Large Industrial Truss Structures Using Radiata Poles.
John Chapman Lecturer, School of Architecture, University of Auckland

In the late 19th century and up until the time of the Second World War New Zealand built many substantial structures
using timber. An example of these is the kauri trip dams, which were built to assist transporting logs down rivers. Other
examples which can still be seen today are road and railway bridges.
Reinforced concrete had by the 1930’s become the popular construction material. It can be argued that reinforced
concrete is more predictable than timber and has other advantages in terms of strength, stiffness and durability.
We are beginning to perceive that the main ingredients of reinforced concrete, cement and steel, have problems that
timber does not share. During their production, cement and steel require relatively large amounts of energy. Also,
considerable amounts of CO2, a greenhouse gas, are discharged into the atmosphere. It is estimated by Honey that for
each square metre of a R.C. building, approximately 50Kg of carbon goes into the atmosphere in the form of CO2.
Timber is a renewable resource, requires relatively small amounts of energy in manufacture, and ‘locks up’ carbon by
absorbing CO2 during growth. [1]
Recently, the Port Craig viaducts were featured on national television as part of new walking tracks situated on the
South Coast west of Invercargill. The viaducts were built in the 1920’s using Australian hardwood to support log trains
of up to 90 tonne weight. There are 4 viaducts ranging from the Percy Burn at 36m. high and 125m. long to the Francis
Burn at 17m. high and 52m. long. The Percy Burn (image 1) is claimed to be the highest timber viaduct existing in the
world today.[2] During the late 1990’s these 4 viaducts were restored and had handrails fitted. The contractor for all but
the Percy Burn Viaduct was The Breen Construction Company.
Examples of historic N.Z. timber bridges structures (image 2) are documented in a book by Geoffrey Thornton [3]. The
timber bridge structures are often trusses which use timber for the compression members and short beams; and steel rod
or cable for the tension members.
The question arises – are radiata poles suitable for major commercial/industrial truss structures? This question became
the basis of a study of a family of trusses with the members substantially made of pinus radiata poles. A masters student,
Sheng Li, assisted with this study.
To give the project a practical context we considered the trusses to be supporting a floor load in a multistory timber
building. The building columns were assumed to be located on a square 10.8m grid. Thus, the truss span is 10.8m and
the floor area supported by each 1m length of truss is 10.8 sq.m. A floor dead load of 1.1Kpa was deduced from floor
arrangements proposed by Spencer Nicholls in his recent study of soundproof timber floors [4]. The floor live load was
considered to be 3Kpa, which is typical for commercial use. The total truss gravity loads are 128.3Kn for dead and
349.9Kn for live.
The study looks at 3 types of trusses – each with a varying number of bays – 5 bays, 7 bays, and 9 bays. All three
arrangements consider the inclined web members are at 45o which results in the depths between the centres of the top
and bottom chords to be 2.16m, 1.54m and 1.20m respectively.
The truss chords and inclined web members are radiata poles. An advantage in using radiata poles for the chords is that
they are available in continuous lengths - 14m long poles are not uncommon. The web members are arranged so the
inclined web members remain in compression and the vertical members are in tension.
The vertical tension members are steel rods. This system was used in the historic trusses and can be seen in Thornton’s
book. Those with experience at designing timber structures will be aware that transferring large tension loads through a
joint between timber members is awkward.
The trusses are considered as being loaded at the joints along the top chord by secondary floor beams at right angles.
Thus the spacings of the secondary beams are 2.16m, 1.54m and 1.2m for the 5 bay, 7bay and 9 bay trusses respectively.
By locating the secondary beams at the top chord joints, the top chord is relieved of bending stresses other than those
due to self-weight. The top chord can also be regarded as being supported against compression buckling. The floor
arrangement is supported on typical timber joists spanning between the secondary beams.
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Structural analysis deduced the member actions. The consequent member sizes were calculated according to the
appropriate codes NZS 3603 [5] and NZS 3404. [6]
The cost for materials and manufacturing of the 3 truss types were estimated and compared to equivalent glulam and
steel beams.
The estimated costs of the pole trusses are based on a labour rate of $35 per hour and a purpose built workshop set up
with jigs etc. The times involved in estimating the various procedures of manufacture were deduced with the assistance
of an experienced woodworker and cabinetmaker. Set up costs and profit was included. The resulting pole truss costs are
$1980 for the 5 bay truss; $2300 for the 7 bay truss; and $2500 for the 9 bay truss.
The equivalent gluelam beam was taken as 1350mm deep * 180 wide with a 27mm pre-camber. The beam cost at $2000
per cubic metre is $5540.
Steltech kindly provided a sizing for the equivalent steel welded beam which was 1010mm deep with 370*16 flanges
and 10mm thick web. The steel beam weighed 172 kg/m and at a cost of $1450 per tonne had a value of $2740.
Conclusions
This initial study shows that industrial truss structures are possible using pinus radiata timber poles as the main structural
elements. They also appear economically viable. Costs would decrease if the trusses became produced in steady
quantities so that means of production could be automated.
References
1.
2.
3.
4.
5.
6.

Buchanan Andrew H. and Honey Brian G. 1993. “Energy and Carbon Dioxide Impacts of Building Construction”,
Proceedings of 1993 IPENZ Conference, Hamilton,pp354-365
Breen J., 1999. “Black Hole Odyssey – A Tale of Restoration in the Deep South”
Thornton Geoffrey, “Bridging the Gap : Early Bridges in New Zealand 1830-1939”
Nicholls S., University of Auckland, “Timber construction in NZ utilising effective sound insulation.” NZ Timber
Design Journal, March 2001.
NZS 3603:1993. “Timber Structures Standard”
NZS 3404: 1995. “Steel Structures Standard”

The restored Edwin viaduct, Port Craig, originally built to support 80 to 90 tonne log trains
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Two early NZ road and rail bridges
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