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Introduction.

This article briefly describes the components of the concrete
structure and the challenges of the construction stages of the Al-Rahman
Mosque with supporting information extracted from the site
observations. The article reflects on several structural aspects of the
project from the author's point of view as a Lead Structural Engineer and
a member of the advisory board of the Al-Rahman Mosque project in
Iraq for the period 1996-2003 [1].

In 1995, the Iraqi government approved the plan of constructing
three iconic Mosques in the capital city of Baghdad, namely, the Grand
Mosque at the airport area, the Umm Al-Qura (originally called Umm
Al-Ma'arik) Mosque in Al-Ghazalia district, and the third, Al-Rahman
Mosque in Al-Mansur district. Figure 1 shows the location of the three

Mosques. The construction of three Mosques' underground structures
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and foundations commenced in 1996. The Umm Al-Qura Mosque is
completed and has been operational since 2001. The construction work
in the Grand Mosque has been terminated after completing the
foundation and retaining walls only. However, the construction work in
the Al-Rahman Mosque continued until the beginning of the military
operations in Iraq in April 2003.

Figure 1. the location of the three Mosques in the city of Baghdad
—IRAQ

Al-Rahman Mosque has an iconic design architecturally and
structurally and hence received significant attention from the
government and the construction sector in Iraq. Figure 2 shows the
Mosque model before construction. The design life of the Mosque is
around 500 years. Therefore, many aspects of the construction materials
and the seismic design requirements were restricted to ensure the viable
service life of the structure. The government awarded the construction
work to many state companies with relevant expertise. The entire design
(Architectural and Structural) and project management has been
awarded to the Projects Department at the Engineering Directorate of the

Presidential Office. The main construction work is allocated to Al-Fao
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state company, while Al-Nassr state company has been subcontracted to
supply and erect the supporting steel structures. The engineering work
throughout the construction stages has been supervised by an Advisory
Board consisting of a consortium of experts and consultant engineers
from many sectors and universities nationwide. The advisory committee
held weekly meetings on-site to follow up on progress and provide
suggestions and recommendations for emerging challenges on the spot.
The project was conducted by the Design and Built approach, which

requires continuous discussions between the designers, the construction

team, and the advisory board.




Al-Rahman Mosque :

The Al-Rahman Mosque was constructed on 200,000 square meters
of land. The built-up area is about 150,000 square meters and can
accommodate around 120,000 worshippers. The structure of the Al-
Rahman Mosque consists of a reinforced concrete central dome of 60
diameters and 90 m height above ground level. The central dome is
supported on eight composite columns(steel tubes and reinforced
concrete infill) at 60 meters above ground level. Eight reinforced
concrete smaller domes of 28 meters diameter and 56-meter height with
equal spaces surround the central dome to provide symmetry. Each

secondary dome consists of eight smaller domes of 6 meters in diameter.

The central dome is the main praying hall, while the surrounding
eight domes will be utilised as a library, museum, teaching classes,
additional praying room for special occasions, and VIP/visitor showroom.
Work on the foundation piles of the AI-Rahman Mosque was commenced
in 1996. In contrast, the work on the superstructure started in 1999,
after a disruption, and continued until 2003. Figure 3 shows the

construction site of the Al-Rahman Mosque in Al-Mansour district in

Baghdad, Iragq.
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Figure 3. the construction site of Al-Rahman Mosque.

The Central Dome.

This Mosque component is the most visible part of the structure and
has the most challenging construction tasks. The dome is designed from
reinforced concrete with thickness stars from 30 cm at the top increased
to 50 cm at the base. The dome diameter is 60 meters, the ridge is 30
meters, and it rises at 60 meters above ground level, resulting in the final
height of the dome at 90 meters above the ground level. A large ring
beam supports the dome with a reinforced concrete cross-section of 1.75
m X 2 m. The ring beam rises at 60 meters above ground level to hold the

dome's base and sits on eight groups of composite columns.

The construction of such a significant concrete element is a
challenging task for all the teams on the site. Many thoughts and
discussions are devoted to the construction procedure and facilitating the
necessary work. All parties have approved a final decision to construct a
steel tower at the centre of the dome projection, which rises to 80 m

above ground level and has 250-300 tonnes load-carrying capacity. The

=




aim is to hold a temporary platform at +60 m above ground level. The
radial steel beams and steel trusses run between the central steel tower
and the ring beam underneathand support the temporary platform. This
platform is the scaffolding base for concrete casting work of the central
dome of 30 m ridge from level +60 m to +90 m above ground level.
Unfortunately, the construction stage reached this critical milestone
before the project was stopped due to the military operations in Iraq from
2003 onward. Figure 4 show the bird's eye view of the various domes of
the Al-Rahman Mosque.

Figure 4. Bird's eye view of the various domes of Al-Rahman Mosque.
The Ring Beam.

The ring beam is a curved reinforced concrete beam witha cross-
section of 1.75 m x 2 m and a 60-meter diameter aligned with the
central dome base and the eight groups of composite columns and

constructed at 60 m above the ground level. The beam was built in eight




segments spanning the eight groups of composite columns. Each beam
segment is 25 m long and supported on the column group caps at both

sides.

Casting such a substantial concrete mass at 60 m above ground level
is a challenging task and requires a lot of preparation, safety measures,
and proper construction skills at such height. One of the significant
preparation steps is to erect large steel trusses between two adjacent
column caps to form a platform for casting the concrete of the ring beam
segment. This platform type shall be strong enough to sustain around
250 tonnes of construction equipment and materials. Figure 5 shows the
construction stages of the ring beam at the height of 60 m above ground

level sourced from the project manager [2].

Figure 5. the construction stages of the ring beam at the height of

60 m above ground level.

The Composite Columns.

The central dome structure is supported on eight large columns of

60 in height. The column design adopts an innovative approach of




composite action between steel tubes and reinforced concrete infill. This
approach was used in Iraq for the first time in this project. The
fundamental concept of composite construction has been recently
researched in conjunction with Cardiff University (UK) and supported by
the advisory board member (the author) [3]. During the advisory board
weekly meetings, a discussion around implementing the concept of
composite columns has been enriched with the latest research in the field
conducted by the author to ensure proper application and practical
design details. The composite construction approach is beneficial
compared to the initially proposed slip form approach in the following

aspects:

e reduce the construction time by 25%

e reduce the required steel reinforcement as the steel pipes will act as
a reinforcement to the concrete component of the columns

e reduce the construction cost.

o Facilitate the installation of the final finishing items later.

e Avoid importing equipment for the slip form options.

Each group of columns includes four composite columns composed
of 1.22 m (48 in) diameter spiral steel tubes manufactured in the State
Steel Pipes Co. in Um Qasir, Basrah, south of Iraq. This type of pipe is
generally produced by electrically welding a steel strap of 12.7 mm (0.5
in) thick. The used pipe diameter of 1.22 m is the largest possible
diameter produced by this factory. The pipe length is around 12 meters
to fit the transportation and handling limited capacity. Therefore, one

composite column will be constructed from five pipes connected with
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unique details to maintain continuity. In each group of composite
columns,the four steel tubes combined with a concrete diaphragm at
each lift of 12 m and aligned with the end of the original steel pipe
length. At every 12 meters height, the columns were filled with concrete
and sufficient steel reinforcement, left to harden for adequate time before
proceeding to the next 12-meter lift, and so on until the 60-meter height
was achieved. For each group of four composite columns, a reinforced
concrete column cap of 4 m x 4 m x 3 m was constructed to hold the
columns' top end and support the ring beam scaffolding in the next stage
of construction. Figure 6 shows the composite column groups sourced

from the project manager and the archive [2, 4].

Figure 6. the composite columns groups

The Al-Rahman Mosque is currently used as a temporary praying
place (see Figure 7 below) which requires an immediate renovation to

serve the prayers correctly and at high-quality facilities.




Figure 7. The Al-Rahman Mosque is currently used as a
temporary praying place
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