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Abstract: The overall aim of our research is to eventually develop a viable system for building 
multi-storey timber buildings that uses radiata poles for the main structural elements. The main 
issues, to be hopefully solved by the research, are achieving floor plans, building elevations, 
and jointing systems that are architecturally elegant and structurally reliable; and to ensuring 
viable arrangements for achieving floor sound insulation.  
This paper describes preliminary testing for shear jointing in built-up pole floor beams. Also, it 
reports on the testing of a prototype floor with radiata pole joists for sound insulation properties, 
and economic viability.  
A major question of the floor was not only ‘would it achieve the sound insulation performance 
that is required by the New Zealand building code (NZBC)?’ but also ‘would it provide 
subjectively satisfactory insulation at low frequencies – i.e. below the range assessed by the 
current NZBC performance requirement’? Measurements therefore have been made of the 
objective performance and complemented by subjective comparisons made in a purpose-built 
IEC Listening room. The results indicate that the floor meets code requirements – even when it 
has a hard surface. The subjective assessments are still underway and the results will be 
reported at the conference. 
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INTRODUCTION 

This initiative brought together, for the first time, research at the Architecture Technologies Department into timber 
jointing, and the work at the Acoustic Research Centre into soundproof timber floor systems.  
This research is part of a larger plan to investigate the use of radiata poles as the main structural elements for 
commercial buildings up to 6 storeys. Main unresolved issues, for this form of construction, include achieving 
soundproof floors, and reliable connections between poles to form floor beams. This paper reports on research into 
these two issues. 
Previous research at the SoA&P has shown the potential of timber poles for the structural elements of multi-storey 
building (Chapman, 2004). Also, it has proposed arrangements of structure to achieve useful floor plans and building 
elevations. An important benefit of this proposed building system is that the energy required for manufacture is 
around 30% of the energy for a traditional reinforced concrete building. Also, the buildings’ pole structural elements 
absorb CO2 during growth and are thus are a reducer of greenhouse gases. The construction of a reinforced 
concrete building results in additional atmospheric CO2 of approximately 75kg for each square meter of floor area 
(Chapman, 2005).  
Studies are in progress to investigate the viability of using pinus radiata poles for floor beams in multi-storey building. 
The proposed beams are made up of 3 poles stacked on top of one another and jointed together as per figure 1. The 
poles are connected with bolts and shear keys, which are similar to the attachments observed in historic timber 
bridges and overcome the common problem with poles of loss of joint strength due to radial cracking. (Chapman, 
2006). However, in testing, we found that the strength of the pole connections with shear keys was much lower than 
expected due to poor timber quality. 
The prototype floor described in this paper incorporates findings from recent research undertaken at the Acoustics 
Research Centre of the University of Auckland. This research (sponsored by the Forest and Wood Products 
Research and Development Corporation of Australia) aimed to investigate and extend our understanding of how 
lightweight timber floors can be designed to provide sound insulation - both for airborne and impact sound - 
comparable with that achievable with typical concrete floor constructions which meet the Australian and NZ building 
code requirements. 
Of particular concern was the low frequency range currently not included in formal performance measures used in 
our building codes - i.e. frequencies below 100 Hz. From a wide ranging parametric study together with objective 
testing and subjective assessment of the insulation provided by a wide range of purpose-built test floors 
(incorporating variations in component properties and design which are buildable using existing construction skills) a 
generic solution floor has been proposed [Chung, H. et al  2006 ] which has guided the design of the floor described 
here. Subjective assessments of the generic solution floor which used a range of impact sources (i.e. lightweight and 
heavy standard impact sources, walking, running and cutlery drops) demonstrated that the floor performed equal to 
or better - depending on the impact source - than the reference concrete floor used for comparison [Dodd, G., 
Emms,G. et al, 2006 ][Dodd, G., Schmid, et al 2006]. The floor described in this paper is a specific realisation of the 
generic floor but using radiata poles for the joists in place of engineered 'I' joists. Replacing the ‘I’ joists with timber 
poles reduces the timber floor costs by $20/m2. However, it is still more expensive than an equivalent reinforced 
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concrete floor. A disadvantage of the pole joists, when compared to the engineered ‘I’ joists, is that they are 
considerably heavier, and will need cranage and require marginally larger floor beams and columns etc. However, 
an acoustical advantage may result from the fact that the poles have greater stiffness laterally and their cross-
sections have more individual variation, - which is that the floor's overall response to sound and peaks in its 
frequency response will be reduced. 

1. POLE FLOOR BEAMS FOR MULI-STOREY CONSTRUCTION 

The beams are required to span between the columns and to support the floor joists. For columns placed on a 
square grid at 5.4m centres, it is estimated that the floor beams will need to be 3 no. 200 dia. high outer density 
radiata poles as per figure 1. The question is: ‘can the poles be reliably joined together so that they do not slip 
relative to each other?’  
Recently a series of tests were carried out on 3 no. simple shear key joints in poles. The shear keys were steel pipes 
that were filled with concrete to ensure the timber failed in compression before failure occurred within the key. 
The test arrangement and typical load/deflection curve are shown in figures 2 & 3. Failure in these joints occurs due 
to timber crushing along the grain where it bears against the shear key. 

Figure 1, 5.4m span Pole Floor Beam for commercial buildings, elevation and cross-section 
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Figure 2, shear key test arrangement with ram pushing  Figure 3, Typical Load/deflection curve for shear test 
 down on middle timber pole element  

The reasons why the above shear connecting system was considered appropriate are as follows. Traditionally, bolts 
and nails are used to connect timber elements. However, these methods are not possible with pole members due to 
their frequent radial cracks. Radial cracking are cracks that extend from the centre of the pole to the outside surface. 
These cracks form after the tree stem is cut down and shrinkage occurs as the stem releases moisture, going from a 
‘green’ to a ‘dry’ condition. Radial cracking does not involve material fibre loss and does not weaken a pole element. 
However, it precludes the reliable use of bolts and nails, which will loose significant strength if placed at the location 
of a radial crack. A viable solution to this dilemma of jointing poles appears to be the use of ‘shear keys’. Shear key 
joints were utilised in historic NZ road and rail bridges (Chapman, 2006). Shear key action occurs at right angles to 
the direction of the radial crack and over a considerably larger bearing area than for a bolt or nail. As a consequence 
radial cracking at a shear key location has a minimal effect on the joint strength.  
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1.1. Shear Key Strength Testing 
The results of the strength testing of the shear key connections were a complete surprise. The joints failed at 
compression stresses that were consistently around 2.5 times less than the minimum expected. The compression 
stresses at failure were consistently around 10mPa. However, the code NZS 3603:1993 has the characteristic 
compression stress for radiata poles, with high outer zone density, at 25mPa. The NZS3603:1993 code requires that 
95% of poles will have a characteristic compression stress of 25mPa or more. Even after modification factors are 
applied to the characteristic compression stress for machine shaving of the pole, steam treatment for drying, and a 
dry use factor, the effective design compression stress is around 25mPa, which is 250% greater than the failure 
stresses of the shear key test joints.  
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, which may indicate 
the companies may be aware of the variations in pole quality. 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.’ 
Due to the above surprisingly poor results for axial compression stress strength for poles, we considered that to 
continue on our initial plan of building and testing two floor beams was a poor use of our time; and that our time and 
resources should be involved in checking the outer zone wood density of poles that are currently being supplied to 
the NZ market. In the next while, our intention is to do density testing of poles from different forest regions, including 
Northland, Central North Island, and Nelson. 
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.  

2. PROTOTYPE FLOOR WITH POLE JOISTS FOR ACOUSTIC TESTING 

A test floor of approximately 50 sq.m was constructed with 200mm dia. radiata pole joists @ 600mm centres as per 
figures 5 & 8. Timber floors previously developed by a team that included the Acoustic Research Centre informed 
the design of the flooring and ceiling components. The main difference is that this test floor used timber pole joists, 
and the previous floors used engineered ‘I’ joists. The tapered poles have two opposite faces cut at 205mm apart to 
provide consistent depth and flat surfaces for connecting flooring and ceiling elements. The advantages of the pole 
joists, when they are compared to engineered ‘I’ joists, are that they are cheaper to buy require less heat to 
manufacture, and involve less discharge of CO2 into the atmosphere. Also, an acoustic advantage may be that 
because all pole cross-sections vary, the joists are less likely to resonate in unison. A disadvantage of the pole 
joists, when compared to the engineered ‘I’ joists, is that they are considerably heavier, and will need cranage and 
require marginally larger beams and columns etc. 
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Figure4, Floor test rig    Figure 5, Test floor joists, 200 SED poles @ 600mm centres  

The 200SED pole joists have, based on published values in NZS3603:1993, an EI value for stiffness of 9.4*1011 

Nmm2, and a Mn value for bending strength of 23.6 kN.m. The pinus radiata engineered ‘I’ joist by carter Holt 
Harvey Ltd that has the approximately equivalent values for stiffness and strength, HJ360-63, is 360mm deep with 
45mm wide * 63mm deep top and bottom chords. One of the main issues for timber floors is that they are more 
expensive than an equivalent pre-stressed concrete system as per table 1 (Willson, 2007). The cost of 200SED 
joists, with two cut parallel faces, is $11.00/m and the engineered ‘I’ joist has a price of $22.00/m, which results in a 
floor cost difference of $20/m2.

Table 1: Comparing Costs of Commercial Floors - Timber with Pole Joists & Equivalent RC 
Costs are Per Square Metre of Floor in NZ$. 

Item
Unit Rate Quantity / m2 Cost / m2

Timber Floor  
ply sheathing sq.m 46.75 2.00 93.50

75*50 flooring battens m 9.30 1.67 15.50
sand sawdust filling cu.m 120.00 0.05 5.55

200mm dia untreated rad. pole joists m 1.67 11.00 18.33
fibreglass batts sq.m 18.60 0.67 12.40

sound insulation clips m 8.90 1.67 14.83
plasterboard, 25mm thick sq.m 61.50 1.00 61.58

Plasterboard stopping sq.m 7.50 1.00 7.50
TOTAL NZ$229.19 

RC Equivalent Floor 
prestressed units, 100mm interspan sq.m 135.00 1.00 135.00 

665 mesh sq.m 8.70 1.00 8.70
ceiling battens @ 400mm centres m 8.90 2.50 3.56

plasterboards, 9mm thick sq.m 30.10 1.00 30.10
Plasterboard stopping sq.m 7.50 1.00 7.50

TOTAL NZ$184.86 

3. RESEARCH INTO THE INSULATION AGAINST SOUND OF THE PROTOTYPE FLOOR SYSTEM

3.1. Construction and Testing 
A dedicated floor-test rig for impact insulation that was built near the University’s Tamaki campus for a previous 
research project was the test bed for the prototype floor. A building contractor was hired to build the floor (OSH 
regulations ruled out the building by University personnel) and the floor was completed in a timely and trouble-free 
manner. (The test rig and the floor as built are shown in Figures 4 & 8.)  
The test facility – whilst not part of the Acoustic Research Centre’s suite of ISO chambers of reverberation chambers 
with suppressed flanking transmission – meets the requirements for laboratory testing (according to ISO 140) of the 
impact insulation of floors (Figures 4 & 6 show the floor-test facility with and without the prototype floor in place; 
Figure 7 shows the set-up for measuring the IIC and Ln,w ratings). It provides for constructions to remain in place for 
extended periods for detailed study and experiment (this not possible in the ARC’s main chambers because of 
commercial use). 

3.2. Performance requirements 
Unlike wall partitions, floor constructions have a dual insulation role in buildings – to insulate against structure borne 
sound and also against airborne sound. There are performance requirements specified in the NZ Building Code for 
each of these, and for a floor-ceiling system to be successful it must meet these requirements as well as proving 
attractive structurally, economically and for serviceability (i.e. buildability and maintenance).  

3.3. Obtaining the insulation performances 
The Tamaki test facility is only suitable for testing the structure borne or impact sound insulation. For conventional 
flooring systems this is not a serious limitation as we have modelling software which allows us predict the 
acceptability of airborne insulation, provided the performance is not borderline. For innovative floor developments 
which, as for the prototype pole floor, have more complexity than a basic double-leaf structure, the airborne 
insulation must be verified by measurement. In this case, as the airborne insulation could not be measured directly, 
we anticipated applying findings from other research currently being carried out in the ARC in which we are 
proposing a technique for relating structure borne and airborne performance of floors so one can be predicted from a 
measurement of the other. The purpose of this approach is to make screening checks on buildings easier by 
obviating the need to make both types of measurement. The airborne insulation result shown below has been 
obtained by this technique and is therefore a prediction from the measured impact sound insulation (details of the 
technique will be published later).] 
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3.4. Objective findings 
The results for both forms of insulation show that the performance meets the requirements of the current NZ Building 
Code – the results of STC 60 and IIC 55 compare with the minimum performance requirements of both STC and IIC 
55. Figures 8 and 9 show the detailed 1/3rd octave band results and the single figure performance values, STC, Rw, 
IIC and Ln,w . It is important to note, however, that these results are for the uncovered, bare floor. One of the 
challenges that we face from the current fashion for uncarpeted rooms is to meet the impact insulation requirements 
with hard surfaces. The prototype floor meets the code functional requirement without any covering and – as with 
other flooring systems – will attenuate impact sound even better if carpeted. 

3.5. Subjective Testing 
The ARC has been a strong critic of the NZ Building Code for expressing the performance requirements in terms of 
the US rating system. This system was formulated a half century ago and ignores the low frequency range which 
has become a dominant factor for Light Timber Frame buildings (LTF) in this era of high-power, wide-bandwidth 
home entertainment systems. 
The more recent ISO ratings of Rw, and Ln,w (with low frequency extensions and spectrum adaptation terms) have 
yet to be the subject of comprehensive and convincing experimentation. In the absence of low frequency 
acceptability criteria – and especially for LTF structures – we have argued that subjective testing and comparisons 
with concrete-slab based floor systems are necessary.  
Therefore the testing of the prototype floor, in addition to the formal objective measurements, has included making 
recordings of the radiated sound when it was excited in various ways - including walking, running and the dropping 
of cutlery. In previous research (see report PN04.2005 for Forest and Wood Products Research and Development 
Council (FWPRDC) of Australia) we have used the IEC Listening Room of the ARC to make controlled forced-choice 
comparisons of recordings from a variety of floor constructions also built at the Tamaki facility. The sounds from the 
prototype pole floor will be assessed against the best performing LTF constructions to verify their acceptability.  
Since the features identified in the FWPRDC research as optimising performance in light-weight floors were 
incorporated in the design of the prototype floor – i.e. added mass and damping from an internal layer of sand – we 
are reasonably confident that the good objective performance (i.e. STC 60 and bare-floor IIC 55) will be mirrored by 
a high preference subjectively. 
However, the subjective testing requires a significant time and is not yet completed. 

                 

Figure 6, Floor in place for testing                    Figure 7, Measuring the sound field under the installed floor 
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Figure 6. The 1/3rd octave band normalised impact sound levels measured from the prototype pole-floor, and the 
single-figure ratings of impact sound insulation (IIC and Ln,w) derived from them. 
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Figure 7. The 1/3rd octave band values of airborne sound insulation – which are a theoretical prediction (with 
correction factors) – from the measured values of normalised impact sound pressure levels. Also shown are the 
single figure ratings STC and Rw. 
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CONCLUSIONS 

The overall aim of this line of research is to develop a system for building 6 storey commercial buildings using 
radiata poles as the main structural elements. This paper reported on 2 aspects of this study. The 1st is developing 
the jointing for built-up pole floor beams; and the 2nd is a floor arrangement, with pole joists, that has acceptable 
sound-proof properties.  
When testing joints for connecting poles to form floor beams, a surprising result was the very low compressive 
strength of the pinus radiata poles, which were bought as poles with high outer zone density. The compression 
strength was 250% lower than the expected values as published in the relevant code, NZS3603:1993. There are 
now some doubts about the reliability of the strength of radiata poles that are being supplied to the New Zealand 
market.
It is intended that future research will evaluate density and compression strength from poles from a wide range of 
locations within New Zealand. This research may indicate that radiata poles need a more comprehensive quality 
evaluation system than presently used. Hopefully, by implementing better quality control systems, high density poles 
as per NZS3603:1993 will be readily available and pole floor beams can be reliably and economically constructed 
using a combination of bolts and shear keys. 
The cost advantages of pole joists over engineered ‘I’ joists is $20/m2. This reduces the timber floor costs to $229/m2

and significantly reduces the cost advantage of an equivalent reinforced concrete floor at $185/m2.
The objective acoustic testing of the prototype floor, using radiata pole joists, meets all the acoustical requirements 
of the NZ Building Code when it is not carpeted. This is an excellent result for a hard surface flooring system. The 
construction incorporates features identified in previous research as maximising the insulation from a given mass of 
lightweight flooring and hence we expect that the subjective acceptability will be at least as high as the best 
performing construction in that research. Verification of this by means of subjective comparisons is in progress. 
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