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ABSTRACT

The Qatar Faculty of Islamic Studies is a 45,060bmilding which is intended to
be a landmark for Doha, the capital city of Qathue to its unique architecture. It consists
of the library, the faculty area, a conference taim hall, the mosque and the inclined
minarets.

The lower floors are reinforced concrete framedwitear walls. For the mosque
slab a number of large post-tensioned beams hase bsed in order to minimize long
term creep deflection.

The roof is constructed from a system of primarg aacondary beams supported
by a mixture of vertical and inclined steel columRsimary beams are typically curved
plate girders and are made up of a number of secimned on site. The steel work will
form the main framework for the elevation of thierdiry and faculty area and the variable
height curved surface of the mosque. Total weidistroictural steel is 3200t.

The most non-conventional structures are the twaamis which stand
cantilevered at a height of 75m, consisting of toujl steel plate girders, curved and
tapered. The aerodynamic stability of the minarelges upon the performance of its
viscous dampers.

Fig 1: Overall view of the Structural System



INTRODUCTION

The Qatar Faculty of Islamic Studies is locatedthe new Education City
development in Doha. The building houses a Mosquegculty and academic area, a library
and two minarets. The proposed structure, dedgiteomplex geometry has been designed so
that most elements can be built using conventiorethods of construction and erection.

PILING

For the majority of the columns either a singleet pair of piles is proposed to
support the loads. These piles have therefore besigned to account for the moments and
shears caused by the piles and the columns be@grhOeccentric (75mm for pile tolerance
and 25mm for column tolerance). The columns whieh supported on 3 or more piles are
designed assuming that the pilecap distributesoammypf tolerance into the piles and therefore
the piles are only designed for a nominal horizioleizd of 15kN.

SUPERSTRUCTURE

The structural frame is typically reinforced conere&olumns, slabs, beams and
core walls. The inclined concrete columns will impdiorizontal loads on the structure due to
self weight, finishes and live loads. Therefore sequence of construction must be considered
so that the stability system is in place priortte application of these horizontal loads.

The building is divided into a number of stabilitpnes by the introduction of
movement joints. These are formed either with titeoduction of double structure (pairs of
columns or walls either side of the joint) or byuirgg joints in the slabs and beams, such that
the slabs and beams on one side of the movementspapport those on the other side. In the
case of the halving joint detail, the sequenceamistruction should be such that the slab and
beams on the supporting side should be cast first.

The mosque bottom slab includes a number of laogé-tensioned beams in order
to offset the self-weight deflection and minimize tlong term creep deflection. The design
assumption is that the live ends will be locatedtloa inner end of the beams and the dead
ends will be at the cantilever end of the beamss iEhdue to the need to integrate a steelwork
connection detail at the cantilever end where tagmoof steel of the Mosque is supported.

ROOF

The roof is constructed from a system of primarg aacondary beams supported
by a mixture of vertical and inclined steel colum@onnections are typically pinned site
bolted, although there are bolted moment connestion cantilever spans and splices within
primary beams. Primary beams are typically curdateirders, and are made up of a number
of arch sections joined on site. Knee bracing ggaired in some locations to restrain the beam
flanges from buckling, and at some connections.

Stability is achieved by plan bracing within thef@lane, and connection to the
concrete lift and stair cores. There are five moseimjoints within the roof steelwork,
typically marching the movement joints in the binigl



The structural metal decking spans approximately I3stween the secondary
beams, and has not been designed to restrain doedsey beams against lateral torsional
buckling. In the flatter areas of roof decking isltiple span, where the roof becomes more
curved than a radius of 120m, the decking will neebe single span. Steel columns typically
have nominally pinned base plate connections vaitin holding down bolts.

ERECTION

The erection of the steel beams will generally §avh a conventional steel roof.
The primary beams would be erected first, follovsgdhe secondary beams and bracing, then
the roof decking will be fixed in place. The mailate girders over the Mosque and Mosque
canopy are up to 50m in span, and therefore tempstgport trestles may be required.

Fig. 3: Roof Steelwork — Mosque Area



The base of the Mosque West facade (where the becdbmes almost vertical)
forms a truss spanning between the primary reisfbimoncrete beams within the lower slab
level. To this end of the lower sections of thevear plate girders will all have to be erected,
including purlin and bracing members before theaimng sections can be erected.

MINARET

The minaret structures are inclined 25 degreesdwértical. Both the large and the
small minarets will be cantilevered structures fedrusing tapering steel plate girders. The
larger minaret, Minaret 1 will rise approximatelyr8 above the ground level with a structural
depth of 2.5m at the root, tapering to 0.47m ddejhea tip. The smaller minaret, Minaret 2
rises approximately 69m above ground level tapdrimg 1.5m deep to 0,25m at the top.

The fabrication and erection of the Minaret is thest non-conventional aspect of the

building. However, the design has been developéd evection as follows:

e The individual beam elements will be limited inesizased on their length (maximum
10 to 12m) and their weight (maximum of 20t)

e The individual beam elements are either single edinapering beams parallel to each
other or straight tapering beams not parallel whezther. This means that none of the
members are doubly curved.

e High Strength Friction Grip Bolted connections vk used rather than site welding
due to access restrictions and the need for aufatigsistant design.

The erection of the Minaret steelwork will be pet-40 account for the self-weight
deflection of the Minaret including the claddindfseeight. The offset geometry is achieved
by cranking the Minaret plate girders each sidéheir splice positions. The rotation provided
at each crank point generates the pre-camber gepriiee connection of the Minaret primary
steel plate girders to the concrete deck beam$béms developed in order that tolerances and
alignment can be achieved prior to fixing in place.

VISCOUS DAMPERS

The aerodynamic stability of the Minaret relies mpihne performance of two
viscous dampers in each Minaret. Each viscous dampmnnected to a damping cantilever
member. Two plate girders in each minaret are nohected to the adjacent structure along
their length and are connected via a viscous damapémeir tip. This damping arrangement
controls the wind induced motions of the structure.

Each damper is to be supplied with spherical bgarifixing brackets and fixing
bolts. The viscous dampers will need to be insthilh the Minaret prior to the cladding being
applied, in order that there is not a temporaryatibn where the aerodynamic stability can
occur before the viscous dampers are operational.

The design of the viscous dampers allows for thgpteary removal of one damper
in each Minaret without any adverse effect on ttnecture. This is due to the fact that the
damping system has been designed to provide additidamping 0.6% to the structure,
effectively 0.3% per viscous damper/damping caveitesystem.



However, in the calculations of structural perfonoe, the inherent damping of the
structure (without the viscous dampers) has beaorégl. This is estimated at a minimum
value of approximately 0.3%.
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Fig. 4: Viscous damper details

Therefore, in the case when one damper is temporamoved for maintenance,
the combined inherent structural damping and thmaneing viscous damper/damping
cantilever system will provide sufficient dampirgavoid aerodynamic instability.



CLADDING

Exterior wall facades including:

a) Composite Metal Panel Fascia

b) Glass fagade and curtain walls

c) Insulated Core Metal Wall panels, including copamgl flashing

d) Natural stone cladding panels of various materfaisshes and sizes.

e) GRC (Glass Reinforced Concrete) cladding panelsaonbus patterns and sizes

f) Aluminum/stainless steel fixing and support systetimsrmal insulation, waterproofing
coating and vapor barriers for all types of pafisted above

g) Minaret Metal Cladding

h) Calligraphy Embossed Coating

Cladding Types
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-B1

Fig. 5: Cladding types

The text of the calligraphy will be laser cut frami0mm stainless steel plate and will contain
parts from the Quran. It will be applied on the Mos columns and roof.
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Fig. 6: Roof system with GRC panels

CONCLUSIONS

This complex geometry building is another examplexzellent use of structural steel in order
to achieve unique shapes for facades, and to cemdna provide supporting system for
various types of architectural cladding and roofingterials. Glass and Cladding specialist
subcontractors will provide solutions for fast et installation as well as structural and
architectural detailing. Challenge will be the pgopo-ordination between different trades and
particularly cladding/steelwork at the interfaces.
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Fig 7: Overall view of the project — Completed (Image)

ITEPIAHYH

To Kévtpo Iohapkdv Znovddv oto Qatarsivol £va KTiplo cUVOMKNG ETPAVELOG
45,000 M kat Bpicketar oV TpmTEVOVGO TOV KpoTdiov, Tnv Doha. Amoteleiton amd ™
Biprob1Kn, T0 YDpo Tov TTovemouiov (aibovoeg didackariog), Thv aibovoa cuvedpimv
Kot StoAéEewv, To Tapl Kot Toug EMKAMVEIS LvopEdeg

O1 oot 6poot sivar mhaicio O.X pe toyeion evd 1 0poen ivar LETAAAIKNY Kot
amoteheiton omd €va GOOTNUHO KLPIOV Kol OELTEPELOVGMOY dokMV oTNPouevn o€
VTOGTVAMUOTA KATOw oo T omoia etvar emukhvi. H petaddikn katockevn £xel GLVOAKS
Bapoc 320C ko amoteAel Tunpa g O6Yng ™ PrpAtodning kot tov Iavemotpiov, kabhg
Kot Tov petafintov Hiyyovg tlaptov.

To mepiocdTeEpo acLVIHOIGTO Kot SVCKOLO TUNLA TOL £PYOL gival ot dVo emikAMveig
pwvapédeg ol omoiot eivan TpdPorot o€ yovia emikiiong 25 popdv kot péytotov Hiyog 80 .
AmotehoOvior  omd  GLYKOAANTEG  OwTopéG  UETOPANTOL  OTATIKOD VYOLG Kol M
0.EPOSVVOLLKT) GUUTEPLPOPA TOVS KaBopileTal amd amocPesTtnhpeg, o1 0moiot ToTobeTOoVVTaL
KOTO TO UNKOG TOVG.

Emiong evolapépov £xouv ot S1apopeTikol TOHTOL EMKAADYEMVY Y1 TIG OYELS KOl TNV
0poPT OMMC TO. TOVEAN VOAOTAIGUEVOD GKLPOSERNTOC o€ €101KG. oynuata (Tpiymvo 1
poupot) kot didtasn.



