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ABSTRACT
This review of recently constructed long-span timber buildings identifies a wide range of structural systems that utilize a
relatively limited palette of timber materials. The paper intends to present designers with a range of contemporary
timber structural systems and materials in order to develop their appreciation of what is being used and what is possible
when designing long-span timber buildings. Based upon an extensive literature review, seventy-one buildings that are
both contemporary and of long-span construction are categorized by structural system into four groups; portal frames,
surface structures, arches and other structures. Most of the portal frames are located in New Zealand whereas the
structures within the other three groups are located mainly in Europe. Selected structures within each group are briefly
described in order to overview the state-of-the-art usage of long-span timber systems.

INTRODUCTION
Structural engineers and architects value precedents.
Designers appreciate an awareness of recent
construction projects that incorporate materials of
interest. Especially so where there is some aspect of
design innovation; perhaps some aspects of a structural
system are innovative or a new building incorporates
developments with respect to structural material usage.
For these reasons this review of recently completed
long-span timber buildings was undertaken. ‘Recently
completed’ is taken to mean less than ten years old, and
‘long-span’ includes clear spans greater than ten
metres.
Examples of long-span timber structures were sought
from as many international sources as possible. As well
as reviewing journals, books and regional and
international timber conference proceedings, national
timber societies and organizations, local manufacturers
and designers were approached. As many buildings as
possible are included within the study. Books yielded the
greatest number of case-studies (42%) and then journals
(15%). New Zealand examples were sourced mainly from
specialist timber manufacturers and designers.
A total of 61 timber structures that satisfied the criteria
above were identified. Table 1 summarizes their regions
or countries of origin.
Table 1. The percentages of long-span buildings from different
countries and regions.

Country or Region

% of Examples

Europe

66

Japan

10

New Zealand

10

Australia

10

Other

5
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The absence of Canada, the U. S. and possibly other
countries and regions from Table 1 indicates the limited
success of the search process. The sample clearly does
not represent the situation globally. Local (New Zealand)
buildings are over-represented because although in
most cases there was no published information about
them, they were discovered through personal contacts.
Many timber buildings are not reviewed or reported upon
in architectural or engineering publications. Only the
most spectacular and architecturally notable buildings
feature in architectural journals, and only rarely are
timber light-industrial buildings found in engineering
publications. This survey therefore can not be
considered a comprehensive international survey
because of small sample size and the uneven global
distribution of buildings.
Of the 61 structures, 74% were almost entirely of timber
construction. In the remaining 26%, long-span timber
elements were just some of a number of structural
members that included other structural materials such
as reinforced concrete and steel. When the structures
were categorized in terms of their structural systems,
four groups emerged; portal frames, surface structures,
arches and a final group of other structural systems that
were predominantly post-and-beam systems. In the
following sections a few structures, selected to convey
the structural diversity within each of the categories, are
described and illustrated.

PORTAL FRAMES
Table 2 presents a summary of selected portal frame
buildings. Whereas the first three buildings benefit from
significant architectural input, the remaining buildings
are essentially warehouses and therefore can be
assumed to illustrate the most cost-effective means of
long-span timber construction. Most of the sketches are
self-explanatory due to their structural simplicity, but
what is not so apparent is that the timber portals of the
Tobias Grau Headquarters that rise two-storeys high to
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Figure 1 . Tobias Grau warehouse and design studios. An exterior view. [A. W. Charleson]

Figure 2. Nelson Pine warehouse, Nelson, New Zealand. View
of portal frame column rafter connection and view of loading
yard. [N. Perez]

Figure 3. Carter Holt Harvey LVL manufacturing site, Marsden
Point, New Zealand. View of column rafter connection and
view of interior column. [N. Perez].

enclose a single-storey reinforced concrete structure
are propped at two points off a solid first floor base
(Figure 1).

members or the entire portals are curved. Fabricated
from glue-laminated timber, their non-utilitarian forms
have benefited from architectural input. All the
remaining portals utilize LVL.

This group of portal frames consists of three different
forms. In both European examples either some of the
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Table 2. Portal Frame Structures

Building Name, Function,
Location, Year of Completion

Structural Form

Principal Structural Elements and
Approximate Dimensions

Tobias Grau, warehouse and
design studios, Hamburg,
Germany, 1998 [1].

Propped glue-laminated timber portal
frames, pinned at their bases, 500 mm
deep by 200 wide.

St. Andrews Church,
Queensland, Australia, 1995
[2].

Columns and rafters each from three
billets of laminated veneer lumber (LVL).
Segments were nailed together to form
rigid joints at column-rafter connections
and at the apex.

Bauer Warehouse, Berlin,
Germany, 1998 [3].

Three-pinned portal frames. The beam
lattice web members are sandwiched
between double glue-laminated chords.
The curvature in the bottom chord is
achieved by bending up to six smaller
members about their weak axes and then
laminating them with bolts passing
through the entire depth of the chord.

Carter Holt Harvey Wiri
Distribution Centre, Auckland,
New Zealand, 2001 [4].

Columns and rafters consist of two
layers of 45 mm LVL glued together.
Both members are 900 mm deep.

Nelson Pine warehouse,
Nelson, New Zealand, 2005 [5].

Rafters are 1200 mm by 180 mm LVL.
The columns taper from 600 mm deep at
the base to 1200 mm at the knee. They
are fabricated by connecting four internal
45 mm LVL billets side-by-side and two
63 mm external billets that also function
as knee joint gussets (Figure 2).

Carter Holt Harvey LVL
manufacturing site, Marsden
Point, New Zealand, 2001 [6].

Rafters are generally 1200 mm deep
from 63 mm thick LVL and with 2 - 400
mm by 45 mm LVL top and bottom
chords. The outer columns taper from
800 mm to 1200 mm while the interior
columns are 300 mm by 390 mm LVL box
sections (Figure 3)
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Clearly construction efficiency and cost-effectiveness
have driven their forms and detailing. The 1200 mm
maximum depth of LVL billets appears to define a
practical maximum beam depth which, for a light roof
without a ceiling, can span up to 32 m. Such a span-todepth ratio of 26.7 compares closely to the ratio of 30 for
two-pinned frames according to the rule-of-thumb
estimates of the “Timber Design Guide” [7].
For the portals where rigid joints are not achieved by
bending laminates around a curved knee joint, nailed
gussets provide rigidity and strength at these joints and
apex joints. Either plywood gussets are applied to each
side of columns and rafters that are of identical widths,
or rafters are sandwiched between column outer
laminates that rise up to the top edge of the rafters.
These rigid connections consume large numbers of
nails. Over 1000 nails connect each Nelson Pine
warehouse rigid eaves joint (Figure 4).
In all cases portal column base connections are pinned.
Steel hardware is bolted to the foundations and forces
from the timber columns transferred into them by
bearing and either by bolts or screws (Figure 5).
In terms of their lateral load resistance all the portals
rely on frame action to resist transverse wind and
earthquake forces. In most cases longitudinal stability,
in both roof planes and longitudinal walls, is provided by

Figure 5. View of column base pinned connections at Nelson
Pine warehouse and at Carter Holt Harvey Wiri distribution
centre. [N. Perez].

tension-only steel bracing. LVL members are used as
tension-only bracing members in the Nelson Pine
warehouse (Figure 6).

SURFACE STRUCTURES
Six case-studies of the ten surface structures that were
identified during the literature review are summarized in
Table 3. They illustrate the diversity of contemporary
long-span surface structures.
Figure 4. Nelson Pine warehouse, Nelson, New Zealand. View
of portal frame rigid eave connection. [N. Perez]
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In several of the case-studies, steel members are
incorporated into the structural systems to resist
tension forces.
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Table 3. Surface structures

Building Name, Function,
Location, Year of
Completion

Structural Form

Principal Structural Elements and Approximate
Dimensions

Olympic Exhibition Centre,
Sydney, Australia, 1998 [8].

All radial members of this geodesic dome are glue
–laminated 800 mm deep and between 130 mm and
230 wide. Steel tubes form the circumferential
members. Epoxied threaded steel rods connect
steel to timber.

Serpentine Gallery Summer
Pavilion, London, England,
2005 [9].

The structural system incorporates surface
resistance in combination with bending. It is
described as ‘an evolution of the lamella barrel
vault.’ Exterior columns are rigidly connected to the
foundations. The structure is constructed from 427
unique timber lengths two bays long that interlock
with mortice-and-tenon joints yet are able to
withstand bending moments. All members are LVL
and are 550 mm by 69 mm (Figure 7).

Weald and Downland
Museum, Sussex, England,
2002 [10].

The gridshell is constructed from a double net of
green oak laths spaced 0.5 m apart in high stress
areas and 1.0 m apart elsewhere. Node joints
utilize steel connectors. Each layer of the doublelayer surface was bent individually and then locked
together with steel shear blocks. The laths are 50
mm wide by 35 mm deep (Figure 8).

Toskana Pools, Bad Sulza,
Germany, 1999 [11].

A free-form ribbed shell with edge beams. Due to
the shell geometry the glue-laminated 160 mm by
250 mm ribs are essentially in compression. The
shell, with a mesh size of approximately 1600 x
1600 mm, was assembled from interlocking 3200
mm lengths (Figure 9).

Kindergarten in Triessen,
Liechtenstein, 1998 [12].

The dome roof consists of 108 mm x 160 mm gluelaminated ribs that span between steel perimeter
arches that transfer gravity forces to four
perimeter columns. The spacing of the ribs running
diagonally between corners is reduced compared to
other ribs. Roofing planks, spaced apart to allow
natural light to enter through the translucent roof
membrane, provide rib stability.

Indoor riding arena, Berlin,
Germany, 1997 [13].

A glued timber ribbed shell or barrel vault. It is
supported along both sides by timber and steel
braced frames that resist the horizontal roof
thrusts. Roof diaphragm action that also enhances
rib stability is provided by longitudinal roof decking.
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Figure 7. Serpentine Gallery Summer Pavilion, 2005. Interior
view of the structure. [Photographer unknown]

Figure 8. Weald and Downland Museum. An interior view of
the gridshell. [A. W. Charleson]

Figure 6. Nelson Pine warehouse, Nelson, New Zealand. View
of bracing. [N. Perez]

Figure 9. Toskana Pools. The ribbed shell over the pools.
[A. W. Charleson]

The structural forms are geometrically quite diverse—
ranging from a regular geodesic dome to freer forms
that maximize surface actions like tension and
compression, until encountering the Serpentine Gallery
which, in places, transfers most of its loads by bending
through portal action.

ARCHES

Most of the surface structures utilize sawn or gluelaminated timber to accommodate curvature. However it
can be noted how short lengths of interlocking LVL
achieve the 3-D curvature at the Serpentine Gallery, and
LVL could possibly have also been used in the
interlocked ribbed shells at the Toskana Pools.
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Table 4 illustrates three case-studies from the six arch
structures initially identified during the study. None of
the arches are used conventionally as two-dimensional
systems spanning transversely to enclose a regular
vaulted volume. Most of these arches form complex 3-D
curved surfaces that appear to be shell or surface
structures.
These examples demonstrate the versatility of timber
arches over a wide range of spans (20 m to 157 m) and
illustrate how arches can enable some very interesting
structural forms to be realized.
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Table 4. Arches

Building Name, Function,
Location, Year of
Completion

Structural Form

Principal Structural Elements and
Approximate Dimensions

New South Wales Royal
Agriculture Society
Exhibition Hall, Sydney,
Australia, 1998

Two glue-laminated arch members are
oriented at 45 degrees to the horizontal.
Arch member cross-sections are 800 mm
deep and from 180 mm to 250 mm wide.

[14].

The arch is also braced with steel rods up
to 50 mm in diameter to limit deflections.
A single 400 mm diameter steel tie
member forms the bottom chord for each
pair of arches.

Ref. 11. Japan Pavilion at
Expo 2000, Hannover,
Germany, 2000 [15].

Glue-laminated timber ladder arches that
are stiffened by steel cables support the
120 mm diameter cardboard tube
gridshell that carries the exterior skin.

Ref. 18. Atsushi Imai
Memorial Gymnasium,
Odate, Japan, 2002 [16].

Although its form suggests a surface
structure, gravity forces are primarily
carried by transverse trussed arches.
They consist of LVL-type chords 600 mm
by 60 mm with braced steel webs.
Longitudinal vierendeel trusses consist of
76 mm diameter steel tubes and steel
connection plates, with timber stiffening
panels in the webs. The transverse and
longitudinal structures are particularly
well integrated.

Odate Jukai Dome Park,
Odate, Japan, 1997 [17].

Transverse trussed arches are fabricated
from glue-laminated timber chords and
steel tension-only cross-braced webs.
Longitudinal tie members provide
longitudinal stability.
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Table 5. Other structural systems.

Building Name, Function,
Location, Year of Completion

Structural form

Principal Structural Elements and
Approximate Dimensions

Canopy at Expo 2000, Hannover,
Germany, 1999 [18].

Cantilevering glue-laminated and plywood
box-beams cantilever from central masts
and support 19 x 19 m timber lattice shells
(Figure 10).

Fale Pacifica, Auckland, New
Zealand, 2004 [19].

Essentially post-and-beam construction
constructed from poles. Horizontal forces
are resisted by rigid frame action
enhanced by foundation pole-fixity.

Academy of Further Education,
Herne, Germany, 1999 [20].

A post-and-beam structure. The
continuous transverse rafters consist of
2400 mm deep timber trusses spanning up
to 24 m. Walls are supported by trussed
mullions, and tension-only steel bracing
provides lateral stability (Figure 11).

Customer Centre for Weberhaus
GmbH & Co., Rheinhau-Linx,
Germany, 2000 [21].

Post-and-beam structure. Thirty metre
long curved glue-laminated fish-bellied
beams cantilever 8 m beyond their
supports. Each beam is fabricated from
two 200 mm wide by 800 to 2300 mm deep
members. The beams are supported by
two circular glue-laminated timber posts.

French Pavilion, Expo 2000,
Hannover, Germany, 2000 [22].

A post-and-beam structure. Gluelaminated timber beams 750 mm deep
span 20 m and are propped at 14 m from
each end. They are supported by slightly
inclined circular branching columns.
Shear walls and tension-only steel bracing
provide lateral stability.

Open Air Stage, Altusried,
Germany, 1998 [23].

The roof is made of a rectangular grid of
glue-laminated members that span 25 m
between trusses. Four trusses, triangular
in cross-section, cantilever 20 m.
Structural members are round tree
trunks.
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Figure 10. Expo 2000 Canopy. A cluster of structurally independent timber piers and canopies. [A. W. Charleson]

OTHER STRUCTURAL SYSTEMS
Four of the six case-studies of Table 5 incorporate postand-beam structures. The notable feature of the other
two buildings, which can be categorized as cantilevering
canopies, is their long cantilevers. Those that shelter the
stage at Altsuried are constructed from poles. In all
these structures the timber posts are circular.
These structures are notable for their use of timber
poles, mainly as vertical elements, and their significant
variation in their architectural forms given similar
structural systems.

for it to be incorporated into other structural systems as
well. Poles were found exclusively in post-and-beam and
cantilever structures. Glue-laminated timber was
prevalent in all structural categories.
The case-studies reported in this paper illustrate the
wide diversity of timber long-span structures.
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