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ABSTRACT
This case study outlines the design of the new Beatrice Tinsley building currently under construction in the
Canterbury University campus in Christchurch. The building will replace the von Haast building that previously
stood on the site. The building is 4 storeys tall and is entirely of timber construction. The gravity system
comprises LVL columns and beams supporting stressed skin timber floor units. The lateral system comprises
transverse post-tensioned Pres-Lam LVL frames in one direction and concentric LVL cross bracing in the other
direction. The building is founded on the existing concrete foundations of the demolished von Haast building.
Once completed, this will be the tallest all timber Pres-Lam moment frame building in the world.
1 INTRODUCTION

a lightweight steel or timber framed building would be

The new regional Science and Innovation Centre
project undertaken by Beca Ltd (Beca) on behalf
of University Canterbury involves the design and
construction of two new buildings in the heart of
their science precinct.

These include the Earnest

Rutherford Building recently opened by the Rt Hon
Jacinda Ardern, and the von Haast replacement
building, named Beatrice Tinsley, currently under
construction.
Following

the

best to replace the existing concrete framed structure.
These lightweight structures would reduce gravity
and lateral loads applied to the existing basement
walls, thereby avoiding significant strengthening
of the basement walls to meet current design code
requirements. Timber was chosen by the team as UC
is internationally recognised for its timber engineering
research and development. Having a large multi-story
mass-timber timber building would be a showcase for
the University as well as having a building on campus

recent

Canterbury

Earthquakes,

that could be used as a live teaching example for

many buildings have been rendered unusable by the

engineering students. The single-story steel framed

extent of damage to the structure, building fabric

annex structure is seismically separated from the

and contents, and there has been significant further

four-story timber structure and is excluded from this

disruption involved in effecting repairs. This setback

paper.

in operations has impacted severely on the University
of Canterbury (UC), and therefore a key driver for
both buildings was that the Design Team investigate
solutions to limit damage under future seismic events.

To ensure that Beca captured the latest timber research
in mass-timber building design and construction, they
approached PTL | Structural Consultants to assist
with the design, challenging ideas and assumptions.

A particular key driver for this building was for the

This allowed Beca to ensure the design incorporated

Design Team to re-use the existing 1960’s concrete

the latest research, best practice and learnings, and

basement in an endeavour to save costs and to

provided Beca with independent verification of their

minimize disruption to the many essential services

design and documentation.

running through the basement that service the entire
campus.
In the early stages of the design it was identified that
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Figure 1: 3D view of the structural Revit model.

2 STRUCTURAL FORM

forming a 800x444 beam).

2.1 Gravity load resisting system

The primary beams are supported on LVL columns

Gravity loads are resisted by a proprietary floor
system comprising PotiusTM double-T ‘stressed skin’
floor panels, spanning between primary beams. The

which form part of the transverse frames.

Edge

columns on grids 10-12 are 800x350, while the central
columns on grid 11 are 1,000x300.

panels consist of 600/460x45mm Laminated Veneer

The external columns are founded on the reinforced

Lumber (LVL) joists at 600mm centres fixed to a 21mm

concrete

thick plywood layer. The plywood and joists are glued

consisting of continuous shallow strip footings.

together to act compositely under gravity loads, with

The internal columns are founded on new shallow

the plywood skin contributing to the stiffness and

pads built inside the existing basement. All timber

strength of the system. The floor joists are typically

columns extend down to approximately 1m above the

supported by the main LVL beams via nail-on plates.

ground floor where they are connected to the existing

foundations

of

the

existing

building,

basement foundations via short steel custom welded
H section columns. The steel columns are fixed to
the basement walls with chemical anchors acting in
shear to transfer the column vertical loads. There are
two reasons for using the steel columns. Firstly, this
reduces the amount of construction work required at
basement level (compared to say concrete pilasters),
where access is limited by numerous existing pipes and
Figure 2: 3D view of a typical Potius panel.

services. Secondly, the steel stubs effectively shorten

The flooring system is supported by the LVL primary

the length of the L1 columns and assist in stiffening

beams spanning in the longitudinal direction on grids

the building and reducing drift, as described in the

10-11-12. The edge beams on grids 10-12 are 800x266.

following sections.

The central beams on grid 11 at levels L3-L4-L5 are

There are two stairs in the building:

1,000x266. The central beams along grid 11 at level 1
are formed by a couple of 800x222 beams (effectively

• The internal main stair comprises ‘AirStair’
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CLT panels. For each storey, the first flight and

Figure 3: Typical floorplan.

intermediate landing are resting on timber

the existing basement walls on grids 10-12. Localized

framed walls supported by the floor structure

strengthening of these walls is required at grids VE

below. The second flight spans from the landing

and VJ, where the vertical forces due to seismic loads

to the upper floor main beam. The second flight

are greatest.

is fixed to the beam above and is simply resting
on the intermediate landing to accommodate the
necessary inter-storey drifts in both directions.
• The southern stair comprises a traditional simple
steel structure with precast treads supported on
steel stringers. The steel stringers are supported
on a gravity-only steel frame.
2.2 Lateral load resisting system
2.2.1 Longitudinal direction cross bracing

The end connections of the braces consist of couples
of steel plates slotted in the timber fixed with steel
dowels. The steel plates are connected via a pin to a
single steel plate in turn slotted through the primary
beams and/or columns.
Although the CBFs are designed as a “nominally
ductile” structural system, additional considerations
to ductile response were incorporated into the
design. The braces are designed to yield in the end
connections (dowels or pins), which is a more ductile

Lateral load resistance in the longitudinal direction

failure mechanism than compression buckling or

is provided by concentrically braced frames (CBFs)

tensile failure in the brace timber members. The

located on grids 10 and 12. The 400x266 LVL

connections are designed to be governed by yielding

braces are designed to be effective in tension and

of the dowels rather than block shear in the timber

compression. Seismic loads are transferred directly to

to achieve a more ductile failure. The ratio between

Figure 4: Elevation of longitudinal cross bracing on grid 10.
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Smith et al. 2014a; Sarti et al. 2015). Experimental
results proved the excellent performance of the
system under gravity and lateral load. Seismic testing
has shown that Pres-Lam is able to localize the damage
to sacrificial elements, while leaving the structural
elements in an elastic and undamaged state.
Several buildings have been constructed in New
Zealand using the Pres-Lam system, such as the Nelson
and Marlborough Institute of Technology (Nelson)
(Devereux et al. 2011) or the Trimble Navigation
Building (Christchurch) (Brown et al. 2014) as well
as internationally (Sarti et al. 2017). The Beatrice
Tinsley building will be the tallest all timber Pres-Lam
moment frame building in the world.
Figure 5: 3D view of a typical brace-column-beam
connection.

the dowel group strength and any other non-linear
mechanism is >1.5.
2.2.2 Transverse direction Pres-Lam frames
Lateral load resistance in the transverse direction
is provided by post-tensioned Pres-Lam LVL timber
moment-resisting

frames

located

on

the

main

gridlines. This system was first developed in the 2000s
(Palermo et al. 2005) at the University of Canterbury
and extended from the PRESSS systems (Priestley
1996), representing a suitable and convenient way
of connecting structural timber elements to create
high-capacity

and

low-damage

moment-resisting

connections. When a reduction of seismic design
forces is required, mild steel reinforcing elements are
added providing energy dissipation. This creates a recentring energy dissipating system which allows the
minimization of post-event residual displacements
while providing hysteretic damping.
The Pres-Lam technology uses un-bonded bars that
run through an internal cavity in the timber member.
The basic premise to avoid structural damage is
that seismic movements are accommodated through
controlled rocking between elements, developing
elastic elongation of long lengths of un-bonded highstrength steel. Energy dissipation and additional
strength is provided by the yielding of supplementary
devices.
Extensive experimental and numerical research was
performed on a comprehensive set of structural
elements, both walls and frames, as well as on scaled
buildings (Palermo et al. 2006; Newcombe et al. 2010;
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Figure 6: Elevation of typical transverse MRF.

For this building post tensioning is provided by couples
of D36 1030 Macalloy bars running horizontally through
the 1000x266 beams and columns, providing moment
resistance. Each bar is tensioned to 240kN. Only the
beams at levels L2-L3-L4 are post-tensioned. The
beams at roof level are simply supported, with the
columns cantilevering above level L4.
To avoid compressing the column perpendicular to the
grain, steel CHS tubes are slotted in the column so
that the post-tensioning load is transferred directly
to the face of the beam, via a steel plate positioned
at the beam-column interface. This detailing allowed
additional reinforcing of the timber column to be
avoided.
Energy dissipation is provided by couples of dissipative
‘holed angles’. These are standard steel 100x10 equal
angles bolted to the face of the column and the top
and bottom face of the beams. The vertical leg of
the angles is weakened with circular holes. When
the beam-column joint opens up the angle bends and
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Figure 7: 3D view of typical beam-column joint.

yielding occurs in the region weakened by the circular
holes. This system has been extensively studied and
tested by Dolce et. al (2006) and Smith et al. (Smith
et al. 2014b).

2.3 Displacement Based Design
A Displacement Based Design (DBD) procedure was
used to design the transverse MRFs. The DBD procedure
has become a powerful alternative approach to

Diaphragm action is provided by the plywood skin of

the

the Potius floors. The diaphragm is disconnected from

representing a significant shift in the seismic design

the beams on grids 10-12 in the vicinity of the columns

philosophy due to the recognition of the primary

in order to allow the beam column gap to open and

role of displacements as reliable and direct index

the beams to effectively elongate. The joists in that

of structural (and non-structural) damage. A DBD

region are supported on joist hangers rather than

approach is particularly suitable for the design of

standard nail-on plates to provide extra redundancy

low-damage systems such as the Pres-Lam structural

in the gravity support.

system of this building. The general procedure for

The seismic loads are transferred from the base of the
timber columns via the steel columns to the existing
concrete slab at level 1. This acts as a transfer
diaphragm, transferring the loads to the existing
basement concrete shear walls adjacent to grids VD,
VF and VJ.
The design of Pres-Lam post-tensioned timber building
systems is largely in accordance with the Timber
Design Standard NZS 3603 (Standards New Zealand
1993). However, some aspects of the system are not

traditional

force-based

design

procedures,

DBD is described below. A more detailed description
of the method can be found in many other references
in literature (Priestley et al. 2007).
1. Determine structural geometry and seismic mass
2. Assume

design

displacement

profile

(to

be

confirmed iteratively)
3. Determine SDOF equivalent structure (me, He)
from design displacement profile (to be confirmed
iteratively)

covered explicitly in this standard, such as new LVL

4. Determine effective damping ξeq, based on re-

materials, timber rivets, long screws, seismic design,

centering ratio β, ‘post-yield’ stiffness ratio

and post-tensioned timber in general. For this reason,

r and ductility factor μ (β, r, μ to be confirmed

the application for a building consent followed the

iteratively based on building capacity curve and

path of an “Alternative Solution”. The acceptance

force-displacement demand curve).

of rocking prefabricated post-tensioned building

5. Choose tentative target drift (and corresponding

systems is assisted by reference to the design rules for

effective displacement of SDOF equivalent Δe).

PRESSS rocking systems in reinforced concrete, found
in Appendix B of NZS 3101 (Standards New Zealand
2006).

6. Determine corresponding base shear, based on
Force-displacement (F-Δ) demand curve.
7. Design structure

and post-tensioning

to be

approximately compatible with the displacement
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and force previously calculated.

Table 1. DDBD Parameters

8. Determine building F-Δ capacity curve based on
actual structure and post-tensioning details. An
ETABS nonlinear push-over analysis was used. Nonlinear hinges at beam-column joints were used
to account for rocking Pres-Lam connections, see
Figure 8.

Design Drift

2.3%

Return Period Factor, Ru

1.0

Re-centering ratio, β

0.8

Elastic damping, ξel

0.05

Hysteretic damping, ξhyst

0.043

Equivalent damping, ξeq

0.069

Design Spectrum Reduction Factor, R

0.88

9. Determine performance point at intersection of
building F-Δ capacity curve and F-Δ demand curve
(modified for hysteretic dissipation).
10. Repeat iteratively steps above if required to
converge to a compatible solution with acceptable
building

drifts

and

demands

on

structural

elements.

3 CONCLUSIONS
This paper has presented an overview of the
structural challenges and solutions during the design
of the von Haast building currently under construction
in Christchurch. The four-storey structure is an all
timber LVL structure, using a combination of LVL Pres-

The frames are designed to ensure that a desirable

Lam frames and LVL concentric cross bracing to resist

failure hierarchy is achieved, with yielding of the PT

lateral loads.

occurring after crushing in the timber, and only for much
greater demands than the design earthquake. Even
at 2% joint rotation, corresponding to approximately
2% drift, the strain in the PT is still approx. 55% of

The innovative Pres-Lam system has met all of the
client drivers of structural damage minimisation,
sustainable design and timber use.

yield strain. The PT bars are expected to reach yield
strain at approx. 5% drift, well above the design drift
demand. At that point crushing in the column face
would have initiated, softening the building further,
increasing drifts and reducing demands.
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Figure 8: View of ETABS model and schematic procedure for defining ETABS non-linear hinges at beam-column joints.
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Figure 9: F-Δ demand and capacity curves and performance point for one single frame.

push the boat out and do something different.
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