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ABSTRACT: This paper asks the question – ‘do radiata stems make reliable structural elements and 
should they be utilised more widely in building than is done at present?’ This research is in response to 
timber, and in particular round timber, as being an environmentally sustainable material. Low amounts 
of energy are required for manufacture and timber products are reducers of greenhouse gases. The 
other reason for this research is the increasing numbers of New Zealand radiata stems that are 
becoming mature (NZMAF 2002). New ways are needed to add value to this resource.  
The paper studies the advantages of round timber when compared to sawn lumber. Then, the 
disadvantages are outlined along with the present means available of overcoming them. 
The paper reviews new manufacturing processes and building systems that have evolved in New 
Zealand and expanded the use of round timber in building. Also, recent research into round timber at 
the University of Auckland is described. 
The paper concludes that new research into the utilisation of round timber, and in particular more 
efficient jointing systems, will lead to a broader use of  timber in building. 
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INTRODUCTION 
 
Round Timbers, in building, are tree stems that have had 
their bark removed by peeling or shaving processes. 
Virtually all round timber utilised in New Zealand is pinus 
radiata.  
Over the last 40 years pinus radiata poles have been 
used extensively as foundation piles, power poles, and 
as the members of retaining walls. They exist under a 
continual and often a reasonably high state of 
compressive or bending stress. Due to a minimum of in-
service problems radiata poles have gained the 
reputation as a competent structural product. In this 
paper we also consider round timber for the elements of 
composite structures. 
The paper examines the advantages and disadvantages 
of radiata stems as structural elements. Round timbers 
are a relatively stable form of wood, with typically higher 
characteristic failure stresses and modulus of elasticity 
(Timber Design guide,1999). They require the minimum 
amount of machining and are available, in the shaved 
form, at less cost than sawn lumber. Disadvantages of 
round timber as structural elements include the irregular 
and circular surface and a lack of solutions for effective 
jointing.   
The paper discusses the recent development of ‘uniform 
diameter roundwood’ where the radiata stems are peeled 
to form a consistent and uniform diameter that, to a large 
extent, overcomes the problem of lack of surface 
regularity. This development, along with new jointing 
technology has led to uniform diameter poles being used 
as the structural members in portal frame buildings and 
tele-communication towers.  
Another example of utilising round timber in a new way is 
the development of ‘piled slabs’ for residential floor slabs 
and their associate foundations. ‘Piled slabs’ rely on 
driven piles to support the perimeter footings at ground 
level , which avoids footing excavations and construction 

below ground. The ‘piled slabs’ form of construction was 
developed through research at the University of 
Auckland and saves, on average, NZ$30 per square 
meter of slab cost.  
Another recent research project at the University of 
Auckland is, also, reported which studies the feasibility of 
using timber poles as the main structural elements in a 6 
storey apartment building.  
The paper briefly comments on recent use of round 
timbers as significant architectural and structural 
elements and, in particular, in the context of ‘Pacific’ 
architecture. 
 

1. COMPARING ROUND WOOD AND SAWN 
LUMBER 
 
With round timber there is a lack of loss of timber fibers. 
For a piece of sawn lumber the fibers are virtually lost at 
knot locations. However, on the surface of a log the 
fibers flow uninterrupted around the natural defects. Also 
for poles, sloping grain is not terminated by a cut 
surface. The lack of fiber loss leads to greater strength 
(Timber Design Guide, 1999). 
The wood fibers arrangement for poles is virtually 
symmetrical about the central axis. When we look at a 
cross section of a pole stem, we can see the concentric 
growth rings radiating out from the center. This symmetry 
leads to a more stable structural element. 
When considering the cross-section of a pole, the fiber 
density and hence the strength and stiffness properties 
increases with radius from the center (Timber Design 
Guide, 1999). Thus, the most favourable structural wood 
is on the outside of the member. This is advantageous 
because bending stresses also increase with radius and 
are a maximum at the outside of the member. 
Poles up to 12m long are readily available which reduces 
the necessity for joints in long members. It, also, allows 
the architect to use long timber members as tall columns 
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on a façade. Engineers find long poles useful for driving 
through weak soils to a competent layer. 
 
1.1. Strength  
Poles are regarded in the New Zealand Timber 
Structures Standard (NZS3603:1993) as being typically 
stronger for bending and axial stresses than sawn 
lumber. This can be seen in the following table which 
lists the characteristic stresses for dry radiata as round 
timber and as framing. (at least 95% of elements are 
expected to fail at stresses above the characteristic 
stress). The table also compares the modulus of 
elasticity. The characteristic stresses and modulus of 
elasticity for the round timbers have been modified for 
the effects of machine shaving and steaming to make 
them more comparable to those of framing timber. 
 
Table 1: Modified Characteristic Stresses (MPa) & MoE 
(GPa) for dry Natural Round Radiata and Characteristic 
Stresses (MPa) & MoE (GPa) for dry Radiata Framing 

Category bending tension compression shear perpendicular 
Modulus of 
elasticity 

High density 

poles 
47.0 28.0 28.1 3.3 7.7 12.2 

Medium 

density 

poles 
34.3 20.8 18.0 3.0 7.2 8.8 

Engineering 

grade 

framing 
24.5 14.8 24.2 3.8 8.9 10.0 

No 1 

framing  
17.7 10.6 20.9 3.8 8.9 8.0 

 
1.2. Cost 
‘Because there is less processing, less waste, and 
higher strength material, roundwood offers more load 
carrying capacity for the same cost than sawn timber.’ 
(Timber Design Guide, 1999) The following table is an 
indication of the relative costs of poles and lumber per 
cubic meter. 
 

Table 2: Approximate Costs of H5 tanalised Timber  
Tapered Poles Uniform 

Diameter Poles 
No. 1 Rough 

Sawn Framing 
No 1 Gauged 

Framing 
$400/m

3
 $500/m

3
 $900/m

3
 $1000/m

3
 

  
1.3. Environmental factors  
Compared to sawn lumber, round timber involves less 
handling, minimal machining and virtually no waste. Also, 
less energy is needed for processing 
Smaller diameter round poles utilise the plantation 
thinnings  which are too small for converting into other 
sections. These small diameter poles are often sawn into 
a 125mm*125mm square house piles. Over the years 
these square piles, which are often called ‘senton’ piles, 
have proven to be reliable and stable.  
Pole platforms for houses are particularly useful on steep 
sites because the number of foundations is reduced and 
results in a minimum of site re-contouring. The 
foundation embedment depth required on steep sites is 
typically 2m or more to ensure the foundations do not 
rotate under the action of soil creep. The embedment 
depth makes each foundation relatively expensive and 
there are cost benefits in reducing their number. 
 

2. PERCEIVED DISADVANTAGES OF 
ROUNDWOOD  
 
The aspects of poles that pose difficulties for building 
include lack of straightness, taper, and cracks. 
Poles can have ‘sweep’ or a ‘crook’ which affects 

straightness. Visual selection of logs can overcome 
these issues. Specifications for timber piles and poles for 
use in building (NZS3605:1993) outlines the 
requirements for straightness of poles that are to be 
used as structural members. 
Taper in poles is often up to 5mm to 10mm per meter of 
length. This is awkward for assembling elements and 
making cleats. Recently, there has been an increase in 
New Zealand in the manufacturing of ‘uniform diameter 
roundwood’ which overcomes the disadvantages of pole 
taper. 
A problem for poles in architecture is cracking and, to a 
lesser extent, distortion, due to drying. Log house 
builders overcome these effects by cutting a saw kerf 
along the length of the poled. A saw kerf is a cut from the 
outside to almost the center of the pole. Kerfs work like 
the saw cuts in a concrete slab and allow cross grain 
shrinkage to take place without causing surface cracking 
elsewhere. It may, also, be possible with controlled 
drying to significantly reduce cracking. 
There is minimal loss of stiffness and strength due to 
pole cracking. Cracking is due to the removal of moisture 
between the cells causing shrinkage and the quantity of 
wood fibers remains the same. 
Sawn lumber packs better than round timber. This 
makes it cheaper to transport and to handle in bulk.   
 
2.1. Dimensional Stability 

This subject is often associated with multi-storey timber 
building. Dimensional instability occurs due to timber 
shrinking and expanding with drying and varying 
moisture content. These effects result in variations in 
building dimensions and affect claddings etc. When 
wood moisture content alters, considerably more 
dimensional changes occur across the grain than along 
the grain. The proposed commercial building has 21m 
approximately high columns that consist of 3 no. 7m 
approx long poles end on end. Because the timber grain 
is parallel over the entire height of the column, changes 
in building height are reduced to a minimum. 
Experience at the BRE house 2000 project has shown 
that the moisture content of the timber framing stabilised 
around 12.5% and then remained relatively constant in 
the residential environment. (Enjily 1999). The maximum 
variation in moisture content observed during building 
use was 1%. The pole elements in the proposed 
commercial building will exist in a similar environment as 
a residential building and remain internal and dry. If the 
poles members for a multi-storey building are kiln dried 
before manufacturing to match the expected in-use 
moisture content, then only small dimensional variations 
would be expected.  
 

3. UNIFORM DIAMETER ROUNDWOOD 
 
A recent trend, in New Zealand, is the peeling of poles to 
achieve an element with a uniform diameter. Uniform 
diameter roundwood overcomes the problem of the 
uneven surface of a typical pole. This allows for 
standardised connection details, predictable thickness of 
member for assembly, and a smoother appearance. 
A significant manufacturer of uniform diameter 
roundwood is Tuakau Timber Treatment Ltd. Their web 
site advertises ‘unilogs’ from 70mm to 250mm diameter 
and for up to 12m lengths. Croft Pole Distributors Ltd 
makes a similar product which is marketed as ‘lazerlog’. 
With uniform diameter roundwood there is loss of outer 
sapwood which is denser, stronger, and stiffer than the 
inner heartwood.  I do not know of any research which 
has studied the significance of this loss with respect to 
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strength and stiffness. 
Jayanetti and Follett comment on rounding poles: 

 ‘Rounding can facilitate detailing, jointing, and 
construction and, depending on end use, improve the 
appearance of poles. However, these advantages can be 
offset by a considerable reduction in strength and 
wastage of material. For rounded and non-rounded poles 
of equal diameter there is a 30% loss of strength. Taking 
into account the 30% material wastage, this strength loss 
in respect of the original diameter increases to 40%.’ 

 
3.1. Pole Towers 
A recent innovative use of timber poles was for 10 
number, 30m high tele-communication towers in Tonga 
which were designed to withstand winds of up to 
200km/hr. Tuakau Timber treatment Ltd  manufacture 
the uniform diameter pole elements as a kitset and 
market them as ‘Unilog Towers’.  

Our own testing determined the characteristic bending 
stress at 42 Mpa…. 200 Unilog poles were used for the 

legs and 125 and 155 Unilog poles were used for the 

horizontal diagonal braces…..The HDG steel connectors 
for the leg joints and braces were made  from 3mm steel 
plate shaped into tubes each 610mm long. The tubes 
were made in two sections to accommodate the 60

0
 angle 

of the tower shape with flanges to accommodate the 6mm 
HDG connector plates. The tubes were tightly bolted 
around the legs with 12mm SS bolts…..M16 HDG coach 

screws were used to take up the tension in each 
leg….The design uplift for each leg was 34 tonnes….  
(Reelick 2004) 

 
3.2. Uniform Diameter Roundwood Portal Frames 
Another pole building development by Tuakau Timber 
Treatment Ltd are portal frame buildings using ‘unilogs’. 
The moment joints are achieved by slotting the ends of 
the ‘unilogs’ into close fitting steel tubes. The tubes are 
joined with a weld of sufficient strength to transfer the 
joint bending moment.  
 

  
Figure1a:  Figure 1b: 

32m unilog tower   unilog’ tower joint 
 

 
Figure 1c: ‘unilog’ 2 storey frame 

4. PILED SLABS 
 
4.1. Pile Driving 
New Zealand, due to the farming sector needing driven 
posts for fencing etc, has consistently been involved in 
pile driving. In the last 20 years, pile driving in Auckland, 
has progressed in terms of output, expertise, and 
machinery development.  
The most significant development in residential pile 
driving occurred when, informed by large industrial type 
pile drivers, a foundation construction company, re-
arranged the driver to fit onto a digger and used the 
hydraulics to lift the dolly (steel weight or ram). This led 
to various improvements. The rate of driving became 
quicker and the ram increased in weight. By attaching 
the rig to a digger, virtually any site became suitable for 
driven piles. Tractors, the traditional vehicles for pile 
driving are limited to fairly flat surfaces. 
Driven piles are around 70% the cost of augured piles. 
House piles are typically driven within half a day and the 
site remains relatively clean. Augured piles leave a 
relatively muddy site due to soil excavation and they 
require about two days of construction time. 
 
4.2. University of Auckland Research into Piled Slabs 
In 1997, the structures staff at the School of Architecture 
was approached by a foundation construction company 
to do research into reducing the escalating costs of 
reinforced concrete slabs in domestic construction. The 
study resulted in a method of reinforced concrete slab 
construction which became termed ‘piled slabs’. ‘Piled 
slabs’ have proved quicker to construct and more 
economic to build at $97 per sq.m compared to $127 per 
sq.m. for conventional slabs. 
 
4.3. Piled Slab Concept 
The ‘piled slab’ concept was informed by our confidence 
in driven radiata poles as being competent under 
compression action. The essential difference of a ‘piled 
slab’ when compared to a conventional slab is that the 
perimeter reinforced concrete footing is supported on 
driven timber piles and poured at the same time as the 
slab. The slab within the perimeter footing is the same as 
for a conventional slab system. 
For ‘piled slabs’ the timber piles are located directly 
under the perimeter footings and are specified to be 
placed under point loads and elsewhere at 2m max 
centers but on average are spaced at about 1.8m apart.  
The maximum pile sets are determined by the ‘Hylie’ pile 
formula. The pile set is the amount the pile is driven into 
the ground when the dolly falls on the pile. A smaller set 
indicates a stronger pile than a larger set. The maximum 
allowable set for piles supporting the perimeter footings 
of a single storey house is often around 50mm for a 
500kg hammer falling through 1 meter. 
The code for Timber Framed Buildings (NZS3604), 
specifies that driven piles should be at least 1.2m deep. 
The contractors often drive 1.8m long piles because they 
are more likely to achieve the required sets. 
Occasionally, the set requirements are not met. In this 
instance, the contractor has the choice to replace all the 
piles with longer ones or alternatively splice on additional 
piles.  Because the pin needed between spliced piles is 
stainless steel, it is usually cheaper to replace all the 
piles with longer ones.  
The ground under the slab is excavated down to the 
‘good’ soil layer. Basecourse is then compacted in place 
to underside of slab. Damp proof course is placed before 
the pouring of a100mm thick concrete with 665 high yield 
steel top mesh. Slab thickenings, as per NZS3604, are 
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placed under any internal load bearing walls. If the depth 
of weak ground under the slab is more than 700mm, it is 
cheaper to leave it in place and to support the slab, 
which is typically increased from 100mm to 125mm thick, 
on driven piles at approximately 1.8m centers in both 
directions. Occasionally, the slab needs to be thickened 
above the piles to reduce shear stresses. 
The reinforced concrete perimeter footing is 300mm 
deep * 300mm wide. The bottom 40mm of the perimeter 
footing is placed below the adjacent ground level to 
make the foundation appear embedded  and ‘normal’. 
The 260mm of the footing above ground needs to be 
boxed at the outer edge. The boxing is a significant cost. 
The companies which have taken up making the ‘piled 
slabs’ have made special boxing forms and have 
streamlined this operation. 
The loads of the house external walls and roof are 
supported at the outer edge of the perimeter footings. 
These loads are eccentric by 100mm approximately to 
the driven piles which are directly under the center of the 
footings. The wall/roof loads do not tip the footing 
because they are counterbalanced by the internal slab 
weight. However, this effect creates a hogging moment 
in the slab and so it is important that the contractors are 
made aware of the importance of placing the reinforcing 
mesh in the top region of the slab. In theory, the slabs 
could be 90mm thick, but they have been detailed at 
100mm thick which is typical and also complies with the 
New Zealand code for Timber Framed Buildings 
(NZS3604).  
There are other reasons that ‘piled slabs’ require more 
precise workmanship than conventional footings. One 
example is the longitudinal steel of the external strip 
footings must be correctly lapped due the footings 
spanning between the driven piles. To date, we have 
supervised over a 100 of these slabs and have been 
impressed with the contractor’s diligence in achieving 
these more important construction details.  
The piled slab arrangement saves money by not 
requiring  
• digging for the perimeter foundations and the removal 
from site of the associated excavated ground. ($7.50/m

2
) 

• concrete block base wall between foundations and top 
of slab ($25.20/m

2
) 

• additional cost of in-ground footing ($7.60/m
2
) 

Additional expenses involved with the ‘piled slab’ are: 
• piles which are driven around the slab perimeter 
($8.50/m

2
) 

• boxing around the perimeter of the slab before concrete 
pouring ($4.20/m

2
) 

There is a major saving in construction time with piled 
slabs. The driving of the piles is relatively quick and 
completed within half a day.  For a conventional slab 
considerable additional time is required for excavating 
the footing; pouring the footing; and laying and grouting 
the blocks. Another advantage in piled slabs is the site 
remains considerably cleaner without excavating for the 
footings. 
Since 1997 staff at the school of Architecture have been 
closely associated with the design, construction 
supervision and performance monitoring of 115 ‘piled 
slabs’ for units at a retirement village at Acacia Cove, 
South Auckland. There are no signs of foundation or slab 
movement. The units’ external cladding includes brick 
which has remained in sound condition. The 
300mm*300mm reinforced concrete perimeter strip 
footing was adapted to include a pocket at the outer 
edge to receive the brick veneer and prevent moisture 
ingress into the building. 
Another foundation construction company in Auckland, 

by co-incidence, started a similar piled slab system 
around the same time. Thus, two companies have been 
active and successful at constructing ‘piled slab’ systems 
leading to approximately 300 houses a year between 
2000 and 2002 being constructed with this system. 
Virtually all have these have been within the greater 
Auckland area. There has been a drop off in the 
numbers being built, recently, due to an increase in the 
use of ‘waffle’ type slabs which are being heavily 
promoted by the concrete companies. This may be 
because the ‘waffle’ type slab uses 25% more concrete 
than a ‘piled slab’. In my view, there are concerns with 
using ‘waffle’ type slab systems under New Zealand 
conditions due to the sensitive soils and relatively high 
rainfall.  
 

 
Figure 2a: Piled slab (isometric) 

 
Figure 2b: Piled slab (cross section) 

 

5. SIX STOREY POLE APARTMENT BUILDING 
RESEARCH 
 
A recent research project at the University of Auckland 
was investigating the feasibility of a 6 storey apartment 
building with a radiata pole structure. The main structural 
elements were radiata pole floor beams, radiata pole 
columns, timber floors, and plywood wall diaphragms. 
The pole elements formed a simple post / beam system. 
Figure 3 is a transverse section of the building which 
shows the arrangement of the pole beams and columns. 
The columns are spaced along the building at 7.2m 
centers. The party walls were designed as plywood 
sheathed diaphragms to resist wind and earthquake 
loads. 
The floor is similar to one which was recently constructed 
for a South Auckland commercial building (Davison 
2001). Timber floor joists span between the pole floor 
beams. The flooring is 12 mm thick plywood flooring with 
a 50mm concrete topping to assist a suitable sound 
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insulating rating. Research is currently being carried out 
at the Faculty of Creative Arts and Industries, University 
of Auckland, into timber floor systems that are suitably 
sound proof for multistorey timber building. Hopefully, 
solutions can be found which avoid concrete floor 
toppings.  
The 6 storey pole apartment building was investigated 
from various aspects including dimensional stability, 
environmental impact, strength, economics, fire and 
sound insulation. None of these perspectives showed up 
any impediment to the use of radiata poles as the main 
structural members. The sizes of the pole members 
required are readily available.  
 

6. TIMBER POLES AND ARCHITECTURE 
 
Round timber elements are being used more and more 
by Architects. This is evident when looking through NZ 
Architecture or similar journals. The appearance of round 
timbers is organic and is unobtrusive. It is particularly 
reflects a ‘pacific’ style. Pole columns and roof beams 
are used extensively in Auckland in Pacific Island 
churches which are affectionately known as ‘coral 
cathedrals’. 
Round timbers are presently being used with significant 
architectural  effect in contemporary European buildings. 
Examples of these have been published by Andrew 
Charleson in NZ Timber Design Journals (Charleson 
2002a and 2002b)  

 
CONCLUSIONS 
 
Reported in the paper is the advent of ‘uniform diameter 
roundwood’ and its innovative adaptations by the private 
sector into tele-communication towers and portal frame 
buildings.  
Also described, is the ‘piled slab’ system for residential 
house slabs and it’s cost and time benefits. 
Round timber has distinct advantages as the structural 

components in building which, we expect, will lead to it 
being more widely used in building than at present. 
The growing confidence and momentum in utilising 
round timbers as structural elements has led to the 
University of Auckland being asked to research the 
feasibility of a six storey office building. The challenge 
will be to ensure open floor plans by developing lateral 
load resisting systems that do not rely on shear walls. 
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