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Diamond beam: Post-tensioning
delivers on Sheffield Uni vision
The university’s £81m
Diamond Building saw
CCL achieve major
savings through valueengineering, writes
Adam Sweet
At £81m, the Diamond Building is
the University of Sheffield’s
largest ever investment in
learning and teaching.
Designed by Twelve Architects
and constructed by Balfour Beatty,
it is home to undergraduates from
the Faculty of Engineering.
It also houses specialist
engineering labs and boasts
teaching facilities, library and IT
services, and student study spaces.
While the original
specification called for voided
slabs, CCL carried out a valueengineering exercise at tender
stage at the request of Balfour
Beatty and concrete framework
contractor Moortown Group, and
redesigned the concrete slabs as
a post-tensioned installation.
CCL overcame one of the major
engineering challenges of the
Diamond, thanks to the design
and installation of two exposed,
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tapered post-tensioned transfer
beams, which enabled the first
floor lecture theatre to offer
unrestricted, column-free views
for students.
Function and form
The original design for the
column-free lecture theatre had
called for steel plate girders to
support the load from the
columns above, which continue
up to roof level.
It had become apparent,
however, that this would be
expensive to fabricate and
logistically difficult to deliver, so

CCL was commissioned to design,
engineer and install posttensioned transfer beams across
the 15 m span.
The team designed beams that
are tapered along both their length
and cross-section, addressing the
structural demands of the building
to support the column, which was
planted off-centre, while delivering
the architect’s aesthetic vision for
a feature that “reflects its own
engineering purpose”.
To install the beams, a plywood
platform was constructed at the
lowest point of the beam and from
here the angles were built up
Typical formwork and back
propping layout showing one level
of back propping

using plywood until all but one
section was in place. The missing
section was used to access the
inside of the structure to place the
reinforcement and the tendons.
The remaining section was then
installed to enable the concrete
pour to take place.
Converting the slabs from a
voided slab design to a posttensioned flat slab solution
reduced the depth from 500 mm
to 350 mm, increasing the
available space in the ceiling void
and aiding co-ordination of the
building services installation
through simpler cable and
pipework layouts.
The change to post-tensioned
slabs also reduced the
environmental impact of the
build, requiring less steel, less
concrete and fewer deliveries to
site, saving on cost in the process.
By switching to post-tensioned
slabs, CCL saved around £750,000
across the building’s four storeys.
The process of post-tensioning
uses concrete’s compressive
strength to make it around 30 per
cent more efficient. It does this
by introducing compressive
stresses into areas where tensile
stresses would otherwise develop
under load, thereby enabling
increased performance with a
reduced slab depth.
Jet-engine resistance
The strength provided by posttensioning was particularly useful
in construction of the level one
slab, which is designed to have a jet
engine for educational purposes.
CCL designed the slab to withstand
accidental load in the event of jet
engine failure and to cope with any
vertical or horizontal load exerted
when the engine is in use.
The stiffness and strength of
the post-tensioned slabs at the
Diamond helped to limit edge
deflections and prevent damage to
the intricate cladding system
specified across all four storeys of
the building.
Installation of CCL’s bonded
XF Flat Slab system at the
Diamond involved fixing liveend anchorages to the formwork
edge board, along with the pocket
formers required to create the void
for the anchor head to allow
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“CCL designed the
slab to withstand
accidental load in
the event of jet
engine failure”
stressing. Duct was then laid
out, connected to the live-end
anchorages and sealed, the posttensioning strands being pushed
through the duct.
With the tendons prepared,
they were profiled using chairs
as supports, simulating the
bending moment to balance
the load. Grout vents were
installed to enable the grout to
be pumped into the duct after
stressing, completing the posttensioning layout ready for the
concrete pour.
Following the pour, the
concrete was allowed to cure and
wedges were installed in the
anchor heads to enable initial
stressing at 10 N, minimising
shrinkage and early-age cracking.
When the concrete had cured to a
strength of 25 N (typically two to
three days after the pour) and the
concrete strength checked, the
final stress of 80 per cent of
stand UTS (ultimate tensile
stress) was applied.
Finally, the extensions were
checked and signed off by CCL’s
engineer, enabling the strands to
be cut, the voids to be packed and
the tendons grouted.
Post-tensioning is used in the
majority of concrete construction
projects in the US and posttensioned slabs are a common
feature across the Middle East,
Europe and Australia.
The cost savings, speed of
installation and height/weight
advantages post-tensioning has
brought to schemes like the
Diamond demonstrate why it is
now increasingly popular in the
UK too.
Adam Sweet is senior design engineer
at CCL
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DfMA showcase on the
banks of the Thames
Ramboll makes the
case for DfMA with the
Merano Residences
project on Albert
Embankment
The Merano Residences is a
28-story residential and
commercial building on Albert
Embankment in London, and
one set to not only be a showcase
for DfMA but for the benefits of
concrete construction.
Ramboll’s client, St James,
wanted to provide a highquality mixed-use development
on a constrained site, and had
envisioned the creation of large,
unobstructed living spaces.
Ramboll was therefore faced
with a number of challenges,
including providing a stability
system that was both functional
and creative and had to deal
with large clear span floor slabs
with unobstructed views.
The restricted site area and the
need to minimise disruption
around the site meant that
offsite manufacture was an ideal
solution; the use of concrete was
a crucial element of this.
The structure consists of a
hybrid precast reinforced
concrete frame supplemented
with external, steel crossbracing.This hybrid approach

used external steel nodes cast
into the in-situ slab topping,
thus taking the steel fabrication
off the critical design path and
simplifying the manufacturing
process for the precast elements.
Offsite brings the benefits
Offsite construction resulted
in numerous additional
benefits, including limiting
deliveries (and therefore
congestion around the site) and
reducing the impact on air
quality while minimising
disruption to local residents.
Prefabricated lightweight
steel balconies that provide
external living space are
located at each end of the floor
plates. A steel hanger truss
system supports the balcony
structures and provides a
distinct external feature to
the facade.
Black exposed precast stair
core walls to the rear of the
building provided an aesthetic
feature.The quality of finish was

“Merano is a clear
example of what
can be achieved
through the use of
DfMA for multistorey structures”

critical to guaranteeing a
seamless transition between
structural elements and the
colour continuity. The detailing
and smooth finish achieved
simply could not be matched
with onsite in situ construction.
A crucial client requirement
was for wide open living spaces.
One of the engineering
challenges this presented was to
reduce the number of support
columns to just 12. These are
located in the external facade
and form exposed precast
concrete feature columns.
Internal column-free spans of
9 m were achieved using a 310
mm-thick hybrid precast lattice
and insitu floor system that is
supported on precast columns.
These columns work
structurally to provide a
moment frame and limit
deflections in the floor slabs.
This resulted in complex floorto-column connections
developed to enable offsite
manufacture.
The external steel bracing
gives the building its unique
architectural identity and
provides permanent lateral
stability (resistance against
wind loading) and vertical
support to two of the elevations.
The innovative use of 300
mm-thick precast twin walls
above ground level, bearing
directly on to the central
stability wall in the basement,
reduced the requirement for
propping and shuttering on
site, saving time, materials
and labour.
Merano is a clear example
of what can be achieved
through the use of design for
manufacture and assembly
for multi-storey structures.
The government’s
Construction 2025 vision aims
to complete construction 50 per
cent faster and with a 33 per
cent cost reduction. If we are to
achieve this, our industry will
need to ensure offsite
construction options are
considered at the concept stage
of any future projects.
Gary Le Carpentier is technical director
at Ramboll UK
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