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Background

The building industry in New Zealand is in an environment of panic over unacceptable problems with building
envelopes too many are leaking. This has evolved in the past decade and has been attracting increasing media
attention. Headlines have grown more sensational. The problem was originally described as one of damage to interiors
and wood decay. It is now described more correctly, as moisture ingress.

This paper reviews exterior wall assemblies currently used in residential construction and in low rise buildings with
light framed walls (timber or steel) with NZS3604 type claddings. The climates that are involved in this review are
those of coastal New Zealand with annual average rainfall in the 1.0 to 1.5m range. The temperature and humidity
range limits the potential for problems from condensation from interior humidity. The sources of moisture are
essentially external.

Function

A building envelope is expected to have the following functions (in no particular order). This review is entirely around
the fourth item.

Be aesthetically pleasing and marketable
Provide security and privacy

Control fire, smoke and noise

Control rain penetration

Control light, solar radiation and heat flow
Transfer structural loads

Be durable

Be constructable and maintainable.

Cladding

NZS3604 defines cladding as the outside or exterior weathering surface of a building . This review is not about
claddings, which are expected to be durable. The New Zealand Building Code in sections B2 and E2 refers to
claddings and to their durability. Various appraisals assess claims of durability. This review compares assemblies of
claddings, building wraps/underlays, framing and linings, using five different claddings.

A common error in New Zealand is to assume that a cladding should be sealed on the outside surface of a building.
Doing this can have unfortunate results.
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Overhang Ratio

The NZ and Canadian West Coast building envelope experiences indicate that there is a roof overhang ratio that has a
significant level of deflection of rain and shelter effect.

Overhang ratio
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The significant lower limit for overhang ratio is either about 1/10 or say 300m/storey.

This overhang ratio is a feature of the performance of the assemblies in this review.

It relates to the building styles that have evolved in New Zealand, some of which are identified as being high risk.
These are the buildings with nil overhang (ie, walls which finish at parapets) or where the overhang ratio is below the
lower limit value.

Moisture Barrier

Control of water entry can be by sealing the face or by managing air pressure and having a drained cavity system
behind the cladding. Assemblies E1, F1, S1 are face sealed.

Assemblies using a face seal have proven to be unreliable because;

Either, the seal is not durable or sealable

or, the intersections and interfaces with other elements are difficult

or, there are penetrations or failed joints that provide a path for entry water.

That these assemblies work in practice relates most of all to the presence of an adequate level of deflection and shelter
at roof level. The overhang ratio is above the lower limit.

The presence of a drained cavity in the exterior wall assembly is a major benefit. The cladding becomes a rain screen.
Water that passes the facade tends to run down the back side of the cladding and be drained to the outside. The
introduction of a cavity does not eliminate the need for good detailing and flashing at windows and interfaces/
intersections to limit major water entry. It does not eliminate the need for a waterproof vapour permeable building
wrap/underlay. With a rain screen cladding and a drained cavity, the building wrap/underlay is the moisture barrier.

The use in New Zealand of building wraps that are permeable to both vapour and water is a matter of concern. They
should be avoided.

Air Barrier

An effective air barrier is an important element in managing air pressure differentials and minimising water ingress.
Stopped interior lining stops most of the air movement.

Interfaces and Intersections

References to these in the review relate to window and door flashings, meetings of dissimilar claddings and to roof/wall
plane intersections.
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Bl Brick (or Masonry) Veneer (and plastered masonry veneer)

Brick Veneer

40mm Cavity

Building Wrap / Underlay

Insulation in Stud Space

Stopped Gypsum Plaster
Board Lining

The arrow identifies
the moisture barrier

Moisture Barrier

This assembly anticipates control of the majority of the exterior moisture at the outer masonry face while recognising
that some moisture will migrate through the masonry. This moisture is allowed to drain down the cavity and exit at the
base of the wall. Further drying is facilitated by evaporation through air exchange in the cavity, as well as by diffusion
through the masonry veneer.

The moisture barrier is the building wrap/underlay.

Air Barrier

The interior lining will provide most of the air-tightness performance.

Limitations on Use

These assemblies have a good performance history, even in situations where high exposure and very porous bricks have
combined.

Durability

The assembly is not sensitive to moisture that passes through the veneer. It assumes that all moisture will be
intercepted by the cavity and the building wrap. The assembly is sensitive to moisture that passes the moisture barrier.
Detailing of the interfaces to minimise the amount of water reaching the building wrap is significant as for other

assemblies.

The assembly is usually insensitive to leakage at windowsills. The cavity size and the window position result in leakage
dropping into the cavity. It is sensitive to blockage of outlets by dropped mortar.

The assembly is less sensitive to frame shrinkage. It is sensitive to the effects of ground movement and cracking of
masonry veneer can result.

Plastering of the exterior face should be done without interference to drainage openings.

Status

Currently this assembly is included in E2/AS1 in the NZBC and in NZS3604.
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El EIFS (Exterior Insulation Finish System) (and polystyrene with drainage channels)

Acrylic Coating

Reinforcing Mesh

Exterior Insulation (with or without drainage
channels, mechanically fastened)

Building Wrap / underlay

Insulation in Stud Space

Stopped Gypsum Plasterboard Lining

The arrow identifies /

the moisture barrier

Moisture Barrier

This assembly anticipates control of all the exterior moisture at the exterior cladding. With the drainage channels at the
back of the polystyrene sheets, any moisture that does penetrate is allowed to drain to the exterior. Without such
channels, any ingressed moisture has to migrate down between the polystyrene and the building wrap.

The moisture barrier is the face of the cladding, ie, it is face sealed.

Air Barrier

The nature of this cladding makes it inherently airtight.

Limitations on Use

These assemblies have a recent history of satisfactory performance where roof overhang ratios are above the lower
limit, with or without drainage channels.

Poor performance of these assemblies has been documented where roof overhang ratios are nil or below the lower limit
and where there are face penetrations. The effect of the recent evolution of insulation panels with drainage channels is
not known. These may be performing as a drained cavity and will therefore be beneficial.

Face penetrations of such claddings should be seen as very high risk. The effect of long term bearing on soft
components should be avoided.

Durability

This assembly is sensitive to the continuity of the face seal. Detailing of the interfaces and intersections is important to
satisfactory performance.

The assembly is relatively insensitive to frame shrinkage or ground movement. Attention to control joints as
recommended by the supplier is important. Resistance to impact damage is a limitation of this assembly as is bird
damage. Acceptable performance should be provided by the use of mesh reinforcement to the facade finishes.

Status

These assemblies are not in E2/AS1 in the NZBC or in NZS3604 but various manufacturers have appraisals on their

product as a cladding.

Note:  There is no information or history of EIFS assemblies where the polystyrene has been battened off the framing
to form a cavity.
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F1 Fibre Cement Panels, Texture Coated, Direct on Frame

The arrow identifies
the moisture barrier

Moisture Barrier

This assembly anticipates control of all the exterior moisture at the exterior cladding. Any moisture that penetrates the
face cannot readily be accommodated by the wall assembly.

The moisture barrier is the face of the cladding.

Air Barrier

The nature of this cladding makes it inherently airtight. There may be a contribution from the interior lining.

Limitations on Use

These assemblies have a recent history of;

a) satisfactory performance where roof overhang ratios are better than the lower limit

b)  poor performance where roof overhang ratios are nil or below the lower limit, and/or where there are moisture
barrier penetrations. This poor performance has been documented.

Durability

The assembly is very sensitive to the continuity of the face seal. The interfaces and finishes need to be maintained and

the amount of water impacting on the assembly should be minimised (deflection and shelter). These factors are

significant in the overall performance of the assembly. Penetrations of the face are a high risk factor.

The assembly is sensitive to leakage at windowsills, parapets and balconies.

The assembly is sensitive to frame shrinkage and to the effects of ground movement. Attention to control joints is

important and inadequacies can result in these opening up.

Status

These assemblies are not in E2/AS1 in the NZBC or in NZS3604. Various manufacturers have appraisals on their
products as claddings, but not in the context of multi-storey buildings.
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F2 Fibre Cement Panels, Texture Coated, With Cavity

The arrow identifies ’q
the moisture barrier /

Moisture Barrier

This assembly anticipates control of the majority of exterior moisture at the exterior cladding while recognising that
some moisture will migrate beyond the exterior cladding. This moisture is allowed to drain down the cavity formed
behind the cladding and out of the assembly at flashings or at the base of the wall. Further drying of the cavity is
facilitated by evaporation through air exchange and by limited diffusion out of it.

The moisture barrier is the building wrap.

Air Barrier

The nature of the assembly with a drained cavity behind the cladding means that the interior lining must be relied upon
to achieve air-tightness performance.

Limitations on Use

Few of these assemblies have been built in New Zealand. Therefore there has not been sufficient time to assess their
long term performance. However successful performance of similar assemblies is well documented (brick veneer and
solid plaster on non-rigid backing) and is predicted for this assembly. This should apply where roof over-hang ratios
are below the lower limit (or nil) or where there are cladding penetrations.

Care is required in placement of battens to avoid undue restriction of drainage paths at lintels and bottom plates, and
where fibre cement panels meet.

Durability

The assembly is sensitive to moisture that passes the building wrap. Moisture is intercepted by the cavity and the
building wrap. Battens and their fastenings must have a service life at least equal to the fibre cement claddings.
Detailing of the interfaces, intersections and penetrations should still minimise the entry of water beyond the facade.
The assembly is sensitive to frame shrinkage and to the effects of ground movement. Attention to control joints is
important and inadequacies can result in open joints.

Status

Currently this assembly is not included in E2/AS1 in the NZBC or in NZS3604. There are appraisals on fibre cement
claddings but not in the context of this assembly.
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S1 Stucco (Solid Plaster) on Rigid Backing (No Cavity)

I Acrylic Coating
21mm Stucco (solid plaster)
| Reinforcing
I Building Wrap / Underlay
| Rigid Backing (fibre cement or plywood)
i Insulation in Stud Space
The arrow identifies I Stopped Gypsum Plasterboard Lining
|
|

the moisture barrier

Moisture Barrier

This assembly anticipates the control of all exterior moisture at the exterior cladding. Any moisture that penetrates the
face cannot readily be accommodated by the wall assembly. The facade is a face seal system.

The moisture barrier is the face of the cladding.

Air Barrier

The nature of this cladding makes it inherently airtight.

Limitations on Use

These assemblies have a recent history of;

a) satisfactory performance where roof overhang ratios are above the lower limit
b)  poor performance where overhang ratios are nil or below the lower limit, or where there are moisture barrier
penetrations. This poor performance has been documented.

Durability

The assembly is very sensitive to the continuity of the face seal. The interfaces and finishes need to be maintained and
the amount of water impacting on the assembly should be minimised (deflection and shelter). These factors are
significant in the overall performance and durability of the assembly. It is sensitive to the correct mix of cement plaster
and the skill of the plasterers. Penetrations of the face are a high risk factor.

The assembly is sensitive to leakage at windowsills, parapets and balconies.

The assembly is sensitive to frame shrinkage and to the effects of ground movement. Attention to control joints is
important and inadequacies can result in cracking in the stucco.

Status

Currently this assembly is included in E2/AS1 in the NZBC and in NZS3604. Given the comments above, this
inclusion should be reviewed. A proposal to have a cavity in this assembly has been documented.
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S2 Stucco (Solid Plaster) on Rigid or Non-Rigid Backing (With Cavity)

The arrow identifies
the moisture barrier

e

Moisture Barrier

This assembly anticipates control of the majority of exterior moisture at the exterior cladding while recognising that
some moisture will migrate beyond the exterior cladding. This moisture is allowed to drain down the cavity formed
behind the cladding and out of the assembly at flashings, or at the base of the wall. Further drying of the cavity is
facilitated by evaporation through air exchange in the cavity and by limited moisture diffusion out of it.

The moisture barrier is the building wrap/underlay over the framing.

Air Barrier

The nature of the assembly with a drained cavity behind the cladding means that the interior lining must be relied upon
to achieve air-tightness performance.

Limitations on Use

These assemblies were used historically and have a history of satisfactory performance. The numbers built in recent
years have been limited. They are predicted to have satisfactory performance where roof overhang ratios are below the
lower limit (or nil), or where there are penetrations of the face.

Durability

The assembly is sensitive to moisture that passes the building wrap. It assumes that all moisture will be intercepted by
the cavity and building wrap. The fasteners used to secure the battens and building wrap must have a service life at
least as long as the stucco. It is sensitive to the correct mix of plaster and the skill of the plasterers. Penetrations
require careful detailing.

The assembly is sensitive to frame shrinkage and to the effects of ground movement. Attention to control joints is
important and inadequacies can result in cracking of the stucco.

Status

Currently this assembly is included in E2/AS1 in the NZBC and in NZS3604 with a non-rigid backing. There is a
belief that the assembly shown in S1 should be modified to include a cavity.
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W1 Horizontal Weatherboards (Timber and Fibre Cement)
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The arrow identifies
the moisture barrier

ABARAAN

Moisture Barrier

This assembly anticipates control of the majority of the external moisture at the exterior face while recognising that
some moisture will migrate beyond the weatherboards. This moisture will drain through a series of small,
interconnected cavities formed between the weatherboards and the building wrap or underlay. The size of these
cavities varies between one type of weatherboard and another.

The effectiveness of the closure of the exterior face varies with nailed, painted, bevel back weatherboards being the
tightest and horizontal, rusticated weatherboards (with stain finish) being the least tight. NZS3604 sets out
requirements for the type of underlay to suit different timber and weatherboard types and wind zones.

The moisture barrier is the building wrap/underlay.

Air Barrier

The interior lining must be relied upon for air-tightness performance.

Limitations on Use

a) These assemblies have a history of good performance where roof overhang ratios above the lower limit are
achieved. In high or very high wind exposure zones where poorly closed weatherboards are used (eg, rusticated),
the nature of the underlay and the quality of its detailing is significant.

b) Historically, few weatherboard walls finished at parapets. These are now appearing more frequently. There is less
information on the performance of such walls where the overhang ratios are below the lower limit. Where the
detailing of interfaces and parapets is appropriate, and the underlays are suited to the cladding and wind zone, a
satisfactory performance is achievable.

Durability

The assembly is sensitive to moisture that passes the building wrap/underlay. Detailing the interfaces and having a roof
overhang are both significant in the performance of the assembly. The performance of wood weatherboards and their
stability is related to coatings and their maintenance.

The assembly is relatively insensitive to frame shrinkage and ground movement.

Status

This assembly, using timber weatherboards, is included in E2/AS1 in the NZBC and in NZS3604. Using fibre cement,
vinyl or metal weatherboards, there may be appraisals available.
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W2 Vertical Weatherboards
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Moisture Barrier

This assembly anticipates control of the majority of the external moisture at the exterior face, while recognising that
some moisture will migrate beyond the weatherboards. This moisture will drain through various cavities formed
between the weatherboards and the building wrap. The size of these cavities varies, but the board/building wrap
interface is not tight. The effectiveness of the closure of the exterior face varies according to the nature of the boards
and the surface finish, if any.

NZS3604 sets out requirements for the type of underlay to suit different timber weatherboard types and wind zones.
Stained or unfinished board used in board-and-batten claddings can develop serious open characteristics.

The moisture barrier is the building wrap/underlay.

Air Barrier

The interior lining must be relied upon for air-tightness performance.

Limitations on Use

These assemblies have a history of;

a) satisfactory performance where overhang ratios are better than the lower limit

b) satisfactory performance where overhang ratios are below the lower limits, presumably because interface details
have been successful and also, given the open nature of the facade, because underlay provisions have been
conservative

c) poor performance where overhang ratios are below the lower limits and where other detailing or underlays are
inadequate. This poor performance has not been documented.

Durability
The assembly is sensitive to moisture that passes the underlay. Detailing the interfaces and the underlay is important to
the success of this assembly, particularly where the overhang ratio is below optimal. It should be assumed that the

facade is relatively open compared to other assemblies.

This assembly is insensitive to frame shrinkage and to ground movement and impact.

Status

This assembly, using timber components, is included in E2/AS1 in the NZBC and in NZS3604.
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COMPARISON OF VARIOUS STANDARDS FOR THE CHARACTERISTIC
STRENGTH AND STIFFNESS OF STRUCTURAL TIMBER

G B Walford
Forest Research, Rotorua

SUMMARY

Comparing published design stresses for radiata pine with those for both visual and machine grades from Australia

USA, UK and ISO, in the nominal 150x50 mm dimension, it was found that:

« Radiata pine has a relatively high assigned strength compared to other visual grades.

e For US visual grades radiata pine No. 1 Framing is closest to the Ponderosa #1 grade, Redwood #2 grade and
Douglas fir  south #1 grade.

e For US machine stress rated (MSR) timbers, No. 1 Framing radiata equates closest to 1200/1.2 grade while
Engineering grade radiata equates closest to 1950/1.5 grade.

e  The MGP system tracks very closely with the 1SO system for softwoods, with MGP8 grade equating to the ISO
S14 grade.

e The Australian F-grade system clearly does not suit softwoods.

e No. 1 Framing radiata is closest to C16 grade in the EN 338 (Eurocode) system.

INTRODUCTION

The stresses assigned to grades of structural timber can have an important influence of their international
competitiveness. The assigned stresses must represent their properties as accurately as possible yet some form of
grouping is necessary, simply to make their use in design manageable. There are well-established strength grouping
systems in use in Australia and the UK. There are strength class systems set up under ISO standards and Eurocodes.
There are sets of stresses assigned to species/grade combinations in use in USA/Canada and in spite of efforts to
rationalise these into a strength grouping system, the industry there has resisted all efforts, probably due to the belief it
would lose them a market niche, or there would be legal liability issues to face if they changed anything. There are also
the effects of grading method machine grading sorts for stiffness very effectively while visual grading is usually more
efficient at sorting for strength. This means that machine-graded timber will generally have a higher stiffness for a
given strength than will visually graded timber of the same species. In practice, it is the stiffness property (Modulus of
Elasticity or MoE or Young s Modulus), that is limiting in the design of most timber structures for everyday use.
Hence machine grading is the more relevant grading method. Data from published design standards have been
converted to the same basis and are compared. Because of the size effects on timber stresses, particularly for visually
graded timber, the 1SO standard of nominal 150x50 mm size has been used.

As a species group, Japanese standards consider radiata pine to be equivalent to the WWPA Spruce-Pine-Fir (SPF)
group. For machining and general non-structural uses, radiata pine has been considered to be equivalent to Ponderosa
pine.

DATA

Sources of data are:

e New Zealand Standard 3603:1993. This lists characteristic stresses for visually graded radiata pine in Engineering
and No. 1 Framing graded to NZS 3631.

< National Design Specification for Wood Construction: 1997, American Forest and Paper Association. This lists
allowable design stresses (psi, normal load duration) for visually graded lumber of species groups within the USA.
Within each group up to 30 grade/size combinations are listed.

e British Standard BS 5268:Part 2: 1984, Structural Use of Timber . This lists grade stresses (i.e. long term load
duration) for a set of strength classes and for various species/grade combinations, both machine and visually
graded.

e ISO TC 165 working document N269, Structural timber structural classes . This lists a set of 14 strength
classes for softwoods and 7 for hardwoods.

e Australian standard AS 1720.1-1997. This lists F-grades which are for either visually or machine graded timber,
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and MGP grades which are for machine graded pines only. The two MGP grades (MGP6 and MGP¥*) proposed by
Forest Research are added.

e South African Standard SABS 0162-2:1994 lists stresses for South African Pine grades 5, 7 10 and 14.

Some conversion factors have been applied to bring the data to a common basis which is that of the NZ and Australian
data, i.e. MoE is the mean value and bending strength is the lower 5 percentile value determined with 75% confidence.
To convert from allowable stress to limit state design, the strength values in the case of the US data have been divided
by factor used in their derivation according to ASTM D 2915, (bending or tensile strength 0.475, compressive strength
parallel to grain 0.526, shear strength 0.244, compressive strength perpendicular to the grain 0.667). In the case of the
UK data the values from Eurocode EN338 were used. For US visual grades a size factor of 1.3 has been applied to the
bending stress. The conversion psi to MPa is 1 MPa = 145 psi. Table 1 lists the data from these sources and used for
comparison.

DISCUSSION

The UK and ISO strength class systems are not specific as to whether they refer to visually-graded or to machine-
graded timber. The Australian F-grade system was initially developed for visually graded hardwoods and was used for
all timbers until the MGP system was introduced. Figure 1 compares visually graded radiata and MGP radiata with the
US visual grades.

Figure 1 shows:

e Radiata pine has a relatively high strength compared to the others.

e Douglas fir larch has a high stiffness for its strength.

e Southern pine has exceptionally high strength and stiffness in the top grades.

e  The timbers closest to No. 1 Framing radiata are Redwood No. 2 grade Ponderosa No. 1 grade, and Douglas fir
south No. 1 grade.
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Figure 1. Comparison of visually graded radiata and MGP grades with other visually graded timbers.

Figure 2 compares visually graded radiata and MGP with the stresses assigned to the US machine stress rated (MSR)
series.
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Figure 2. Comparison of radiata pine with the US machine rating system.
Figure 2 shows:

e The MGP system tracks the MSR series reasonably closely but with lower strengths for the same stiffnesses.
* No. 1 Framing radiata equates closest to MSR 1200/1.2. grade..
e Engineering grade radiata equates closest to MSR 1950/1.5 grade.

Figure 3. compares visually graded radiata and the MGP system with the various strength grade systems.
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Figure 3. Comparison of radiata pine with various strength class systems.

Figure 3 shows that:

e The Australian F-grade system has a much higher strength-for-stiffness ratio than all the others. This will be due to
the fact that it is based on hardwood data.

e The MGP system tracks very closely with the 1ISO system.

e No. 1 Framing radiata is closest to C16 in the EN 338 system.
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Table 1. List of characteristic stresses for various softwoods.

Factor
Species Grade MoE | 5%ile | Comp. | Tension | Shearin | Compr. | ASD/ | size metric/
MoR parl. parl. beams perp. LSD Fb imperial
GPa MPa MPa MPa MPa MPa

Radiata #1F 8.00 17.7 20.9 10.6 3.8 8.9

Radiata Eng 1050 | 27.7 25.7 16.5 3.8 8.9

D fir - larch | SS 13.10 | 28.10 | 24.52 18.87 2.69 6.46 0.475 | 1.3 1/145
D fir - larch | #1+ 12.41 | 22.65 | 22.35 15.1 2.69 6.46 0475 | 1.3 1/145
D fir- larch | #1 11.72 | 18.87 | 21.63 12.74 2.69 6.46 0475 | 1.3 1/145
D fir - larch | #2 11.03 | 16.99 | 19.47 10.85 2.69 6.46 0475 | 1.3 1/145
D fir - larch | #3 9.66 9.91 11.18 6.13 2.69 6.46 0475 | 13 1/145
D fir - south | SS 9.66 | 25.48 | 23.08 19.99 2.54 5.37 0.475 | 1.3 1/145
D fir - south | #1 897 | 17.46 | 20.91 11.32 2.54 5.37 0.475 | 1.3 1/145
D fir - south | #2 8.28 | 16.04 | 19.47 9.91 2.54 5.37 0.475 | 1.3 1/145
D fir - south | #3 7.59 9.44 11.18 5.66 2.54 5.37 0475 | 13 1/145
Hem-fir SS 11.03 | 26.42 | 21.63 17.45 2.11 4.19 0475 | 1.3 1/145
Hem-fir #1+ 10.34 | 20.76 | 19.47 13.68 2.11 4.19 0475 | 1.3 1/145
Hem-fir #1 10.34 | 18.40 | 19.47 11.8 2.11 4.19 0.475 | 1.3 1/145
Hem-fir #2 8.97 | 16.04 | 18.75 9.91 2.11 4.19 0475 | 1.3 1/145
Hem-fir #3 8.28 9.44 10.46 5.66 2.11 4.19 0475 | 13 1/145
So. pine HD SS 13.10 | 39.20 | 28.19 28.24 2.54 6.82 0.475 1/145
So. pine SS 12.41 | 37.02 | 26.22 26.36 2.54 5.84 0.475 1/145
So. pine HD #1 12.41 | 2541 | 24.91 22.6 2.54 6.82 0.475 1/145
So. pine LD SS 11.72 | 34.12 | 24.26 17.89 2.54 4.96 0.475 1/145
So. pine #1 11.72 | 23.96 | 22.94 16.94 2.54 5.84 0.475 1/145
So. pine HD #2 11.72 | 21.05 | 22.94 15.06 2.54 6.82 0.475 1/145
So. pine LD #1 11.03 | 21.78 | 20.98 14.59 2.54 4.96 0.475 1/145
So. pine #2 11.03 | 18.15 | 20.98 13.65 2.54 5.84 0.475 1/145
So. pine LD #2 9.66 | 16.70 | 19.67 12.71 2.54 4.96 0.475 1/145
So. pine #3 9.66 | 10.89 | 12.13 8 2.54 5.84 0.475 1/145
SPF SS 10.34 | 23.59 | 20.19 13.21 1.98 4.39 0475 | 1.3 1/145
SPF #1&2 9.66 | 16.52 | 16.59 8.49 1.98 4.39 0475 | 1.3 1/145
SPF #3 8.28 9.44 9.37 4.72 1.98 4.39 0475 | 13 1/145
Redwood Clear 9.66 | 33.03 | 26.68 18.87 4.1 6.72 0.475 | 1.3 1/145
Redwood SS 9.66 | 25.48 | 14.42 15.1 2.26 6.72 0.475 | 1.3 1/145
Redwood #1 897 | 18.40 | 17.31 10.85 2.26 6.72 0475 | 1.3 1/145
Redwood #2 8.28 | 17.46 13.7 9.91 2.26 6.72 0475 | 1.3 1/145
Redwood SS fast 759 | 20.76 | 15.86 11.8 2.26 4.39 0.475 | 1.3 1/145
Redwood #1 fast 759 | 14.63 | 12.98 8.49 2.26 4.39 0475 | 1.3 1/145
Redwood #3 7.59 9.91 7.93 5.66 2.26 6.72 0.475 | 1.3 1/145
Redwood #2 fast 6.90 | 13.68 10.1 8.02 2.26 4.39 0.475 | 1.3 1/145
Redwood #3 fast 6.21 8.02 5.77 4.72 2.26 4.39 0475 | 13 1/145
Ponderosa* | SS 759 | 20.76 | 10.82 13.68 1.84 5.53 0.475 | 1.3 1/145
Ponderosa* | #1 7.59 | 17.46 9.01 9.44 1.84 5.53 0475 | 1.3 1/145
Ponderosa* | #2 6.21 | 11.32 5.77 5.66 1.84 5.53 0475 | 13 1/145
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Table 1 (cont). List of characteristic stresses for various softwoods.

Factor
Species Grade MoE | 5%ile | Comp. | Tensio | Shearin | Compr | ASD/ | size metric/
MoR parl. n parl. beams .perp. | LSD Fb imperial
GPa MPa MPa MPa MPa MPa

MSR 900/1.0 6.90 | 13.07 13.77 5.08 0.475 1 1/145
MSR 1200/1.2 | 8.28 | 17.42 18.36 8.71 0.475 1 1/145
MSR 1400/1.2 | 8.28 | 20.33 20.98 11.62 0.475 1 1/145
MSR 1350/1.3 | 8.97 19.60 20.98 10.89 same same | 0.475 1 1/145
MSR 1450/1.3 | 8.97 | 21.05 21.31 11.62 0.475 1 1/145
MSR 1500/1.3 | 8.97 | 21.78 21.63 13.07 as as 0.475 1 1/145
MSR 1650/1.3 | 8.97 | 23.96 22.29 14.81 0.475 1 1/145
MSR 1250/1.4 | 8.97 | 18.15 19.34 11.62 those those | 0.475 1 1/145
MSR 1500/1.4 | 9.66 | 21.78 21.63 13.07 0.475 1 1/145
MSR 1600/1.4 | 9.66 | 23.23 21.96 13.79 for for 0.475 1 1/145
MSR 1650/1.5 | 10.34 | 23.96 22.29 14.81 0.475 1 1/145
MSR 1800/1.5 | 10.34 | 26.13 22.94 18.87 #2 #2 0.475 1 1/145
MSR 1950/1.5 | 10.34 | 28.31 23.6 19.96 0.475 1 1/145
MSR 1650/1.6 | 11.03 | 23.96 22.29 17.06 visual visual | 0.475 1 1/145
MSR 1700/1.6 | 11.03 | 24.68 22.62 17.06 0.475 1 1/145
MSR 1800/1.6 | 11.03 | 26.13 22.94 17.06 grade grade | 0.475 1 1/145
MSR 2000/1.6 | 11.03 | 29.04 23.93 18.87 0.475 1 1/145
MSR 1950/1.7 | 11.72 | 28.31 23.6 19.96 timber timber | 0.475 1 1/145
MSR 2250/1.7 | 11.72 | 32.67 25.24 2541 0.475 1 1/145
MSR 2100/1.8 | 12.41 | 30.49 24.58 22.87 of of 0.475 1 1/145
MSR 2250/1.8 | 12.41 | 32.67 25.24 25.41 0.475 1 1/145
MSR 2400/1.8 | 12.41 | 34.85 25.89 27.95 the the 0.475 1 1/145
MSR 2250/1.9 | 13.10 | 32.67 25.24 2541 0.475 1 1/145
MSR 1750/2.0 | 13.10 | 25.41 22.62 16.33 spp spp 0.475 1 1/145
MSR 2400/2.0 | 13.80 | 34.85 25.89 27.95 0.475 1 1/145
MSR 2700/2.0 | 13.80 | 39.20 27.53 26.13 0.475 1 1/145
MSR 2550/2.1 | 14.48 | 37.02 295 29.76 0.475 1 1/145
MSR 2500/2.2 | 15.17 | 36.30 26.22 25.41 0.475 1 1/145
MSR 2700/2.2 | 15.17 | 39.20 27.53 31.22 0.475 1 1/145
MSR 2850/2.3 | 15.87 | 41.38 28.19 33.39 0.475 1 1/145
MSR 3000/2.4 | 16.55 | 43.56 28.84 34.85 0.475 1 1/145
EN338 Cl4 7 14 4.3 8 1.7 4.3

EN335 C16 8 16 4.6 10 1.8 4.6

EN338 C18 9 18 4.8 11 2.0 4.8

EN338 Cc22 10 22 5.1 13 24 5.1

EN338 C24 11 24 53 14 25 5.3

EN338 c27 12 27 5.6 16 2.8 5.6

EN338 C30 12 30 5.7 18 3.0 5.7

EN338 C35 13 35 6.0 21 34 6.0

EN338 C40 14 40 6.3 24 3.8 6.3

Aust Fgrade | F4 6.10 13 9.7 6.5 15 7.7

Aust Fgrade | F5 6.90 16 12 8.2 1.8 7.7

Aust Fgrade | F7 7.90 20 15 10 2.1 9.7

Aust Fgrade | F8 9.10 25 20 13 25 9.7

Aust Fgrade | F11 10.50 34 25 17 3.1 12

Aust Fgrade | F14 12.00 40 30 21 3.7 12
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Table 1 (cont). List of characteristic stresses for various softwoods.

Factor
Species Grade MoE | 5%ile | Comp. | Tensio | Shearin | Compr | ASD/ | size metric/
MoR parl. n parl. beams .perp. | LSD Fb imperial
GPa MPa MPa MPa MPa MPa
ISO soft S10 6.20 10 18 6 2.7 5
ISO soft S12 7.00 12 19 7 3 5.2
ISO soft S14 7.80 14 20 8 34 5.4
ISO soft S16 8.60 16 20 10 3.7 55
ISO soft S18 9.30 18 21 11 4 5.7
ISO soft S20 10.00 20 22 12 44 5.9
ISO soft S22 10.70 22 23 13 4.7 6.1
ISO soft S24 11.40 24 24 14 5 6.3
ISO soft S27 12.40 27 26 16 55 6.5
ISO soft S30 13.30 30 27 18 6 6.8
ISO soft S35 14.90 35 30 21 6.8 7.3
ISO soft S40 16.30 40 32 24 7.6 7.7
ISO soft S45 17.70 45 34 27 8.5 8.2
ISO soft S50 19.10 50 37 30 9.3 8.6
ISO hard H30 13.30 30 24 18 45 8.6
ISO hard H35 14.20 35 28 21 4.7 9.6
ISO hard H40 15.00 40 32 24 4.8 10.6
ISO hard H50 16.70 50 40 30 51 12.5
ISO hard H60 18.40 60 48 36 5.4 14.5
ISO hard H70 20.10 70 56 42 5.7 16.4
ISO hard H80 21.80 80 64 48 6.1 18.4
MGP 6 6.00 10 16 4 25 8.9
MGP 8 8.00 14 20 6.3 4 8.9
MGP 10 10.00 19 24 8.9 5 12
MGP 12 12.70 28 29 15 6.5 12
MGP 15 15.20 41 35 23 9.1 12
Sth African | 5 1150 | 7.80 16.4 6.7 1.6 4.7
Sth African | 7 15.80 | 9.60 20.7 10.0 5.0 6.7
Sth African | 10 23.30 | 12.00 23.8 13.3 29 9.1
Sth African | 14 32.40 | 16.00 23.1 19.1 4.0 12.9
* Ponderosa only in5 x5 and larger sizes
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A bridge, originally designed by Leonardo da Vinci in 1502 has been constructed in Norway using modern glulam
technology. The Leonardo bridge allows cyclists and pedestrians to cross the E 18 just outside the small town of As,
south of Odlo.

The original design was for a stone construction with a massive span of 240 m to span an inlet at the mouth of the
Bosporus river but it was never built. Norwegian artist, Vebjorn Sand, saw the drawing at an exhibition of Leonardo®
engineering in 1996 and inspired the Norwegian Public Roads Administration to adopt the design.

The design follows the principle that a broad-based foot to an arch can support longer spans than one of constant
section — an engineering principle that was recognised some 300 years after da Vinci s drawing.

The glulam bridge is smaller than the original design with atotal length of 100 m, a span of 40 m and a height above
theroad of 8 m. Milling the glulam to the varying cross section along the curve was a complex procedure. The outer
layers of timber have been impregnated with wax to protect against crack formation and water ingress and to preserve
the light colour. The components were then coated with an oil-based finish.

There are plans to build a stone bridge on the site of the old Oslo airport. Thisis estimated to cost three times as much
asthe timber one. New Y ork city is reported to be considering using the bridge in its rebuilding of the World Trade
Centre site and Vebjorn Sand has ambitionsto get a Leonardo bridge built on every continent.

Vision: Leonardo da Vinci, Vebjorn Sand

Architects: Selberg Arkitektkontor

Engineers: Reinertsen Engineering

Glulam fabricators: Moelven Limtre.

Further information from www vebjorn-sand. com/thebridge.htm and www.nordicinnovation.net

Photos courtesy Terje Johansen (top), Moelven (right), Fred Evans, Norwegian Institute of Wood Technology (left).
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