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Abstract

One of the key factors of success in sustainable urbanization is the integration of public transport. This
paper explores the challenges and merits of integrating public transport infrastructure with mixed-use
high-rise developments at both macro and micro levels . From a planning perspective, locating public
transport hubs at the heart of high-rise developments can enrich the social dynamism of the region.

Mshereib Downtown Doha is a ground-breaking project which will regenerate the historical center
of Qatar’s capital city. Mshereib Downtown Doha Phase 4 (MDDPA4) is the showpiece of the QR20
billion development. Msheireb Station, located directly beneath MDDP4, will be the flagship facility
and world-class interchange for the Doha Metro. A holistic design approach highlighted the synergy
between the two developments, which included an integrated structural philosophy, shared
approach to energy use and commercial activity make the combined development greater than the
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Introduction

As the world transitions from the countryside
to cities, it is projected that 69% of the global
population will live in urban areas by 2050
(United Nations, 2009). While this presents a
challenge to existing city infrastructure and
planning regulations, it also drives the agenda
for sustainable growth through greater

urban density, taller buildings and further
investment in public transport.

The movement of goods, services and

data is the lifeblood of a city and a strong
public transport backbone is essential in
today’s economy. As cities increase in size,
the relationship between transport and
commercial activity becomes more vital. To
this end, it is critical that high-density areas
with the tallest buildings coincide with a city’s
public transport hubs.

Solid planning has the potential to reorder a
city, create new neighborhoods and to kick-
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start urban regeneration. In order for this to happen, involved parties
must work in cooperation on public infrastructure and commercial
development issues. To the future growth and urban density, this
philosophy should go beyond shared property ownership. The new
integrated philosophy should explore an integrated commercial
model, and capitalize on the opportunities of shared building systems
(energy and data), shared security and life safety strategies.

This paper presents this integration on two levels, firstly macro
integration which encompasses city level planning and locating high
density developments adjacent to transport hubs. This helps to increase
efficiency to users, reduces automotive transport requirements and
promotes urban life. Secondly, integration can occur on the micro level.
This occurs when integrating specific projects, and involves integration
of structural elements and service strategies. This form of integration
can have significant savings in construction material quantities, energy
usage and spatial benefits. An elevated degree of coordination, design
and planning is required at the micro level integration.

The themes of macro integration are discussed throughout this
paper, while examples of micro integration are explored via the
case study of Msheireb Downtown Doha Phase 4 (MDDP4) and
Msheireb Station projects.

Precedence

The integration of public transport infrastructure and commercial
development is not a new concept. The following are a few historical
case studies that highlight the importance of an integrated planning
approach.

London & Canary Wharf

Canary Wharf is today a major business and financial district located in
the West India Docks in East London. It is home to around 14 million
square feet of office and retail space, and is home of the headquarters
of major professional services firms and banks (MacGregor, Reuters,
2007).

Construction of the first towers was completed in 1991, including One
Canada Square, the then-tallest tower in the UK. Although the towers
became a symbol for the Docklands'regeneration, completion was
ill-timed, as it coincided with a collapse in the London commercial
property market. It proved a disaster for the project’s owner, Olympia
and York Canary Wharf Limited, forcing them to file for bankruptcy

in 1992. As the market somewhat recovered during the 90s, a critical
event in the region’s progress was the London Underground's Jubilee
line extension with stations opening in 1999. This was a much-delayed
project, also due to the recession, but its completion was driven by
the government, who wanted the line open before the millennium —a
very different cause than the woes of Canary Wharf. From a developer's
perspective, this highlights the importance of integrated planning.

Today, over 100,000 people (Lazarus, 2014) travel to Canary Wharf

to work in one of the regions many towers. The area’s transport
credentials have been further-improved since the opening of the
Jubilee line (Figure 1). The region is also connected to the Docklands
Light Railway (DLR), an automated light metro system which
predominantly serves the Docklands area in east and southeast
London. Both the Jubilee and DLR lines have been extended,
enhancing links to the district. In 2010, nearly 17 million people
entered and exited the station at Canary Wharf, a figure that was
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Figure 1. Canary Wharf, London (Source: Xaxor)
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recorded from the DLR point alone (TFL, 2011). The terminal is
currently viewed by city planners as being so critical that it is being
incorporated into London’s ambitious Crossrail transportation project.
Crossrail is vital new development in London's transport infrastructure,
consisting of a 118 km rail line running east-to-west, connecting parts
of Buckinghamshire and Berkshire to Essex via central London. The
new Canary Wharf station itself is being built in a partnership between
Canary Wharf Contractors and Crossrail.

Kowloon Station, Hong Kong

An example of a successful approach to the integrated planning

of high-rise developments and transport is the Kowloon Station
masterplan in Hong Kong (Figure 2). The development, known as
Union Square, was based on the concept of creating a true urban hub.
Apartments and offices are housed in a number of towers which sit
directly above Kowloon Station, a major transport hub with both metro
and airport rail connections. The towers are then linked together by a
podium which provides air-conditioned underground retail space, and
parks and gardens at street level. This is a great showcase of envisioning
a“vertical city” during planning, with the development offering
convenience, accessibility and efficiency to residents and workers.

In addition to this, a great deal of flexibility in the masterplan project
was required during planning and design. During the station’s design
and construction, the above-grade masterplan underwent five cycles of
design adjustment. This was largely driven by airport height restrictions
of the towers and the underlying driving force of Hong Kong's
economy on the development. But while this number of iterations

may not be typical, it highlights the need for an integrated approach to
planning. Success of the masterplan here was only enabled by careful
consideration of the needs of the transit hub, therefore fulfilling the
concept goal of turning the area in to a transport “super city.”

Case Study - Mshereib Downtown Doha and Msheireb Station
Projects

Project Background

Msheireb Downtown Doha is a flagship project which will regenerate
and preserve the old commercial heart of Doha. Covering 31 hectares
(Figure 3), the project will create a new community with a focus on
sustainability and cohesion. The developer behind the project, Msheireb
Properties, states that ‘on completion, Msheireb will be an iconic
landmark in Doha — a globally recognizable community where people
live, work and thrive!” Currently under construction, (Figure 4) the
project also brings admirable sustainability credentials; with all buildings

Figure 3. Msheireb Downtown Doha (Source: HOK Architects)
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Figure 2. Kowloon Station, Hong Kong (Source: Wikipedia Commons)
2 F L3k (kIR Wikipedia Commons)
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targeting Gold level LEED certification, making it the largest collection of
such buildings in the world upon completion.“The entire project features
sustainable design that consumes fewer resources, generates less waste,
costs less to operate, and achieves a reduced carbon footprint, says
Msheireb Properties of the project (Msheireb Properties, 2013).

Phase 4 of the project (MDDPA4), which sits at the southeast corner of the
site, is a mixed-use development that includes 12 towers up to 25 stories
each. It will provide commercial office space, medical office facilities,
residential apartments, a hotel, and a six-level underground parking lot.

Msheireb Station Doha Metro is an-all new rapid transit system for the
Qatar capital. With over 200 km of rail over four lines, and serving 100
stations, the metro will also be an integral part of the wider Qatar Rail
network (Qatar Rail, 2012). At the heart of the network lies Msheireb
station (see Figure 5), a significant interchange between three of the four
lines (red, green and gold), which will provide a world-class transportation
system set to open in advance of the 2022 world cup. Itis to be the
largest hub on the network, which will serve 470,000 passengers daily.

The combination of the station and the mixed-use development above
will create a significant new regional destination for residents and
visitors long into the future.

Site Description

MDDP4 consists of four groups, or “blocks’, of buildings called W, X, Y and
Z-blocks. The W-block is situated on the northwest corner of the site and
provides office space over two buildings with a shared podium. X-block
is home to three residential buildings and a hotel tower. Y-block consists
of four medical office towers and is situated on the northeast corner. To
the south of the site, Z-block, consisting of four main buildings, provides
additional office space. Retail spaces are provided throughout the side
at the lower levels. Building heights are typically 8-12 stories, with the
exception of Z-block, which includes 23 and 17-storytowers.

Msheireb Station is the intersection of three main lines: the golden line,
which sits to the south of the MDDP4 boundary in Mshereib Street; the
red/green station which lies beneath the south/east portion of the site;
and the red/green switch box which lies beneath the northeast quarter
of the site (partially in Al Diwan Street).

Figure 5. Doha Metro Map (Source: Qatar Rail)
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Figure 7a. Isolated Structure. (Source: Ramboll)
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The early metro alignment for the projects originally had the Msheireb
Station located adjacent to MDDP4, fully within the public right-of-way
of Al Diwan Street and Mshereib Streets. It would also include a lower-
level pedestrian connection to the site. However, constraints on Al
Diwan Street required a realignment of the metro alignment through
the MDDP4 property (see Figure 6). This realignment of the station
box significantly reduced the area available for the MDDP4 basement.

Integration

Subsequent to the realignment the projects initially remained separate,
both in terms of design and construction, largely meant to simplify the
interface between the two projects. This early approach resulted in an
isolated metro box, separated from MDDP4 by a large transfer structure to
support the multiple towers sitting directly above the station (see Figure
7a). During the design process, however, it was noted that there were a
number of potential benefits which could be unlocked via integration.

Future Planning

With the incorporation of Msheireb station beneath MDDP4, an element
of future-proof planning was introduced that was not previously required.
With a design life of 120 years, Msheireb station could potentially outlive
the above-grade development, with a design life of 60 years. Therefore, it
was required that both the metro and MDDP4 designs allowed for future
development of the site, protecting both the investment of Msheireb
Properties, and the integrity of the metro structure.

A rationalized approach was agreed upon where the MDDP4 site

was split into three zones, specifying maximum building heights

of 25, 18, and 12 stories respectively for each zone (Figure 8). This
“flexible load case”drives many areas of the structural design of the
project, including the transfer structure, lateral stability and differential
settlement. By adopting this approach, however, a great deal of

value is added by allowing future redevelopment of the site, without
impacting on the metro structure. What's more, by considering

the interests of all parties, this approach to planning improves the
sustainability of the development in the long-term.

Structure

The initial structural solution for the project involved separation of the
metro station and MDDP4 basement, with box-in-box structures. The metro
station-box was to be designed to resist lateral and gravity earth pressures,
assuming MDDP4 would be demolished within the metro's design life. This
preliminary design included 1.5m retaining walls and a 1.0m-thick roof slab.
Separation between Msheireb station and MDDP4 was then accomplished
by a long-span transfer structure over the metro structure.

Figure 7b. Integrated Structure. (Source: Ramboll)
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This approach provided a simplified interface, and while the two
projects shared the same site, they could be constructed and
maintained independently. The program of works for each project
could also be kept largely independent under this arrangement.
Additionally, redevelopment of MDDP4 would be made possible
with minimal impact on the metro structure, easing the process for
redevelopment in the future. While this approach provided many
advantages it also had a significant impact on the construction cost,
schedule and overall complexity of the project.

Akey design driver was to minimize adverse impacts to MDDP4, given the
large amount of MDDP4 spatial planning already being completed prior
to co-alignment with Msheireb station. From a fixed elevation of the rail
tracks, to usable MDDP4 space there was a build-up of clear height above
rails, metro-box roof, separation distance and MDDP4 transfer structure.
The latter was subject to onerous conditions, with clear spans of over 60m
and with the necessity to cater for future flexibility loading. In order to try
to reclaim a level of MDDP4 basement space, there was great incentive to
minimizing this build-up thickness and reclaim a level of basement.

In order to facilitate an integrated design, the integrated structure
was designed to accommodate redevelopment and demolition of
the MDDP4 towers within the station’s operating life. For example, the
transfer structure was designed for earth pressures as well as MDDP4
building gravity loads and the integrated walls were designed for
lateral earth and hydrostatic pressures. Foundations were designed for
worst-case uplift and gravity conditions. In addition to this, integrated
movement joint and stability philosophies were developed, with
integrated 3D stability analysis being carried out. Finally, site-wide
differential settlement analysis was cross-verified using three separate
analysis techniques to ensure the metro structure’s performance under
future load scenarios (including net uplift and gravity loading).

By adopting an integrated approach, it was possible to combine the
metro roof slab and MDDP4 transfer structure. This not only reduced
the spatial build-up above metro rail level, but also introduced
additional points of support for the transfer structure. It allowed

the depth to be significantly reduced (see Figure 7b). In addition,

the vertical structure (MDDP4 and metro-box walls) could also be
integrated, leading to a significant material savings. Eliminating
redundant structural elements through integration reduced concrete
quantities by over 20,000m?, For perspective, this is greater than the

total superstructure concrete volume of the tallest MDDP4 tower, Z01a.

The integrated approach allowed an additional level of parking to
be saved over the metro station footprint (see Figure 9) and saved
approximately 5,500 tons of CO, in embodied energy of concrete.

Energy and Waste

The original philosophy for the projects was completely separate
energy and waste systems. As with the original structural philosophy,
this approach provided a simplified interface and allowed the

project to be constructed and maintained independently. After the
integration approach for the structure was agreed, the potential
synergies between a shared approach to energy and waste were
studied. The MDDP4 project is being served by district energy
systems, which provide for the majority of the sites buildings services
requirements. The study involved expanding the MDDP4 system to
include capacity to serve the station. This system would be designed
to maintain energy supply throughout the station’s design life.
Sufficient robustness would be provided to ensure the system remains
fully operational during future redevelopment of the MDDP4 site, as
part of the development agreement.
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Figure 9. Msheireb Integrated Section. (Source: Ramboll)
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The issues of maintenance under operation, however, limit the
integration of these systems. Full integration, if possible, would lead to
further opportunities. For example, differing patterns of demand will
exist in the MDDP4 buildings and the metro. Therefore, energy systems
could be optimized to minimize energy consumption, whereby peaks in
residential systems (early morning and late evening) are counterbalanced
by peaks in retail spaces within the metro space (afternoon).

The initial service strategy for heat rejection included air-cooled
chillers located just below ground level and covered with grating to
allow ventilation. This results in a large area at ground level of which
is sterilized against future development. One of the integrated design
options included incorporating the metro chillers at roof level of the
adjacent towers. A system replacement strategy was also drafted in
order to ensure the system could be relocated during the station’s
design life as towers are constructed and demolished. This approach
allowed the use of more efficient water cooling towers, providing

a significant reduction in the overall plant area build as well as the
obvious benefit of freeing up valuable land plot adjacent to the site.

Fire Life Safety

The original philosophy for MDDP4 and the station both included
separate and independent strategies for Fire Life Safety and Security.
The station realignment required a detailed review of these strategies
and meant there would be an overlap with several life safety systems,
including alarm, surveillance and public address systems. In addition,
several related station elements such as means of escape and smoke
control shafts would now pass through the MDDP4 development (see
Figure 10). While these elements take up valuable basement space
the team explored the possibilities and benefits of integrating the
means of escape for elements of the public and private development.
If successful this would mean a significant reduction in space required
and potentially an overall improvement in public safety.

The Case for Integrated Planning

Macro Level

The advantages of integrated planning between high-rise
redevelopments and transport networks are numerous and powerful.
Perhaps most importantly, an integrated approach to planning
enhances the user experience of our buildings, by collecting amenities,
offices and residential spaces within easy transport hubs. It brings
convenience and efficiency for residents and visitors.

With the increasing interest in “vertical city” concepts, even greater
importance is placed upon transport links to enable flow between
each vertical community. This is showcased by examples such as

the location of London’s Shard, directly adjacent to London Bridge
station, which was heavily influenced by a UK government whitepaper
encouraging development of tall buildings at major transport hubs.

Efficient public transit systems also reduce the demand on
automotive infrastructure, while placing hubs adjacent to vertical
developments enhances this benefit.

EHEARAAEERERS . RITZRRRA T A AHEANR
EGNERFRERE. TARIAR, BULRARAFRGNE
e e DL AL B8 AE 4 SR BUMDDPATL B M i 237 7T & A 18] IE % 3247

BREABTHFHTEY, XT—FAFIERGH—RUZET
Retl. wRATRLEZLW—AUHE, $LFRELHE,
FlAnMDDPAZ S A 5k 7 ¥ T A2 T R B e oK. AT LA AL
RRERGURBR D GIRHEA, NTiLEERAAWERAETE (FR
AT BR) AR M Bk DX S R B X REAE 4 (T 4F) AT

AT HREI AT RS R AR T TR RA X F A4S, 264 S
LEEABMUETEN. REFHELHIAT —ATKE, ZK
B EHUATHRAT L, A — AU ERF R HA S
ZRAEGA ST . FHEWET — R 5 E# R LA R
ek R A e N R AT R R IR X R AT I
TR B A A ACE T UG BIR R, AT B A R D AR
MEEE TR, R IR R F U E Rk,

B 5 ERRL

MDDP4 1 35 R B AT 36 1% T BB A & T 4 7 5 £ 4 2848
GARSr R, BN AHATEHVEE, FEX LR AT A
FWEE, BERARE LA GLLRAR (BERERS. K
RagfnAia 2o EERES, b, —RAEXHNIEETE (
il dm ok A 12 ool 452 ) ) AR B I MDDPAAT X X (5 LIE10
Yo RERETEEHTEZFRWHTESE, EREARFRT
St N FRRAAFF R R LR RE AR A RGBT REERFL., W
RAEAGE, REERAMRDFEN S, Ao aERE
HENFEZESRI,

Figure 10. Integrated Building Systems. (Source: Ramboll)
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Micro Level

On the micro level integration can benefit our designs in every
engineering discipline. Structural integration can lead to optimization
opportunities and reduce construction material quantities. Savings
to construction programs may also result from this integration
process. Energy and waste strategies may be combined, reducing
operational energy loads. The scope for energy efficient concepts,
such as site-wide natural ventilation, district heating/cooling, and
combined heat and power can also be improved. The advantages are
also compounded; spatial benefits resulting from reduced structure/
service areas may also result as part of integrated processes,
improving the efficiency of our spaces. In addition to the examples

in the case study, further integration is possible in our projects. For
example, vertical transport systems may be integrated.

In turn, these factors are advantageous from a developer's perspective.
Capital and operational costs are minimized and net efficiencies are
increased. Furthermore, by planning for future redevelopment of

our cities, investments can be maximized and protected as land use
changes. This is particularly important when considering the long
design lives of transport infrastructure.

There are issues to be considered with integration, however. Differing
design lives must be appreciated, with engineering designs taking into
account these redevelopment scenarios. Design drivers may also differ
between varying components of an integrated design, and contractual
issues of the parties involved must be taken into account during
design phases, construction, and the operation of all developments.

When properly planned for and executed, integration provides many
opportunities to enhance user experience, improving sustainability
credentials and contributing to the efficient operation of cities.

Conclusions

The following list presents the merits and issues of integrating
transport and high-rise developments.

- Provides opportunities to enhance user experience and
convenience of amenities.

- Provides improvements in the efficiency of spaces.

« Integrated planning can help to better fulfill the aims of
government/local authorities.

- Increased opportunities for developers.

+ Encourages foresight into future redevelopment of project
sites.

+ Wide-ranging sustainability merits, including reduced
operational energy usage and reduced embodied energy.

- Differing design lives must be taken into consideration.

. Contractual issues require close consideration throughout
planning and design phases.
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