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ABSTRACT
Post tensioned timber (Pres-Lam) technology has matured to the point where it is now transitioning from
the laboratory to the construction site. During the onsite construction of Pres-Lam frames, the detailing of
the beam column joint zone has proved critical in order ensure both cost effectiveness and excellent seismic
performance. Careful detailing is considered fundamental to the commercial uptake of Pres-Lam frames.
Previous experimental testing at the University of Canterbury has shown that these systems provide excellent
seismic resistance, by combining energy dissipation and recentering, however this research was necessary to
establish economical details for the beam column connection.
This paper presents the experimental testing of a number of full-scale beam column joint specimens. The
design and performance of alternative energy dissipation and joint reinforcing solutions are compared. Each
configuration was subjected to cyclic displacements up to 3% drift to evaluate the seismic performance in terms
of energy dissipation, recentering and cyclic stability. Aspects of constructability and reparability are discussed
including the ease of repair and possible deterioration of seismic performance. The results show that Pres-Lam
frame structures are able to provide excellent seismic performance, provided that there is careful detailing of
the beam column joint zones.
1 INTRODUCTION
Recent developments in seismic engineering have
led to performance-based design, based on the idea
that acceptable levels of damage can be defined. If
this damage is concentrated in replaceable elements
these will act as fuses and protect the rest of the
structure.
Post-tensioned
timber
(Pres-Lam)
structural
technology is fully in line with this performance
based ideology and has already been used in the
construction of low damage timber buildings thorough
New Zealand. The system combines the use of posttensioning technology with large timber members and
energy dissipating devices.
Post-tensioning provides desirable recentering
properties, while dissipative devices increase moment
resistance and allow adequate energy dissipation.
During lateral movement, controlled rocking occurs
at the beam column, wall foundation, or column
foundation interfaces. This gives rise to the “flag
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shaped” hysteretic behaviour [1]. The recentering
ratio, i.e. the proportion of moment resistance arising
from recentering and dissipative behaviour governs
the width of the flag shape and the degree to which
residual displacements are minimised.
An extensive testing program at the University of
Canterbury has been undertaken prior to, and during
this research, showing that these systems provide
excellent seismic resistance by combining energy
dissipation and recentering. Research effort is now
being focused on refining this technology in order
to endure its economy without compromising its
excellent seismic performance.
Hybrid jointed ductile structural systems can provide
advantages over traditional construction techniques
in structures subjected to seismic loadings. These
include:
• Limiting residual displacements following
earthquakes by providing recentering,
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• Reducing damage during, and downtime
following, seismic events through detailing of
easily replaceable energy dissipating devices,
and

way, single bay frames challenged designers due to
the very large gravity loads on the frames. An external
view of the completed building as well as a photo of
one of the frames is shown in Figure 1.

• Reductions in construction time and ease of
erection [2].

The Trimble Building is a large plan, two storey
building with 6,000m2 of office space. It is located in
Christchurch and was designed by Opus International
Consultants. The structure uses rocking walls and
frames. Dissipation in the frame system is provided
at the beam column joints and column foundation
interfaces. Replaceable Plug and Play Dissipaters are
used, with external steel plates to reinforce the joint.

2 PAST TESTING
Pres-Lam technology has been developed at the
University of Canterbury since 2005 [3]. The
programme was inspired by the success of jointed
ductile concrete technology developed under the
concrete PRESSS programme [4].
Pres-Lam beam column connections have been tested
as both sub-assemblies [5]–[8] and as part of complete
frames [9], [10]. Each of these testing programmes
has identified the importance of good detailing of
the beam column joint zone to achieving the benefits
in seismic performance promised by jointed ductile
systems.

St Elmo Courts is an office and retail building designed
by Ruaumoko Solutions and built in Christchurch. It
uses concrete columns with post-tensioned timber
beams. The entire structure is base isolated, meaning
that it is expected to remain elastic in earthquakes,
so no dissipaters are needed at the beam column
joints. The use of reinforced concrete columns avoids
the requirement of reinforcing timber columns.

Detailing requirements comprise two main areas,
namely:
• Reinforcement of the joint zone where the timber
is compressed perpendicular to the grain.
• Geometry, connection and buckling restraint of
external mild steel dissipation devices.
Deficiencies in either area have been shown to
severely limit the overall seismic performance of
Pres-Lam structures [11].
3 COMPLETED STRUCTURES
Pres-Lam structures are currently being constructed
in New Zealand. At the time of publication, seven
post-tensioned timber buildings had been completed
using this technology. Three of these structures used
post-tensioned frames. In addition, a timber-concrete
hybrid building has also been completed. A brief
description of these buildings is given in this section.
Massey University’s College of Creative Arts (CoCA)
building uses a two storey post-tensioned timber
frame which contains 3,600m2 of teaching and
exhibition space. This structure was designed by
Dunning Thornton Consultants and was completed in
2012. It uses post-tensioned frames with dissipaters
located between a structural wall and a first floor
beam rather than at the beam column joints.
The Merritt Building is a three storey office and retail
building constructed in Christchurch and designed
by Kirk Roberts Consulting Engineers. The use of one
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Figure 1: Merritt Building, exterior and frame

4 SPECIMEN DESIGN
A single full scale beam column specimen was modified
to create each of the joint configurations tested. The
initial joint option was a slightly modified version of
that used in the Merritt Building (described in Section
3) and was fabricated by external contractors. Each
subsequent specimen was then designed to match the
predicted moment-rotation response of this joint. All
modifications to the original beam column joint were
performed at the University of Canterbury.
Test specimens were developed considering various
options for joint reinforcement and dissipative
sources. The combinations tested are summarised
in Table 1. Each reinforcing option was also tested
without external dissipaters to assess the effectiveness
of joint reinforcement.
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Table 1: Specimen Configurations
Reinforcing

Dissipaters

Dissipater
Connection

Steel

1 None

-

2 Plug and Play Threaded Coupler
3 Necked Plate Bolted Rivet Plate
Screws

4 None

-

5 Necked Plate Proprietary ZD
Screw Anchors
6 Timber

Inclined Screws

Encased
Test specimens were developed considering various
options for joint reinforcement and dissipative
sources. The combinations tested are summarised
in Table 1. Each reinforcing option was also tested
without external dissipaters to assess the effectiveness
of joint reinforcement.

Würth design guide [12], with demand derived from
a Modified Monolithic Beam Analogy [13] procedure.
The derived screw buckling capacity is likely to be
conservative due to the New Zealand LVL’s density
being 20% higher [14] than European Kerto [15] for
which the Würth design guide was written.
Pervious testing involving screw reinforced joints
found little stiffness gain was achieved [6] compared
to bare timber. These joints did however use
relatively few screws compared to those tested in
this campaign (Figure 3). The high density of screws
used to reinforce the joint combined with the high
timber density meant that construction of this joint
was challenging. For a full building, CNC fabrication
could be used to pre-drill and install the screws.

4.1 JOINT REINFORCING
Two types of reinforcing were used to overcome the
low perpendicular to grain strength and stiffness of
LVL in the column zone; steel based and screw based.
4.1.1

Steel Based Joint Reinforcing

Steel plates, a hollow section and epoxied rods were
used to reinforce the first joint. An exploded view of
this specimen is shown in Figure 2. The joint designed
for the Merritt building was modified by the inclusion
of steel shims to force ‘heel and toe’ rocking.

Figure 2: Steel based joint reinforcement

4.1.2

Screw Based Joint Reinforcement

An alternative solution used 600mm long fully threaded
screws to reinforce the joint against compression from
beam rocking and the post-tensioning anchorage.
These screws acted similarly to pile foundations,
diffusing concentrated stresses within the column
and providing a load path for post-tensioning stresses.
This reinforcement was designed according to the

6

Figure 3: Screw based joint reinforcement

4.2 ENERGY DISSIPATION DEVICES
Energy dissipaters function as a fuse, concentrating
inelastic displacement demand into replaceable
elements. Dissipation of earthquake energy by these
devices reduces the structure’s seismic response.
Dynamic testing of a timber frame has shown that the
inclusion of dissipation can result in a 30% reduction
of peak drift with no increase in floor acceleration
when compared to the frame without the dissipative
elements [10]. In a building this would result in
reduced non-structural damage
Three options for energy dissipation were tested.
All utilised the inelastic displacements at the beam
column interface to yield a mild steel component over
a design length and cross-sectional area. Structural
response is sensitive to dissipater performance.
Because of this, the low variability of the mechanical
properties of mild steel make it ideally suited for
dissipater construction.
4.2.1

Plug and Play Dissipaters

Plug and Play Dissipaters use a threaded mild steel
rod with a turned down region (Figure 4). Buckling
restraint is provided by a grout or epoxy filled tube
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surrounding this zone. Connection to the joint was
made using threaded couplers and a slotted plate
[16].
The design and fabrication of these dissipaters was
straight forward, using standard steel fabrication
techniques. Good performance was observed in
all specimens using Plug and Play dissipaters. No
difference in performance was observed between
either filler material.

carrying shear through the compression and tension
of fully threaded inclined screws [18].
An exploded view of the screw reinforced joint with
NPDs attached using screw anchorages is shown in
Figure 7. The density of screws in this joint and the fact
that they are installed from several directions made
this a challenging joint to construct. This joint design
is only practical where tight construction tolerances
and accurate prefabrication can be assured. The
availability of sufficiently skilled contractors and
suppliers may be a factor in the choice of joint
reinforcement and dissipation systems.

Figure 4: Plug and Play Dissipater

4.2.2

Necked Plate Dissipaters

Necked Plate Dissipaters (NPDs) use a flat steel plate,
necked down over a yielding zone (Figure 5). A smooth
transition to the yielding zone is used to improve
cyclic performance [16].
Figure 7: Exploded view of screws in joint
Figure 5: Necked plate dissipater

4.2.3

These thin plates yield in both tension and compression
and, due to their geometry, buckling can create
a significant limitation on performance. Several
options for restraining buckling were considered.
These included; bolting to a steel plate, cover plates
restrained with either short or long screws and a full
length stiffened cover plate. These options are shown
in Figure 6.

Timber encased dissipaters function similarly to Plug
and Play dissipaters, using turned down threaded
rods. The rods in these dissipaters are epoxied into an
LVL block which provides buckling resistance (Figure
8).

Timber Encased Dissipaters

These dissipaters were fabricated in the laboratories
of the University of Canterbury and were the most
complex to construct of all the options considered.
LVL sheets with routed slots were glue glue-laminated
[19] into blocks. Turned down mild steel elements
were then epoxied into the blocks using a low viscosity
concrete crack injection epoxy.
The dissipater blocks were attached to the beam and
column using fully threaded screws inclined at 60°
to the face of the LVL. This enabled them to work in
tension rather than shear which produced a stronger
and, more importantly, stiffer connection than would
be possible with screws perpendicular to the timber
surface.

Figure 6: Buckling restraint for NPDs a) Bolted cover plate
b) Long Screws c) Short Screws d) Full length cover plate

NPDs were connected to the timber using either
timber rivets [17] or proprietary screw anchorages
Figure 8: Timber encased dissipater design

NEW ZEALAND TIMBER DESIGN » JOURNAL VOL 23· ISSUE 1

7

5 EXPERIMENTAL SETUP
The specimen set-up is shown in Figure 9. Loading
was provided using a hydraulic ram at the mid storey
height on the column of the prototype structure.
Pinned connections were used to ensure that no
additional moment was introduced. The beam was
free to rotate and translate horizontally but was
restrained vertically at its free end.

connections using the Pres-Lam system provide both
recentering and energy dissipation. The response
histories presented in Figure 10 show the recentering
achieved from post-tensioning only connections.
The addition of energy dissipaters provided the flagshaped hysteretic responses seen in Figure 11 and
Figure 12.
The stiffness discontinuity created by the rapid
change in neutral axis depth due to gap opening is
evident in all of the responses shown, however it is
slightly less pronounced for the joint with Timber
Encased Dissipaters. This is due to this dissipater
having a greater number of individual bars which yield
at varying joint rotations. The compression carried
by the timber dissipater blocks also contributes to the
moment resistance of this joint, increasing the nonlinearity of the response.
The steel reinforced joints using Necked Plate
Dissipaters (Figure 11) and Necked Rod Dissipaters
(Figure 12) did not achieve complete recentering.
This was due to the design decision to replicate
the moment response of the Merritt joint. Because
of the large gravity load on this building, full local
recentering was not targeted at the beam to column
interfaces, instead, global recentering of the whole
building was achieved considering the column to
foundation rocking interfaces which were not present
in this sub-assembly testing.

Figure 9: Test apparatus set-up

Each joint was subjected to a fully reversing,
increasing uniaxial displacement history following
a modified ACI protocol [20]. Displacements were
applied at the mid-storey height and increased to a
maximum inter-storey drift of 3.0%.
The overall force-displacement of the specimen
was measured using load cells and a potentiometer.
Changes to post-tensioning force were measured
with a load cell. Potentiometers recorded local
deformations in the joint zone.

Specimens using the screw reinforced joint were
designed for full local recentering. That this was
achieved is apparent from the way each of these joint
responses crossed though the origin on its unloading
branch. The area contained within the momentrotation response for these recentering joints is
less than for joints where a lower recentering ratio
is targeted. This means that a lower level of energy
dissipation is obtained from these designs. A trade
off must be made by designers between recentering
and energy dissipation when specifying a joint with a
given moment capacity.

6 TEST RESULTS
Data collected from the test was post processed and
the results are presented in this section.
6.1 Moment-Rotation Performance
The moment-rotation behaviour of the connection
is the primary performance measure targeted by
designers of jointed ductile connections. Hybrid
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Figure 10: Moment-Rotation response for joints with no
dissipation

VOL 23· ISSUE 1 » NEW ZEALAND TIMBER DESIGN JOURNAL

Figure 11: Moment-Rotation response for joints with

Figure 13: Post-Tensioning Activation for joints with no

Necked Plate Dissipaters

dissipation

Figure 14: Post Tensioning Activation for joints with
Necked Plate Dissipaters
Figure 12: Moment-Rotation for joints with other
dissipation types

6.2 POST-TENSIONING ACTIVATION
The geometric non-linearity arising from gap opening
is apparent from the plots of drift vs. post-tensioning
force below. All of the joints tested showed a rapid
increase in post-tensioning force following gap
opening. This further increased moment resistance.
This increase in post-tensioning force with drift
generates the restorative force necessary to ensure
recentering.
It is immediately noticeable from the plots below
that the joint targeting full recentering had a larger
initial post tensioning force applied than the joint
designed for only partial recentering. This increase
is also evident in the maximum post tensioning force
attained. Designers must ensure that the maximum
yield stress of the post-tensioning tendons is not
exceeded as permanent elongation of the tendon
will reduce moment capacity and recentering. Where
stresses are large, an increased number of tendons
should be specified.
Initial post-tensioning targets were set at 750kN for
the steel reinforced joint and 810kN for the screw
reinforced joint. The actual value recorded was 5-10%
lower than this, due to anchorage slip and short
term losses. The reduction in post-tensioning force
affected the moment capacity of these joints. In the
worst case, that of the NPDs on the steel reinforced
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Figure 15: Post-tensioning activation for joints with other
dissipation types

joint, this amounted to a reduction in ultimate
moment capacity of 8%, and a correspondingly lower
recentering ratio was also observed.
Daily variations in temperature and humidity caused
post-tensioning forces to fluctuate due to timber
swelling and shrinkage. Long term losses in post
tensioning are also a potential issue of particular
significance to the design of post-tensioned timber
structures. Seismic resisting systems are unused for
the majority of their lifespan but are required to
maintain adequate performance over the lifetime of
the structure they protect. Due to the fact that the
beam column joint is unlikely to experience a major
earthquake soon after construction the designer must
ensure that either an allowance for reduced posttensioning forces has been made or sufficient long-
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term maintenance plans are in place for monitoring
and re-stressing of tendons.
The response of some of the joints tested joints was
slightly asymmetric. This may be due to interference
from dissipaters and shear keys at the joint. If the
behaviour of a complete frame rather than a single
joint is considered then this difference is likely to be
less pronounced. In a full frame, an equal number of
joints will be subjected to similar rotations in either
direction. This means that meaning that the overall
response should approximate the average of the
behaviour seen in each direction.
6.3 DAMAGE
Minor damage was observed to some of the joints
tested. This was primarily concentrated around the
connections to dissipaters. Damage did not cause
significant reductions to system performance (as
displayed in Section 6.1) and was considered to be
primarily aesthetic in nature.

construction tolerances, not to carry the full load
from the yielding dissipaters, so this tensile failure
was not critical. Testing was stopped after this failure
to preserve the timber specimen for further tests.
Following a visual examination of the damage it was
decided that the damage did not affect the dissipater’s
load path and was therefore largely aesthetic.
The splits in epoxy seen around these plates did
not represent a failure of the load carrying ability
of the joint, however they have the potential to
cause alarm and downtime for the occupants of such
a building. The need for good detailing around the
joint is again shown to be critical. Where significant
stiffness differences exist between connection types
such as between screws and epoxy, the load path and
potential failure mechanisms should be explicitly
considered.

Figure 17: Split in LVL, separation of epoxy and buckling of
Plug and Play Dissipater

Figure 16: Epoxy separation between beam and dissipater
connection plate

During a test of Specimen 2 (Plug and Play Dissipaters
and steel reinforcing) cracks were observed at the
end of the dissipater attachment plate on the beam
at 0.5% drift. Testing continued until 2.7% when the
epoxy fractured suddenly resulting in the split seen
in Figure 17. Additionally, the epoxy under the lower
plate also fractured at this time resulting in complete
separation between the lower plate and the beam
(Figure 17). This was thought to be caused by stiffness
incompatibilities between the epoxy and the steel rod
connectors. The epoxy had been provided to reduce
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Dissipative elements undergo plastic elongations at
gap opening. This subjects them to large compressive
forces when closure of the joint occurs. The NPD
shown in Figure 18 buckled during the cycle to 3%
drift. This joint design used 80mm long screws to
restrain the steel plate to the timber, but it is evident
that insufficient embedment length was provided. Two
options were considered for remedying this detail;
screws with a larger embedment into the timber or
a stiffened full length cover plate. Each of these
options is shown in Figure 6, and both were successful
in preventing buckling in subsequent testing.
The effect of the buckling of these NPDs on the
moment-rotation response of the specimen was
minor. Its impact can be seen at large negative
rotations for the screw reinforced joint in Figure 11.
Buckling reduced the moment capacity at 3% drift
by around 5%. While this is not a major deficiency
it demonstrates that small changes to detailing can
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affect the behaviour of these joints.

it is likely that more would have fractured during
removal. If this dissipater required replacement,
the bars could be cut and a supplemental dissipater
installed in parallel.
7 COMPARISON WITH PREDICTIONS

Figure 18: Buckling of NPD restrained with short screws

6.4 REPAIRABILITY
Concentrating
energy
dissipating
non-linear
displacements into discreet dissipating elements
allows designers to ensure that structures will be
repairable following a major seismic event. This was of
particular importance in Christchurch where hundreds
of buildings which survived the 2011 earthquake were
demolished because they were deemed uneconomic
to repair.
The connections presented here were tested a second
time after remediation by replacing the dissipaters and
re-stressing the post-tensioning strands. No reduction
in performance was recorded during testing of the
repaired joints. A comparison of the performance
before and after repair is shown in Figure 19.

The design process for these joints followed
procedures which have been compiled into a
comprehensive design guide [21] containing detailed
recommendations and examples for concept design
and detailed design.
Although the dissipative elements were straight
forward to design, detailing of their connections
was hampered by a lack of reliable data for fastener
stiffness.
A numerical model was calibrated against the
parameters provided by the analytical momentrotation analysis method. The model used simple bilinear hysteresis rules and rotational springs for mild
steel and post-tensioning contributions to moment
resistance. This simplified modelling approach has
been shown to produce acceptably accurate results
[22] using the non-linear analysis program Ruaumoko
[23]. An advantage of limiting the analysis to bi-linear
approximations is that commercial software packages
familiar to design engineers may be used [24].
A comparison of observed moment-rotation
relationships to predictions based on design values
is shown for selected joints in Figure 20. For further
information regarding the numerical modelling and
additional comparisons refer to the full report [25].
The models generally agreed well with observations,
accurately capturing; initial and post-yield stiffness,
as well as yield and ultimate moment capacity.
Unloading behaviour was not captured so accurately,
which led to a less accurate prediction of the
hysteretic energy dissipation. For the specimens
with Plug and Play and Necked Plate dissipaters this
under prediction was 10-20% while for the joint using
Timber Encased Dissipaters, the predicted damping
was nearly double that observed.

Figure 18: Tests of NPD on Screw Reinforced Joint

Repair of bolted dissipater connections was difficult
because aligning all bolt holes on both sides of the
joint was impractical. The NPD bolted to the riveted
plate was replaced by cutting off one set of bolts and
welding the dissipater directly to the plate.
The timber encased dissipater, connected using
inclined screws, was deemed not to be replaceable
because some screws snapped during installation and
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The screw reinforced joint with timber encased
dissipaters was not as accurately modelled. The initial
stiffness was well captured however inaccuracies in
predicting yielding behaviour were likely due to the
more complex dissipater design with two layers of
yielding rods and timber blocks (Figure 8). These
blocks were able to carry compression forces across
the joint zone and so affected the neutral-axis depth
during gap opening. This increased complexity meant
that the simplified models were not able to accurately
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capture the moment-rotation behaviour.

accurate predictions of specimen behaviour in most
cases. Comprehensive design guidelines for Pres-Lam
structures are available.
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