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In a world so deeply affected by the continuous advent of 
technology, climate change, and cultural exchange, the need 
to stay connected to one another, to understand the issues 
that affect us and what we have to offer one another, both as 
individuals and as countries, is more important than ever.

As such, the pages of Dar Magazine’s 14th issue – the 
longest issue in the publication’s history – offer advances in 
sustainability and innovation from all over the globe. Notable 
among these is one we are especially proud to feature: the 
historic Sheikh Jaber Al-Ahmad A-Sabah Kuwait Causeway, 
one of the longest bridge projects in the world, linking Kuwait 
City to the north of Kuwait.

Elsewhere, Currie & Brown sheds light on the rebuild of London 
Bridge Station, Maffeis shares an informative account on its 
work on the Doha Oasis’s dome, and Perkins+Will pushes for 
more modern and holistic designs of educational spaces. 
Closer to home, Dar announces a new way of seeing and 
visualising in the form of its augmented reality application, d.ar.

With the imminent threat of climate change in sight, 
sustainable living and building become integral to upward 
movement. Dar considers Agenda 2030 as a possible 
– perhaps final – means to combat climate change, and 
Elementa reveals the details of its Zero Carbon Capital 
proposals. Chiming into the conversation, Dar London 
introduces the Al Sa’fat rating system to promote greener 
building, and Dar takes us on a journey with Sustainability 
Movement and its efforts to encourage green living among 
school students around the region.

We hope you enjoy reading this issue.

The Team
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Schools in action: 
Dar Al-Handasah drives 
move towards sustainability

Figure 1 Planting in old tires, 
Christian Teaching Institute, 
Lebanon.

Figure 2 Creating and 
decorating a recycling bin 
station, Dar Al Aytam Al 
Islamiya, Lebanon.

Figure 3 Transforming 
old tires into a playground 
seating area – Mabarrat 
Al-Kawthar School, Lebanon.
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About the movement

Six years ago, Dar team members started an initiative to give back to the community. 
With commitment, enthusiasm, and passion for a better, greener future, Sustainability 
Movement was founded. The movement started with the Green Apple Day event, an 
initiative from The Center of Green Schools at the United States Green Building Council 
(USGBC), that works to ensure that every student has the opportunity to attend a green 
school within this generation.

This event gives individuals, companies, and organisations the opportunity to transform 
all schools into healthy, safe, cost-efficient, and productive learning places. “It is a unique 
moment to join schools across the world to celebrate the central role that schools 
play in preparing the next generation of leaders in sustainability. A school’s event is an 
opportunity to give students hands-on experience with sustainability, strengthening 
public leadership, environmental literacy, and project management skills,” says the 
USGBC. Sustainability Movement as a whole comprises a school event as well as an 
online platform to promote further interaction and education.

Author  
Ibrahim Kronfol

Expertise 
Sustainability

Company 
Dar 

Location 
Beirut, Lebanon

Sustainability has been at the forefront of Dar’s output, 
transforming built environments into sustainable, 
environmentally-friendly, comfortable spaces for people to 
live, study, work, shop, and simply enjoy their time in. 
This culture of sustainability translates into different internal 
initiatives that Dar and its employees lead, one of which is 
Sustainability Movement.
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The day of service

In Summer while most school students are enjoying their 
break, the Dar team starts planning for Green Apple Day. 
A call for volunteers is usually sent out in August to reunite 
the team. Following coordination with school activity 
managers, volunteers get prepared to make the event 
fruitful. As most of them are engineers and come from 
technical backgrounds, all efforts are exerted to make the 
message simple and easy to digest.

The day of service starts with an interactive presentation 
introducing the main environmental and sustainability 
opportunities encountered on a daily basis, followed by a 
practical activity to motivate students to become future 
green leaders.

Activities vary in difficulty and nature, from planting a 
vegetable garden to creating a mural, recycling, and 

water auditing. By the end of the day, students receive 
a certificate of participation. They are also invited to 
partake in Sustainability Movement’s online page – which 
is managed by environmental activists and is dedicated to 
sustainability – to keep them engaged with the movement 
and to ensure they continue educating themselves and 
their peers.

“Participating in the Green Apple Day of Service has 
become a tradition for me. Each year, I wait the for the last 
Saturday of September with excitement and enthusiasm. 
My intention is to drive a generation of young students 
towards a sustainable country, and my weapon is the 
support and cooperation of a great company,” said Patrick 
Kattan, a volunteer.
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Figure 4 Creating solar 
cookers, Green Land Pre Vert 
International School, Egypt.

Figure 5 Planting in old pallets, 
SOS Lebanon.

Figure 6 Graph detailing the 
evolution of Sustainability 
Movement from 2012-2017.

Figure 7 Planting green walls 
using plastic bottles, SABIS 
Adma, Lebanon.

Figure 8 Field trip to waste-to-
energy plant in Saida, SABIS 
Choueifat School, Lebanon.

Figure 9 Awarding a certificate 
of participation to Vidya 
Pratishthan’s Magarpatta City 
Public School, India.

Green Apple Day through the years

As indicated by the curve below, the movement of Green Apple 
Day is getting more empowered each year. The surge in the 
number of volunteers has paved the way for us to increase the 
number of participating schools. Following are some facts: 

 - The number of volunteers has increased from 4 volunteers 
in 2012 to 77 volunteers in 2017.

 - In 2012, we  started our service with one school, SABIS-
The International School of Choueifat, engaging 40 
students; in 2017, we engaged 1250 students. 

 - Throughout this journey, Dar team has gained experience 
in interacting with students of all ages and has thus 
ensured that all students get the best commitment 
towards sustainability.

 - As of late, we have been targeting communities and 
institutions that do not have access to too many resources 
to engage in green activities.

 - In 2016 and 2017, volunteers from the Lebanese Green 
Building Council (LGBC)  joined the movement from Beirut, 
adding to our effectiveness and expanding our reach.

4
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“This year, the students were especially excited and cooperative, listening 
to the presentation carefully and engaging with intense interest. Seeing 
their excitement overwhelmed me with a sense of gratitude and pride.”
‒ Omar Meskawi

Greener lives 

Through Sustainability Movement, 
social responsibility and the will to 
change have driven us to encourage 
the youth of Lebanon, India, Jordan, 
and Egypt to be environmentally-
conscious and to lead greener lives. 
Much of the credit for the success 
we have achieved belongs to the 
team and all those who believed in 
the cause and worked behind the 
scenes to support us. 

9
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Author  
Matteo Bellin

Collaborators
Massimo Maffeis
Marco Grigoletto
Andrea Biasi

Expertise 
Finite Element Analysis

Company 
Maffeis Engineering 
S.p.A.

Location 
Solagna, Italy

Figure 1 View of Oasis 
construction in Doha, Qatar.

Figure 2 Elevation of the 
indoor amusement park.

Figure 3 Main roof elements.

Figure 4 Main structural 
elements of the steel roof.

Figures 5 & 6 Steel tree 
columns and perimetral  
zones (Mall 1 and 2).

The Doha Oasis Dome

Maffeis examines the main aspects and problems encountered in the structural 
design of the indoor amusement park of Oasis, the multi-use complex in Doha, 
Qatar, and that of the two towers that are supported by the underlying roof that 
covers the park.

Introduction

A complex structural design and management project, the residential, commercial, and 
entertainment complex named Doha Oasis, located in the heart of the city of Doha, exalts 
a town that wants to play a leading role in the huge development of the Gulf Zone.

The group of buildings that are part of the complex are placed around the elliptical central 
body named Oasis Dome, which contains a commercial area and one of the greatest 
indoor amusement parks in the world.  

On the surface around the central nucleon, 
there are 14 residential luxury buildings 
facing the pensile garden above the roof 
of the Dome.  
 
In the middle of the garden, two big towers, 
named Dragon and Geyser Tower, are erected 
in steel and glass. Along the perimeter of 
the complex is a skyscraper that contains a 
7-star, luxury hotel with seven restaurants (six 
in the lower part and one panoramic – named 
Skyview – on the top), 133 luxury suites, and a 
gym, pool and business center.

Structure description

The structure of the Dome has an elliptical 
plan of main dimensions 100x190 m. 
Two different zones can be identified: 
the internal part (Inner Track) and the 
perimetral part (Outer Track), with a width  
of about 11 m.

1

3

2 Tower

Dome

Tree columns

Concrete
basements

Pedestrian
area
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In the Inner Track, the roof is realised with a grid of 
trusses (2.95 m). The height of the truss is the result of a 
compromise between the optimisation of the structural 
weight and the need to guarantee the necessary 
architectonic height to the lower zone to accommodate 
the needs of the amusement park.

The grid of beam is defined by a modulus with square 
plan of side 7.6 m. The definition of “primary” and 
“secondary” beams is derived from the order of 
installation. From the structural point of view, a main 
bearing direction cannot be identified, since the load 
migration – a result of the random layout of tree columns 
that support the roof – does not follow a particular order.

In between the secondary beams, there are purlins that 
support the floor, which is realised with a 25-cm-thick, 
metal deck rigidly connected to the steel beams’ upper 
chord by means of studs. 

In spite of the big dimensions of the roof, there are 
no structural joints on the slab. While their adoption 
would have significantly reduced the coactions due 
to shrinkage and thermal loads, the structural joints 
were ultimately excluded because of a water-proofing 
requirement for the pensile garden.

4

5 6

Therefore, the design of the roof, both that of the steel 
trusses and that of the concrete slab, was conceived in 
order to guarantee the necessary resistance to face high 
coactions due to the lack of structural joints. For the slab 
in particular, this implies the adoption of a huge quantity 
of steel rebars.

The 24 tree columns, which support the roof horizontally 
and vertically, have a diameter of 1.5 m and a thickness of 
40 to 80 mm. 

The height varies from 9.55 to 13.05 m (branches 
excluded). They are supported by a massive concrete 
column of the lower concrete structure. 

The floor to which the tree columns are fixed is realised 
with a concrete slab of 60 cm thickness that allows 
the redistribution of actions transmitted by the above 
structure and by the various machines of the indoor 
amusement park.

The Outer Track is realised with radial beam of 2 m span. 
By means of studs, these beams are rigidly connected to 
the metal deck and a 42-cm-thick concrete slab (to allow 
fire trucks to come through), and are supported by the 
perimetral truss of the dome at the inner extremity and 
by steel columns on the opposite side.

The Outer Track beams support two walkways named 
Mall 1 and Mall 2, with a width equal to 7 m, placed one 
above the other, and suspended by a steel cable with a 
diameter of 76 mm.

In order to qualify as an amusement park, it is standard 
that the design feature a roller coaster. To facilitate the 
latter’s installation, two big holes on the roof have been 
created, through which the roller coaster passes. 

These holes are covered by the Dragon Tower (68 m) and 
the Geyser Tower (55.8 m). In fact, the main function of 
the tower is to create the necessary height to host the 
roller coasters in their vertical rise.

Typical primary-secondary span = 7.6 m

7.6 m

Secondary truss top chord

Primary truss top chordPurlin

9

i14
    l

The Doha O
asis Dom

e
DarM

agazine    l    January 2018



Figure 7 Scheme of the 
towers and view during the 
erection.

Figure 8 Temporary towers 
and bridges.

Figure 9 Erection phases 
represented in the FEM model.

Figures 10 Vertical 
displacements of the roof 
below the Dragon Tower 
during its installation.

Figures 11,12 Photos of 
erection of the roof.

Numeric model of the roof

In order to carry the structural check of 
the roof of the dome, both for the Inner 
and Outer Trucks, a global numerical 
model was created. To perform the 
checks, it is assumed that all the load is 
supported by the steel structure alone. 
This hypothesis is not completely realistic, 
since the big extension of the surface of 
the roof prolongs the time needed to pour 
the concrete in the whole surface. This 
implies that the first poured zones harden 
and collaborate in supporting the actions 
generated by the following pouring phases.
 
These effects are almost negligible due 
to the fact that the additional stiffness, 
a result of the presence of the slab, is 
not very relevant. In any case, in order to 
minimise the cracking of concrete due to 
the aforementioned phenomenon, the best 
pouring sequence has been determined: 
first the sagging zones (farther from the 
tree columns), then the hogging zones 
(above the tree columns). Moreover, some 
evaluations have been made in order to 
identify the most cracked zones of the slab, 
reducing their stiffness, considering only 
the contribution of steel rebars.

Erection method

The definition of the erection sequence was 
developed keeping in mind the peculiarities 
that the erection of the roof presented:
 - Very short erection time on site due to the 

need to build the roof and the machines 
of the amusement park at the same time.

 - A slab of huge dimension with all the 
criticalities due to the coordination of 
the pouring phases.

Coordination is key, both during the 
design phase and while assisting the 
chief contractor (steel supplier) and the 
other main contractors (concrete supplier, 
acoustic elements suppliers, etc.).

In order to properly study the design 
challenges and to give answers in real 
time to the site, a numerical model for the 
simulation of erection sequence has been 
developed. This model is composed by 
more than 300 stages. It permits a detailed 
description of each step of construction 
whereby the stability of the temporary 
structures in each stage is evaluated, 
bearing in mind the application of wind and 
other construction loads on temporary 
towers and steel roof under construction.

Tower specifications

 - Both towers are erected with a steel triangular mesh done with CHS profiles, 
welded partly in the shop and partly on site.

 - The outer ceiling of the towers is realised with a pattern of glass panels,  
aluminum panels, and vertical garden panels.

 - At the base of the Geyser Tower, there is a canopy realised with the same  
triangular mesh of the towers.

 - The steel profiles of the roof, of the towers, and of the tree columns are realised 
in steel class S355, while the slabs are in concrete class C40/50.

7

Canopy

Geyser
Tower

Dragon 
Tower

68 m 55.8 m
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The following figures show 
some steps of the erection 
sequence represented in the 
numerical model.

Particular attention was given to the study and the installation of the Dragon 
and Geyser Towers, and to the coordination of this activity with the pouring of 
concrete in the zones below the towers.

The vertical displacements of the steel roof at the base of the tower have also 
been monitored. The graph below shows the comparison between expected 
(green line) and measured (red line) base displacements during the erection 
of the Dragon Tower, with each point in the graph signifying the average 
displacement of the support points in the current phase of erection. In general, 
the comparison of the two curves shows a good correspondence till the 
pouring of concrete zone 5 (slab in the zone of tower basement). 

During erection, the vertical supports are realised with temporary towers (TT) 
and bridges in between them. The TT are supported by the concrete floor below. 
The number and the layout of the TT is defined by the maximum capacity of the 
cranes for the lift of the steel roof macro-elements pre-assembled in the shop, 
and the site operation to be done below the steel roof itself.

In the following phase, a light difference 
in the behaviour can be observed.  
This was initially worrisome, but it 
was later discovered that the higher 
measured displacement was due to 
an under-estimation of the weight 
of temporary structures for the 
installation of the towers.

The photos on the right show some 
phases of construction. 

8
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Now more than ever, schools must address complex global issues while 
anticipating future changes in education and technology. To help us meet this 
challenge, we look beyond the world of K-12 education to inform and enrich our 
understanding of what a future-ready school looks like.

Our team benefits from research-based project experience and the 
knowledge of multiple areas of practice, bringing informed, thoughtful, and 
multidisciplinary approaches to each project. All schools benefit from the 
forward-thinking design solutions that are the result of this approach. Some 
of our recent K-12 education projects demonstrate components that support 
future-ready school facilities (and students).

The perception of schools as an educational space has 
radically changed in these modern times. A school’s 
design can no longer cater to only the educational 
needs of a student, but should rather attend to the 
holistic experience of being a student. In this article, 
Perkins+Will looks at trends in creating educational 
spaces and their impact on the future of school design.

1

Author  
Rachael Dumas

Expertise 
K-12 Education

Company 
Perkins+Will

Location 
Chicago

Figure 1 Ridgeview Middle 
School + High School – 
Clintwood, Virginia, U.S.

Figure 2 Dena’ina Elementary 
School – Wasilla, Alaska, U.S. 

Figure 3 Eddy + Debbie Peach 
Elementary School – Arlington, 
Texas, U.S.

Figure 4 Dena’ina Elementary 
School – Wasilla, Alaska, U.S.

Activating innovation 
Trends in K-12 education

dar.com12



Resilience

School structures offer unique arenas as they can often 
double as community centers and serve as shelters 
in the event of an emergency or a natural disaster. 
Though planning for natural disasters remains a priority, 
resilience also means future-proofing structures so that 
each community can flourish and reopen to students 
as quickly as possible. By understanding an institution’s 
vulnerabilities, we can provide schools and districts with 
the information needed to make better-informed decisions.

Ridgeview Middle + High School
Located on a mountain top in southwestern Virginia, 
Ridgeview Middle School and High School sits on a 
106-acre site and serves 1,400 students. Due to the 
mountainous terrain and climate, heavy snow and 
flooding are the primary concerns for the school as 
they often lead to power outages that can last several 
days. Lack of power results in the loss of basic life 
essentials including heat, hot water, and proper food 
storage. Ridgeview was thus planned to serve as an 
emergency shelter for the community. The kitchen and 
the gymnasium feature emergency backup power that 
can temporarily provide food and shelter.

Adaptability

In the past, formal learning encompassed the entire 
educational experience. Today, technology enables 
learning to extend from traditional formal learning spaces 
to more informal environments throughout the school. 

From adaptable furniture solutions to utilising corridors 
for teaching and incorporating smart technology, 
flexibility supports diverse learning styles and is key to 
meeting the needs of today and tomorrow.

Fellowship Christian School
The Upper School we envisioned for Fellowship 
Christian School is three levels and designed 
to accommodate 450 students and associated 
administration, faculty, and support staff. 

Each floor of the classroom wing includes a large 
flexible space that caters to a STEM, project, or media 
lab, fostering innovation at all levels. Multiple break 
and study rooms for a variety of individual and group 
functions are also available throughout the building.

2

3 4
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Figure 5 Fellowship Christian 
School, Upper School – 
Roswell, Georgia, U.S.

Student-centered

Pioneering school designs focus on how students learn best when provided 
with the skills they will need to survive in our ever-changing economy. They 
also offer choice; from small and quiet heads-down nooks to large project labs 
that fuel collaboration, there is a space for everyone. Some schools assume 
a systems thinking approach to this view of student- centered education, 
recognising that, in order to make progress, they must look at all of the 
elements put in place to promote learning, including pedagogy, community, 
physical environment, and technology.

Dena’Ina Elementary School
Dena’Ina Elementary School features child-friendly elements that offer 
exploration of scale, natural light, colour, and transparency. The school is 
organised into three general zones: an academic zone with southern exposure, 
a shared program zone bordering the northern edge, and a multi-use social 
gathering zone in between. A simple primary colour palette carries through 
from the playground equipment to the windows, carpet, furniture, collaborative 
learning nooks, and artwork. The coloured glass and clerestory windows add 

5
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creative 
collaboration

resilience

adaptability student-
centered

brightness and fun for students, even during dark Winter days. The school 
was also designed with student health in mind and features student-centered, 
adaptable, comfortable, and inclusive spaces.

Creative collaboration

Fostering creativity begins by realizing that most creativity emerges through a 
collaborative process. Collaborative environments are supported by creating 
visual and physical connections between spaces. This transparency allows 
students to innovate as they navigate intuitively based on personal career 
pathways and immediate project goals.

Eddy & Debbie Peach Elementary School
Eddy & Debbie Peach Elementary School is located on a 9.7-acre land and 
serves 900 students. The educational program includes grade-level, break-out 
collaboration spaces scattered throughout each grade cluster and features 
natural light and views of the landscape. Highlighted along the core of the facility 
are an outdoor art and science learning lab, a double volume media center, an 
outdoor learning environment that serves as an extension of the media center, 
and outdoor break-out spaces for core classrooms. The 3,000-square foot media 
center in the heart of the school reinforces creative collaboration.

As we head into a new year, we continue to look both inside and outside the 
realm of K-12 education to help us create spaces that equip students with the 
skills needed to thrive in an ever-changing world. 

15

i14
    l

Activating innovation
DarM

agazine    l    January 2018
Trends in K-12 education



Figure 1 Over 100 cross-
sector professionals 
participating in the initial 
workshop.

Figure 2 Integral Group 
Principal, Dave Ramsile 
beginning the day presenting 
on his prior experience.

Creating a Zero
Carbon Capital

While it is understood that progress takes time, what happens 
when the issue being faced – climate change – is not slowing 
down? It is within this framework that the London Energy 
Transformation Initiative (LETI), has been operating since its 
inception. In just 6 months, LETI has hosted public workshops, 
established peer collaborative task forces, and is on the cusp 
of presenting four energy policy proposals to the Mayor of 
London’s office.

LETI works collaboratively to 
deliver four energy policy proposals

What is  LETI?

The London Energy Transformation 
Initiative (LETI) is a network of over 150 Built 
Environment professionals that is working 
to put London on the path towards a Zero 
Carbon future. The voluntary group is 
made up of developers, engineers, housing 
associations, architects, planners, academics, 
sustainability professionals, contractors, and 
facilities managers – with support and input 
provided by the Greater London Authority 

(GLA) and London boroughs. Elementa 
Consulting has initiated and coordinated LETI 
as it was frustrated that the current energy 
policy in London was not driving design 
solutions that encouraged long-term carbon 
emission reduction. LETI was established to 
work collaboratively to put together evidence-
based recommendations for two pieces of 
policy: the new London Environment Strategy 
and the rewrite of the London Plan.

Author 
Clara Bagenal George

Expertise
Environmental Design

Company 
Elementa Consulting

Location 
London, UK 
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The LETI proposals

While LETI will be key to implementing policy changes to help London become a 
Zero Carbon capital, the latter will not be possible without wider support from the 
construction industry. Over 20 organisations have already pledged their support and 
more continue to sign up daily.

A new report outlining the four energy policy reports was released at the 
“Getting to Zero: Launch of the LETI Proposals” event. The recommendations 
presented at The Building Centre were reviewed by the LETI taskforce to create 
a cohesive set of energy policy proposals to present to the GLA. The four 
reports revolved around four key priorities established at the initial LETI

LETI acknowledges that global temperature rise needs to be 
kept below 1.5 degrees to avoid catastrophic climate change. To 
achieve this, all new buildings must operate at Net Zero Carbon 
by 2030 and existing buildings must do so by 2050.

As a global city, London has a responsibility to help lead the 
transition to a low carbon future. LETI believes that current 
energy policy relating to carbon emissions in buildings in London 
will not deliver Net Zero Carbon for new buildings by 2030 and 
therefore recommends the following proposals be implemented 
in policy to get London on the right trajectory. These proposals 
will help in the delivery of buildings that are more energy and 
carbon efficient, and less expensive to occupy.

Heat
Networks

Revise the
London Plan
Energy
Strategy
Targets

Offset
Payments

Energy Use
Disclosure

LETI

2
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Figure 3 Boards highlighting 
the journey of LETI.

Figures 4 Workshop 
participants sharing their 
ideas to the group.

Figure 5 Working group 
leaders at the launch of the 
LETI proposals report.

Figure 6 Attendees sign up to 
support the initiative.

workshop and include energy use disclosure, better 
performance metrics, decarbonising energy, and 
heating and delivery mechanisms. 

LETI Proposal 1: Revise the London Plan Energy 
Strategy Targets 
The current planning targets, based on using Building 
Regulations Part L compliance tools and percentage 
carbon emissions improvements over a notional 
building, encourage a culture of false reporting and thus 
do not lead to best practice design and performance. It 
is proposed that the London Plan energy strategy shall 
introduce a kWh/m2 site energy use target, as well as 
a fabric energy efficiency target, an onsite renewable 
energy generation, and a peak demand reduction 
method statement.

LETI Proposal 2: Heat Networks
The priority must be to ensure that policy drives 
decision-making that delivers long-term carbon 
emission reductions in a way that gives the designers 
flexibility to incorporate engineering strategies that are 
appropriate to the building use. Resilience should be 
encouraged within systems that are technology-neutral 
and can adapt to future technologies and building uses. 
All heat networks and communal heating systems 
should be required to provide a strategic, local, district 
energy plan that includes a Zero Carbon transition plan. 
All new developments should follow the “delivering low 
carbon heat” hierarchy that prioritises the use of energy 
sharing networks to reduce load and energy storage 
(batteries and thermal stores) to reduce peak demand.

LETI Proposal 3: Offset Payments
The current carbon offset policy does not deliver Zero 
Carbon buildings. The Mayor should provide guidance 
for the boroughs on the implementation of the carbon 
offset policy and require annual reporting relating to 
offset funds by London boroughs. The offset payment 
calculation methodology should be updated to include 
total building energy use and regulated and unregulated 
energy with staged payments to the boroughs. The 
cost of a ton of carbon should be set at a level that 
encourages on-site carbon emission reduction and 
should be reviewed regularly.

LETI Proposal 4: Energy Use Disclosure
Disclosure of building energy use is a central component 
underpinning progress in reducing carbon emissions 
and running costs. It is proposed that a new ‘Be Seen’ 
stage of the energy hierarchy be introduced. The 
stage would see annual energy use (in kWh/m2) of 
new buildings be disclosed, broken down by building 
type in the development, fuel type, and by regulated 
and unregulated use. Energy consumption would be 
displayed transparently on an online platform along 
with the predicted energy performance from the energy 
assessment. This platform can be used to show how 
developments and buildings are performing. The power 
to mandate the use of Display Energy Certificates (DECs) 
for all buildings should be devolved to the Mayor so 
that energy use disclosure in existing buildings can be 
mandated; in the meantime, more efficient energy use 
should be promoted.

3
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Development of proposals

The LETI energy policy proposals have been developed over 
the last 6 months. In May 2017, over 100 built environment 
professionals came together in a workshop facilitated by 
Elementa Consulting. During the workshop, participants were 
divided into 10 tables, each tackling a different theme. Four 
priorities emerged: data disclosure, better performance metrics, 
decarbonising heating & energy, and delivery mechanisms.

A working group was established around each priority that 
established a set of recommendations for energy policy. These 
recommendations were merged together by the LETI taskforce 
that has published a set of proposals for energy policy.

Elementa’s CEO, Kevin Hydes, commented: “Today marks 
the beginning of the future. This report gives clear directions, 
simple actions, and lays out a roadmap to a Net Zero future for 
London. I, for one, am excited about how London will use these 
concise proposals and embed them into upcoming plans to 
maximise the city’s potential. The event at the Building Centre 
this evening is significant; we are urging our fellow professionals 
to strengthen this movement and put their name behind it. But 
it does not stop there. Tonight will kick-start a chain reaction of 
momentum. London has the opportunity to lead once again – we 
must do all we can to ensure it will succeed.”

Sign the proposal

LETI is hoping to capture a wider public following in 
order to gain the traction needed to ultimately include its 
recommendations into the London Plan and the London 
Environment Strategy. LETI has also established a new website 
as a central platform to keep supporters and interested parties 
informed of the progress to date.

To that end, LETI is gathering signatories on behalf of 
individuals and organisations. Participants include UKGBC, 
Good Homes Alliance, Bioregional, Currie + Brown, Linkcity, 
Allies and Morrison, Feilden Clegg Bradley Studios, and Pollard 
Thomas Edwards.

To become a signatory, follow these steps:
1. Add your personal signature today at 

leti.london/become-a-supporter
2. Convince 10 Londoners to add their 

signature.
3. Create a task force in your place of work 

and convince as many in your company to 
sign up.

4. Request that your company throw its brand 
behind these recommendations and sign up 
as an organisation supporter. 

5
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Figure 1 Bird’s-eye view of a 
stadium project.

Figure 2 Passenger terminal 
building (PTB) of an airport 
project.

Figure 3 Results of clash 
detection of a stadium project.

Figure 4 Complexity of 
infrastructure components at 
an airport project.

From BIM to IMM
Holistic and forward-thinking trends in
building/infrastructure sector design and development

With non-stop evolution in the building/
infrastructure sector, it remains a priority 
for all design, engineering, and contracting 
firms to stay up-to-date with changing 
building/infrastructure trends, to adopt 
them and work towards optimising them. 
And in a world of constant innovation and 
competition, how does Dar contribute? 
Enter Dar and its exciting work with the 
Building Information Modelling approach, 
and its very own Infrastructure Modeling and 
Management approach.

BIM at a glance

Building Information Modeling (BIM) is a widely-known and 
adopted approach in the building sector. It has become the basis 
to ensuring continuous and consistent planning, construction, 
and process maintenance during the entire building lifecycle. 
Using BIM methodology enables architects, engineers, 
contractors, owners, and operators to create, deliver, and 
adjust all required semantical and geometrical building data in 
a coherent and integrated manner. However, the success of the 
BIM depends on different core components associated with it.
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The building sector is just one 
component of the two main 
sectors of the Consultancy 
and Construction industry: 
Structural Engineering (SE) and 
Infrastructure Engineering (IE). 
Almost all BIM research, as well as 
developed BIM approaches, are 
realised for the SE sector.

This might be due to the modularity 
in this domain, and to the fact that 
the geometrical objects are simpler 
and the reuse of equal objects like 
doors, windows, columns, or entire 
floors occurs more frequently and 
systematically. Notwithstanding 
the aforementioned, the scales 
associated with the SE projects are 
more consistent in all dimensions 
and are easier to project. 

Together, the two – the domain’s 
modularity and the scales’ 
consistency – allow for fast 
and steady development and 
implementation of new 3D 
modeling methods and techniques 
in the SE sector. This differs in 
the IE sector where the scales of 
the project vary drastically when 
compared to the design elements 
and associated components, 
thus creating a challenge for 
visualisation in this retrospect. 
Further, lots of BIM-specific 
SE standards are developed, 
maintained, and supported by 
researchers, industry experts, the 
BuildingSMART organisation, and 
so on. 

In the area of BIM, model 
construction is represented by 
digital objects that contain data 
regarding graphics, attributes, 
and parametric rules that allow 
them to interact in an intelligent 
way. These components carry 
data that describe object-related 
behaviour – which can be 
used for analysis – such as 
quantity take-off, specification 
requirements, clash control, and 
digital energy and performance 
testing. Sometimes, direct 
integration with specialised 
design development and analysis 
software can be noted as well.

2
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Figure 5 Smooth transition 
between BIM & IMM.

So how can we benefit from these advances?

The focus now is to benefit from this progress in the SE sector and the 
use of the lessons learned to create a paradigm shift in IE sector design, 
construction, and management. Thus, the design of infrastructure 
components in real time model is of key importance to bridge the gap. 

The infrastructure industry relies heavily on 3D modeling and has been 
doing so for a long time. However, the development of the visual aspect – as 
well as the embedding of all infrastructure design components and 
elements constituting the system – into the global 3D model to gain extra 
insight into the project has been lagging behind. With recent advances in 
software and computing capabilities, and the knowledge gained from the 
building industry in using BIM technologies, Dar’s infrastructure teams have 
been working on harnessing all these capabilities to apply them to various 
infrastructure projects.

Bearing in mind that the various 
components of an infrastructure project 
are being developed independently and 
later used for information sharing, IMM will 
help visualise all project components as one 
integrated system.

5
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Now, all infrastructure works like roads, landscapes and hardscapes, and utilities components – 
wet or dry – can be appropriately integrated into a design output suitable for implementation in 
real world conditions.

Through IMM, the hidden information of the conventional models is fully explored and 
exploited. Bearing in mind that the various components of an infrastructure project are 
being developed independently and later used for information sharing, this initiative will 
help visualise all project components as one integrated project. These components are 
being developed with the help of state-of-the-art design tools such as Bentley software like 
SewerGEMS, WaterGEMS etc, and AutoCAD Utility Design (AUD). The process is as follows:

1 2 3 4

FULFIL
technical aspects

of design

CREATE
components using 

Autodesk

TRANSLATE
outcome into 3D 

interface

DEVELOP & EXPORT
design trades

1. The technical aspects of the design are fulfilled and agreed upon.
2. The outcome is translated into developing the project components in a 3D interface.
3. Pivotal in its role, Autodesk Civil 3D is used for the creation of these components.
4. Models of all the design trades (i.e. transportation, environment, wet utility, 

electro-mechanical, landscape, geotechnical, etc.) are developed in Civil3D and are 
exported to the Navisworks files in order to create a global output containing the overall 
integrated outcome from each trade.

This final model provides designers with a unique outlook on the project as a whole and can 
provide easy answers to many of the questions one might have had about the development 
of well-integrated projects. Let us refer to this development as Infrastructure Modeling and 
Management – or IMM.

Holistic and forw
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Benefits of IMM
 
Better coordination and efficiency among the
various components of a project
The components are originally generated by different 
engineers belonging to various disciplines/specialties 
before being brought together to form one complete, 
coherent, integrated project. Clashes between 
different components are resolved from global and 
not just local perspectives, as was the case prior to 
resorting to these new technologies. Thus, minimal 
surprises and unwarranted delays are incurred, saving 
both time and money in the design phase – an integral 
quality in an increasingly competitive market.

Foreshadowing execution problems
As a single integrated model with 3D visual 
capabilities, IMM can provide the designer with an 
overview of the whole system. Better visuals of all 
components in one model give an idea of the current 
problem and help in predicting future problems that 
may be encountered on site, thus averting them at the 
early design development stages. This helps in sharing 
valuable information among working design engineers 
and results in a seamlessly integrated and more 
optimised design. 

Visualising project designs
IMM can help provide valuable insight into the project 
to clients and investors who might otherwise not 
be well-versed in technical aspects of design. This 
leads to a better understanding of the challenges 
and opportunities linked to actualising a project, from 
design to investment.

Harnessing Shop Drawings for development during 
the execution stage
Shop Drawings are issued by contractors to elaborate 
the problems faced on site during execution. With 
3D modelling, design engineers can ascertain the 
problems in accommodating all components in real 
time prior to moving forward with construction. That 
way, site engineers could allot more time 
towards quality control of construction 
as opposed to having to spend 
ample amounts of time 
coordinating Shop Drawing 
activities and resolving 
unexpected problems.

Benefiting the contractor
With the global model in hand, the contractor can 
coordinate the stages of execution properly to reduce 
time in managing tasks related to planning. S/he can 
then decide on the priority of tasks based on the 
complexity of components, delivering the project 
accordingly and efficiently.

Effectively managing cost control
A major advantage for consultants, contractors, 
and owners, controlling suffered costs is a win-win 
situation for all. 

In-depth detailing of all components and integrated 
solutions to problems
This approach helps consultants get client and 
authority approvals easily and propels overall 
productivity of project execution.

Internationally-recognised tool
A company offering these services enjoys a global 
image of Infrastructure Modeling and Management, 
which helps the company add new dimensions to its 
offerings. These new services offered by a company 
not only help in image-building, but also pave the 
way for more competitiveness, increased profits, and 
higher levels of productivity.

However, IMM is not just a 
post design process but is an 
integral part of infrastructure 
development as well.

6
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Figure 6 Busy utilities 
intersection at a stadium 
project. 

Figure 7 Sectional view of a 
stadium project.

Figure 8 Vertical clearance 
between utilities at PTB site of 
an airport project.

Figure 9 Horizontal clearance 
between utilities at PTB site of 
an airport project.

Challenges and opportunities

Parametric modelling
Parametric modelling is key to perfecting a model.
Dar is in the process of developing this further but 
remains hindered by predeveloped components 
for building the models. For example, in designing 
utilities related to water supply, storm drainage 
networks, or sewage networks, we have been using 
predeveloped manhole designs or appurtenances 
like valve chambers or fire hydrants which, in many 
aspects, lack the ability to depict the exact and actual 
intentions of a design.

That being said, Dar is gradually exploring the 
possibilities of developing our own components 
through Visual Basic (VB) coding and making our 
models competent with the standard typical details 
that we issue in conventional submissions. This 
involves developing standard manholes, junctions 
(as per the approving authority’s guidelines), creating 
custom appurtenances to replicate the actual sizes 
and shapes of valve chambers, fire hydrants, etc.

Data-packing models
The next challenge is to make our models fully
data-packed with all the information of minute design 
details available to the end user. This can be achieved 
with better inter-trade coordination to accommodate 
all the data in a model and by linking it to form a uniform 
hub of information.

Packaging and presentation
It is important to note that the models are prepared 
block-wise and all the blocks are linked together. 
This results in considerable sizes of files which may 
create some handling problems. To that end, we are 
trying to develop a solution to minimise the severity 
of this issue by filtering the data associated with a 
model to provide end users with exact and specific 
information they might need from the model. Most 
importantly, we are working on developing a way to 
deliver our models to end users in the most convenient 
ways so that model handling does not create any 
problem for them. 

There is no question that Infrastructure Modeling 
and Management (IMM) is on its way to becoming an 
integral part of decision-making and of the design 
processes in the infrastructure sector. As such, 
Dar is working on establishing a team of engineers 
that is well-versed in both the technical aspects of 
infrastructure design and the 3D development of 
our new creation. In a few years’ time, we hope to 
see IMM become a standard tool of operation in the 
infrastructure sector in India and across the globe. 

8

9
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Al Sa’fat rating system

Dubai’s unique green building
rating system

On January 1, 2018, the Emirate of Dubai 
launched its own green building rating 
system that assesses the environmental 
impact of buildings. The Dubai Green 
Building Evaluation System, dubbed Al 
Sa’fat in reference to local palm fronds, 
will join Abu Dhabi’s Pearls Rating System 
for Estidama and the United States’ 
Leadership in Energy and Environmental 
Design (LEED) rating system, both of which 
currently operate in the UAE. Al Sa’fat 
is scheduled to replace Dubai’s Green 
Building Regulations and Specifications, 
which has been in force since 2011.

System development

Similar to its Abu Dhabi counterpart,
Al Sa’fat rating system has emerged from 
within a municipal government institution, 
and has a geographic application scope 
that is limited to the boundaries of the 
emirate. The first version of the rating 
system document was released in late 
2016 by the Dubai Municipality, the 
government body responsible for planning 
and building permits as well as building 
code approvals across the emirate. 

As of January 2018, the Dubai Municipality 
is also responsible for managing and 
enforcing the implementation of Al Sa’fat.

Unlike all major rating systems in use 
across the Gulf Cooperation Council 
region ‒ which also include the Global 
Sustainability Assessment System 
(GSAS) ‒ the developers of Al Sa’fat have 
chosen the simplest certification scheme 
structure, opting for a single scheme 
(and a single document) that focuses on 
certifying the most common development 
types in Dubai. Yet, the new rating system 
also accommodates the various needs of 
different building types and sectors within 
this single scheme. According to
Al Sa’fat, buildings are classified under 
residential, commercial, public, and 
industrial building types. Its special 
requirements for certain building types 
largely ‒ although not entirely ‒ coincide 
with that classification.

Figure 1 A comparison of 
rating systems in terms of 
certification schemes and 
sectors and typologies 
covered by each scheme.
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In addition to new buildings, Al Sa’fat can also be applied 
to existing buildings’ refurbishments. However, master 
plans, core and shell buildings, and building operations 
are not currently covered by Al Sa’fat. Figure 1 represents 
a comparison between Al Sa’fat and other rating systems 
in the Gulf Cooperation Council (GCC) region in terms 

of the number of schemes included, the sectors and 
typologies covered under each scheme, and whether 
these sectors and typologies have implications on the 
credits under each scheme.
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uniqueness most is its high levels of rigidity that resemble 
building codes more than rating systems.

Unlike most rating systems that afford a degree of 
choice in which credits to attempt in pursuit of a 
certain certification level, Al Sa’fat achieves different 
certification levels through ‘compliance’ with specific 
requirements assigned to each specific certification. 
Al Sa’fat stipulates that all requirements listed under any 
given certification level, as well as those assigned to 
levels below it, must be met in order to achieve said level. 
Al Sa’fat’s requirements all carry the same weight, and no 
trade-offs are allowed.

 Bronze Sa’fa

To achieve Al Sa’fat’s lowest certification level, Bronze 
Sa’fa, all 33 general requirements as well as all 9 Bronze 
Sa’fa requirements must be fulfilled. Bronze Sa’fa will be 
mandatory for all villas and industrial buildings in Dubai.

 Silver Sa’fa

For all other building types, the next level of certification, 
Silver Sa’fa, is mandatory, which requires compliance with 
the aforementioned requirements in addition to another 
39. Thus, for the majority of building types, there are 81 
specific requirements (or four fifths of all requirements) 
that function - in effect - as code requirements. 
Interestingly, of these 81 credits, 78 are extracted from 
the 80 code requirements of GBRS, with only a handful of 
those being slightly amended. The 3 new requirements 
for Silver Sa’fa, which were not sourced from GBRS, relate 
to electric vehicle charging stations, solar geometry 
calculations, and on-site electricity generation.

Figure 2 A comparison of 
Al Sa’fat against other regional 
rating systems showing 
how each system prioritises 
the main sustainability and 
environmental criteria.

Figure 3 Comparison showing 
the percentage of total effort 
required in Al Sa’fat to reach 
different certification levels 
compared to other rating 
systems, and how it relates
to prerequisites.
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Categories

Al Sa’fat comprises 102 ‘requirements’ ‒ as credits are 
known under Al Sa’fat. The requirements are organized 
under the same five categories used in Dubai’s Green 
Building Regulations and Specifications (GBRS): Energy, 
Water, Materials and Waste, Building Vitality, and 
Ecology and Planning. Like most rating systems, such 
classification reflects local needs and is hard to compare 
to other systems of differing classifications. However, 
when each requirement is examined against the main 
sustainability and environmental criteria, and compared 
to other GCC regional rating systems re-classified in the 
same manner, Al Sa’fat emerges as being quite similar to 
other rating systems in most criteria (including material 
conservation, waste reduction and management, site 
and local environment, and mobility and access). It also 
resembles other systems on credits relating to building 
management (see Figure 2). This similarity suggests that 
Al Sa’fat’s priorities and emphasis, as expressed by the 
share of the total number of credits, are, in fact, quite 
similar to those of other rating systems.

Still, Al Sa’fat differentiates itself from other regional 
rating systems in its relatively strong emphasis on credits 
related to energy efficiency and renewables and those 
related to indoor environmental quality. It is also unique 
in its relatively weak emphasis on water efficiency and 
reuse as a share of total credits. 

Structure and certification levels

That being said, Al Sa’fat’s distinctive characteristics 
do not end there. It also sets itself apart with in its credit 
structure and certification levels. Al Sa’fat is planned to 
be highly integrated into the building permitting process, 
with mandatory levels of certification within its geographic 
jurisdiction, and room for demonstrating excellence 
beyond them. In this respect, it is not too dissimilar to Abu 
Dhabi’s Pearls for Estidama. But where Al Sa’fat exhibits its 
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Figure 5 District Cooling Plant

 Gold Sa’fa

Higher achievements beyond Silver Sa’fa are 
rewarded with higher levels of certification. Gold Sa’fa 
is the lowest voluntary certification level, requiring 
compliance with an additional 16 requirements - 
including two from GBRS - as well as higher compliance 
thresholds for 9 of the 81 requirements of lower levels.

 Platinum Sa’fa

The highest level of certification, Platinum Sa’fa, 
requires compliance with 4 further requirements and 
an even higher compliance threshold for 4 of the 81 
requirements. It is worth pointing out that a Platinum 
Sa’fa certification means compliance with 100% of all 
Al Sa’fat requirements.

To contextualise Al Sa’fat’s structure and certification 
levels, Figure 3 compares the percentage of total effort 
required under Al Sa’fat compared to GCC regional 
rating systems in order to achieve different certification 
levels, and see how this relates to prerequisites. The 

visual comparison also demonstrates that Al Sa’fat 
has a non-linear certification scale, with the lowest 
certification levels set further apart, thus making higher 
certification levels more difficult to attain.

Al Sa’fat’s development, structure and its integration 
into the permitting process all veer from a 
conventional, voluntary rating system; they suggest 
that Al Sa’fat will operate as a planning and building 
code that has firm prescriptive and performance-
based requirements in addition to a mandate for 
recognising and rewarding buildings that exceed 
them. This view is supported by Al Sa’fat’s extensive 
referencing of other building and development codes in 
Dubai and its use of the term ‘compliance’ in reference 
to achieving a particular requirement. Anecdotally, 
the transition from Green Building Regulations and 
Specifications to Al Sa’fat was described by a high 
ranking Dubai official at a recent event in Dubai as an 
upgrade of building codes.

* Percentage of all possible credits (weighted) including bonus credits where applicable.
**   
 Credits. 
***  
****  were assigned the average  
 credit value.  

Negative score overall, or 
negative score for energy or
water criteria

Estimated weight of 20 
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Prescriptive and performance-based requirements

Another aspect of Al Sa’fat’s uniqueness is its relatively prescriptive nature. Green building rating 
system requirements and building regulations come in one of two forms of projects ‒ prescriptive 
or performance-based ‒ that teams need to take in order to achieve a certain credit. For example, 
a prescriptive requirement to reduce irrigation water use would stipulate that water efficient 
landscape irrigation systems are installed or that a study is carried out identifying the water 
requirement of different trees.

In this case, the project team would only need to specify such a system or carry out a study of 
this nature, irrespective of how the irrigation system will actually perform in terms of water use. 
This approach is considered more accessible to most stakeholders, as well as less technically 
demanding, but is often criticised for being simplistic and rigid. It is also blamed for the emergence 
of a checklist culture in relation to certification that hampers the integration of sustainability in the 
design process.

Figure 4 Comparison of 
Al Sa’fat against other regional 
rating systems in terms of its 
emphasis on prescriptive or 
performance-based credits.

Figure 5 University of Dubai.
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* Percentage of all possible credits (weighted) including bonus credits where applicable.
**   
 Credits.
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 Credits.
***  
****  were assigned the average  
 credit value.
***** Al Sa’fat System does not require weighting of requirements so only one set of values is used.
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Performance-based requirements, on the other hand, 
stipulate that a certain performance metric is achieved 
without specifying any specific measures to achieve 
it. In the previous example, a performance-based 
requirement would mandate that irrigation water 
use is reduced by a certain percentage below a 
defined baseline. This approach allows the design 
team flexibility in choosing a suitable approach 
that is directly linked to building performance, and 
encourages interdisciplinary coordination. Yet 
performance based requirements are also criticised 
for being too technical and inaccessible for some 
project stakeholders, especially at the earliest stages 
of market transformation and in regions where 
sustainable design and integrated design processes 
are not yet common place.

In practice, given the wide range of credits in 
green building rating systems, almost all rating 
systems are hybrids that combine prescriptive and 
performance-based requirements in different ratios, 
and most of them are gradually moving towards 
performance-based credits.

By comparing the nature of Al Sa’fat’ credits 
(version 1.1) to those of other rating systems (LEED 
Building Design and Construction, New Construction 
version 4 with GCC Regional Priority credits, Pearls 
Building Rating System, version 1.0, GSAS Typologies, 
Commercial version 2.1), using a hypothetical 
commercial office building, it becomes clear that 
Al Sa’fat is the most prescriptive of all four regional 
rating systems, with four fifths of its credits being 
prescriptive and only one fifth based on performance 
(Figure 4).

Conclusion

Al Sa’fat is a unique rating system. While it does not 
represent a huge leap forward compared to GBRS 
and is similar in priorities to other regional system, its 
combination of regulations and incentives ensures 
a firm implementation of a minimum standard while 
recognising buildings that go above and beyond 
it. Its highly prescriptive requirements indicate 
a hand-holding approach that is likely to shift to 
performance-based as the market transforms. 

Al Sa’fat represents an effort to accelerate Dubai’s 
green building market transformation, and it is one of 
many recent efforts across the emirate that aims to 
gradually, but firmly, transition its built environment and 
economy towards sustainability. 
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Following recent successes over consecutive years in 
reducing global carbon emissions, the fall-off stalled in 2015, 
which was the result of increasing energy consumption – the 
consequence of our rapidly-growing population. Can the 
United Nations’s Agenda 2030 put us back on the path to 
emissions control?

1 United Nations. 2015. 
Transforming our World:  
The 2030 Agenda for 
Sustainable Development. 
New York. (UN Doc. A/
RES/70/1).
2 Bissio, R. 2016. Reports 
from the Bottom Up:  
The road is hazy and full of 
obstacles. In, Spotlight on 
Sustainable Development, 
the Reflection Group.
3 Business and Sustainable 
Development Commission, 
2017. Better Business, 
Better World.

The United Nations’s Millennium Development Goals (MDGs) ran from 1990 to 2015 and 
achieved much; the numbers living in poverty were reduced by 50%, primary school 
enrolment reached 91%, 65% of developing countries attained gender parity, child 
and maternal mortality were halved, and 2.6 billion people gained access to improved 
drinking water. 
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But the strength of Agenda 2030 is that it is a 
compromise among 193 sovereign governments. 
The SDGs have been key to Chinese government 
strategy, for example, where 400 million people 
have been taken out of poverty in a decade; even 
a high wealth country like Kuwait is committed 
to incorporating the SDGs into the pillars and 
programs of its National Development Plan. Social 
change cannot be legislated, but with civic society 
organisations already coming together to adopt the 
goals and the strategies, and to monitor success or 
failure, the prospects look promising.

Looking back and looking forward

Much changed between 1990 and 2015: the 
science of climate change was proven, even if 
political acceptance remains a work in progress. 
The need for businesses to adopt low-carbon and 
environmentally sustainable economic models 
that turn poverty and inequality into new areas of 
opportunity is widely-accepted. 

The BSDC3 recently showed that working to a 
sustainable business model has the potential to 
open up US$ 12 trillion of economic activity and 
create 380 million jobs by 2030.

The most pertinent issues – energy, cities, food and 
agriculture, health, and wellbeing – are predicted 
to grow two or three times faster than the Gross 
Domestic Product over the next 10-15 years. 
Factor in externalities such as the negative impacts 
of carbon emissions, those of pollution, and the 
unavailability of natural capital, and the value of 
opportunity jumps 40%. As such, not only are SDGs 
good for the environment, but they are also good 
for business.

Some issues fared better than others, some countries 
better than their neighbours. The target to halve hunger 
was missed – as was the aspiration for full primary 
education – millions still lack adequate drinking water, 
and the world continues to suffer unequal growth, 
increasing job insecurity, greater debt, and higher 
environmental risk. So the end-of-term MDG report 
reads: “Must try harder”.

Enter Agenda 2030 for Sustainable Development1, a 
more ambitious series of 17 Sustainable Development 
Goals (SDGs) with 161 targets. The SGDs’ overall aim is 
to reduce inequality not only within, but also between 
countries. Unlike the MDGs, Agenda 2030 recognises 
the enormous disparities of opportunity, wealth and 
power, and the urgency for ecological sustainability.

The challenge of the century

While governments understand the political weight of 
international consensus, the non-binding nature of the SDGs 
risks them becoming an excuse for government inertia2. 
The current refugee crisis in the Middle East and Europe 
generates poverty and gender inequality, and many recent 
trade agreements leave social inclusivity, environmental 
compliance, and human rights to be negotiated. 
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01 10

05

No Poverty
End poverty in all its forms everywhere.

Reduced Inequalities
Reduce inequality within and among countries.

Gender Equality
Achieve gender equality and empower all women and girls.

Zero Hunger
End hunger, achieve food security, improve nutrition, 
and promote sustainable agriculture.

Sustainable Cities and Communities
Make cities and human settlements inclusive, 
resilient, and sustainable.

Responsible Consumption and Production
Ensure sustainable consumption and production patterns.

Life Below Water
Conserve and sustainably use the oceans, seas, and 
marine resources for sustainable development.

Peace, Justice, and Strong Institutions
Promote peaceful and inclusive societies for 
sustainable development, provide access to justice 
for all, and build effective, accountable, and inclusive 
institutions at all levels.

Life On Land
Protect, restore, and promote sustainable use 
of terrestrial ecosystems, sustainably manage 
forests, combat desertification, halt the reverse land 
degradation, and halt biodiversity loss.

Partnerships for the Goals
Strengthen the means of implementation and revitalise 
the Global Partnership for Sustainable Development.

Clean Water and Sanitation
Ensure availability and sustainable management of 
water and sanitation for all.

02 11

12

14

16

15

17

06

03

07

Good Health and Wellbeing
Ensure healthy lives and promote wellbeing for all at all ages.

Affordable and Clean Energy
Ensure access to affordable, reliable, sustainable, and 
modern energy for all.

04

08

09

Quality Education
Ensure inclusive and equitable quality education and 
promote lifelong learning opportunities for all.

Decent Work and Economic Growth
Promote sustained, inclusive and sustainable 
economic growth, full and productive employment, 
and decent work for all.

Industry, Innovation and Infrastructure
Build resilient infrastructure, promote inclusive and 
sustainable industrialisation, and foster innovation.

UN Sustainable Development Goals 2015-2030

Climate Action
Take action to combat climate change and its impacts.13

Is it too late?

The future of the Earth vis-à-vis rates of Carbon emission 
looks bleak. Consensus among climate scientists is that 
life on Earth can remain as it is, provided atmospheric 
carbon remains below 2.9 trillion tons. From the beginning 
of time until 2015, we have emitted 1.9 trillion tons, mostly 
in the last century, which leaves us with 1 trillion tons to 
last us an eternity, but at current emission rates, we will 
have used this up by 2036.  

The SDGs offer humankind another chance. The benefits 
of the SDGs will be familiar to readers of this magazine, 
but two years in, with thirteen years to go, some of 
the fundamental concepts are still being queried in 
governmental and corporate circles.

Many regard the goals as targets for LDCs (least developed countries) alone, but nothing could be further from the 
truth. 15% of the population, nearly 47 million people, live in poverty in the United States. In the European Union the 
figure is 24%, including 1 in 4 children, and in Japan, 16%. SDG 1 for the eradication of poverty – the first goal – must 
be applied throughout the developed, developing, and underdeveloped world.

The Goals have common themes such as the eradication of hunger being inherently tied to gender equality, access 
to water, sustainable consumption, climate change, and biodiversity. The aspirations for gender equality and female 
empowerment – the focus of SDG 5 – is also cited in 11 of the other 16 goals.

Old metrics need to be reconsidered. Given the correlation of access to energy with that to health, education, food, 
transport, communications, etc., improvement in humankind’s well-being may be a better measure of SDG 7’s success 
than energy consumption; for example, the average Indian consumes only 10% of the energy consumed by the average 
American. Industrialisation, excluded from the earlier MDGs, and the subject of SDG 9, is vital to job creation, which in 
turn alleviates poverty and promotes, gender equality, education, and social inclusion.
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New Urban Agenda

Agenda 2030 promotes the New Urban Agenda4, extending the concepts of sustainable 
cities to local governance, tax justice, and public procurement; transparent, incorrupt, and 
environmentally and socially accountable.

Consensus also recognises that in the years 2025-2030, the Global Carbon Budget5 will 
be spent and the ‘tipping point’ – the point beyond which the severity of climate change 
impact expands exponentially – will be reached.

Presented on the side of UNFCCC6 COP21 in Paris in 2015 was the assessment of which 
countries were offering their ‘fair share’ of greenhouse gas emissions reductions. Russia 
provided zero contribution towards its fair share, Japan about 10%, the United States just 
under 20%, and the European Union just over 20%. Conversely, the majority of developing 
countries pledged reductions that meet or exceed their fair share. There is a clear lack of 
commitment by those nations that have already reaped the benefits of development.

Whether our great grandchildren 
will consider the Agenda 2030 
SDGs the new start we achieved 
or the last chance we failed to 
take is not for us to decide. The 
biggest determinant is political will. 
Money is no longer an issue. As 
the BSDC concludes, “company 
leaders will never have a better 
moment in which to align their 
business objectives with creating 
a better world.” 

The SDGs must become the focus 
of global economic policy, the focus 
that opens market opportunities 
and creates a world that is both 
sustainable and inclusive. Then, and 
only then, will the Earth, its public 
and private enterprises, and every 
one of us reap the rewards. 

SDGs cover 17 goals, including energy, 
health, education, food, transport, 
and communications, and develop 
strategies to achieve them.

4 Developed at Habitat III, 
the UN Conference on 
Housing and Sustainable 
Urban Development, Quito, 
Ecuador. October 2016.
5 A collaborative effort of 
the global carbon cycle 
science community 
coordinated by the Global 
Carbon Project.
6 United Nations Framework 
Convention on Climate 
Change.
7 Fair Shares: A Civil 
Society Equity Review 
of INDCs, prepared by 
a loose consortium of 
humanitarian and civil 
society organisations. 
October 2015.
8 On 1st June 2017 Donald 
Trump announced the 
US would pull out of the 
COP 21 Agreement and 
attempt to renegotiate 
an even lower level of 
emissions reduction. This 
notwithstanding, many 
states, towns and cities, and 
major industrial enterprises 
have pledged to honour 
their already programmed 
reduction targets.

Sustainability

Gender equality

Education

Partnership
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Helping encourage the 
expansion of District 
Cooling in the Kingdom

Saudi Arabia has one of the most inhospitable climates on the planet, 
and keeping cool is therefore the main driver of demand for electricity. 
Per capita energy consumption is one of the highest in the world. 
Electricity demand has more than doubled since 2004 and is forecast to 
double again by 2030; installing sufficient generating capacity to meet 
this demand could cost up to USD 120 billion. With government revenues 
no longer as abundant as they once were, and the population growing 
rapidly with increased demands on the government’s resources, there is 
an urgent need to restrain demand for electricity, not only for budgetary 
purposes, but also to achieve sustainable development targets.

Figure 1 Early morning in 
Riyadh downtown. 
Editorial credit: Fedor Selivanov/ 
Shutterstock.com. 

Figure 2 DCP in Princess Nora 
Bint AbdulRahman University
for Women (PNU).

Figure 3 Madinah Hajj City.

Figure 4 Jeddah Economic City.

Cooling accounts for about 70% of the electricity consumed in buildings in 
Saudi Arabia and requires large volumes of water. District Cooling (DC) systems, 
in conjunction with better building design, have long been promoted as highly 
effective and efficient ways of reducing power demand related to air conditioning 
systems, thereby also reducing green-house gas emissions and producing 
environmental benefits. 

1
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Dar’s involvement in District Cooling 
in the Kingdom

 - Dar designed the 60,000-ton of 
refrigeration (TR) capacity district 
cooling system for the Princess 
Nora Bint Abdulrahman University 
on the outskirts of Riyadh. 
The Kingdom’s first all-women 
university is spread over 800 ha 
and can accommodate 40,000 full 
time students and 30,000 teaching 
and/or administrative staff.

 - Dar produced the detailed designs 
for the two chilled water plants 
(each with a capacity of 100,000 
TR) for the Madinah Hajj City 
District Cooling System, a system 
that will provide cooling for a 
built-up area of almost 5 million m2 
(including 94 high-rise buildings).

 - Dar developed a master plan 
for Jeddah Economic City and 
Kingdom Tower that included the 
specifications for the 325,000-TR 
capacity District Cooling system. 

Specifically, DC systems can reduce peak power 
demand by 50% to 87% as a result of the higher 
thermal efficiency of DC technology compared 
with conventional air conditioning systems and the 
levelling of the load profile as a result of the demand 
aggregation from a number of diverse sources. This 
lower peak power demand can reduce the capital 
costs of investing in generation, transmission and 
distribution infrastructure, as well as the associated 
operating and maintenance costs. 

The absence of a regulator and an enabling regulatory 
framework had been identified as a constraint on the 
sector’s development. As a result, it was proposed that 
the Electricity & Cogeneration Regulatory Authority 
(ECRA) should serve as the regulator for DC services 
in the Kingdom, playing a similar role to that which it 
plays in the electricity and desalinated water sectors.

2

3

4
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A trusted adviser on a range of economic, financial 
and regulatory issues, IPA has had a long-standing 
and excellent working relationship with ECRA. It has 
also been involved in the development of the world’s 
utility markets, from the selection of the appropriate 
model through to implementation and subsequent 
reform. Based on this, as well as on IPA’s ability to draw 
upon Dar’s engineering expertise in the field, ECRA 
commissioned IPA to help it become established as the 
regulator for the sector.

IPA’s work was split over two studies:

 - Creating the overall regulatory framework for       
the sector.

 - Developing detailed economic and technical 
regulations to govern the future operation of        
the sector. 

It is unusual to be presented with the opportunity to 
create a new regulatory environment and associated 
regulations for a nascent sector. For IPA, this was an 
incredibly exciting and challenging opportunity to 
influence the future development and structure of what 
is likely to become the world’s largest single market 
for DC services. The work would be considered at the 
forefront of contemporary regulatory thinking.

This required IPA to draw upon its policy and economic 
regulatory expertise and experience of applying that 
expertise within a complex environment, its ability to 
succinctly set out how competing policy objectives 
could be balanced, its ability to assess the commercial 
implications of regulatory change, its appreciation of the 
unique characteristics of the Saudi market, and its skill at 
creating pragmatic solutions for complex problems.

5
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Figure 5 Standard District 
Cooling plant installation.

In carrying out the work, IPA returned to first 
principles. There was no explicit government policy 
towards the sector, which meant that IPA’s first 
step was to help ECRA set out some guiding policy 
principles that would define the content of a future 
law for the sector, the regulatory framework, ECRA’s 
objectives and its tools for regulating the sector, and 
the roles and responsibilities of organisations with a 
stake in the sector.

IPA consulted widely and conducted two workshops 
in Riyadh to define the policy principles, the most 
important of which was the obligation on ECRA to 
actively encourage the expansion of District Cooling 
schemes throughout the Kingdom, with the government 
creating the enabling environment for that expansion. 
The private sector would be expected to take the lead in 
providing District Cooling services, provided that public 
health and the environment are protected.

IPA then developed a framework and supporting 
regulations that had to address complex and often 
conflicting issues: 

 - How to protect consumers against monopoly 
abuse in the provision of DC services, especially 
when tariffs are cost-reflective and set on a 
scheme-specific basis.

 - How to ensure the achievement of best value for 
money and efficiency in the provision of DC services.

 - How to ensure the viability of DC service providers: 
their tariffs should cover costs and allow them to 
make a reasonable return on their investments.

 - How to reduce the risk for DC service providers 
so that demand will not emerge after they have 
invested up front in a DC system. 

 - How to persuade residential consumers that, 
despite receiving subsidised electricity prices, it is 
beneficial to switch to District Cooling.

 - How to encourage the most rapid expansion of DC 
schemes across the Kingdom.

 - How to ensure adherence to technical standards.
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Figures 6 & 7 Standard District
Cooling plant installations.

IPA’s solution

IPA’s pragmatic solution is a regulatory framework in which all new, large 
government developments will be required to install District Cooling 
systems and end-users within those developments will be obliged to use 
DC. All DC service providers will also be licensed and required to meet 
specified technical standards. Finally, DC schemes will be required to 
incorporate Thermal Energy Storage systems and use non-potable water 
for cooling purposes.
 
The regulatory framework is designed to be flexible and to adapt to the 
sector’s evolution. This provides potential investors with regulatory 
certainty, making it more likely for them to invest in the sector for the 
long term (essential, given the 25-year life of a typical DC scheme). At the 
same time, and in order to reassure end-users, a set of tariff principles 
was defined: charges and tariffs should be cost-reflective, set on a 
scheme-by-scheme basis, simple and understandable in structure, and 
should provide an element of price stability.

ECRA’s power to regulate the sector is secured through the issuing of 
licenses to service providers. However, ECRA requires all bidding for 
the provision of DC services to be competitive in order to ensure that 
the best value for money is achieved; it requires all service providers to 

6

dar.com40



This work has yet again 
demonstrated the success of 
cross-company collaboration, with 
the team working successfully 
together to seamlessly meet the 
client’s needs.

publish their tariffs, allowing end-users to compare 
and assess the value of their scheme; and it requires all 
service providers to provide economic and technical 
information, allowing it to benchmark their performance. 

IPA’s development of the regulatory framework was 
complemented by the provision of:

 - Guidance on ensuring that the procurement of DC 
services is competitive.

 - A draft of DC services license plus associated 
application procedures and assessment criteria.

 - A draft of Supply Code and Supply Agreement.
 - Technical design guidelines.

Successful collaboration

This work has yet again demonstrated the success of 
cross-company collaboration, with the team working 
successfully together to seamlessly meet the client’s 
needs. IPA was able to draw upon Dar engineers’ 
experiences in District Cooling in the region and 
further afield to help define the future technical 
regulations for the sector, complementing IPA’s 
utility sector policy and regulatory expertise. Overall 
knowledge was enhanced by this collaboration. IPA’s 
regulatory experts learned about the physical and 
engineering constraints on DC systems, while the Dar 
engineers learned about the economic and financial 
ones. 

7
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Figure 1 London Bridge 
Station, Main Concourse.

London’s rail network is a critical part of the United Kingdom’s 
transport infrastructure. With hundreds of millions of journeys made on 
it annually, the rail network is at the center of the city and its economy. 

One of the British capital’s most important rail hubs – and busiest 
commuter stations – is London Bridge Station. The station is among 
the oldest in the world, having first opened in 1836, and handles over 
54 million passengers a year. It is the single, largest element in the 
£7 billion Thameslink project to enhance rail links from the north to 
the south of the city. It will result in newer and longer trains, increase 
service frequency, and improve connectivity with other modes of 
transport. Supported by Currie & Brown, London Bridge’s rebuild is a 
huge and complex development costing some £1 billion. In addition 
to providing full commercial management services across the whole 
Thameslink Programme, we have been engaged by Network Rail, 
which owns and manages London Bridge, to provide a wide range of 
estimating, cost planning, and value management services.

In brief
Our involvement in the London Bridge Station project includes 
benchmarking, maintenance of budgetary controls, feasibility option 
studies, support in the preparation of procurement pricing schedules, 
whole-life costing, administration and evaluation of change, risk 
management, and cost and financial reporting.

London Bridge Station
rebuild: a new age for
British travel
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The challenges 
The station upgrade works faced some considerable logistical, technological, and program 
challenges. The Station required a complete rebuild of the upper and lower levels and a 
reconfiguration of the track and platform layout. The historic Victorian arches are also being 
refurbished, for many of the structures are more than a century old, and their conditions were 
previously unknown.

Constraining the progress of the project was the location of the site. Because the project 
is situated in the heart of a very busy business and residential district close to the center of 
London, surrounded by a congested road system, an interface with the neighbouring London 
Underground station had to be established and, critically, the station had to remain operational 
throughout the works.

The solutions
In order to respond to these logistical challenges, we led the implementation of a 
Design to Budget approach. This required all those involved to work together to develop 
design solutions and construction methods that preserved the apportioned budget 
of key elements. We also carried out a number of option appraisals for the layout and 
configuration of the operational station itself. That was integral in achieving the best value 
in development and delivery. 

Our feasibility study into the fundamental elements of the scheme included over-track 
or below-track concourse designs as well as master planning estimates for retail and 
commercial air rights development opportunities. It also involved enabling programs 
focusing on de-risking.
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Figure 2 London Bridge 
Station, Main Concourse 
Central Void.

Figure 3 London Bridge 
Station, Tooley Street 
entrance.

Figure 4 London Bridge 
Station, Main Concourse, 
Central Void.

Providing managerial services
Considerably high-risk in nature, the project required 
robust and proactive management processes as 
a central element of design development and cost 
planning. Currie & Brown’s experience was central to 
assessing this risk and ensuring that the cost plans 
reflected its true level.

The commercial management services work we 
carried out for Thameslink included cost planning, 
estimating and benchmarking, whole-life cost modelling, 
development of procurement and contracting strategies, 
and feasibility studies for air rights development options. 
The experience we gained from our previous work with 
both Network Rail and London Underground in creating 
comprehensive estimates and cost plans with minimal 
exclusions gave us some leverage on this project, 
thereby improving confidence levels. Procurement 
of work packages, stakeholder management and 
negotiation of agreement, risk and change management, 
and project reporting were also major components of 
our work.

We delivered real added value by developing a 
modelling tool that helped  address the issue of 
Thameslink’s complexity and the real risk of changes 
impacting  the programme in unexpected ways. The 
tool allowed potential changes to be assessed against 
planned maintenance regimes and provided Network 
Rail with greater confidence in decision-making.

2

3 4
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The importance of a standardised
auditing process
In order to ensure that the project as a whole would provide 
value for money to the UK Government’s Department for 
Transport, we were appointed to support the Thameslink 
Process Audit Programme (TPAP) and provided a standardised 
audited cost book as evidence of good governance. 

We reviewed seven major contracts and identified the 
required data, gathering information from project teams and 
contractors, and engaging in analysis to provide findings and 
observations to TPAP. We also undertook an initial audit of the 
major contracts, created and implemented a robust internal 
audit process for Thameslink, and put together an integrated 
cost capture and verification tool for project teams to use.

In addition, we provided the means for the management 
to be able to study the improved process in tracking and 
understanding costs, assembled a standardised cost audit 
report to support observations and findings, and presented 
our analysis to contractors, Thameslink project teams, and 
management.

Despite the many challenges, we worked collaboratively with 
Network Rail and the contractors, successfully navigating 
between them, improving the cost collection system, and 
providing useful information to management. 

It is a world-class
project for a world-class
city, and we are proud
to be playing our part.

By engaging directly in this way, we were able to 
deliver a high-quality service.

There were also benefits in terms of added value. 
The standardised cost capture and verification 
process upon which we led the implementation 
allowed for more transparency and efficiency. 
They provided confidence to both Thameslink 
and the Department of Transport that costs were 
being robustly reviewed and verified, and that they 
could be rolled out to all Network Rail projects. 
This standardised audit process can easily be 
replicated in any Thameslink Programme contract, 
and to ensure the ease of future applications of the 
process, we provided training, documentation, and 
guidance notes.

The completion of works at London Bridge in 
particular will be integral to the operation of the 
new Thameslink network. Passengers will enjoy a 
better, quicker, and more comfortable experience 
while travelling to, from, and through one of the 
world’s most dynamic capitals. It is a world-class 
project for a world-class city, and we are proud to 
be playing our part. 
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Is PPP the way to go? 
What we have to learn 
from Latin America

Figure 1 Main entrance, 
Zumpango PPP Regional 
Hospital, Mexico.

Figure 2 Waiting room, 
Zumpango PPP Regional 
Hospital, Mexico.

1

One of the boldest, brashest, most colourful regions on the planet, 
Latin America does not conform to a single stereotype. Its countries 
share the common heritage of two Mediterranean languages but 
are often markedly different from one another. The region boasts a 
diversity of local cultures and celebrates the different ways in which 
these individual states are governed and their legal systems are 
operated. This polity dictates their approaches to public investment. 
Therefore, it should be no surprise that, when it comes to using 
public-private partnership (PPP) solutions for infrastructure projects, 
each Latin American country varies in its adoption and maturity of 
this model.

Some countries, such as Mexico, Chile, and Colombia, are more 
advanced, while other countries, such as Argentina and Uruguay, 
have not developed PPP to the same extent.
 
It is, however, something we are likely to see far more of in the future 
because of a general need for upgrading infrastructure across the 
region – though this is more pressing in certain jurisdictions over 
others. In Mexico, for example, the building boom in the 1960s was 
followed by a lack of direct private investment, resulting in a huge 
challenge to keep social infrastructure assets in particular (water 
plants, hospitals, schools, prisons, government offices, etc.) up to the 
required standard.
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The main driver for using PPP now is not financial, 
though cost and funding are clearly important factors, 
and savings can be made compared to traditional 
infrastructure models. Instead, it is primarily about 
improving and upscaling the quality of public and social 
assets and services.

With this contracting model, a government or public 
agency can create the physical infrastructure and also 
guarantee ongoing maintenance, reinvestment, and 
consistent level of quality. The whole life cycle of the 
asset is considered upwards of perhaps 20 or 25 years, 
with financing and standards being secured.

This PPP process can generate new thinking, as it 
challenges the planning process of the government 
and the financial and execution processes of the 
private sector. Investors, for instance, generally have 
to consider risk mitigation as this becomes their 
responsibility rather than the owner’s, as is the case in 
a traditional model.

The contractual obligations, sanctions, and penalties 
are very clear in the event that the asset does not 

perform, and the private company will be reluctant 
to incur any extra costs if it knows it will not be 
remunerated for them. Therefore, the private entity 
needs to be flexible, using economies of scale and all of 
its experience to mitigate its risk.

This financing method has the advantage of being 
relatively speedy – or at least less cumbersome. In 
Latin America, it can take up to three years to build a 
180-bed hospital using public funding. With PPP, that 
timescale can be reduced by as much as 40%.

So, which countries in the region are seen as PPP 
pioneers? Mexico and Chile were early adopters and 
have developed a model which is used by others in the 
region, such as Costa Rica and Paraguay. Brazil is also 
a big player – so big, in fact, that there is a plausible 
argument that it does not fit into the Latin American 
ecosystem at all, but uses its own solution.

The Mexican model is seen to have advanced PPP 
structures, and is particularly suited for complex 
social infrastructure areas such as healthcare, which 
requires ongoing maintenance of essential equipment 
and provision of clinical support services. It provides a 
strong contract framework with a very clear payment 
roadmap, robust governability arrangements, and an 
in-depth understanding of the technical requirements. 
It also allows for rigorous supervision and audit. This is 
the platform Currie & Brown is currently developing for 
clients in Colombia and Peru.

2

In Latin America, 
it can take up to three years 
to build a 180-bed hospital 
using public funding. With PPP, 
that timescale can be reduced 
by as much as 40%.
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Figure 3 Main lobby and stairs, 
Zumpango PPP Regional 
Hospital, Mexico.

Figure 4 View of the service 
area and goods entrance, 
Zumpango PPP Regional 
Hospital, Mexico.

As previously stated, no one-size-fits-all solution applies 
in Latin America. Every country needs to find its own path 
and set of rules for its projects. The method of funding 
for healthcare services, in particular, can differ across 
borders, as can the structures of the finance, trust funds, 
and operators. So, there are a number of factors that 
need to be considered.

It is also important to understand how the operational 
side of the infrastructure will work within a country. 
Healthcare is highly complex and involves many 
different stakeholders including doctors, patients, and 
government bodies, as well as necessitating high-tech 
equipment and a specific physical environment. These 
all need to be considered in addition to the way in which 
healthcare is delivered and financed, which will vary from 
one jurisdiction to another.

Other types of infrastructure, such as schools and roads, 
also have very specific requirements thanks to different 

risk profiles, stakeholders, technical approaches, funding, 
and key performance indicators. Currie & Brown has 
been involved in PPP in Latin America since the very early 
stages of its implementation. We have built a reputation 
in the region for advising on and managing a successful 
delivery model which has helped us win a scheme to 
deliver six hospitals: the biggest public-private program 
in Colombia. Alongside this, we have won a further seven 
PPP projects in Mexico in the last two years alone.

Our expertise is extensive and is not just in consulting, 
but also covers areas such as public policy creation, 
advice on governance and structures, legal, financial and 
technical support, and contract management services.

Our involvement ensures that we obtain long-term benefit 
for both sides in the contract. We also offer a range of 
other specialist services, such as helping companies 
develop PPP models for operation and providing expert 
and technical advice to lenders and financial institutions.

3

dar.com48



In order to have a functioning PPP environment, it is 
important to have a stable economy. Local interest 
rates, inflation, and the rule of law vary by country, and 
different places in Latin America are at different stages 
of the journey.

But where will that journey go? There is every reason 
to believe that PPP has a bright future in this part 
of the world. It can and will grow, but it needs to be 
underpinned by an understanding that it will improve 
the quality of the public services that people are 
entitled to. 

Budgeting, contracting, and local cultures need to be 
challenged if PPP is to thrive here. Governments need 
to be confident about determining the conditions 
for their projects and the private sector needs to be 
prepared to meet them. If this happens, funding will 
surely follow.

The size of the potential market in Latin America is 
huge and there appears to be a strong appetite for 
public-private partnerships. At Currie & Brown, we 
look forward to continuing to play an important and 
strategic role in its development. 

4
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From games to activities like shopping, Augmented 
Reality seems to be sneaking its way into our daily 
functions, both personal and professional. With its mobile 
application, d.ar, Dar joins the conversation in an effort to 
make progress with the newest technology available.

Enter the realm of 
augmented realities 
with d.ar

Author  
Wael El Homsi

Expertise
Information 
Technology

Company 
Dar 

Location 
Beirut, Lebanon

Pokémon Go took the world by storm upon its release on July 6 of 2016. It peaked at 
a whopping 34 million downloads in the United States within a month of its release, 
exceeding its developers’ expectations by 50 times. 

Nostalgic fans of the animated cartoon series roamed their streets and those of other 
cities (and even countries) in search of the mystical creatures and other players, thus 
revitalising the once-omnipresent franchise. And while the support from long-term 
fans was a key factor in the game’s popularity, it was its use of state-of-the-art 
augmented reality technology that propelled it to international success.

What is augmented reality?

Augmented Reality is the integration of digital elements with a user’s surroundings. 
Often conflated with virtual reality, augmented reality enhances one’s existing 
perception of reality whereas virtual reality replaces the real world with a simulated one. 

Its functionality will revolutionise the way people shop and interact with and receive 
their surroundings. For example, instead of spending hours visualising how a piece 
of furniture – a dining table, let’s say – would look in your living room, you can now 
augment, visualise, and interact with 
the table directly in order to achieve the 
desired effect and subsequently make a 
decision about purchase.
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And Dar?

At Dar and similar Architecture and 
Engineering firms, video presentations 
and printed brochures have been the 
primary mediums for project proposals, 
representations, and presentations. 
But with augmented reality, Dar can 
now demonstrate such material with 
interactive demos that foster a deeper 
connection between the company’s  

 
 
clients and its vision. For example, 
instead of studying the myriad tender 
documents of a bridge, clients can 
simply look at a small-scale, augmented 
version of it. And in fact, Dar has already 
started to incorporate augmented 
reality by creating a user-friendly mobile 
application called d.ar.
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d.ar: the future is already here

d.ar is a mobile application designed and developed by a 
special unit within Dar’s IT Department.  

By scanning a certain target, users can enrich pictures 
with multimedia content, virtual reality, and augmented 
reality models. Users can also surf the public library to 
view Dar-related content. 

With d.ar, a presenter can boost his or her marketing 
strategy by showing demos of the final result to 
the clients.

Try it yourself!

Download the application

With this issue, we are glad to showcase 
some of d.ar’s uses. To unlock the extra 
features hidden in this article, download 
the d.ar mobile app (icon on the left).

scan 
with 
d.ar

scan 
with 
d.ar

making 
progress 
together

To do so, either scan the adjacent 
QR codecode, or visit ar.dar.com/app.
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Look for the AR icon 

This is the d.ar icon. The icon will 
be included on every scan-friendly 
target, which means you can 
use the d.ar application scan 
functionality to view the additional 
augmented content. 

Watch the tutorial

You’re almost there! Please scan the 
following QR Code to watch a video 
tutorial that will show you how to 
use d.ar.

scan 
with 
d.ar

scan 
with 
d.ar

You’re ready! 

Please scan the images in this article 
that have the AR icon.
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Developing roads and people: Eng. Ahmad Al-Hassan on leading 
historic 48.5 km Kuwait causeway project

The Kuwait Causeway: the project of a lifetime
Eng. Mai Almesad discusses the challenges and merits of running the 
historic Main Link project and its unique cable-stayed bridge

The construction of the Doha Link
Eng. Mohamad Abedeen on the highlight of his career 
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Nearing three decades of service, Eng. 
Al-Hassan has proven his prowess in the 
management of engineering design and 
construction with numerous projects to 
his name. A veteran of his profession, 
Eng. Al-Hassan had been the Assistant 
Undersecretary of the Ministry of Public 
Works in Kuwait from 2013 until 2017 when 
he was promoted to Managing Director of 
the newly-established Public Authority for 
Roads and Transportation (PART). 

Upon successful completion, the Causeway 
will be recorded as one of the longest 
bridges in existence – a feat of design and 
architecture of unparalleled, international 
caliber, and the most celebrated 
engineering project to have come out of 
the Gulf. As the Director of PART, he is 
also charged with the role of improving 
infrastructure and safety regulations for 
transportation in Kuwait.

An astonishing 70 schemes 
to be delivered by 2025 
costing KWD 8 billion and 25 
projects under construction 
in the highway program alone. 
What role did you play in this 
surge of projects in Kuwait’s 
infrastructure?

The project cycle starts with describing 
the terms of reference related to a certain 
project, and then moves on to awarding a 
consultant its design, tendering, processing, 
construction, and post-construction 
services. This is made especially difficult 
in developing countries where the required 
documents are difficult to procure. We 
had to look at what was already under 
construction and what we had in our 
kitchen being prepared for design.

Developing 
roads and 
people:
Eng. Ahmad
Al-Hassan
leads historic 
48.5 km Kuwait 
Causeway 
project

In 2013, celebrated Kuwaiti engineer Ahmad Sulaiman 
Al-Hassan took on the project of a lifetime in the Kuwait 
Causeway Project. Four years down the line, Dar sits down 
with the leading engineer to talk about the Kuwait road 
systems in general, the causeway itself, and its impact both 
on himself and on Kuwait.

Author/Interviewer
Technical Coordination 
Department

Company
Dar 

Location
Beirut, Lebanon

A comprehensive solution 
to traffic in Kuwait does not 
come from construction of 
roads only. That is why PART 
was established: to make 
sure that a transportation 
strategy – one including 
the metro, other means of 
public transportation, and 
rail roads – is applied in an 
effort to integrate the full 
picture and help in utilising 
the money spent on the 
project towards achieving 
the target. 
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We also had to verify the information at hand, draft a 
clear plan with objectives and a time frame, and, most 
importantly, identify the team: consultants, ministries 
involved, and specialised human capital.

Another thing we focused on was resolving pending 
issues of existing projects like the construction of 
Jamal Abdul Nasser Road and Al Jahra, and monitoring 
the progress of the contractors. We then coordinated 
with traffic departments to try to open finished 
roads once they were completed to make people’s 
lives easier and show the labours of our work. This 
paved the way for much-deserved media exposure; it 
became clear to everyone that something was brewing 
in the infrastructure sector of the ministry. These 
plans and projects have all played a part in improving 
Kuwait’s infrastructure.

How does the setup of your current team 
help in achieving this?

We get more technical assistance in design and 
supervision from international consultants who join 
us on projects. However, we strive for internal quality 
control by better training our staff in things like 
reporting and following up. This allows our engineers 
to grow because we involve them thoroughly in various 
aspects of the projects, thereby cultivating the next 
generation of leaders and managers. Aside from this, 
the ministry specifications should also be updated 
regularly. We have a lot of ideas in mind that require 
technical support. When we finish the grandiose 
projects in a few years, we want to end up with both 
developed roads and developed people ready to 
handle such projects in the future.

Like the new vision for Kuwait.

Correct! In terms of Kuwait’s current vision, the team at 
the Ministry of Planning has been helping us with the 
fourth master plan of Kuwait. We are also working on a 
plan to develop the infrastructure of Kuwait generally. 
We have been hearing the phrase, “Kuwait 2035”, being 
thrown around a lot lately, but if we get the finances we 
need, we can accomplish that ten years ahead of time. 
And that is perhaps the most important step for the 
state of Kuwait before completing any other element of 
New Kuwait.

The project is a marvel of planning and 
coordination. Why did you decide to have 
this Causeway?

Kuwait is a small, urban country, but only a part of its 
land is inhabited. Because Kuwait is an oil-producing 
country, expansions are very limited. There are not a 
lot of places we can go to that will not compromise 
the oil field areas. Most people occupy Kuwait towards 
the south, on the shorelines closer to Saudi Arabia, 
or towards the west. To make the movement and 
expansion to the north side easy and time-efficient, 
the causeway had to be built. Another reason was to 
open the floor for future expansion for building the Silk 
City or to develop the master plan for Bubiyan Island, 
located in the same area.
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The causeway has social and economic 
benefits for Kuwait. Did you think about 
making it a toll road?

We think it is going to be. 

Does that not have to be before 
the construction?

A provision for it was included in the design concept 
of the Main Link, and not the Doha Link, but it needs 
to be expanded in a way that makes it operational as 
a toll road. We believe that is necessary because we 
also built two large artificial islands. They need to be 
developed by the government to encourage citizens 
and tourists to spend time there. The toll road revenue 
is nothing compared to what that would generate.

And it cannot be expensive because 
that defeats the purpose of people 
visiting those islands.

Exactly.

How proud are you of all your work 
so far?

What we have accomplished in the past four years 
is only Stages 1 and 2 of the Kuwait Projects. Each 
of Stages 3 and 4 will take about another four years. 
We have basically accomplished a third of the 
projects only. My pride is in meeting the people of 
Kuwait during gatherings and presenting the project 
to them. They recognise and appreciate the work 
that has been done over the past four years and 
are proud of what is happening with the ministry 
and PART. They want us to finish the projects ‒ 
the Causeway in particular ‒  to improve Kuwait’s 
infrastructure. It would give me a lot of pride to see 
the project through. 

Figure 1 Visitor Center. 

dar.com58

In
te

rv
ie

w



“It would 
give me a 
lot of pride 
to see the 
project 
through.”

1
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Figure 1 Floating crane 
installing steel girders at the 
main bridge.

Figure 2 Pylon Construction.

The Kuwait Causeway:
the project of a lifetime
Eng. Mai Almesad on running the Main Link project

Eng. Mai Almesad discusses the challenges and merits involved in running the historic Main 
Link project, the world’s 4th longest bridge, and its unique cable-stayed bridge. From safety 
measures to new technology, the engineer reveals details of the now world-famous project.

Origins and inception

It is as uncommon as it is a privilege to work on a project of the magnitude of the Sheikh 
Jaber Al-Ahmad Al-Sabah Causeway. So few are the engineers who are given the 
opportunity to work on such monumental turning point in the infrastructure history of a 
country. And so when Dar met with Eng. Mai Almesad, the engineer leading the Main Link, 
the gratitude and pride she felt were palpable on her face.

The Causeway comprises the Main Link, which connects the Kuwait City to the North of 
Kuwait, and the Doha Link, which links Kuwait City to Doha, Kuwait. The Main Link also 
includes 31 multi-purpose buildings, prime of which is the monumental Visitor Center, which 
will act as the gateway to the Causeway. The concept began in the 90s, but development 
only began in the 2000s. It was not until 2013, however, after decades of designs and 
negotiations, that principal construction began, explained Eng. Almesad, who joined the 
project in 2010. The project is scheduled for completion at the end of the year.

1

The importance of maintaining 
good relations

With a project this huge, there is no 
doubt that constant communication 
and coordination are key to establishing 
channels for discussion, exchange, 
and follow-up. The engineers worked 
closely with the Ministry of Public Works 
to ensure that both sides were in full 
agreement about each and every step. 
This was done through weekly meetings 
about specific topics and more general 
meetings every other month. Tests for the 
safety of the structure itself in addition to 
ones for the protection of marine animal 
habitats ‒ mainly its shrimp habitat ‒ were 
regularly conducted as well.
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A bridge over troubled waters

Of course, the project was not without its issues and 
challenges. With such an interdisciplinary identity, the engineer 
had to holistically approach the project. She conducted 
meetings with numerous authorities involved in different parts 
of the Causeway. Eng. Almesad explained that one of the most 
important goals was to maintain a working relationship with the 
authorities responsible for the land and marine environments 
as well as the authority responsible for public health to make 
sure that the Causeway posed no threat to marine biodiversity. 
Having predicted backlash early on, Eng. Almesad and her 
team worked hard to counter any possible issues that could 
arise by taking certain precautions:

 - Getting the approval of relevant environmental 
government entities before beginning construction.

 - Operating the construction without any discharge of 
chemicals into the water.

 - Creating a vegetation habitat for shrimp, Kuwait’s main 
marine resource. This was included in the design to 
promote the longevity of these creatures and to show 
that the engineers are not only conscious of the project’s 
risks on the off-shore environment, but have also taken 
measures to preserve it.

The safety of the workers 

Situated in Kuwait, where rises in temperature can 
become hazardous, an obvious hurdle to overcome is the 
extremely hot weather. To combat this, workers – an army of 
7,000 – only operated during the early hours of the morning 
and the night from June until September. Assisting lights 
helped with visibility. For the part of the project that is 
off-shore, however, Eng. Almesad explained that stopping 
work was not an option. Instead, a protective shield was built 
for the workers to allow them to function normally despite 
extreme surges in temperature.

The off-shore aspect of the project is the first of its kind in 
Kuwait, so it understandably attracted curious sailors and 
fishermen, notwithstanding the people who were passing by in 
close vicinity of the site. “This is a problem because, at the end 
of the day, this was a construction site, and the safety of the 
workers and of these people crossing by was compromised,” 
said Eng. Almesad, who then expressed her gratitude to the 
coastal guard for its help in directing vehicles away from the site.

Thanks to these efforts, and in the years since the 
construction began, there have been minimal casualties 
and injuries – a remarkable feat considering the scale and 
conditions of the project. 

Technology and the health of the causeway

When asked about the technology employed in the project, 
Eng. Almesad talked about the role of steam-curing in 
cutting time by speeding up the process of drying concrete 
describing it as “a sauna for the cement.” This, of course, in 
addition to the standard design software and hardware used 
in any project of a similar nature.

Further, 600 cameras will be installed all around the site, of 
which one part will be used to observe pedestrian movement, 
as censors, to track violations, etc. The other part will monitor 

the structure itself for changes in temperature, 
maintenance purposes, and the like. This joins a 
project to sustain the health of the structure as 
a whole in what Eng. Almesad dubbed “a health 
monitoring system for the bridge.”

So, how does it work? Censors are placed all 
around the bridge and are connected to the 
main SCADA System. Over time, these censors 
track the activity on the bridge and detect 
cracks in the concrete or problems in the bridge 
as a whole. Weigh-in-motion systems are 
installed to detect the weights of large transport 
vehicles to make sure they are not heavy enough 
to compromise the bridge. 

The aforementioned is all powered by a 
substation built inside the deck that provides 
power to the project. Of the many reasons the 
Causeway is a revolutionary step forward in 
Kuwait’s infrastructure is this substation, as it is 
only the second time one of its nature is built in 
the world, with the first serving the needs of the 
Bay Bridge in San Francisco, Los Angeles.

The unwavering dedication Eng. Almesad – who 
jokingly named the project her third child – has 
displayed to the Causeway is a testament to her 
work ethic and talent. The Causeway is planned 
for completion come the end of 2018, and the 
opening will be remembered as a monumental 
day in Kuwait’s infrastructure history. 

2
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Figure 1 Preparation of 
Precast girder steel cage.

Figure 2 Stainless steel pile 
reinforcement steel cage.

Figure 3 View of the launching 
gantry at the Doha Link.

The construction
of the Doha Link
Eng. Mohamad Abedeen on the 
highlight of his career 

With almost three decades of experience under his belt, Eng. Mohamad Abedeen took 
on the project of his career in the Doha Link, heading the construction of the other 
major element of the causeway project after the Main Link. In discussing the challenges 
and opportunities involved, Eng. Abedeen shared key insight into the process of 
heading the project.

1

Good relations

Eng. Abedeen stressed on the 
importance of the contacts he had 
made over the span of his 28-year 
career. As an engineer with a reputation 
that precedes him, it comes as no 
surprise that a lot of processes were 
sped up thanks to the confidence 
he had gained from the government 
and from approving authorities for his 
previous work with them. “We naturally 
still had problems, but we tried to 
deal with everything hands on, and 
were thankfully able to deal with any 
problems that came up,” he said.

Challenges of working with
a new contractor

It comes as no surprise that a project 
as big and complex as the Causeway 
be costly, and so being economic 
where one could afford to be economic 
was of paramount importance. When 
GS, a Korean contractor, was awarded 
the project with a lower value than 
anticipated, Eng. Abedeen and his 
team were “obviously concerned 
at first, as is the case with all new 
transactions,” but had learned great 
things about GS, and “had no reason 
to doubt the quality of GS’s work,” 
said Eng. Abedeen. “The results have 
surpassed all the expectations we had 
had. The contractor’s work has held its 
own against the work of established 
contractors in Kuwait, and we are 
satisfied with the work we have been 
seeing so far,” the engineer continued.
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Unexpected challenges

When asked about the challenges faced, the 
engineer explained that mistakes were bound to 
happen, as is the case with any project, but if there 
was one issue that hindered their progress, it was a 
problem they encountered with a drainage system. 
While the team was quickly able to contain the 
problem and resolve it, they continued to suffer the 
effects of it for some time after. Still, for a project 
this big to encounter such small problems only is an 
impressive accomplishment.

“There are always going to be problems in any 
project,” Eng. Abedeen concluded, “and there are 
small things that could have gone better, but what 
matters is that the result is one we are very proud 
of. It has been the highlight of my career and an 
absolute privilege to work on this project.”

Eng. Abedeen and his prolific team are looking 
forward to the scheduled completion of the highly-
anticipated project at the end of 2018. 

2
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The Sheikh Jaber Al-Ahmad Al-Sabah Causeway (SJSC) is 
a mega bridge project that spans the Bay of Kuwait in two 
directions and comprises two projects: Main Link, which 
connects Kuwait City with the future Madinat al-Hareer (Silk City) 
in Subiyah; and Doha Link, which connects Kuwait City with Doha 
and the Kuwait Entertainment City. The project forms part of the 
Kuwait National Development Plan 2035 and has been under 
construction since 2013 (Main Link) and 2014 (Doha Link), and is 
planned for completion by the end of 2018. The bridge is named 
after the 13th Emir of Kuwait to commemorate his contribution to 
the development of Kuwait.

The Ministry of Public Works (MPW) spearheaded the project, led its concept, and 
launched it into construction with lots of enthusiasm and constant attention to its 
progress throughout the construction phase. Recently, Kuwait enacted the new 
Public Authority for Roads and Transportation (PART) which is now in charge of 
the causeway project, among other projects in Kuwait.

Author  
Wassim Dergham

Expertise 
Project Management & 
Contracts

Company 
Dar

Location 
Beirut, Lebanon

Figures 1 & 2 Causeway
under construction.

Sheikh Jaber
Al-Ahmad Al-Sabah 
Causeway
Introducing the groundbreaking project
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The ultimate goal of the Main Link is to facilitate 
the traffic movement to Subiyah by drastically 
reducing the 70-minute ride on the current 
highways to a 20-minute ride on the Causeway; 
the Doha Link will, meanwhile, reduce the 
30-minute drive on the current highway to 
a 7-minute ride on the causeway to reach 
Doha, Kuwait.

The design aspects and risks

Once the concept design was completed, the 
Main Link and the Doha Link were awarded as 
Design-Build Contracts. A consortium of South 
Korea’s Hyundai Engineering & Construction with 
the local Combined Group Contracting Company 
(CGCC) is the Contractor for the Main Link; and GS 
Engineering & Construction – also a South Korean 
contractor – is the Contractor for the Doha Link.

Dar Al-Handasah (Shair & Partners), Dar, in 
association with T.Y. Lin International (TYLI) 
and the local consultant SSH, is the Engineer’s 
Representative on both projects, and the 
same firms have been in charge of the Design 
Review and Construction Supervision. TYLI 
led the review of the structural design of the 
bridges and Dar led the review of the other 
aspects of the project including transportation, 
GIS, environmental, geotechnical, and marine 
works. Ross & Baruzzini was in charge of 
reviewing the design of the SCADA system, 
Traffic Management System (TMS), and other 
advanced traffic and control systems. SSH led 
the review of the buildings, infrastructure work, 
and electro-mechanical systems.

The Design-Build contractors were required to 
hire international design firms specialised in major 
bridges, and Independent Checking Engineers 
(ICE) to review the design and endorse it before 
submitting it to the Dar team for review, approval, 
and for proceeding with construction.

Originally, the causeway project was conceived as 
one project (Main Link and Doha Link), but, in order 
to expedite the completion of the works, the project 
was tendered in two contracts: Main Link (36.14 km) 
and Doha link (12.4 km). The causeway project 
witnessed the participation and collaboration of 
major engineering, design, and contracting firms from 
around the world, including the USA, France, Hong 
Kong, South Korea, Germany, Italy, and Austria – of 
course in addition to the Dar offices in Beirut and 
Cairo. Major companies such as Hyundai Engineering 
and Construction, G.S. Engineering & Construction, 
Systra, AECOM, Tony Gee & Partners, Trevi, and Fugro, 
as well as  suppliers like Hyundai Steel, Jenoptik, 
Swarco, and Solari also played major parts.

1

2

65

i14
    l

Sheikh Jaber Al-Ahm
ad Al-Sabah Causeway

DarM
agazine    l    January 2018

Introduction



Figure 3 Main Link pylon 
inspired by the
conventional sailboat.

Figure 4 Combined selected 
major data for the Main and 
Doha Links.

The Causeway is considered one of the longest bridges in the world to be built in a marine 
setting. Currently, the Main Link is the 4th longest bridge in the world. The Main Link and 
the Doha Link combined constitute the longest known bridge in the world, as per the 
comparative table below.

The bridge’s structural design is 
based on designs from the American 
Association of State Highways and 
Transportation Officials (AASHTO),  
Load Resistance Factored Design 
(LRFD), Bridge Design Specifications, 
4th Edition (2007), and is supplemented 
by the project design criteria, Kuwait’s 
MPW’s Manual for Roads and Bridges, 
1st Edition (March 2004), and the 
Eurocodes (the European Standards 
EN1991-1-4:2005).

The prominent feature of the Main Link 
is the iconic pylon for the cable-stayed 
bridge that is inspired by the 
conventional sailboat – a traditional 
and historic theme of Kuwait’s. The 
pylon stands at approximately 151 m, 
which is about the same height as that 
of the prominent Kuwait Towers.

3

4

2

3

1

5

48.5 km
(Main Link+Doha Link)

41.6 km Jiaozhou Bay Bridge
6 Lanes/China

38.4 km Lake Pontchartrain Causeway
4 Lanes/USA

37.0 km Chesapeake Bay Bridge-Tunnel
4 Lanes/USA

Sheikh Jaber Causeway
6 Lanes/Kuwait

35.7 km Hangzhou Bay Bridge
6 Lanes/China

Bridges of the world
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An essential aspect of the bridge, which was 
tackled at the commencement of the work, was the 
environmental risks involved, what with the bridge 
passing through existing natural habitats. From the 
outset of construction, there was a strong effort to 
minimise any interference or damage to the flora/
fauna and the sea environment as a whole, whether 
temporarily during construction or permanently. Green 
Tiger Shrimps that are famous residents of the Kuwait 
Bay were protected with the establishment of new 
vegetation habitats where artificial reefs were installed 
away from the bridge construction zones. This effort 
was very successful as the involved parties were able 
to see the new shrimp habitats taking place away from 
the bridge location, and shrimps were reproduced in 
abundant capacities.

Project management aspects 

At the commencement of the works, kick-off meetings 
launched the project into construction. Workshops and 
meetings, which were attended by all the stakeholders 
involved in the project, were held periodically. Rules of 
engagement and global requirements of the design 
and site management were discussed and agreed 
upon. From the onset, it was clear that in order to 
complete the design phase for such a large project 
(involving preparation of a myriad design reports, 
calculations, thousands of drawings, carrying out 
independent design checks, reviews and comments 
by the consultant’s review teams, etc.) in the first year, 
close collaboration and cooperation from all involved 
would be required. 

Design queries and issues nevertheless came up, 
but were resolved via meetings, e-mails, telephone, 
conferences, video calls, and several visits by the 

contractor’s designers for face-to-face meetings 
with Dar and TYLI reviewers at their offices. Further 
workshops were held in Kuwait for the designers to 
clear out all remaining major design issues. 

When working on projects, it is rare to have a healthy 
mix of positive and complementary characteristics 
that unidirectionally align all parties for a “win-win” 
result. This is one such project in which the client, the 
consultant, and the contractor have mutual respect 
for one another’s roles and duties, maintaining a very 
transparent relationship, amicably and professionally 
discussing all issues, and collectively resolving 
technical and contractual matters. 

Completion and start of service

Currently, both projects are progressing in line with the 
planned completion dates – the end of 2018 – despite 
all the challenges and difficulties that came up and 
were solved along the way. Although the Main Link 
has provisions for a tolling facility in Subiyah (unlike 
the Doha Link which lacks any), at this time, PART 
has initiated a tolling facility study for both projects; 
it is proceeding with the necessary steps to procure 
an Operation & Maintenance (O&M) contractor to 
operate and maintain the whole project when put in 
service. Essential steps have also been taken to ensure 
sufficient overlap between the construction and 
operation phases for proper takeover after completion, 
as well as timely start of service along with operation 
and maintenance.

The next three aticles, we introduce the technical 
aspects, advanced systems, and communications 
channels for the Main and Doha Links. 

Item        Quantity

Total concrete       1.5 Million m3 

Total steel reinforcement     250,000 Tons

Precast girders       1305 Nos.

Cast-in place girders      248 Nos.

Steel and steel/concrete      6 Nos.
hybrid girders

Elastomeric and pot bearings     4076 Nos.

Expansion joints       5110 m

Stay cable and wire strands     203 Tons

Steel pylon       1600 Tons

Special Equipment Units/Capacity

Floating crane  1 unit with a capacity
   of 2200 Tons
Launching gantries 1 unit with a capacity
   of 1800 Tons

   1 unit with a capacity
   of 1700 Tons

Pelican barges  5 units with a capacity
   of 2000 m3 each

Jack-up platform 2 units with a capacity
   of 3200 Tons each

Straddle carriers 4 units

Transporters  8 units

4
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From its 2,200-ton floating crane, three marine concrete 
batching plants, and 2,000-ton launching gantry to the largest 
pre-casting girders facility, a movable scaffolding system, 
and specialised heavy lifting equipment, the Main Link and 
its cable-stayed bridge are a testament to the caliber of 
construction in Kuwait. In this article, we take a deeper look 
at the elements that have helped maintain the Main Link’s 
original Baseline Program for the production of one of the 
world’s longest bridges. 

Author  
Dr. Araby Shenawy

Expertise 
Resident Engineer

Location 
Kuwait, Kuwait

Collaborators
Wassim Dergham
Saleh Sabbidin

Location 
Beirut, Lebanon

Company 
Dar

Figures 1 & 2 Launching 
gantry.

Figure 3 General layout,
Main Causeway elements. 

The Main Link
Construction of the Main Link and its main 
cable-stayed bridge

Introduction

The Main Link will connect Kuwait city through a 20-minute drive to the currently 
uninhabited Subiyah region in the north of Kuwait where the new Madinat al-Hareer 
(Silk City) is planned to be constructed. The ambitious Silk City project aims to revive the 
ancient silk trade road. A major free trade zone will be established in Silk City, linking the 
Gulf to Central Asia and Europe, thus helping transform the country into a commercial and 
investment hub.

On the 14th of November, 2012, the Kuwait Ministry of Public Works signed a Contract for 
KD 738,750,000 (approx. USD 2.6 billion) with the consortium comprising South Korea’s 
Hyundai Engineering & Construction (HDEC) and Combined Group Contracting Company 
(CGCC), with the proceedings beginning on November 3, 2013. The total period of the 
contract is 60 months, followed by a 5-year maintenance period. The planned completion 
date is November 3, 2018.

1
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Design concept and
construction methods

The 36-km Main Link comprises a 3-km 
onshore elevated bridge in Shuwaikh area, 
a 27-km offshore bridge through the bay 
of Kuwait, and a 6-km onshore bridge in 
Subiyah. The standard cross section of the 
onshore and offshore bridges includes dual 
carriageways, each with a total width of 17 m 
carrying three lanes of traffic, an emergency 
lane and a hard shoulder. 

The elevated interchange bridge and ramps in 
the south onshore side of the project provide 
free traffic from and to Subiyah, Kuwait City, 
Doha Port and Shuwaikh Port. The north 
onshore side of the project also includes the 
Subiyah interchange to provide free traffic 
from and to Kuwait City, the future Silk City, 
Jahra City, and Bubiyan Port.

The superstructure of the offshore bridges 
is designed as full span precast girders with 
lengths of 40 m (weight of 950 tons) and of 
60 m (weight of 1,800 tons). The girders are 
fabricated in 4 production lines (3 production 
lines for the 60 m girders and one line for the 
40 m girders).

2

3

The Main Link will 
reduce the time 
needed to travel 
from Kuwait City 
to Subiyah from 
70 minutes to 
about 20. 
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Precasting

The girders are typically precast in prefabricated steel 
moulds. Each mould consists of fixed outer web and top 
slab shutters, a movable bottom mould (trolley), and a 
movable inner core. Pre-tensioning systems are used 
to stress the girders in the longitudinal and transverse 
directions. The pre-tensioning forces in the longitudinal 
direction are applied at the bottom slab and in the 
transverse direction at the middle of the top slab.

After the concrete casting, the girders are steam-cured 
for 14 hours with a maximum temperature of 60˚C 
before the release of the pre-tensioning forces. The 
girders are moved subsequently outside the covered 
casting yards, using the bottom movable moulds, and 
are transported to the storage yard using 1,800-ton 
capacity straddle carriers. At the scheduled erection 
time, the girders are transported from the storage 
yard to the temporary jetty in Subiyah using these 
vehicles. At the temporary jetty, the precast girders 
are loaded on barges.

The superstructure of the onshore bridges and ramps 
are designed as in-place concrete girders and cast 
using, where appropriate, either a Movable Scaffolding 
System (MSS) or a Traditional Scaffolding System (TSS).

Construction of piles

To avoid the time consuming construction of the 
multi-piles and pile cap foundations, the standard 
girders in the offshore and onshore bridges are 
supported on mono-piles/piers with relatively large 
diameters equal to 2.5 m or 3.0 m for the 40 m and 
the 60 m spans, respectively. The piles, piers, and pier 
caps of the offshore bridge are constructed using 
jack-up platforms and marine concrete batching 
plants. In the intertidal area on the south side of the 
south artificial island, a 4 km long temporary steel 
bridge was constructed to enable the construction of 
the piles, piers and pier caps.

Erection of girders

The pre-stressed box precast girders of the 
offshore bridges are erected using a floating crane, 
a transporter, and a launching gantry. The offshore 
areas where the water depth is shallow and no 
adequate draft is available for the floating crane 
to operate, an overhead steel structure crane has 
been constructed to unload the precast girders from 
the barges.

The precast girders will be placed on the transporter 
via the overhead crane and the transporter will move 
on land and onto the previously erected bridge 
sections until reaching the gantry, which places the 
girders in their final locations.

4

5
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Main Cable-Stayed Bridge

The offshore part of the project includes an iconic and 
unique cable-stayed bridge structure named Main 
Bridge. It has a total length of 340 m (between the 
piers P1-M and P4-M) with 4-spans of lengths equal 
to 60, 177, 40, and 63 m. Its 177 m-long Main Span 
allows a navigation channel with horizontal and vertical 
clearances of 120 and 23 m, respectively, to enable 
ships to travel to and from Doha port under the sea link.

Main Bridge foundations and substructure

The Main Bridge is supported on 38 bored, reinforced, 
3 m-diameter, concrete piles, with lengths varying 
between 33 m and 60 m. The piles are connected at 
their top levels with pile caps, which have been cast in 
dry conditions under the sea water level using precast 
reinforced concrete shell forms with circular and square 
cross sections (PC-houses). Two circular PC-houses, 
each weighing 1,800 tons, of 23 m diameters, and a 13 m 
wall height were prefabricated.

The wall of the PC-house consists of a permanent 
concrete bottom with a thickness of 7 m and a 
temporary steel cofferdam of 6 m height. The circular 
PC-houses were used to construct the pile caps for the 
2x7 piles under the 151 m tall pylon. Three additional 
PC-houses – each with a weight of 1800 tons and 
two 14x14 m horizontal square cross sections with a 
permanent concrete wall of 3.5 m height and 6-m-high 
temporary steel cofferdam – were used to construct 
the pile caps for the 3x8 piles at the axes P1-M, P2-M 
and P4-M.

The 2,200-ton capacity floating crane was used to 
transport the aforementioned 5-PC houses from 
Subiyah – where they were precast and assembled – to 
their permanent locations at the Main Bridge. After the 
construction of the pile caps, six special conical piers 
with diameters varying between 5.0 m to 3.0 m were 
constructed in the Main Bridge.

Figure 4 Bridge up to Subiyah 
embankment.

Figure 5 Storage yard.

Figure 6 On-shore ramps and 
interchanges.

Figure 7 The cable-stayed 
bridge of SJSC project.

7

71

i14
    l

Sheikh Jaber Al-Ahm
ad Al-Sabah Causeway

DarM
agazine    l    January 2018

The M
ain Link



8

9

10

Figure 8 Main Bridge concrete 
and steel cross sections.

Figure 9 Horizontal cross 
section of the pylon.

Figure 10 Main Bridge during 
construction.

Figure 11 Construction stages 
of the Main Bridge.

The pylon consists of a truss hybrid 
structure made up of concrete and 
steel, with a single on-site, concrete 
leg and double tubular steel legs. 
The concrete leg has a variable, 
semi-circular cross section with 
a maximum dimension of 7.2 m, 
and each of the two steel tubes 
has an external diameter of 1.5 m. 
The concrete and the steel legs 
are connected by horizontal and 
diagonal steel tubes with diameters 
varying between 0.50 m and 
1.10 m. The concrete leg is cast 
on-site in 43 segments including 
the self-climbing formwork and 
all the steel elements of the pylon 
fabricated in South Korea. The 
2,200-ton capacity of the floating 
crane is used to install all the 
concrete, hybrid, and steel girders 
as well as the pylon steel elements.

It is also worth noting that the 
standard top level deck of the 
13.855 km-long offshore bridge 
between the south and the north 
islands is equal to +14.0 m PWD. On 
both sides of the 340 m-long Main 
Bridge, the deck top level increases 
from the mentioned +14.0 m to 
+32.0 m to enable a minimum 
vertical clearance of 23 m for the 
ships passing under the Main Bridge.

Main Bridge superstructure

The Main Bridge deck consists 
of 2x2-precast concrete girders, 
each with a length of 60 m; two 
prefabricated steel girders, each 
with a length of 82 m; and 2x2 hybrid 
(steel/concrete) girders with lengths 
2x64 m and 2x74 m. The girders 
are rigidly connected to the pylon, 
through two connecting cross 
beams at P3-M and P3’-M, and are 
free to move longitudinally at the 
piers P1-M, P2-M and P4-M where 
4x3 guided sliding pot bearings are 
installed. The main span girders are 
suspended by 8-pairs of stay cables 
anchored to the concrete leg of the 
pylon and to the connecting cross 
beams between the west and east 
deck girders.

The pylon’s structural system is 
uncommon in that it is not stabilised 
longitudinally by the traditional back 
stays. The truss structural system 
of the pylon enables the omission 
of the said traditional back stays. 
The longest stay cable on the main 
span side includes 72 high strength 
7-wire strands with ultimate capacity 
of 2,000 tons, a length of 248 m, and 
an external diameter of 250 mm. The 
shortest stay cable has 55 strands 
with a maximum capacity of 1,500 
tons, a length of 38 m and an external 
diameter of 200 mm. The concrete 
girders are fabricated in the casting 
yard in Subiyah/Kuwait and the steel 
girders are fabricated in South Korea. 
The hybrid girders consist of a steel 
part fabricated in South Korea and 
a concrete part fabricated in the 
casting yard in Subiyah. The concrete 
and steel parts of the hybrid girders 
are assembled in the casting yard 
in Subiyah.
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Stage 1: Construction of the main bridge foundations and piers.
- Start the construction of the pylon concrete leg.

Stage 2: Erection of the two precast concrete girders between P1-M and P2-M and 
the two hybrid girders at the pylon on the temporary steel piers.
- Continue the construction and installation of the pylon elements.

Stage 3: Erection of the two concrete, precast girders between P3'-M and P4-M, 
construction of the two concrete connecting cross beams between the girders and the 
pylon at P3-M and P3'-M and installation of the first pair of stay cables, and removal of 
the temporary steel pier at P3-M.
-Erection of the two hybrid girders between P2-M and P3-M using temporary steel pier.

Main Bridge construction

Forgoing the traditional method
Unlike the traditional cantilever method for the 
superstructure construction of cable-stayed bridges, 
the contractor opted to utilise the available construction 
equipment – used for the installation of the standard 
girders of the approach bridges – to construct the girders 
of the main bridge. The design, fabrication, lengths, and 
weights of the main bridge girders have been optimised to 
enable their erection to be carried out using the available 
2,200-ton capacity floating crane.

Temporary steel piers
Three temporary steel piers have been installed. Two of 
them have been installed over the pile caps at P3-M and 
P3’-M to temporarily support two hybrid girders before 
casting the two connecting concrete cross beams 
between the two hybrid girders and the pylon at P3-M and 
P3’-M. The third temporary steel pier has been installed 
on a temporary foundation between P2-M and P3-M to 
ensure that the weight of the middle 82 m-long steel 
girders remains within the capacity of the floating crane.

A numerical computer model
A numerical computer model has been established to 
analyse the various stages of construction and ensure 
the integrity of all structural elements of the bridge during 
said stages. Accordingly, the constructed geometry of the 
bridge elements is regularly surveyed and the stay-cable 
forces will be monitored at each construction stage and 
compared to the corresponding design geometry and 
stay-cable forces obtained from the computer model. If 
required and as per normal practice, correction measures 
are taken to ensure that the desired design geometry and 
stay-cable forces are achieved before opening the bridge 
for traffic.

The M
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Figure 11 Construction stages 
of the Main Bridge. 

Figure 12 Main Control 
Building and Visitor Center.

Figure 13 Bay Island south.

12Time dependent effects 
Time dependent effects – such as creep and 
shrinkage of the concrete elements, the relaxation 
of high-strength, and steel materials used in the 
prestressing works of the concrete girders and 
fabrication of the stay cables – have been taken into 
account in the computer model. The installation 
forces of the stay-cables have been optimised 
in such a way that the forces in the deck and 
foundations under dead loads (that is, under the 
completed structure configuration) will be minimal.

Stage 4: Installation of the two steel closure girders between P2-M and P3-M.

Stage 5: Installation of the remaining stay cables and removal of the temporary steel 
pier at P3'-M.

Stage 6: Removal of the temporary steel pier at P2-M, placement of the waterproofing 
membrane and the asphalt concrete, and finetuning of the stay cable forces.

11
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Operation and maintenance

For traffic control, operation, and maintenance of the 
project, two areas of 350,000 m2 and 600,000 m2 
in Shuwaikh and Subiyah, in addition to two artificial 
islands (Bay Islands South and North – each with 
an area of 300,000 m2) have been reclaimed. 
Different methods of soil improvements, like 
layers compaction, dynamic compaction, dynamic 
replacement, vibro displacement, and accelerated soil 
consolidation using perforated vertical drains have 
been implemented for the reclamation works.

Thirty-one administrative and service buildings as well 
as two marinas were constructed over the reclaimed 
areas to control and manage traffic, and to operate 
and maintain the bridge structure. The administration 
and service buildings belong to the Public Authority 
for Roads & Transportation, Ministry of Public Works, 
Ministry of Interior, Ministry of Defense, Ministry of 
Communications, Ministry of Electricity & Water, 
Ministry of Health, Kuwait Fire Fighting Department, 
and Kuwait Coast Guard.

The traffic monitoring, operation, and maintenance 
aspects of the project are managed by the main control 
building located in Shuwaikh area and three secondary 
control buildings on the two artificial islands. Intelligent 
Transportation System (ITS) – a state-of-the-art 
structural health monitoring system including CCTV, 
violation cameras, electronic variable massage gantries, 
a SCADA system, a fiber optic network, and a closed 
radio communications system – is installed in and 
between the four control buildings to enable efficient 
traffic management and operation and maintenance of 
the project’s structural elements.

The electrical power supply to the bridge and the 
buildings facilities is provided by one 132 KV/11 KV 
transformer substation and eleven 11 KV/450 V 
transformer substations. Two desalination plants, 
each with a capacity equal to 450 m3/day, are planned 
to be constructed on the two artificial islands. In 
addition, four waste water treatment plants are to be 
constructed in Shuwaikh, the two artificial islands, and 
Subiyah. The treated sewage water is planned to be 
used for landscape irrigation. 

13
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Figures 1 & 3 Layout of Doha
Link elements.

Figure 2 Launching gantry.

The Doha Link

Project divisions
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1

The Doha Link project, which is complementary to the Sheikh Jaber Al-Ahmad Al-Sabah 
Causeway project, connects the Shuwaikh port area in Kuwait City to the Doha port, Doha 
peninsula, to Jaber Al-Ahmad City, and to Jahra areas. The Doha Link will reduce the time 
needed to travel from Kuwait City to the Doha Peninsula from 30 minutes to about 7, thus 
providing free flowing traffic in both directions. The project is scheduled for completion at 
the end of December 2018.

The Ministry of Public Works in Kuwait signed a 48-month contract for KD 165,708,000 
(approx. USD 550 million) with South Korea’s GS Engineering & Construction in 
October of 2014 to design and build the Doha Link. This would be followed by a 5-year 
maintenance period.

Doha Peninsular Road
The Doha Peninsular Road is approximately 4.7 km and links the Entertainment 
City Interchange to the Doha Interchange and connects to the Marine 
Causeway Bridge.

02

03 Doha Interchange
The Doha Interchange will provide access to the local roads in the Doha Peninsula 
area that serve the local residential villas, commercial establishments, and the 
Doha port. It will also provide access to the new Weighbridge Building, the Ministry 
of Public Works, the Ministry of Interior Administration, and Control Buildings, all to 
be constructed under the contract. 

04 Marine Causeway Bridge
West Approach section
The West Approach section, approximately 5.22 km long, extends from the 
Doha Peninsular Road offshore to the east over the Sulaibikhat Bay.

Main Bridge section
The Main Bridge section, approximately 0.600 km long, continues the West 
Approach section eastwards over the deeper part of the Sulaibikhat Bay 
waters, providing a local navigational channel.

East Approach section
The East Approach section, approximately 1.90 km long, continues from the 
Main Bridge section to the east over the Sulaibikhat Bay and land falls at the 
Shuwaikh Port. It connects it to the Main Link’s Shuwaikh Interchange tying 
into its ramps and carriageways at four locations.

01 Entertainment City Interchange
The Entertainment City Interchange, located at the extreme Doha end of the 
project site, will provide access to all adjoining roads leading to Entertainment 
City, the city of Jahra, and the connection leading to the Doha Spur motorway. 
The design of this interchange is a full free-flow interchange.

1
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The Doha Link 
will reduce the 
time needed 
to travel from 
Kuwait City 
to the Doha 
Peninsula from 
30 minutes to 
about 7.

2

3

The standard cross-section of the offshore and onshore bridges 
along the main roadway alignment consists of a 17-m-wide dual 
carriageway carrying three lanes of traffic, an emergency lane, 
and – similar to the Main Link – a hard shoulder in each direction.
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Design of the link 

The Contractor’s structural designers for the project are 
Tony Gee and Partners, Hong Kong (Lead Designer) and 
Korea Engineering Consultants Corp (KECC) with SYSTRA 
acting as the Independent Checking Engineer (ICE).

The superstructure for the West and East Approach 
sections of the Marine Bridge are designed and launched 
as full span, 2.5-m-deep, precast, pre-stressed concrete 
box girders of 40 m length, weighing approximately 
950 tons per girder. The girders are pre-tensioned 
longitudinally through the bottom flange and transversely 
across the deck slab. Girders are cast in a specially 
equipped precast factory specifically constructed for the 
project. After erection, the girders are stitched together 
at each pier location to form a continuous deck between 
expansion joints located at 320 m intervals.

The superstructure for the main section of the Marine 
Bridge is designed as full span, 4-m-deep, 60-m-long, 
1,650-ton-heavy cast-in-form (CIF) box girders. A total of 
20 girders have been cast in the open air casting yard on 
site. An additional 8 transition girders of similar design, 
varying in depth (2.5 to 4 m) and lengths (45 to 53.5 m), 
are cast in this yard. Superstructures for the land fall 
bridge sections at Shuwaikh, connected to the Main Link 
bridge structures, are all cast on-site, are longitudinally 
and transversely post-tensioned, and are made into 
continuous, concrete box girder structures.

The substructure for the Marine Bridge, for both the 
offshore and onshore sections, consists of large diameter 
mono-piles, continuing above seabed or ground level 
as piers of the same diameter with flared single pier 
heads to support each carriageway superstructure. 
The pile diameters are 2.5 m and 3 m for the 40 m and 
60 m spans respectively, varying in depth from 20 m 
to 40 m. Adoption of the mono-pile design enables the 
substructures to be constructed much quicker, obviating 
the need for construction of large cofferdams at each 
pier location. The Doha area is located in a sensitive, 
protected environmental zone, so adopting the mono-pile 
design helps reduce disturbances to the sea flora and 
fauna to a minimum.
 
Superstructures for the bridges at the Entertainment 
City are designed as cast on-site concrete box girders, 
post-tensioned longitudinally through the webs. The 
substructures consist of standard bored concrete 
multi-piles (1.5 m dia.) with Reinforced Concrete (RC) pile 
caps supporting RC cantilever abutment walls and single 
or multi-column piers.

The Doha Interchange Bridge superstructure consists 
of standard post-tensioned concrete “I” beams resting 
on elastomeric bearings at piers and abutments with 
continuous reinforced concrete deck slabs over five 
spans varying from 30 m to 40 m. The substructures 
consist of standard concrete bored, multi-piles with 
pile caps supporting cantilever abutment walls and 
multi-column piers with tie-beam pier heads. Ramp 
approaches to the Bridge are constructed using standard 
Mechanically Stabilised Earth with reinforced concrete 
patterned façia wall units.

5
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Employment of advanced erection methods 
for the Marine Bridge superstructure

Girders were stitched at each pier location to provide 
continuity between expansion joints, located every 
320 m. The contractor, with his previous experience, 
elected to construct the Marine Bridge superstructure 
using the span-by-span incremental launching 
technique, employing a launching gantry to lift in full 
span pre-cast deck girders. Together with the factory 
casting of the girder units (allowing fast production of 
high-quality products under very controlled conditions), 
this method of construction was deemed the most 
efficient, provided the production and erection were 
synchronised effectively. For this project, it was 
possible to erect two girders per day every two days. 
Essentially, three pieces of specialised equipment were 
built for the project.

1700-ton launching gantry
The launching gantry used in the project is one 
of the largest in the world, capable of safely 
carrying units weighing up to 1700 tons with a 
span of 30 to 60 m.

425-ton x 4 transporter trolley
All four units are used together to carry one unit. 
The load is spread onto a total of 640 rubber 
tires. The four vehicles work in unison under a 
single control with detection and emergency stop 
arrangements for untoward, out-of-sequence 
movements by any vehicle.

Figure 4 Typical bridge 
cross-section.

Figure 5 Precast girder arriving 
to the launching gantry.

Figure 6 Straddle carriers 
placing girder on transporters.

Figure 7 Transporters moving 
the precast girder.

6
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850-ton x 2 straddle carrier
The pair were used together for lifting the 40 m and 60 m girders from their respective casting yards, transferring them 
to the finishing bays and storage areas, and then loading them onto the transporter trolleys for final erection. They were 
also used for placing all of the precast “I” girder superstructure beams (70) for the Doha Interchange Bridge.

Construction of the Marine Bridge 
substructure

For most of its length, the Marine Bridge is located 
in the intertidal zone with only the central section 
crossing the deeper waters of the Suleibikhat Bay. The 
depth of water varies between 0.5 m and 13.5 m during 
high tide conditions.
 
Two-stage temporary steel bridges were constructed 
alongside the whole route of the permanent bridge. 
This provided a solid working platform mimicking the 
experience of working on-land and obviating the need 
for working in the water. This allowed for the continuity of 
work under all sea-weather conditions. The temporary 
bridge allowed full, easy access to and egress from 
drilling rigs, cranes, and the polymer circulation plant. It 
also allowed for supply and removal of all materials for 
the construction of the piles and the piers. 

To enable the placing of the standard 40 m and 60 m 
superstructure girders accurately on top of the piers, 
the mono-piles needed to be precisely cast within very 
tight allowances. To achieve this successfully, intensive 
borehole testing was carried out to get maximum data 
on the soil conditions at each pier location. Based on 
the information obtained and the large diameter of the 
piles involved, heavy duty Soilmec SA40 rig was used 
for drilling.

Together, the adopted techniques enabled the 
contractor to complete all of the Marine Bridge 
substructure works up to pier cap level and ahead of 
schedule. The maximum rate of piling achieved was 5 
piles/week. 
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Figure 7 Straddle carriers 
moving a girder.

Figure 8 Precast girder 
steel cage.

Figure 9 Piers shown next to 
the temporary steel bridge.

Figure 10 Steel form for the 
piles.

Construction of the Marine Bridge 
superstructure

For precasting the 40 m span Marine Bridge girders, the 
Contractor established a factory, with a production line that 
consisted of a bay for fabricating the girder reinforcement 
cage and a bay for casting and curing the concrete.

The reinforcement and concrete casting activities 
progressed concurrently, leading to a net output of one 
unit every two days. During the early learning curve 
period, the Contractor managed to produce 2-13 units per 
month but eventually reached a consistent productivity 
rate of 14 units/month.

In order to reach an optimum production rate of one unit 
every two days, every aspect of the production, including 
equipment, processes, materials, and working methods 
had to be studied, implemented, improved, and fine-tuned 
to its optimised level. Some of these are described below 
to give an appreciation of the efforts involved in producing 
high quality finished units at such a great speed:

 - A sophisticated, mechanised, steel formwork was used 
for the concrete unit production, allowing its quick 
release after the steam-curing process was completed 
and freeing the casting bay for the next unit. Two sets 
of inner box and crash barrier upstand forms were 
used to gain the time that would have been lost in 
cleaning and preparing them for the next cast. 

 - The concrete mix design was studied in great detail 
and 2 full-scale, 10-m-long units and several short 
web and bottom slab sections were cast before 
commencing full-scale production. The quantity of the 
admixture in the mix was varied to give a shorter initial 
set time for the web concrete to allow it to support its 
full height without collapse. A longer initial set time 
was derived for concrete in order to allow the top and 
bottom slabs proper time for compaction and finishing.

 - Correct fogging during the concreting of the top 
deck slab using mechanised finishing and immediate 
application of the curing compound will help prevent 
or reduce any cracking to hairline levels even during 
the hot summer months.

 - Accelerated steam curing was used for the units 
produced in the Pre-Cast (PC) Factory. Steam-curing 
has the advantage of providing the heat necessary to 
accelerate the hydration process, whilst also ensuring 
the retention of moisture in the unit being cured. 

9
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Figure 11 Pouring of 60 m 
girder.

Figure 12 On-shore ramps.

Figure 13 Shuwaikh 
intercharge ramps.

In order to decide on a suitable steam-curing curve 
for the units (time versus strength development), 
thermocouples were embedded in the unit at 
various locations to monitor the temperature 
distribution during hydration and the strength 
development over time. Up to five units were studied 
each time at various dates to take account of the 
seasonal variation in temperature. The optimised 
steam-curing curve for the C50 concrete mix design 
being used under Kuwait’s climate conditions was 
obtained and applied to produce all the 40-m-long 
girders. The total curing cycle was 13 hrs with the 
maximum target curing temperature maintained 
at 55˚C. It should be noted that the cooling off 
temperature will vary by up to 4 hrs if the ambient 
temperature during winter is found to be low. 

The 60 m span girders and the transition span 
girders were precast using the traditional two-stage 
pre-casting method (CIF). Since their lengths were 
longer than 40 m and their depths were greater than 
2.5 m, their production could not be accommodated 
in the PC Factory. Being less in number and not being 
on the critical path of the project, they were cast in the 
open – in a four-bay casting yard specially prepared to 
allow repeated construction. The web and bottom slab 
of the box were cast during the first stage followed by 
the casting of the top deck slab in the second stage.
The cast unit was then longitudinally and transversely 
post-tensioned before being moved to the finishing 
bays used for the 40 m girders.

All of the on-land Marine Bridge superstructure in 
Shuwaikh area was constructed using the basic Full 
Staging Method (FSM). Here again, the superstructure 
box girders were cast in two stages and then 
post-tensioned longitudinally and transversely. It is 
expected that all of the on-land superstructure will be 
constructed by March 2018. 
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With the aim of verifying the concept’s feasibility and 
design approaches, and meeting the project’s technical 
requirements, Contract Documents, and Regulations 
and Standards, a Design Review of the Causeway was 
carried out.

Video conferencing facilitates 
international discussions

The Design Team is located in France; 
the Independent Check Team (ICE) is in 
Hong Kong; the Owner is in Kuwait; the 
Structural Design Review Team is in the 
USA; the Geotechnical Design Review 
Team is in Dar Cairo; the Transportation 
Design Review Team is in Dar Beirut; and 
the Project Management Team is in the 
Project Management and Contracts (PMC) 
Department in Dar Beirut.

Given the differences in time zones and 
distance, an obvious obstacle was meeting 
to discuss and deliberate the various 
topics. Luckily, we live in the era of the 
internet and video conferencing. We were 
able to determine appropriate times for 
all parties and have critical discussions 
on topics using video conferencing that 
allowed for discussions, and sharing 
diagrams and documents in real time.

Workshops bring people 
together for better 
understanding

Large and critical design issues required 
extended discussions. Different parties had 
different viewpoints and ways to resolve 
large issues. Whenever the teams were 
not able to come to easy conclusions, a 
workshop was held involving all parties. 

These workshops were held in Kuwait, 
San Francisco, Seoul, Cairo, and Paris 
depending on the specific issues involved 
and the teams concerned. Everyone would 
gather, and each person would present 
his or her viewpoint with supporting 
information. Discussions took place to 
clarify all sides, additional information 
or codes were gathered to resolve any 
inconsistencies, and then a resolution was 
found that all parties could agree on. 

A collaborative approach was adopted 
because all sides believed that the 
resolutions were the correct ones for 
the project but were still based on sound 
engineering judgement and contract 
requirements. The primary focus remained 
to walk away with work continuing 
uninterrupted, with safety and stability. 

In one such session, for example, the 
geometry of the precast segments was 
the topic of discussion. The Design Review 
Team suggested that the onshore precast 
segment geometry was complex for that 
structure type, and that it may save time 
and money to change the superstructure 
type to cast-in-place using a Moveable 
Scaffolding System (MSS). This suggestion 
was adopted by the Design Team and led 
to the segment being kept on schedule and 
on budget. 
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Site considerations in design 

Competing with a harsh environment
Summers in Kuwait are harsh, with dry air, airborne dust, 
and high temperatures in the upstands of 60˚C and 
with a mean daily maximum of nearly 45˚C. Winters in 
Kuwait are milder and typically consist of moderate days, 
relatively cold nights, a small amount of rainfall, and some 
very cold days for a short period in the winter season.

The Causeway is located in one of the most aggressive 
coastal marine environments in the world. There is very 
high seasonal variation in relative humidity over the year, 
the water has high chloride concentrations, and the risk 
of corrosion is very high in the splash and tidal zones.

The harsh environment of the Arab Gulf and the required 
100-year service life of the Causeway put a strain on 
its design and construction. The performance of the 
concrete and steel structures required an integrated 
process of adopting a suitable design, applying 
durable materials, and assuring good workmanship. 
The contractor was advised to adopt state-of-the-art 
concrete and steel durability technology and incorporate 
it into the project.

Geotechnical aspects
The variability of subsurface soil conditions along the 
extended causeway alignment was the main factor 
influencing the project’s geotechnical design; different 
soil units were identified as follows (from the bottom up): 

 - The competent Kuwait Group deposit consists 
generally of dense to very dense sands with 
inclusions of stiff to very stiff clay layers, 
slightly calcareous, un-cemented to slightly 
cemented material.

 - Soft soil deposits of soft clay and silty clay (Subiyah 
soft clay and Kuwait Bay soft clay) are found in most 
of the Kuwait Bay and on the Subiyah mudflats (with 
a thickness of up to 39 m in the intertidal areas at 
Subiyah).

 - Loose to dense-fine to medium sands with 
thicknesses up to 12 m are found in the near coastal 
area of Kuwait City and at the Subiyah coast.

 - Deposits of limestone cap rock with thicknesses of 
0.3 to 1 m have also been encountered.
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Challenges and solutions

An aggressive environment requires advanced durability 
techniques
Since the Causeway is situated in one of the most aggressive coastal 
marine environments in the world, durability was very important to 
the project. Additional requirements were added into the contract to 
ensure the bridge could operate for at least 100 years with minimal 
maintenance. 

Specialised aggregates were used to combat the local molluscs; 
advanced concrete surface treatments and stainless steel 
reinforcement were used where necessary to ensure the corrosion 
resistance of the materials; and state-of-the-art modeling techniques 
were incorporated to ensure the best possible data for the design.

Mollusc attacks place the substructure at risk
One of the major risks identified was the local molluscs, also called 
piddocks or marine borers. These rock-boring organisms are common 
in the Arab Gulf and an infestation of them attached to the substructure 
could pose a significant threat to the structural integrity of the concrete. 
These molluscs have the ability to excavate depressions in calcareous 
rocks and some types of concrete by dissolving limestone with the acid 
they produce. 
 
The depressions can damage the concrete and expose the outer 
pile reinforcement to the corrosive seawater. However, because the 
mollusc’s acid works on limestone, it was decided that the structure 
could be protected by using non-calcareous granite and gabbro 
aggregate in the concrete mixture to stop the holes before they began.

Figure 1 Prepared stainless 
steel cages.

Figure 2 Concrete pouring 
of PC girder.

Figure 3 Chloride migration 
test.

Figure 4 Outer layer 
of stainless steel 
reinforcement.
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How well the 
bridge can 
withstand 
this 
degradation 
is the 
purpose of 
the durability 
design

Concrete and rebars are enhanced for 
bridge longevity 
All reinforced concrete bridges are “under attack” by 
their surrounding environments, be it a result of physical 
damage or chemicals seeping in from the surface. How 
strong the attack is depends on specific environmental 
conditions. How well the bridge can withstand this 
degradation is the purpose of the durability design. 

This design determines the appropriate concrete mix, 
the specialised method of placement, the structural 
dimensions including reinforcement cover, and surface 
treatments specific to the area and the risks.

The Contractor was required to use a multi-stage 
protection strategy like dense, impermeable concrete 
covers, stainless steel reinforcements, prevention of 
crack formation measures, Controlled Permeability 
Formliner (CPF) applications, and concrete surfaces’ 
epoxy coating.

State-of-the-art modeling is a step forward for 
durability design
Traditionally, durability requirements are designed to 
use the rules provided in codes, called the “deterministic 
approach”. These rules are based on a combination 
of experience, research, and intuition. The rules guide 
the selection of the materials, surface treatments 
and structural dimensions. For example, the minimum 
concrete cover and crack width limitations are 
determined, the mix design parameters are set (maximum 
water/cement ratio, air content, minimum cement content 
and type), and the required concrete surface coatings are 
specified. Experience has shown that a design following 
only these rules can have drawbacks and may result in an 
inadequately durable design. 

Because longevity was a priority for the client, we 
were able to employ advanced durability analysis 
techniques for the critical and complex portions of 
the reinforced concrete bridge. Extensive research on 
concrete durability has produced reliable information 
on deterioration processes and has made possible 
several new durability design methodologies. These 
methods consider the probability of the environmental 
aggressiveness, the degradation processes, and the 
material properties involved. One such method was 
incorporated into the chloride diffusion analysis and 
was used to establish the proposed concrete covers, 
concrete mix requirements, and additional protective 
measures required for each exposure zone. 
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Geotechnical design of the mono-piles
To ensure the adequacy of the mono-pile 
geotechnical design, Dar review-channeled the 
adoption of  a non-redundancy factor for the mono-
pile foundation, as per AASHTO specifications; 
developped representative soil design profiles for 
different zones with due consideration to the results 
of pile load tests; established criteria for minimum 
pile embedment in the bearing layer; identified top 
levels of the bearing layer; considered scale effects 
on end bearing and skin resistance; and introduced 
a procedure to deal with weak sublayers within the 
bearing strata.  

Design verification of large diameter piles via 
bidirectional load testing
The Bidirectional (BD) static pile load test – a state-
of-the-art pile load testing technique – is used 
worldwide, especially for large diameter piles with 
high nominal capacity. The BD pile load test method 
incorporates a sacrificial hydraulic jack at or near the 
toe (base) of the pile to be tested. When pressure 
is applied to the jack fluid, the load cell expands, 
pushing the shaft (upper part of the pile) upward and 
the base (lower part of the pile) downward.

The soil design profile and criteria presented by the 
designer were validated for different zones along the 
bridge alignment using both pilot and full scale test 
results and accounted for the worst conditions for the 
test piles within the respective zones.

Geotechnical challenges
The geotechnical Design Review process 
encountered several challenges mainly due 
to significant variability of subsurface soil 
conditions, the presence of considerable 
problematic soil deposits, the adoption of a 
mono-pile solution with high design loads, 
the construction of large diameter pile, etc. 
The Design Review Team pointed out those 
challenges and highlighted their associate risks. 
The team also helped in developing pertinent 
efficient solutions. 

Figure 5 Bi-directional 
loading cell.

Figure 6 Insertion of pile 
steel cage.

Figure 7 Overhead crane 
(1100 tons) at South Island.

Figure 8 Transfer of 
the stainless steel pile 
reinforcement.
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Construction of large diameter piles
The capacity of large diameter piles is also dependent 
on the quality of construction. Results of performed pilot 
and full scale pile tests revealed the negative effect of 
pile tip sediments on the pile skin resistance as well as its 
end bearing. Hence, Dar highlighted the importance of 
cleaning the pile bottom at different construction stages 
to the Contractor and the Designer to avoid the presence 
of inferior concrete and dirt within the shaft. As a result, 
the Contractor adopted rigorous, efficient techniques for 
pile tip cleaning including airlift cleaning, polymer slurry 
circulation/flushing after rebar cage installation, and so 
on. Continuous monitoring of sand contents in polymer 
slurry was also advised to be maintained below 1% to 
ensure clean pile tip.

Embankments and Bay Islands on thick layers of 
soft clays
The presence of soft clay deposits in Kuwait Bay that we 
had identified necessitated deep seated foundations 
for all offshore structures. Furthermore, these deposits 
presented severe challenges due to their inherently 
high compressibility and low strength. The embankment 
design had to cater to the very large anticipated 
settlements and severe stability problems in connection 
to the construction of the northern artificial island (Bay 
Island North) and the embankment at Subiyah.

Dar’s review indicated the importance of minimising 
sample disturbances of soft soils to develop reliable 
design parameters. As such, the Contractor opted to 
carry out a number of additional boreholes with careful 
sampling. The results of these additional tests were 
used to verify/calibrate the soil parameters used in the 
embankment design.

In addition, Dar encouraged the Designer to install a 
comprehensive monitoring system to efficiently verify the 
embankment design.

Contingency plan and effective monitoring
Dar asked the Designer and the Contractor to submit 
design verification milestones for the embankment 
design at intermediate construction stages. This was 
also confirmed with field measurements for settlements, 
shear strength and pore-pressure measurements. It 
was agreed that this milestone should cover a maximum 
height of embankment ranging from 3 m to a 
maximum of 4 m during different construction 
phases of the main embankments. Additionally, 
a detailed contingency plan of action was 
developed. It included a set of solutions to be 
implemented in case of any deviation from 
the target clay behaviour (based on which 
the project time schedule had been set) 
during construction.
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Building a resilient bridge over a shipping channel
Because the owner deemed the risk of vessels colliding with the piers high, advanced 
ship impact analysis and design techniques were required. The types and probability of 
impacting ships were studied, and the associated impact load was determined. The results 
were then incorporated into the analysis, design, and details.

Achieving a better concrete surface using CPF liners
Controlled Permeability Formwork (CPF) liners were one of the keys to achieving the 
durability requirements in the harsh and salty splash zones. Using these liners can 
significantly increase the durability of the concrete on the exposed faces as well as provide 
a strong, smooth surface.

This technology uses a specialised liner placed inside the formwork, including a filter 
and drain system that allows air and some of the water to escape and drain away during 
concrete placement, but does not allow the cement particles to escape. Because the 
water drains and the cement collects from the surface concrete, a reduced water-cement 
ratio exists in the critical reinforcement cover zone. This results in the production of 
a stronger, denser surface that has an increased surface strength, a reduced rate of 
surface carbonation, a reduced rate of chloride ion infiltration, and increased resistance 
to freezing and thawing. 

Figure 9 Bottom framework 
with CPF liner.

Figure 10 Transporting the 
steel/concrete hybrid girder.
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New technologies

Real-time data tests the bridge’s health during its lifetime 
A Structural Health Monitoring System (SHMS) combines a variety of sensing technologies with an embedded 
measurement controller that captures, logs, and analyses real-time data to reliably monitor and test the health 
and performance of the structure during its lifetime. The inclusion of an SHMS for the Causeway will provide 
important information to the owner during the Operation and Maintenance period, to monitor the structural 
performance, ensure service life, and determine when maintenance may be necessitated.

The SHMS will have eight main types of sensors

The Design Review

Corrosion Sensors will monitor the 
rate of chlorides and carbon dioxide 
penetrating the concrete. Over 
time, these measurements will be 
compared to the service life models 
to predict when corrosion could reach 
the reinforcement. Extensometers will be placed on select 

piers to measure the deformations 
of the concrete and the variations in 
stress. These measurements provide 
information on the creep and shrinkage 
behaviour of the concrete and the 
response to external loadings such as 
heavy vehicles, wind loading, or impact 
of ships.

Weather Stations will monitor cross 
wind speed and wind direction, air 
temperature, and relative humidity. 
The Main Bridge station will also 
measure atmospheric pressure, solar 
radiation, and relative humidity inside 
the box girders in order to control the 
de-humidification systems. Temperature Sensors will collect data 

on concrete and air temperatures 
inside the concrete box girders, the 
steel temperature of the Main Bridge 
girder, and road surface temperatures. 

Multiple Displacement Sensors will 
be fitted in a central section on two 
consecutive expansion joints. They 
will provide information on both the 
relative longitudinal displacement of 
the section and its absolute motion, 
based on the displacement of the 
girders relative to the piers.

Displacement Sensors will be 
transversely placed on the east and 
west girder in the same location to 
monitor ship impact effects and deck 
displacements during windstorms. 

Biaxial Accelerometers will be placed 
on the cable stays to monitor wind-
induced vibrations, while Triaxial 
Accelerometers will be placed on 
select pier, pile, and deck locations to 
measure the acceleration along the 
bridge’s longitudinal, transverse, and 
vertical axes.

Weight in Motion (WIM) Sensors will be 
integrated into the road surface to give 
accurate readings of passing vehicle 
speeds, preventing vehicles of excess 
weight from entering the bridge, and 
to record the traffic loading history of 
the bridge. 
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