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Abstract: The paper looks at 3 recent studies to discuss the use of pinus radiata for industrial and 
commercial construction. The first study reports on two historic bridges and the lessons they reveal for 
designers of modern timber structures. The stresses in the bridge members and their significance for 
future maintenance works are explained. 
In the 2nd project, a 5th year architecture student compared a conventional glulam bridge with an 
equivalent bridge, which utilises historic bridge structural and jointing systems. The paper reports how 
the historic bridge structure with radiata pole elements proved to be considerably more economic in 
the amount of timber used and in material cost than the conventional glulam bridge.   
The historic timber bridges, built in New Zealand for road and rail, were made of Australian hardwoods. 
When applying the relevant New Zealand code, ‘Timber Structures Standard, NZS3603:1993’, pinus 
radiata poles appear to have physical properties which approach those of Australian hardwoods, such 
as Jarrah. However, in the 3rd study, questions about the reliability of the strength of the current crop of 
pinus radiata poles arise when joints made from radiata poles, and designed similarly to successful 
joints in historic bridges, fail at unexpectedly low loadings. 
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INTRODUCTION 

Once numbered in their thousands (in New Zealand), timber truss bridges are now becoming a rarity….’, Thornton 
(2001).  
   The bridges that are the subjects of this paper are the ‘Tauranga Track’ and the ‘Manganuku Stream’.  They are 
located in the Waioeka Gorge, which is in the Bay of Plenty region of the North Island of New Zealand.  Even though 
they were both constructed with Australian hardwood as road bridges, they have different structural systems.  The 
Tauranga Track Bridge is a harp suspension structure and the Manganuku Stream Bridge is a Howe truss. On close 
inspection, aspects of the Howe truss bridge structure were very effective and elegant and may prove useful in the 
future for industrial timber structures. These lessons are discussed. 
   At the beginning of the 1990’s, the bridges were close to collapse. Fortunately, their historic value was recognised 
and, during the 1990’s, restoration work was carried out on them. Briefs were written for the restoration of the bridges 
based on the principles of the International Council on Monuments and Sites Charter, ICOMOS (1993) 
The bridges are no longer used for vehicular traffic but have become integrated with national walkways, which enable 
the public to walk across and enjoy them.  This paper reports on recent analyses undertaken of the likely maximum 
stresses occurring in the structural elements to assist the prioritising of future restoration works. 
A 5th year architecture student asked to do an elective study on a ‘real structure’. By co-incidence, a glulam bridge 
was required to be designed for a cycleway at the Unitec Campus, in Auckland’s western suburbs. In addition to 
assessing the section sizes for the glulam bridge, the student completed an alternative design based on historic 
bridge structures. The student found that the materials for the bridge based on historic structures were considerably 
more economic than those for the glulam bridge.  
Recently, we have attempted to replicate the compact tension joints in the Howe Truss bottom chords using radiata 
in the forms of LVL and poles. The results for the LVL are as expected but the poles proved to be alarmingly weak 
and bring into question the reliability of the current crop of radiata poles for structural use. 

1. LESSONS FOR FUTURE TIMBER STRUCTURES ARE REVEALED WHEN STUDYING HISTORIC 
BRIDGES.  

At present, the ongoing maintenance of both bridges is organised by the New Zealand Department of Conservation, 
DOC (1998).  However, money to fund these works is not plentiful and ways are being sort to make the maintenance 
programs as efficient as possible.  To assist, the Technology Department at the School of Architecture and Planning, 
have deduced the maximum bending stresses in the structural elements, for dead load and an expected live load of 
2kN/sq.m.  We are hoping that, by knowing these stresses, the Department of Conservation will be better able to 
prioritise what parts need repairing. E.g. If there are 2 elements of equal decay, the more highly stressed one will 
have more need of replacement.   
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Figure 1 :  Tauranga Track Bridge, harp suspension structure. 

1.1. Tauranga Track Bridge 

The 58m span Tauranga Track Bridge was built across the Waioeka Gorge in 1922 to serve a fledging farming 
community.  It is a ‘harp’ suspension bridge, which is rare in New Zealand. Except for the steel suspension cables 
and reinforced concrete pier on the left bank, the bridge elements are Australian hardwood.  

“A framed timber tower supports the bridge on each bank of the river, on the true right hand bank the tower is 
continuous with a framed timber pier or substructure and on the left bank the tower rests on a concrete pier.  The 
deck is supported by transoms at six points between the piers; (the end of) each transom in turn (is) supported by a 
steel cable that is continuous between the anchor sets on each side of the river, running over the towers and down to 
the transoms.  There are twelve cables altogether, six on the upstream and six on the downstream side; two timber 
cable stay structures at transoms two and five act to stabilise the cables. 
   Between the transoms, a timber deck and handrail is carried on four longitudinal timber beams or stringers.  The 
handrail is braced both to the transoms and to cantilevered deck planks.  Wind bracing cables fixed to the transoms 
are anchored on each bank, two upstream and two downstream.”, DOC (1998). (see figures 1,2, & 3)  

Figure 2: Tauranga Track Bridge, true left tower                 Figure 3: Tauranga Track Bridge, transoms and stringer 
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1.2. Manganuku Stream bridge 

The Manganuku Stream Bridge, built by the Public Works Department and completed in 1928, has a Howe truss 
spanning 24.8m across the Manganuku Stream. The carriageway is 4.7m wide (see figure 4). Most timber bridges 
constructed in New Zealand for road and rail, had a Howe truss structure.   
   The Howe truss structure overcomes the problems of connecting the ends of timber tension members.  The cleats, 
at the ends of timber tension members, require considerable numbers of screw, nail or bolt fixings; and finding 
enough space for these fixings can be very awkward for the designer.   
   The advantage of the Howe truss is that the web tension members are vertical.  Because they do not carry 
compression that causes buckling in slender elements, they are made out of steel rods. The rods pass through holes 
in the top and bottom chords and their ends are threaded and are secured by nuts. Large washers are placed under 
the nuts to reduce bearing pressures on the timber chords (see figure 5). 
   We notice, when studying the Manganuku Stream Bridge that each element has been sized according to the load it 
carries. An example is the diameters of the vertical steel rods, which reduce towards the middle of the span because 
the loads in them get less.  This avoids waste, but also adds to the visual elegance and sense of correct proportions 
to the observer.  

Figure 4: Manganuku Stream Bridge, Howe truss structure 

The joints in the bottom chords of the trusses looked compact for the amount of tension load that they were required 
to transfer. The number of bolts needed is halved by utilising steel bar shear keys as shown in figure 5.  
The bolts, as well as transferring tension load, bind the joint together and thus hold the shear keys in place.  By 
applying the New Zealand timber structures code, (NZS3604:1999), the total splice tension capacity is 407kN.  This 
capacity will be suitable for a bridge deck live load of 6.1 kPa.    

                                                

Figure 5:  Manganuku Stream Bridge, top chord joint                 Figure 6: Manganuku Stream Bridge., chord splice                          
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The truss joints have clever ‘intermediate’ lengths of timber, which are placed between the webs and chords (see 
figure 5). They are shaped so as to receive the squared ends of web compression members and thus relieve joint 
congestion and the bearing pressure normal to the timber grain. Also, they are keyed 25mm to 50mm into the top 
and bottom chords to assist in transferring horizontal loads into them from the webs.    

1.3. Bridges’ stress analyses 

Table 1:   Tauranga Track Bridge, Waioeke Gorge, Opotiki, New Zealand 
Stresses in Timber Members for G+Q Load Condition 

Q = 2.0 kn/m2; or point load = 1.8 kn 
Decking Stringers Transoms Tower Struts Pier Piles 

Depth m 0.07 0.30 0.33 0.22 -
Width m 1.00 0.20 0.32 0.22 -

Diameter m - - - - 0.30
Section Area mm2 70000.00 60000.00 105600.00 48400.00 282743.34 

Elastic Modulus, Z mm3 816666.67 3000000.00 5808000.00 1774666.67 21205800.00 
Max Bending Action, M kn.m 0.17 18.59 48.12 0.00 0.00
Max. Compression, N kn 0.00 0.00 0.00 151.95 151.95 
Max Shear Action, V kn 0.92 9.29 50.65 0.00 0.00

Max bending Stress, fb n/mm2 3.04 6.20 8.28 0.00 0.00
Max. Compressive Stress, fc n/mm2 0.00 0.00 0.00 3.14 0.54

Max Shear Stress, fs n/mm2 0.22 0.15 0.48 0.00 0.00

Table 2:   Manganuku Stream Bridge, Waioeke Gorge, Opotiki, New Zealand 
Stresses in Timber Members for G+Q Load Condition 

Q = 2.0 kn/m2; or point load = 1.8 kn 
Decking Stringers Transoms Chords Webs 

Depth m 0.08 0.35 0.40 0.28 0.22
Width m 1.00 0.16 0.30 0.39 0.26

Section Area mm2 75000.00 56000.00 120000.00 107250.00 57200.00 
Elastic Modulus, Z mm3 937500.00 3266666.67 8000000.00 4915625.00 2097333.33 

Max Bending Action, M kn.m 0.26 5.99 34.22 0.00 0.00
Max. Compression, N kn 0.00 0.00 0.00 137.00 76.30
Max Shear Action, V kn 1.17 5.80 30.55 0.00 0.00

Max bending Stress, fb n/mm2 3.34 1.83 4.28 0.00 0.00
Max. Compressive Stress, fc n/mm2 0.00 0.00 0.00 1.28 1.33

Max Shear Stress, fs n/mm2 0.24 0.10 0.25 0.00 0.00

At present, the maximum loading expected on the bridge is 2kpa or 1.8kn for point loads, due to walking groups 
(NZS 4203). Under these conditions, the most significant bending stresses are for the transoms at 8.3 n/mm2 and 4.3 
n/mm2 for the Tauranga Track Bridge and Manganuku Stream bridges respectively. 
   The axial compression stresses are relatively small for both bridges. The Tauranga Track Bridge has 8 vertical or 
near vertical struts at each tower. Because it is unlikely that the bridge loads will be shared equally by all 8 struts, 
each tower load is considered to be supported by 4 struts only. This is the basis of the calculated axial stress in the 
struts of 3.1n/mm2.
    The Department of Conservation can use these analyses and regard fibre loss or deterioration in the transoms as 
more significant than for the other timber elements. Also, a transom failure would be more catastrophic than a failure 
in any other type of timber member.  
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2. CYCLEWAY BRIDGES FOR UNITEC CAMPUS  

2.1. Glulam bridge 

Auckland Uniservices Ltd, the consulting arm of the University of Auckland, was asked to design a 14m span * 2.4m 
wide glulam bridge for a cycleway on the Unitec campus. Under supervision, the bridge was designed by a 5th year 
architecture student as part of an elective study. The bridge is shown in figure 7 and includes 2 main longitudinal 
glulam beams; 4 transverse glulam beams; glulam joists; and lumber decking. The cost of the timber elements was 
estimated to be $21,300. 

2.2. Alternative Cycleway Bridge based on Historic Bridge Structures 

The structural arrangement for this alternative bridge is shown in figure 8. It reflects the historic bridge designs 
where, the main structural elements work either in tension and compression, without bending. Only the bridge-deck 
beams and joists work in bending, High outer density tanalith treated pinus radiata poles were specified for the main 
compression elements, the transverse deck beams, and the joists. Poles are tree stems that have had their bark 
removed by peeling or shaving processes. In New Zealand and elsewhere around the world the usefulness of round 
timbers as elements for building structures is being recognised (Chapman, 2004). Further references can be found 
on www.unilog.co.nz. The 8 no. tension ties were considered to be steel rods. The estimated cost of the materials 
was NZ$5,200, which is considerably less, at 24% the cost of the materials for the glulam bridge.  

Figure 7: Unitec campus, glulam footbridge Figure 8: Unitec Campus, alternative radiata pole bridge 

Table 3: Comparing the Material Costs of 14m span * 2.4m wide Glulam Footbridge 
with the Equivalent Using a Historic Bridge Type Structure

Costs in NZ$. (handrails not included) 
Item Material Vol. 

(cu.m.)
Cost / cu.m. 

(NZ$)
Item Cost 

(NZ$)
Glulam Bridge

Main beams, 945d*230w 6.30 2200.00 13866.93 
Transverse beams, 585d*140w 0.64 2200.00 1398.20 

Joists, 360d*90w 0.94 2200.00 2067.12 
Decking, 50 thick lumber 3.48 1100.00 3828.00 

Cleats, galvanised steel 0.02 9960.00 155.14 
TOTAL 11.37 $21,315.39 

Historic Bridge Structure, using poles 
Inclined top chord, 250 dia. pole 1.56 350.00 545.41 

Transverse bearers, 250 dia. poles 0.74 350.00 257.71 
Joists @ 600 c/c, 150 dia poles 1.28 350.00 448.41 

Decking, 50 thick lumber 3.48 1100.00 3828.00 
Tension rods, galvanised steel 0.01 9960.00 128.22 

TOTAL 7.07 $5,207.76 

Modern glulam structures typically have columns and beams in bending. In historic timber structures, bending 
moments within structural members were avoided, wherever possible, to reduce the member section sizes and 
overall material volume. Also, moment transferring joints, which can be cumbersome and expensive, are not 
required. Thus, structures which are similar to those of historic bridges, could have significant cost advantages as 
illustrated in table 3. 

2.3. Replicating historic bridge tension joints using pinus radiata 

In the hope of using pinus radiata to replace hardwood for the tension joints found in the bottom chords of historic 
bridges, a series of simple joints were built and tested. Joints were made using two forms of radiata, LVL and round 
timber (figures 9 & 10). The LVL joints behaved as expected with failure due to crushing along the grain at around 25 
mPa. The round timber was supplied as being high outer density grade as per the relevant NZ code NZS3603:1993, 
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which should demonstrate a minimum characteristic compression stress along the grain of 25 mPa. However, three 
joints failed at compression stresses 2.5 times less than this, at around 10mPa. These results were of concern 
because they indicate that the compression strength of the poles supplied is well below the expected strength.  
These result lead to the questions:  

a) For radiata poles, that are presently being supplied to the market, what are the true values of MoE (material 
stiffness) and ultimate stresses? 

b) Have the strength and stiffness values of radiata poles significantly lowered since NZS 3603 was published 
in 1993? 

c) Were our results unusual, not reflecting the true picture?  

Radiata poles, for structural use, are considered to have two categories that are related to outer pole density: 
a) high outer zone density of at least 450 kg/m2, or 
b) normal outer zone density of at least 350 kg/m2

The ‘outer zone’ is considered to be the outside of poles to a depth of 20% of the pole radius. 

The company supplying the poles for the shear key tests said they were from a stand of trees that were regarded as 
having high outer zone wood density. However, they were not accompanied with documents verifying the outer zone 
wood density. It appears that, at present, no companies are supplying this verifying paper work. NZS3603: 1993 
states that the suppliers of high density poles shall either: 

(a) Provide evidence that the poles have an outer density exceeding the minimum value specified, or  
(b) Subject the poles to the proof testing requirements of NZS 3605.  

NZS 3605 requires that ‘proof testing…..from each timber source milled, such testing to be repeated….annually. At 
least 100 piles shall be selected by random sampling procedures so as to fairly represent the manufacturer’s 
production.’ 

Figure 9: Shear key test arrangement with ram     Figure 10: Keyed joint. Failure by timber crushing  
pushing down on middle timber pole element 

The surprisingly poor results for axial compression strength for poles prompted our next research project into the 
density of timber poles that are from a variety of regions in both the north ands south Islands of NZ. For softwoods 
grown in NZ, research has shown that modulus of elasticity (material stiffness), and strength are related to wood 
density (Walford, 1994). Thus the strength and stiffness of radiata poles, which are presently being supplied to the 
market, can be measured by studying wood density.  
Hopefully, high density poles as per NZS3603:1993 can be selected to form reliable and useful structural elements.  

CONCLUSIONS 

After studying these historic timber bridges, one is left in awe of their designers and constructors. The designers of 
these bridges were economic with the material used, as proven in the 5th year’s student project. The carpentry 
involved in preparing and fitting the heavy timber elements with no power tools is remarkable. For the Tauranga 
Track Bridge, the cables and associated joints required skills involved in shipbuilding as well as those of carpentry. 
The structural elements and their joints had to be thoroughly considered and skilfully constructed in order to transfer 
the very large loads they supported. Wood-working machinery that includes robotics, which can accurately 
manufacture timber elements, may be useful in the future for the types of timber members previously crafted by 
skilled carpenters. 
The most obvious lesson to be learnt from the Manganuku Stream Bridge is the use of the Howe truss. This 
structural system enables the tension members to be simple steel rods, which avoids awkward end connections for 
timber tension members. However, there are many other design details to inform us. One of these is the tension 
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chord splice detail, which uses shear keys.  Another interesting feature is the intermediate timber elements for 
making the joints less congested but also assisting with load transference.  
These historic bridge structures are elegant and contribute to their landscapes. To the observer, the arrangement 
and sizing of the structural elements make sense and form a harmonious and united whole. On the day that I 
measured the Tauranga Track Bridge, which is a 10 minute, walk away form a quiet highway; a consistent number of 
visitors were attracted down to view the bridge.  
At present, we are out of the habit of building large industrial structures in timber. The 5th year student project 
showed that a structural system for industrial structures based on the historic timber bridges may have considerable 
cost advantages over the current trend of using glulam beams.  
As global climate changes become more apparent, a return to timber industrial structures is to be expected because 
they require less energy for fabrication and absorb the greenhouse gas, CO2, from the atmosphere rather than 
produce greenhouse gases.   
Industry is recognising the viability of radiata poles as structural elements. An example of this is the recently 
constructed round timber telecommunication towers whose pole elements support loads of up to 200 tonne, Reelick 
and Reelick (2004).  
Test joints made with poles, and based on arrangements that were successful for historic bridges, were unexpectedly 
weak and showed that the compression strength of the poles was up to 2.5 times less than would be expected based 
on the relevant NZ code. These tests bring into question the reliability of the current crop of radiata poles for 
structural use. 
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