



































Performance

Numerical and physical modelling are fine,
but the main concern of the client is: Does
the result work in practice? Much has been
written about the lack of measured perfor-
mance data in buildings and Arups were
fortunate in this instance to have the support
of the client and the assistance of the
Building Research Establishment for a limited
measurement programme during the sum-
mer of 1994. Air flows and temperatures were
measured in a typical teaching room using a
tracer gas and thermocouples. Data logging
equipment recorded the conditions on a
continuous basis for later analysis.

13. Teaching building from the main entrance.

12.
Construction
work in progress.

At the same time external temperature, and
wind speed and direction, were also recorded.
The results were presented in a paper to
the 1994 CIBSE National Conference. In
essence, at high outside temperatures the
ventilation performed satisfactorily as Arups'
predictions indicated it would, but the com-
bination of high outside temperature and no
wind was a rare event suggesting that for
most of the time wind-driven forces domi-
nate. For a single-storey building the pres-
sure differential generated by buoyancy is so
low that wind speeds need to be less than
1.5m/s for buoyancy to dominate.

Structure

The roof is constructed from double-curved
universal beams spanning 10.75m at 2.25m
centres, supported on slender exposed steel
posts. The tapered ends of the posts and the
connections are steel castings. To prevent
moments developing in the tapered ends, the
posts are supported on spherical bearings,
the most economical design being a standard
SKF bearing fully contained in a grease-filled,
cast steel housing.

The roof finishes are an upside-down roof sys-
tem covered by glazed clay tiles 615mm long
by 300mm wide. To hold them on the slope,
while minimising penetrations, they are laid in
a net of stainless steel wires and angles which
is only fixed at the top. The tiles are loose laid
and so depend only on gravity to hold them
down. Based on research which has been
done on tiles in upside-down roof construc-
tion, a general tile thickness of 35mm was
recommended, increasing to 70mm in the
higher wind suction zone around the edge. In
practice the supplier increased the general
tile thickness to 50mm to suit manufacturing
constraints.

Conclusion

Construction work began on site in
September 1991 and the college opened for
the first student intake in September 1993.
Staff and student response so far has been
positive, with the spirit of Pothcurno alive and
well on the new campus. While the design
and development of the teaching block roofs
tell only a small part of the overall story, they
do capture the imagination and encapsulate
the advocacy of integrated engineering
design. The apparently effortless simplicity
of the solution belies the intellectual effort
and technical complexity underpinning it.
This is how it should be and is the undoubted
hallmark of good design.
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14. Leisure building bar seen from access bridge.
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A Japanese Design Guide gives
tables and equations for calculating
steel properties at elevated temper-
atures, and in particular changes in
yield stress and elastic modulus as
temperature increases. It is possible
to estimate the temperature of the
steel when exposed to fire, taking
into account the rate of heat release
of the fire and the potential expo-
sure of the vulnerable elements.

Structural calculationcan be made
of the imposed load on any
particular element, subject to the
altered steel properties. In this way
it can be established whether an
element is subject to excessive
loads, the concept of a universal
failure temperature is thus avoided.

It is accepted in Japan and else-

where that all exceptional loads for
which the structure is designed will
not act at once. In Japan structures
are designed to resist loads due to

lllustrations:
Trevor Slydel

earthquake, snow and high winds,
which means that under normal
conditions the elements are relatively
lightly stressed. This gives higher
failure temperatures for structural
elements and correspondingly longer
survival times for the structure under
fire conditions.

The analyses for the steel were
performed in two ways. Assuming
initially that there is a fire which is
growing rapidly, the calculations
showed that the steel would survive
without undue deformation for the
escape period. The calculations
were then repeated for a serious fire
with no intervention by firefighters.
It was shown that though local
damage would occur, even in the
worst case there would be no
progressive collapse.

The study group accepted the
arguments. However, a view was
expressed that an extra level of
safety should be introduced since
damage to a major building in the
event of fire might be unacceptable
for political reasons. It was
suggested that use of intumescent
paint might be appropriate.

This was notable, since intumescent
paint was not at that time approved
for use in Japan. That position is now
changing, partly as a result of its use
for the airport.

It had been fitted with seismographs, and so
horizontal and vertical ground acceleration
data are now available, measured at base-
ment level and at the roof. Preliminary infor-
mation suggests that the severity of the
earthquake was less than a level 1 event, but
with a large vertical component. The struc-
ture was designed to withstand such an
event and its performance is no surprise, but
it is particularly satisfying that there was no
damage to the cladding systems. Their sur-
vival depends on the predicted movements
and complex joint details which absorbed so
much design effort.

Wind

Japan suffers from hurricane wind condi-
tions, design pressures being given by the
BSLJ. For this project, a wind tunnel test was
commissioned to establish pressure co-
efficients for the building generally, as well
as local coefficients to be used for cladding
elements and various canopy and overhang
conditions. Because of the building's size
and exposed position, a 10-second gust
averaging time was used for design of the
primary structural elements, with a 40-
second gust for overall building loads.

A static model tested at Bristol University pro-
vided the required design data. Typical (one-
second gust) wind pressures on the fagades
were 1.8kN/m?, but with local pressures on
cladding up to 4.0kN/m? Later, during
detailed design, the arrangement of the
cantilevered landside canopy under a parti-
cular condition was found to be excessively
flexible, and a separate dynamic wind model
tested at Rowan Williams Davies & Irwin
laboratories in Canada confirmed its
dynamic response and to ensure that there
was no long-term risk of fatigue.

Structural form

Floors

These are steel moment frames with concrete
floors cast on steel deck plate - a common
and effective form of construction in Japan,
providing a ductile structure able to absorb
the maximum energy in a seismic event.
Spans are typically 14.4m.

MTB roof

The MTB roof structure is formed by three-
dimensional triangular section tubular
trusses spanning onto splayed support legs
82.5m apart. The shape generates arch
action for vertical loading, but acts as a
bending frame under seismic load along the
length of the trusses. Any structure of this
kind provides limited ductility since individual
members can fail by buckling, so for a seis-
mic event in the direction of the truss spans,
BSLJ demands that the design is elastic, with
design loads selected according to the slen-
derness of individual elements.

In the other direction secondary beams,
spanning continuously across the tops of the
trusses at about 4m centres, form plastic
hinges close to their support points and so
provide energy absorption. This form was
adopted in preference to the cast-steel
brackets envisaged at competition stage,
with corresponding fabrication benefits. In
this case the braced roof surface can carry
the distributed lateral loads to the splayed
support legs and so to the framed structure
below (Figs. 7-8). At landside, each roof truss
extends beyond the splayed support legs to
form the roof to the Canyon. A single prop
supports the truss from a frame at the land-
side of the Canyon, after which the roof can-
tilevers a further 15m to create a canopy over
the access and drop off areas. Since the

7. MTB roof trusses, and (below) 8. during erection in April 1993

landside frame is structurally separate from
the main floor frames, the two structures
could move laterally out of phase with each
other in an earthquake. The single prop sup-
port has spherical bearings at each end to
permit relative lateral movement in all direc-
tions. At the airside of the MTB, the main
trusses merge into the Wing structure at a low
point corresponding with one of two major
gutter lines.

The Wings

The Wing structure covers a 20m wide space
from the airside edge support to a series of
columns at the base of the Wings. The com-
prehensive solution - in effect a half-portal
spanning across the 20m space - turned out
to need a structural depth of around 1.5m.

A series of such structures viewed along the
length of the Wings would have presented a
substantially ‘solid' appearance to observers,
so instead a lattice shell structure was devel-
oped, spanning longitudinally, and resulting
in @ much more slender appearance. Its
cantilever supports act as ‘springs’ on the
airside, alleviating the differential settlement
effects which otherwise would have induced
unmanageable imposed deflections and
stresses. Circular hollow section (CHS) ribs
occur at 7.2m centres with high strength tie
bars in a 'spoke' arrangement to restrain the
shape of alternate ribs and so act as a
diaphragm. Longitudinal rectangular hollow
section (RHS) members are fixed to the out-
side face of the ribs to which the cladding
and glazing is fixed. Diagonal RHS members
complete the shell surface.

The shell was analysed using the FABLON
program, which takes account of the dis-
placed shape of structure under load and
can simulate buckling.
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