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ABSTRACT
This paper outlines the challenges and creative opportunities presented in the design of the newly constructed
Nelson Airport Terminal. The unique timber building combines structure and architecture to create a modular,
yet visually complex roof form. To achieve this architectural vision, the design required complex analysis and
the structural solution integrates innovative energy dissipating technology.
INTRODUCTION

STRUCTURAL FORM

The new Nelson Airport Terminal needed to provide a

The long-span timber roof sits on widely spaced

gateway to the top of the South Island, so the brief

columns, to maximise the open space and glazing

was to create an iconic, lofty space that represented

to the north, Figure 1. The roof spans 18.6 metres

the local landscape. The design needed to be modular

between columns, and each bay is 15 metres wide.

for future expansion of a growing tourism market,

This presented an engineering challenge, to form the

and locally sourced. The architectural response to

roof without a visually heavy structure. The roof was

this brief was to mirror the local Richmond Ranges,

designed as a “folded plate” structure. This system

with an undulating timber roof that sits high above

works as a deconstructed ply box beam, with the

the ground. Glazing clads most of the façade.

sloping pairs of 610x90 LVL ridge and valley beams

The building is 3800m2 of ground floor space for
retail, seating, airline operations and facilities, with
1200m2 of mezzanine area to provide office space and
baggage handling areas. The roof consists of seven

acting as the chords, and the 25mm thick plywood
diaphragm acting as the web. This bay is repeated
along the length of the building, creating the modular
mountain range profile.

repeated bays stretching over 100 metres along the

A folded plate structure is essentially a deconstructed

site. This sits atop highly liquefiable ground in a high

ply box beam. As shown in Figure 2, it is formed with

seismic hazard zone. The building is Importance Level

sloping beams that act as the chords or flanges of

3 due to its function as an airport terminal.

the beams. The ply diaphragm between these beams
provides the shear transfer between the chords like
the web of a box beam. The effective beam depth is
defined as the minimum vertical height of the roof
plane, where the ridge beams cross each other, i.e.
the point of the shortest chord lever arm.
Due to the repeated nature of the folded plate
roof, one bay was analysed, shown in Figure 3.
The analysis of the folded plate considered several
variables, including upper and lower bound ply and
LVL properties, loading duration (which is particularly
significant in timber), and the slip of the diaphragm

Figure 1: Constructed Stage A of the New Nelson Airport
Terminal. Studio of Pacific Architecture.
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screws, which was also influenced by the duration
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Figure 2: Diagram of folded plate (cross section).

Figure 3: Folded plate analysis model for a single bay.

of the load. Design actions and displacements were

team proposed using the ply ceiling as the acoustic

initially determined by simplified hand calculation,

treatment. The plywood is perforated with 22mm

assuming a ply shear panel behaviour, then non-linear

diameter holes at 64mm centres to provide sound

finite element analysis was completed to account for

absorption/disruption.

the non-linear screw slip behaviour.

Due to the size of the diaphragm, standard ply

The plywood “web” of this folded plate has multiple

sheet sizes would result in a substantial number of

purposes. The plywood acts as the web to the folded

ply joints (and associated high labour costs), so any

plate beam and provides the traditional seismic

screw slip would be amplified. To create a stiffer

diaphragm to transfer the inertia of the roof to the

system, Dunning Thornton collaborated with Nelson

columns. It also forms the ceiling finish and, due to

Pine Industries to design and manufacture a special

the size and open nature of the space, the acoustic

run of 25mm perforated ply in 12 metre sheets. As

performance of the ceiling is important. To reduce

the stiffness and strength of the plywood is critical to

costs and weight on the sensitive folded plate

the performance of the roof, the perforated plywood

structure, it was necessary to innovate, so the design

was tested to ensure its properties were within the
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Figure 4: Test Set-up of Perforated Plywood (Test 3, CGW
Engineers)

Figure 5: Close-up of Tested Perforated Plywood (Test 3,
CGW Engineers)

bounded analysis. The test set-up for the plywood was
designed by CGW Engineers, and the plywood after
testing is shown in Figure 4 and Figure 5. The plywood
achieved the required ultimate strength and was
within the assumed stiffnesses used in the analysis.

Figure 6: In one location, 12 beams intersect, each on a
different angle.

and tolerances. The connections were designed with a
central steel node box. Each beam has a discrete end
plate with epoxied reinforcing bars and shear keys
completed in the Nelson Pine Industries factory. These
end plates were then bolted to the central node box,

These are joined with grouted shear keys along the

as the only on-site connection.

edges to create a rigid interface, so that screw slip

GEOTECHNICAL CONSIDERATIONS

only occurs along the connection to the primary ridge
and valley beams.

Due to the proximity of the site to the local estuary,

The junction of the ridge and valley beams transmit

of liquefaction at a slightly greater than SLS event.

the chord forces from the folded plate. These beams
experienced large loads in all directions and have
added complexity from the geometry of the structure
(Figure 6). Dunning Thornton’s design concept was to
complete the complex components (e.g. epoxied rods
with acute angles) off site, pre-fabricate sections of
the roof, and then bring the components together with
simple (and square) steel-to-steel bolted connections
on-site. The detailed design of these joints was a
collaborative process between the contractor and
metalwork fabricator that considered how the joint
would be put together at height, as well as buildability
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the ground is comprised mainly of sand, with high risk
The liquefied sand has little bearing capacity, and
potential for significant lateral spread towards the
estuary – between 300mm and 400mm.
Recognising the importance of a good base under a
long-span structure, Dunning Thornton collaborated
with the project’s geotechnical engineers, Cameron
Gibson Wells, to evaluate various options and assist the
client in understanding the risks associated with each
option. This led to a piled foundation solution despite
the lightweight structure above. Piles are concrete
filled bottom-driven steel tubes, with pinned heads
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to reduce moment imposed by the lateral spreading.

The lateral resisting system in the short direction

The foundations are a grillage of reinforced concrete

across the building consists of 15 cantilevered

beams, with precast rib flooring. The building is over

LVL columns, staggered along each façade. The

100 metres long, so the foundations are post-tensioned

longitudinal direction (along the 105 metre length)

along the length to resist the tension produced by any

consists of a central “moment-resisting frame”

differential lateral spread.

formed by the “diamond” clerestory LVL beams and

SEISMIC DESIGN

seven LVL columns. The diamond beams follow the
shape of a traditional beam bending moment diagram.

The seismic demands on the building are relatively

The “moment” is generated through a tension and

high, and the timber structure was tall and flexible

compression couple in these beams which create a

with little inherent ductility. The site is Soil Class D,

push-pull on the column, shown in Figure 7.

and the building is Importance Level 3 as an airport
terminal. Nelson has a medium to high level of
seismicity (with a hazard factor of 0.27).

As in most timber structures, ductility was required
through an additional damping mechanism. The

Figure 7: Longitudinal frame force diagram.

Figure 8: Erected longitudinal frame.
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preliminary structural design proposed a rocking

of the column cantilevered down to take out shear.

system with mild steel dampers at each connection

The timber was analysed using strut-and-tie principles

to provide damping. This would be post-tensioned

(from reinforced concrete design). Pins were used to

to provide re-centring force, and to achieve a flag-

create compression struts parallel to the column grain.

shaped hysteretic loop.

The resulting perpendicular-to-grain tension forces

During design development, the Resilient Slip Friction
Joint (RSFJ) was investigated as an innovative
alternative to the post-tensioned rocking system. This
connection achieves the desired damping component,
and the re-centring, in one “plug-and-play” element.
The RSFJ has a flag-shaped hysteresis and does not
rely on the plastic behaviour of steel.

were reinforced with specialistic large-diameter fully
threaded screws. The strut-and-tie assumption was
put to practice as a full-scale prototype column was
tested at The University of Auckland with the RSFJ in
place. Small splits appeared in the column at the reentrant corners as expected. These splits propagated
only to the screw locations.

The highest point of the roof is 12 metres above the
ground floor slab, so the timber structure is stiffnessgoverned. Even though the columns are 1220mm by
300mm, which is a full LVL billet, cold-laminated to
the maximum thickness, the elastic component of
the hysteretic loop is significant. The height of the
columns also meant that any additional rotation at
the base was amplified. The high initial stiffness of
the RSFJ before the “slip” point was important to
keep the overall drift down.

CONCLUSION
The Nelson Airport Terminal project had several
challenges due to the site and ground conditions,
and the architectural brief of height and space. The
project would not have achieved this grand vision
without innovation and collaboration between Dunning
Thornton, Cameron Gibson Wells, Tectonus, Nelson
Pine Industries and the contractor (and a client willing
to explore these opportunities). The partnership with
Nelson Pine Industries and the contractor in developing
the long-run perforated ply and noded connections
allowed the folded plate roof to have light structure
and loftiness. The development and integration of the
RSFJ connection enhanced the seismic performance
of the building, making the grand heights of the roof
possible, while keeping the column sizes proportional
to the space (and economical).
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INTEGRATION OF RSFJ INTO TIMBER COLUMNS
The connection of the RSFJ into the columns was
inherently at the location of the highest stresses (to
achieve an efficient hysteretic response). As the RSFJ
devices were intended to resist axial loads only as
they opened and closed under the seismic forces, part
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Figure 10: 3-D Exploded view of RSFJ connection at base of column from structural drawings.

Figure 11: Full scale test of RSFJ to LVL column connection by Tectonus at The University of Auckland.
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