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Wind tunnel model.

Gibsin studied several possible solutions
and specified domes clad with aluminum
sheeting and with a structure made of
galvanized steel or aluminum. Shortly
thereafter, it became apparent in the
procurement procedure that galvanized
steel would be the best alternative for the
structure, as it would provide superior
strength, flexibility in schedule and
because it used round tubular members
(which preclude dust accumulation on the
members), all for a more competitive price.
Taiwan Power conducted a second
round of bidding in mid-2005, and the
team consisting of Triumstar International
Co. Ltd, Geometrica Inc. and Chien Yang
Construction and Engineering Co. Ltd was
successful. At last, the dome cover project
was underway.

Progress of construction (May 2007).

Planning and design

Chao Lin Der and Lee Cheng-Chieh,
Gibsin, Simon Huang, Triumstar, and
Dr Raul del Toro, Geometrica, inspect
the pressure tap manifold held by
BMT’s engineer.

Typical wind load pressure map.

The detailed specifications and bid
conditions called for several special
requirements, including turnkey delivery,
an ambitious project schedule and a very
critical design wind speed of a 65 m/s, 10
minute mean measurement at 10 m above
ground (equivalent to 94 m/s gust).
The single-source and tight schedule
requirements demanded fluid cooperation
between the parties working on the
project. Triumstar and Geometrica had
over ten years of experience cooperating
to build domes. For Hsin-Ta project,
Triumstar handled the project management,
procurement, administration and
engineering of ancillary components of
the dome; Chien Yang cooperated with
Triumstar in the installation; and Geometrica
handled the engineering, manufacturing and
technical assistance during installation.
As the first step in the engineering,
Triumstar and Geometrica retained UKbased BMT Fluid Mechanics Ltd to
determine the structural loading to be
applied to the domes for design using a
wind tunnel test.
BMT’s testing confirmed the safety of the
specification and provided four critical load
cases for each of the four domes, in each of
36 possible wind directions. The load cases
were:
l
l
l
l

First dome complete.
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Maximum horizontal shear.
Maximum uplift.
Maximum downforce.
Maximum vertical shear.

In an extraordinary event, with 94 m/s
gusts, the testing showed localised pressures
above 5 kPa in large regions and exceeding
12 kPa at locations on the units’ cupola.
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Completed domes.

Structure installation.

Maximum uplift reached 61 MN, quite
possibly the largest load for which a dome of
these characteristics has ever been designed.
The horizontal shear reached a magnitude
of 26 MN.
The high loading required a double-layer
space frame solution for the geometry of
the structure. In order to efficiently resist
the widely varying and reversing loading
conditions, the layers of the structure were
fully triangulated. Further, Geometrica
engineers reinforced each layer by increasing
the density of the mesh. This was possible
www.worldcoal.com

because the structural system transfers
moments through the joints. The reinforced
triangular modules are approximately 1.2 m
long and 1.4 m deep.
Geometrica engineers modelled the
effects of dead and live loads and support
displacements, as well as earthquake,
temperature and wind, in nearly 50 basic
load cases and 100 load combinations, and
analysed the structure linearly.
Further studies included dynamic and
non-linear analyses, which confirmed that
the structure was not subject to windinduced excitations or buckling effects.
Gibsin engineers verified that the reported
displacements and stresses were within
its specification and gave the go-ahead for
manufacturing. In the final design, each
dome weighed approximately 750 t.

Manufacturing and
construction

Triumstar procured most materials in
Taiwan, and Geometrica fabricated the
structure at a facility in Kaohsiung. The
structure in each dome consisted of

37,000 nodes and 120,000 galvanized steel
tubes, plus assorted purlins, hardware
and accessories. Additionally, Triumstar
procured the cladding and catwalks for the
structure locally. All structural materials
were packaged in crates each weighing
less than 2 t and carefully labelled to avoid
having to sort materials in the field.
Construction onsite started in July 2006.
Triumstar assembled the domes using the
‘perimeter-in’ method of construction. The
installation process began by setting the first
nodes and tubes on the supporting concrete
wall. Each 3 to 5 tubes were joined to one
node forming ‘spiders’. Each spider was
then raised to the work front and tapped
into place, creating rings around the base
that grew, one on top of the other, until the
whole skeleton of the roof was formed.
Triumstar used a crane to align the structure
as assembly progressed. Coordination with
other trades, such as the stacker/reclaimer
installer was easy, as the area under the
dome was free of obstacles. No scaffolding
or other special equipment was required,
and the project was completed with a perfect
safety record.
Final construction of the domes ended
with the addition of catwalks, the cupolas,
energy saving ventilation, fans and
skylights.

Project completion

Turnover of the domes and testing of
the first silo started in October 2007,
approximately 16 months after start of
construction. The completed domes are
evidence of the careful planning, execution
and cooperation between the companies
involved in the project, and attest to Taiwan
Power’s commitment to a clean and safe
environment.
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