the EMA road
connects to the E77 road through a signalized interchange under an elevated bridge. So it is not
allowed to connect the hospital to the road E77. Moreovehdggital should not be connected to the
EMA road which connects to E77 through the signalized interchange based on Road and
Transportation Authorities (RTA) design in that there is a local road that connects to the EMA road.

The letter (H) shows on Figufethe location of the hospital. Based on this location, the hospital can

be easily accessed.
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Figure 4: Location of Hospital Connected to Local Road
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The hospital has to be accessed from four directions which are discussed below:

il Dubai:

People coming from Dubai can use Interchange 7 to get to road E77, and then turn left using T1
intersection to kturn at T2 htersection, and finally turns right to reach the hospital.

T Abu Dhabi:

People coming from Abu Dhabi can use Interchange 7 to get to road E77, and then turn left using T1
intersection to kturn at T2 intersection, and finally turns right to reach the haispit

| Green Communityds I nterchange:

People coming from Green Communityds I nterchange
right and then Hurn at T2 intersection, and finally turn right to reach the hospital.

1 Jebel Ali Community:

People comindgrom Jebel Ali Community can use road EMA to cross the intersection T2, and finally
turn right to reach the hospital.
q Leaving
People leaving the hospital cartlun to get back to EMA road, and then to the T1 intersection. T1
intersection cantaketoDuba Abu Dhabi , and Green Communityos
Checking that the local road which is referred to as the service road can take the trips
generated by the hospital, the trip generated is calculated based on Dubai Municipality Studies.
The trips that canébtaken by the local road can be easily taken by the EMA Road, so the check
should be done for the local road. The trip generated is calculated based on the number of beds which

is 218 beds, and2itodés shown in the Tabl e

Table 2: Trips Generated

Timings Trips Generated
Morning(7:00-9:00) 467 Governs
Noon(12:00-2:00) 425
Evening(5:00-8:00) 312

However the cagcity of one lane is around 1300 pc/lane/hr, the local can carry the trips generated by

the hospital.
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In order to have an easier accessibility for the Ambulancauarishould be done on the
EMA Road, which is signalized and only used by the Ambulante .dEsign parameters of the

U-turn is shown in the Tabl@4.

Table 3: U-turn Design Parameters(Ambulance)

U-Turn(Ambulance)

Design Speed 60 Km/h

Taper Length 12 m
Deceleration Length 28 m

Queue Length - m

Protected Length 1 m

U-Turn Diameter 14 m

U-Turn Lane Width 4 m

Reduced Median Width 3 m
Chanalizing Nose Width 1 m

based on

Median Width 2min m RTA

The Uturn is shown in the Figure

Figure 5: U-turn(Ambulance)
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Also people leaving the hosal need a kturn to get back to the EMA Road. The parameters

used to design the-tlirn are shown in the Table

Table 4: U-turn(leaving)

U-Turn

Design Speed 60 Km/h

Taper Length 15 m
Deceleration Length 35 m

Queue Length 2329 m

Protected Length 1829 m

U-Turn Diameter 14 m

U-Turn Lane Width 4 m

Reduced Median Width 1 m
Chanalizing Nose Width 1 m

based on

Median Width 2min m RTA

The Uturn is shown in Figuré

Figure 6: Leaving U-turn
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In the future, or by the time the hospital is constructed, Dubai Metro will be ready to take
people from Jebel Ali to Dubai along Sheikh Zayied Road, and the fact that our hospital is nearly
close to Sheikh Zayied Road will also help in the accessibilitiygeohospital Therewill be a lot of
stations along Sheikh Zayied Road, and the closest two stations to the hospital are Dubal, and Jebel

Ali Industry stations.

PagelO



ECVL499 Final Design Project Report: EMA Hospital By Group 2

D. Parking

The amount of parking spaces required is determined from the number of bedsramdlibe of
doctors and the staff. The number of beds and the number of doctors are shown 2wiratiheis
based on the Building Regulati® & Design Guidelines. It is assumed that the number of staff is 3

times the number of doctors. (i.e.: 132).

Table 5: Number of Doctors in each Floor

Floor Number of Beds| Number of Doctor Rooms
Basement - -
Ground Floor | 4 10
First Floor 64 10
Second Floor | 50 8
Third Floor 50 8
Fourth Floor | 50 8
TOTAL 218 44

The number of parking space required is calculated based on code and result is listed3as Table

Table 6: Number of the parking required.

Type Count |[Buil di ng Regul at i on | Numberof Required parking
Doctors | 44 One Parking per Doctor 44

Staff 132 One parking peB staff 73

Beds 218 One parking per 3 Beds 44

Total 161

After number of spaces for the parking have been found, dimensions for the minimum turning
radius, right of way etc, are extracted from RTA standards. The parameters which used are shown in

Table 4.

Table 7: Design Parameters for Parking based on RTA standards

Design Parameters

Description parameter | unit | used
Lane widths on local road For single lane roads) 4 m 4
Min. Design Turning Radius 7.3 m 8
Min. Inside Radius 4.2 m 4.5
Sidewalk width at least 1.2 m 1.2-3
Median Width 1.2 m 1.2-3
Right of way 0.3 m 1
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Oncethenumbers of the parking spaces determined, using the design parameters and the
parking stall layout, the plan of parking can be set out. The following options are for the parking stall
layouts which are based on the Dubai Municipality Standard Car Parking Layout dimensions:

Two-way Aisle-90°
Two-way Aisle-60°
Oneway Aisle-75°
Oneway Aisle-60°

o~ 0D PP

Oneway Aisle45°

Options 3, 4, and 5 may be omitted in that they restrict the drivers to a very narrow space for
parking and the three of them are emay and in the one way it is one langnc® enough space for
parking is available and for more convenient parking design options 3, 4, and 5 are omitted.

Therefore, options 1 and 2 are used in the design of EMA hospital parking area. The layouts of

these two options are shown in Figbrand Figureb.

50—+ 90

Figure 7: Two-way Aisle-90° (AutoCAD Drawing)

/- 7
r < T ""' - 1
K &0} ‘ 3
| &0 : "
f \ "
- o« 45,50 ¢
1 y— s ‘
[

;A—‘ | =

Figure 8: Two-way Aisle-60° (AutoCAD Drawing)
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Considering emergencies scenarios common in hospitals angled parking facilitates the car
parking for the drivers. Furtheore, in this design spaces is not an issue. Therefore Option 2 is
selected over the option 1.

One of the problems faced in design parking is the basement parking that is provided by the
architecture drawingSeeAppendixA ).

Looking at the architect layit, some columns are blocking the car parking. However,
changing the places of any column should not change the architecture layout. In this option the
basement parking will have 16 parking spaces only as shown in the Fidums parking layout will
restrict us to a bigger span of 9.2m. Since, the flooring system used issaypnibbed slab; this
span becomes a critical span. Moreoae20m ramp should be designed, considering that the height
of the ramp is 2m from the basement level to the ground level. That is because the maximum slope

provided by the RTA is 10% for ramps.

Figure 9: Design Basement Parking Layout (AutoCAD Drawing)
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Another option is to remove the garage and use the space left for store rooms. So the substitute
parking lots of the garage will be provided outside the building. The parking layout of the hospital

with no garage is shown in tirégure8.

130,00

Figure 10: Hospital Layout
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E. Pavement Design

In designing the pavement we have two optionsHertype of the pavement:
- Rigid Pavement
- Flexible Pavement
Since the rigid is mainly used for ramps and high traffic lanes due to its cost, its better to use the
flexible pavement since its typical uses are parking lots and auxiliary lanes and its dhaapiend.
The type of the flexible pavement that is used for the design is the full depth asphalt pavement
which consists of a 4 in of HMA for the asphalt pavement and 10 in of the base of the pavement as

shown in Figurel8, which is designed using the software Darwin.

Bl Cross Section for Flexible Specified Design O x

Traffic Lane

Traffic Lane Layers
Description, Thickness « Wiidth
Hhta, 4.00" x 20°
Subbase, 10.00" x 300

[Mat to Scale)

Figure 11: Thickness of Pavement
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The parameters used for the design of the thicknesses mdtkeent are shown in the Fig®

™ Flexible Design - C:\WINDOWS\PPPPPPP.DWF = x

Project Description [EMA Hospital Pavement Design -]
|
18-kip ESALs Owver Initial Perfformance Period g80.000
Initial Serviceability 4.5
Terminal Serviceability 2.5
Reliability Level [24] 90
Owverall Standard Deviation A5
Roadbed Soil Resilient Modulus [psi] 4,000
Stage Construction
=1 2 3 4 (K
Design Structural Number 2.86

Figure 12: Design Parameters

The Design structural number is 2.86 basedhe parameters entered. Then the thickness of the

pavement is determined using the structural number and the material properties as shown22.Figure

Pagel6
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Specified Thickness Design n

Struct.  Drain. Thickness to
i o Coef. Coef. Thickness Structural match Design SH
Layver Material Description {Ai) (M} {Di} {in} Wicith {ft) Humber {in}
' s ] | O O O
2 |Suhl:-ase | |.11 | |1 | |1n | |3n | 1.10
. N | |
t L L | |
© N | |
¢ L L | |
. N | |
b N | |
Sum 14.00 2.86

Design SH for all Layers (value to match)

al{:ulatetl SH >= Design SN

Clear... | Get Materials... | Calc OK

Figure 13: Calculating Thickness of Layers

F. Summary

After obtaining the architectural, and the RTA drawings concerning the project, the parking
lots, the garage, and the entrance and exit roads of the haspitisigned. A two way 60 degrees
aisle is chosen for the parking lots, since the area provided is quite big. It is recommended that the
garage in the basement floor should be substituted with store rooms, since there are many flaws in the
original archiectural design of the garage in the basement floor. And instead the parking spaces could
be provided outside the building. The main reason behind that is because; the width of the road does
not match with the RTA standards. For accessibility reasonsptieee and exits roads of the
hospital are branched from the EMA road. Finally, the parking lots are designed according to the

RTA geometrical manual. And the number of parking lots provided is equal to 201.
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Il . STRUCTURAL ANALYSIS AND DESIGN

A. Overview and Scope

In this projectiwo structural analysis and design softwareused ETABSis used to analyze the
structure followed by TEKLA for modeling the building and later for extracting the Bill of Quantities
(BOQ) and other constructional drawings and repdo ensure theivalidity, the resultareverified

and validated by hand calculation on sample elements of the structure.

The following flowchart (Figurd4) details he process of structural design in this project.

» Reporting

Y

l Studying the Architectural Drawing | Create Graphical
1 TEKLA Model
I Defining the ETABS Model and Loadings l
Modifying 1 SXpoRT
AL e ——’| Run ETABS Analysis | Drawings

Design Iteration

Generate Extract the Bill
: AutoCAD of Quantities
Ehecking the Drawings (80Q)

adequacy of
the Sections

Foundation / ’ Yes

Figure 14: Flowchart showing the structural Desgin process.
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B. Studying the Architectural Drawing

The architectural design of theilaling is thoroughly checked, floor by floor froparking to

building entrances, hall ways and operation rooms and officeditndution of columns proposed
by the architecis more than whaarerequired for the structure. Furthermore, to facilitaerequired
parking spaces in basement parkinig iequired to remove some of the middle columns. The result
of removing unnecessary columns, the number of columns decreased from 135 colténns to

columns, which also improved the efficiency and utilaabf the building(Figurel5).

Figure 15: Architectural Number Columns 137.

1 2 3 4 66 789 W12 13 M

Figure 16: Required Number Columns 76

Pagel9



ECVL499 Final Design Project Report: EMA Hospital By Group 2

C. Defining the structural system

A reinforced concretstructure is selected #se most common and economical building system
which is environmentally stable highquality materiad is available the constuction methods are
commonly used ands result it isost effectivesystem for DubaiOn other hand, very fevies|
structurefor multi-story buildings are constructed in UAE, due to the high cost of theastéel
fabrication in this region andigh maint@ance cost due to humidity. UAE companies fabricate high
guality concrete and there exist experienced subcontractors to build quality formworks and perform
reinforced concrete even for high rise concrete.

In our conceptual design tfleoring system is omway ribbed slab, supported by girders to
transfer the gravitation load and lateral loads to the vertical square shaped reinforced columns and

shear walls which were located at suitable architectural locafieigsire 17)

Figure 17: Plan View of Structure System, Initial Desgin.
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