OLD GROWTH: OUR TIMBER ENGINEERING HERITAGE
Hank Bier, Technical Editor
This is the first in a series of papers taken from documents that may not have seen the light of day for many years. All
contributions are welcome for future columns. Please note that the techniques/technologies referred to in these papers
are historic and do not reflect current practice.
We begin with a paper published in the TDA Bulletin (Volume 1, number 9) in February 1963. The Timber Development
Association existed in a way as a body not unlike our own, to publish useful information for designers. The paper was
written by Max Cone who was Chief Civil Engineer at the Wellington Head Office of the Forest Service, and who
interviewed me in 1970 for my position as engineering cadet. When I got the telegram saying I had the job, I thought
Cone was some sort of code for the Forest Service. Little did I know!
The paper is of particular interest because of the current focus on wood composite concrete systems around the world
and especially at Canterbury University. It describes a bridge deck that was used in a number of Forest Service designs.
For those of our readers who may travel the back roads, there are records of one 8 m span built in 1968 across the
Waiharakeke stream near Karioi and one 11 m span over Upper Pye Creek near Wanganui. More significantly, the
Nelson Harbour Board chose this form of construction for their new wharf decks in the 1960’s, and when I visited there in
the mid 80’s, they had removed the original concrete topping from some areas and were renewing it with a thicker layer
because no one had foreseen the size and wheel loads of the “new” log loaders used for log ships. In other words, the
original timber in the composite design was still used in the rebuild. It would be interesting if our local Nelson members
could follow this up and see how the decks were doing.
Our second paper in the series covers the testing of the shear developers used in these bridges to provide resistance
between the concrete and the timber laminates. The paper is from TDA Bulletin (Volume 1, number 12) in November
1963, written by Bob Hellawell who was a real character at the then Forest Research Institute. Bob had a wealth of
knowledge across many fields and specialised in fastenings and poles.

A COMPOSITE TIMBER-CONCRETE BRIDGE*
C M Cone
Chief Civil Engineer, New Zealand Forest Service

ABSTRACT
This paper describes the construction, design and testing of a composite timber-concrete bridge, and the advantages
and limitations of this type of construction. The bridge consists of a nominally reinforced concrete slab over a naillaminated timber slab of alternate 10 x 2 in. and 12 x 2 in. Radiata pine planks (on edge) spanning the 20 ft. between
abutments.

INTRODUCTION

GENERAL DESCRIPTION

Composite timber-concrete bridges are used extensively
in the timber-producing areas of the United States. For
single– or multiple-span bridges of up to 22 ft. maximum
span, this type of construction has many advantages, and
in order to show that these hold good for New Zealand
timbers and conditions, an experimental bridge was
designed for the New Zealand Forest Service and
construction completed in October, 1957. After more
than five years use by all types of traffic, including laden
Pacific logging trucks (all-up weight 86,000 lb.), this
bridge has proved to be quite satisfactory, the only
maintenance necessary being a repaint of the handrails.
As far as is known, this is the only bridge of its type in
New Zealand so far. A brief reference was made to it in
an article in the June 1958 issue of New Zealand
Engineering.

Basically, the bridge consists of a laminated timber slab
with a nominally reinforced concrete slab on top of it,
provision being made for resistance to horizontal shear
between the timber and the concrete, so that the
completed slab acts as a composite unit with the timber
taking the tension and the concrete the compression. In
the case of a multiple-span bridge the stresses are, of
course, reversed at the supports and tensile
reinforcement must be included in the concrete at these
points.

*

The experimental bridge was built over the
Mangaharakeke Stream near the northern boundary of
Kaingaroa Forest. It has a single 20 ft. span and was
designed to carry laden Pacific logging trucks. The
laminated timber slab consists of alternate 10 x 2 in. and

Published in TDA Bulletin No. 9, February 1963.
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12 x 2 in. planks on edge, spanning between concrete
abutments and nailed together with 5 in. nails. The
planks are No. 2 Framing grade Radiata pine pressure
treaded with PCP-oil preservative. The concrete slab is
of Grade C concrete having a minimum crushing
strength of 2,500 lb./sq. in. at 28 days and nominally
reinforced with ½ in. diameter rods at 9 in. centres both
ways. The shear developers consist of 3¾ x 3½ in.
triangular plates of 3/32 in. steel driven into the grooves in
the timber slab. Four-inch uplift spikes were driven at 2
ft. intervals along the top edge of the 12 x 12 in. planks
with 1¼ in. protruding to prevent the concrete slab from
lifting.

DESIGN
The American design practice (illustrated in the April
1941 Bulletin of the American Wood-Preservers’
Association) was followed for a maximum wheel load of
19,700 lb. It was assumed that the whole of the dead
load (including the green concrete) would be carried by
the timber slab alone and the live load by the composite
slab.
The stresses were calculated accordingly,
assuming a modular ration (m) of Ec/Ew = l, and added as
shown.
DEAD-LOAD MOMENT
Timber:

Average thickness 11 in.
Weight 40 lb./cu. ft.
(Timber 30 lb., creosote 10 lb.)

Concrete:

Maximum thickness 6 in.
Weight 144 lb./cu. ft.

Total D.L.:

Timber 11/12 x 40 = 36.6 lb./sq. ft.
Concrete 6/12 x 144 = 72.0 lb./sq. ft.
Total
= 108.6 lb./sq. ft.

MATERIAL AND METHODS
The conditions of service of the timber are not severe,
as it is not in contact with the ground and the concrete
slab protects it from the weather. Pressure treatment
with creosote or an oil-soluble preservative is
recommended, as seasoning after treatment is then not
required.
Number 2 Framing grade Radiata was used because it is
a standard grade which is easier to get in the large sizes
and long lengths required. The planks should be turned
so that the best edge is downwards, and any planks
which have serious defects in both edges near centre
span should be rejected. Lamination has the effect of
distributing and minimizing the effects of individual
defects and for this reason it was considered that the
working stresses normally allowed for No. 1 Framing
could safely be used in design.

Simple-span D.L. moment
= (108.6 x20 x 20 x 12)/8 = 65,000 in. lb./ft. width
LIVE-LOAD MOMENT
Distribution of wheel load = 5 ft.
Simple-span L.L. moment = (19,700 x 20 x 12) / (4 x 5)
= 236,000 in. lb./ft. width

The timber was used undressed so that advantage might
be taken of the greater frictional resistance between
laminations. A large quantity of 5 in. nails was used in
laminating the planks, but the labour involved was less
than expected, as the nails can be driven with a heavy
hammer from a convenient position and are easily driven
in Radiata pine. Gluing is an alternative method of
lamination, but is more expensive and requires skilled
labour and close supervision. As nail laminating has
proved to be satisfactory, gluing is not warranted.
The shear developers may be driven into position, but to
avoid wedging the laminations apart it was fond
necessary to make 1/16 in. saw cuts in each side of the
grooves before driving them in. An alternative method of
developing shear resistance is to cut half-inch-deep
castellations or share daps into the tops of the
laminations, but this method reduces the areas of timber
and concrete available to carry the shear. The bearing
surfaces at the ends of the castellations should be
sloped 30º from the vertical to reduce stress
concentrations.
An alternative to the use of uplift spikes are preferred
because they also help to resist horizontal shear,
although this is not taken into consideration in the shear
calculations.

4

Figure 1. Properties of 12 in. width of slab — Wood Section

Figure 2. Composite Section
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STRESSES
D.L stress in timber = (65,000 x 5.55) / 1,398
= 258 lb./sq. in. (tension)

Total horizontal shear on 1 sq. ft. at n.a. = 39.9 x 144
= 5,750 lb. (shear at joint between timber and
concrete slightly less)

L.L stress in timber = (236,000 x 8) / 4,090
= 461 lb./sq. in. (tension)

Working value of shear developers = 1,750 lb. (see
American Wood-Preservers’ Assn. bulletin of April 1941)

L.L compression in concrete = 461 x 1.3
= 600 lb./sq. in.
(where 1.3 is for impact)

Number of developers required per sq. ft. = 5,750 / 1,750
= 3.28

Maximum stress in timber = 258 + 461 = 719 lb./sq. in.
Maximum stress in concrete = 600 lb./sq. in.
Allowable stress in timber:
1.
2.

No. 2 Framing grade Radiata but assume
upgrading No. 1 because of lamination.
Working stress for No. 1 Framing grade at 20%
moisture content:
For loads up to 7 days duration = 1,125 lb./sq. in.
For loads up to 1 day duration = 1,200 lb./sq. in.
For impact loading = 1,800 lb./sq. in.

Allowable stress in concrete 1,000 lb./sq. in.

SPACING OF SHEAR DEVELOPERS
Distribution of wheel load = 4 ft.
Load per ft. width = 19,700/4 = 4,925 lb.
Plus 30% for impact = 4,925 x 1.3 = 6,400 lb.
Critical position of load, 3D from supports = 1 ft. 4 in. x 3
= 4 ft. 0 in.
End reaction = (6,400 x 16) / 20 = 5,110 lb.
Average unit shear = 4,110 / (12 x 16) = 26.6 lb./sq. in.
Maximum shear at n.a. = 26.6 x 1.5 = 39.9 lb./sq. in.

Number of developers required per linear ft. in each
groove = 3.28 / 3 = 1.093
Spacing of shear developers = 12 / 1.093 = 11 in.
(increasing to 20 in. at centre span)

TEST RESULTS
In December, 1958 the Ministry of Works carried out a
load test of the bridge, using strain gauges to measure
vertical deflection and extreme fibre extension at the
mid-span cross-section of the bridge. Figure 4 shows
the vertical defection with the load in various positions at
centre span.
As will be seen from the diagrams, the maximum
deflection is at the edge of the slab and is 0.149 in. or
1/1,600 of the span, which is well within the allowable
deflection. The diagram also shows that although there
is little local effect from the wheel loads the maximum
stress at the edge of the slab due to eccentric loading is
approximately twice the average stress. As the width of
the slab is 18 ft. this is equivalent to a lateral wheel-load
distribution of 4 ft. 6 in. instead of the 5 ft. 0 in. assumed
for design purposes. Assuming a value of m = 1 the
maximum stresses would then be as follows:
Average L.L moment per ft. width
= (39,400 x 20 x 12) / (18 x 4)
= 131,000 in. lb./ft. width

Figure 3. Part section through deck, spacing of nails in planks and detail of shear developer.
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Figure 4. Vertical deflection.

Maximum L.L. stress in timber
= (2 x 131,000 x 8) / 4,090
= 513 lb./sq. in. (exclude impact)
Maximum total stress in timber = 513 + 258
= 771 lb./sq. in.

then the value of m would be approximately 2. the
extreme-fibre-extension and deflection measurements
confirmed this and the actual stresses under full load
would then be as follows:

Maximum total stress in concrete = 513 + 1.3
= 667 lb./sq. in. (where 1.3 is for impact)
Although in this case the maximum stresses are still
well within the allowable limits, the deflection pattern
indicates that the kerb width should be increased to
about 18 in. so that wheel loads will be kept at least 2 ft.
6 in. from the edge of the slab.
The American design approach assumes that the bridge
will be put into service before the concrete has attained
its ultimate modulus of elasticity, and therefore a value
of m = 1 is use. As the modulus of elasticity of the
timber in this case is about 1.1x106 lb./sq. in. and that of
the concrete reaches 2-3x106 lb./sq. in., this is a
conservative approach.
The test was carried out after the bridge had been in
service for more than a year and it was assumed that by
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Figure 5.

Maximum live-load stress in timber
= (2 x 131,000 x 9.3) / 5,6000
= 435 lb./sq. in.
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Maximum total stress in timber = 435 +258
= 693 lb./sq. in.
Maximum total stress in concrete
= (2 x 131,000 x 6.7) / 5,600 x 2 x 1.3
= 816 lb./sq. in.
With the following reservations, the American design
approach appears to be sound for the material used:
1.

The assumed lateral distribution of wheel loads is
safe provided the wheel loads are kept at least
2 ft. 6 in. from the edge of the slab.

2.

The value of m = 2 may be assumed provided the
bridge is not put into service before the modulus
o f elasticity of the concrete has attained a value
of at least 2.2 x 106 lb./sq. in.

3.

The test did not provide much information on the
performance of the shear developers, except that
no sign of failure was observed at full design
load.

ADVANTAGES AND LIMITATIONS
The planks should be of full span length, therefore the
span is limited to the length of timber available, usually
about 22 ft. In multiple-span construction one-third of
the laminations are butt jointed over the supports and
on-third at or near each quarter-span point, the joints
being made in regular rotation. In this arrangement
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two-thirds of the laminations extend across and are
effective at any of these points and a full timber section
extends throughout the mid-span area between quarter
points.
The component parts are relatively light and easy to
handle, so that no special lifting equipment is required,
also construction is straightforward enough to be carried
out by semi-skilled labour. Costs are low compared with
other types of construction; the cost of the slab and side
rails (excluding abutments and wing walls) of the Forest
Service bridge was approximately 36s. 6d. per sq. ft.
completed, although it should be pointed out that the site
was fairly handy to the source of supply of timber and
that construction was carried out by the Department’s
own employees.
The bridge is expected to have a life of at least 50 years
and probably much longer, with low maintenance costs.
The finished appearance is good and except for a small
amount of steel, all materials were locally produced and
readily available.

This article is reproduced from Forest Research Institute
Technical Paper No. 34, published by New Zealand
Forest Service. The only alteration made from the
original publication is in relation to the length in service
and performance of the bridge; this has been brought up
to date.
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