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Summary

A folded dab system was developed for the twin towers of "WestendDuo" in Frankfurt. By
integrating the building services within the structure of the slab, the thickness of the slab system can
be minimised. At the same time, the stiffness of the dlab structure can be increased by inserting
girders, resulting in a column-free floor plan.

This report describes the devel opment of such a slab system for tower blocks and the core-and-shell
work for WestendDuo.

Keywords. Slab load-bearing structure, high-rise, tower block, integration of building services and
load bearing structure, profitability, steel girder slab, prestressed concrete girders,
hybrid construction.

1. Introduction

A centra issue in the planning of multi-storey buildings is the design of the storeys in the ground
plan and elevation. Both the efficiency of the ground plan and the possible number of storeys
substantially determine the profitability of the project. For the construction of the twin blocks of
"WestendDuo" in Frankfurt entirely new concepts were developed and realised.

The owner Hochtief Projektentwicklung called fo r bids for this project in 2001. From the
competition stage, the architects, KSP Engel und Zimmermann of Frankfurt brought in Lemon
Consult for the planning of the building services and Weischede Herrmann und Partner for the
structural design.

2. Competition design for WestendDuo

2.1 Assignment
In the bidding invitation, the owner formulated the following requirements:

* Maximum flexibility in the ground plan of standard storeys is required. Individual, team and
open-plan offices should be possible. The clear storey height should be a minimum of 3m
everywhere.

» Theoverall height of the building is limited to 100m by the municipal land-use plan
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The architects developed twin towers adapted to the surrounding properties (fig. 1). The two wings
are at an angle to each other and adopt the alignment of the respective adjacent property. The
resulting gap provides space for elevators, various vertical connections and special areas.

The standard ground plan with team offices (fig. 2) has a central corridor and two rows of offices.

North tower
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South tower

Fig.1 Photo of themodel (KSP  Fig. 2 Sandard ground plan (KSP Engel und Zimmermann)
Engel und Zimmermann,
photo Thomas Ott)

2.2 Development of a new integrated slab concept

The profitability of a project, in particular one involving high rise buildings, is directly determined
by the number of storeys that can be realised within a given overall height. Against this background,
the planning team carefully studied how to reduce the storey height. Given the required clear storey
height, this meant that the height of the slab system must be reduced.

To achieve this, we decided, as |
shown in fig. 3, to split the building b
: =

services in the ground plan into two o
groups and to place them 7
respectively under and above the )
ravw slab. Compared with the | QQO i
standard solution, cavity floors for | \
power and network are needed only
in the office area. The ceiling
cavities for fresh and waste air are
needed only in the corridor areas.

The dlab separating two storeys can be placed respectively below or above the cavities, and
therefore has a vertical offset, which leads to the loss of its load bearing capacity. Girders with the
height of the whole slab system undertake the load bearing. The building services are integrated into
the girders. Rearranging the building services increases the structural height without loss of
functionality. The resulting slab system is thinner.

Fig. 3 Splitting of the building services
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The dab system shown in figs. 4 an 5 was developed. Main girders each 2.7m span the entire
ground plan without interior columns. The main girders embed into the rim girder offset from the

cladding. The rim girder collects the load from the main girders and transmits it into the cladding

columns placed at intervals of 8.1m. Both main and rim girders are designed as composite beams

with the concrete slab on the steel flange. Fire protection is achieved by reinforced steel casings.
The columns are realised as slim composite columns with a steel core and a steel jacket.

Load-bearing structure and building services are tightly interwoven in this slab system design.
Structural considerations played an equal part in the design:

e Fresh air, coming from vertical
ducts in the core, is led into the
central axis of the ground plan,
and is distributed to the offices.
The necessary large openings are
possible at midspan, as shear
forces are low there.

* Waste air is channelled under
the dlab and along the cladding
to the core. To redise this
without interfering with the rim
girders and columns, the
columns were dlightly offset
behind the cladding.

» Thewiring for power supply and
computer networks run on the
slab in the office area. A circular
system is possible. These lines
also require openings in the
girders. However, as these are
smaler than those for the
ventilation, they can be placed
close to the supports.

The overall height of the dab
system results from the height of
the girder and the floor covering
and is only 53cm. Together with
the required 3m clear storey height,
this yields an overall storey height
of 3.53m. Considering the higher
storeys at the bottom and top of the
building, 25 standard storeys can be
built with a total building elevation
of 100m.

As will be shown later, with this
construction system, more storeys
can be built than with a standard
slab construction.

The development of this new
integrated and folded slab system
was an important criterion for the
success of KSP Enge und
Zimmermann in the competition.
The decisive arguments for the
owner were the following:

....... Power, network/LAN

section aa | HV _’

Fig.5 Bottomview and cross section of the slab with
building services, south tower
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 level underside throughout the ground plan

* nointerior columns

» wide spansin the cladding

» gpaciousness and high flexibility of use in the ground plan

* more standard storeys realisable than with a standard slab solution

3. Development of the design during the planning

During the design phase, the concept for the slab structure developed during the competition was
optimised in several aspects and adapted to the modified requirements.

Both the number and size of the openings in the main girders increased as the planning of the
building services progressed. The composite beams with reinforced steel fire protection casings
planned during competition could no longer be used due to the reduced amount of casing concrete
in the area of the openings. We then decided to use steel with afire protection encasement for the
main girders. The folded slab separating the storeys now only serves to bridge the gap between the
main girders.

The rim girder was also reworked during the development phase. A concrete beam prestressed by
individual strands was examined as an alternative to the composite girder planned during the
competition. The route of the strands was chosen so that the moment distribution due to prestressing
acts against the moment distribution due to loading. Results have shown that displacements of the
dab’s rim could be better controlled, especially an the front side of the ground plan. Further, the
prestressing of the rim girder enclosing the entire ground plan leads to compression in the whole
standard storey slab. The horizontal in-plane load from wind and vertica misalignment of the
columns can be carried without further measures.

While retaining the idea devel oped during the competition, the composite slab evolved into a hybrid
dlab system.

4. Profitability of the slab construction

Both the owner and the planning team thoroughly scrutinised the profitability of the elaborate slab
system. The new slab design was therefore set against a standard solution for the same ground plan
in a cost-benefit analysis.

The standard solution is based on the construction principles of a flat reinforced concrete slab.
cladding columns and interior columns on one side of the corridor are used. To limit the bending of
the slab edge the distance of the columns has to be diminished to 5.4m. The power and network
wiring run through a cavity flooring placed on the raw dlab. For the fresh and waste air ducts, a
suspended ceiling is needed, at least in the corridor area. The flat reinforced concrete slab bears the
loads and is approximately 25cm thick. The construction height of the slab system results from
20cm cavity flooring, 25cm concrete slab and 35cm suspended ceiling in the corridor and adds up to
80cm. With arequired inner height of 3m, the resulting storey height is 3.8m.

Considering the higher storeys at the bottom and top of the building, 23 standard storeys can be
incorporated into a building 100m high two lesst han with the folded slab system.

For the usua solution with 23 standard storeys (1000mt each) and costs of approx. 95 /mt, the
resulting slab costs are approx. 2.2 mill. .

For the folded slab system with 25 standard storeys (1000mt each) and costs of approx. 165 /mft,
the resulting slab costs are approx. 4.1 mill. . The additional costs compared with the standard
solution are 1.9 mill. . The additional floor space is 2.000mt.

The dead weight of the folded dlab system is substantially lower compared with the standard
solution. Both columns and foundation can be minimised in comparison with the standard version.
The resulting cost reduction was not taken into account.

The version with the folded slab system provides two additional storeys of rentable area, and, at the
same time, rentable area of higher value, because interior columns are not needed and less cladding
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columns are used. The increased rental revenue by far outweighs the higher construction costs and
the resulting financing requirement. Hence the profitability of the project is increased despite

significantly higher building costs.

5. Execution of the load bearing structure

The building complex WestendDuo
comprises two connected office
towers, an annex building approx.
20m high and a residentia
building. Fig. 6 shows the complex
during construction. The annex and
residential buildings were built as
reinforced concrete frame
constructions and stand with the
high rise buildings on a common
four-storey basement.

The tower blocks are stiffened with
two staircase cores and two further
cores containing the lifts and
sanitary facilities. Due to their
centra position, the cores are
largely overloaded and could be
realised with a wall thickness of
just 35cm and normal concrete
C45/55. All four cores are built-in
both in the basement block and in
the floor slab. The 1.8m thick floor
dlab is complemented by piles with
a diameter of 1.2m and a length of
25m to form a combined pile-raft
foundation. As a result of the low
dead weight of the slabs and by
using composite columns, the
dimension of the columns could be
minimised. The diameter in the
ground floor is 61cm with a load of
16MN and reduces to 24cm in the
25" floor.

Fig. 7 shows the bottom view of
the folded slab with main and rim
girders. In addition to its structura
functions (slab and plate), the 15cm
reinforced concrete slab meets the
high fire protection (R 120) and
soundproofing requirements.

Fig. 8 illustrates the cross section

Fig. 7 Bottom view of slab, south tower

of the dlab with a side view of the main girders and a cross section of the rim girders. The main
girders span approx. 12m and are realised as welded H-beams. The cross sections of the main girder
in the office and corridor areas are shown in fig. 9. The main girders which end at the core with a
span of approx. 7m were economically realised with standard beams (1PE 400).
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/Main girder <

\Rim girder <

Fig. 8 Crosssection 1-1 of folded slab and visualisation

The fire protection encasement for the bottom flange of the steel beam was placed into the form-
work. Using high-grade materials, the thickness of the encasement was minimised to 1.5cm. The
remaining parts of the beam were cased with fire protection lining during the finishing work.

The highly perforated main girders
are connected to the rim girders with
shear connectors and reinforcing bars
(fig.10). Bearing in mind the
anticipated deformation, the rim
girders were partialy prestressed
according to the moment curve, using
single strands with a diameter of
15.7mm. The load transfer into the
steel core of the composite column is
ensured by shear connectors.

The inner joists resulting from the
dab folds are redlised as non-
prestressed reinforced concrete joists.
They connect the main girders and
contribute to the attenuation of
vibrationsin the slim slab system.

Fig. 11 shows both a top and bottom
view of the standard slab during
construction. The core and shell work
finished in February 2006. Both
cladding and interior works are
currently in progress.

The chosen system alows for an
accurate fitting and simple mounting
of the prefabricated steel beams,
which are then complemented on-site
with concrete to yield a dtiff
reinforced concrete and composite
slab system. On site, a 5-day cycle
per storey (approx. 1000mt) could be
achieved.

Section A-A (office region) Section B-B (corridor region)

fire protection
encasement

Fig. 9 Cross sections of main girder
Section D-D
composite

column

prestressing
members

Section C-C

prestressing
members

stedl girder

Fig. 10 Cross sections of rimgirder
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Fig. 11 Sandard slabs during construction

6. Conclusion and Acknowledgements

The advantages of the developed folded slab system can be
summarised as follows: the even, joist-free underside of the
slab construction and the absence of intermediate supports
considerably increase the flexibility of use with regard to
room layout in comparison with standard constructions.
Due to the reduced height of the slab system, more storeys
can be built. The increased shell costs compared with a
standard slab construction are thus more than offset.

The authors thank everyone involved in the project for their

constructive and successful co-operation.
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Fig. 12 Completed shell in february
2006
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