Design and construction of 67 m steel chimney

Isle of Man Waste to Energy Plant

G M Pinfold NCL St James Ltd

Introduction

The paper describes the design and construction of an unusually
shaped chimney for a waste to energy in the Isle of Man. It is based
on paper presented at the CICIND meeting in Berlin, Spring 2004.

Duty and visual requirements

Two 1400 mm diameter and one 700 mm
diameter steel liners to a dicharge height of
67 m above ground. Gas temperature 130°C
nominal with excursions up to 400°C.

Liners to be in accessible windshield with
fixed ladder.

Visual appearance to be based on architects
planning drawings upon which planning
permission was given. The features of this are
an external shroud with vertical “wings,” and a
base having a large cone at 45°C but with a
neck in the shaft. Props at 45°C had been
incorporated in the architects scheme and
these were used in the final design.
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Design for construction

Transport constraints limited the shipping width
to 4.1 m and lengths to 15 m. The windshield
was made 4.1 m diameter and all the shroud and
“wing” steelwork provided piece small and fitted
on site before lifting into position

The erection modules were designed to suit the
weight capacity and under hook height of the
available crane. Six modules were used with
heights of between 6 m and 14.75 m.

Modules were built in vertical orientation and
completed with shroud, wings and fully clad. The
object was to reduce risks associated with
working at height to the minimum.
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Design for wind loading

1.

Maximum wind forces from the wind tunnel tests compared
favourably with figures obtained from literature and so were
adopted.

Wind tunnel tests measured base reactions for a cantilever model
at one degree intervals of wind direction.

Assuming the shaft base pinned and ‘adding’ the pin ended props
the envelope of prop forces were calculated.

Five wind force directions were selected for final design, the +/-y
directions and those that produced the highest overall wind load,
and the maximum prop forces (compression and tension).

The five wind loadings from above were applied to a structural
model with fixed base to design the part of the shaft below the

props.

Wwind tunnel testing

Photographs of the wind tunnel model
and the orientation of the axes of
wind direction and force
measurement.

Wind tunnel tests were made by
German-Dutch Wind Tunnels (DNW).
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Wind Forces

The wind forces derived from the wind tunnel « o
tests for each degree of wind direction were
plotted in the form of a polar diagram of force \gy

direction (below right). From this it was
possible to identify the most onerous wind
force directions and magnitudes.

Wind dynamics

Wind force by direction

The wind tunnel testing showed
little scatter of force \
measurements at any angle of |
attack, and no variations in
behaviour were found over the
range of Reynolds Numbers that
could be simulated.
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Force Fy (kN)
—

The plot of dL/dB+D (bottom
right) shows that mostly the
shape is generally strongly
stable (positive values). In
this L is the lift force, D is the
drag force and B the wind
direction from the X axis.

Force Fx (kN)

Vortex shedding forces are
not determinable but to
protect against either form of
instability a Hirsch type
tuned mass damper was
incorporated into the design
to provide effective damping
at the natural frequency (1.2
Hz) of estimated 3% of
critical.

www.PinfoldConsulting.co.uk



Design for wind loading

Ty v N

= - —
wind forces derived substitute props and reinstate fixed base for
from wind tunnel tests ~ pinned base for fixed base calculating moments in
on vertical cantilever for calculating prop forces lower part of shaft

Construction sequence

1. The six shaft can sections were shipped to site and set up
vertically ready to accept the liners, ladders, platforms, shroud
framing and cladding.

2. The bottom section was set on the foundation and the remaining
modules were framed and clad.

3. Modules were craned into position and the internally flanged joints
made. Access to flanges in both shaft and liners is from the
internal floors which were set 1.25 m below the flanges.

4. The top section was lifted complete with the dynamic absorber.

5. Bracing across the joints between modules for cladding etc was
from cherry pickers or from crane suspended basket depending on
the height.

The following photographs illustrate the stages of chimney erection.
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Shaft sections as shipped set up for
completion on site (above) and
module with shroud framing fixed

(right)

Bottom section set up on foundation (below left) and diagonal props being fitted
(below right).
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Module no 4 being hoisted into position (above left) and in place (above right).

Module no 6 being hoisted (below left) and being maneuvered into position
(below right).
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Final fitting of aluminium cladding (above left) and the completed structure
(above right).
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