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Disclaimer

The advice provided in this publication is general in nature and is intended as a guide only. Whilst the
information in this guide was accurate at the time of publication, it is the users’ responsibility to
confirm alignment with current standards and/or building codes. It is also the users’ responsibility to
confirm that they are using the current version of this publication.

You should consult the manufacturer of each product for the latest, most accurate information about
the product and its use. You should check with the designer or specifier for the project you are working
on to ensure the product and its method of installation are suitable for that project.

We provide this publication to you on condition that, to the maximum extent permitted by law, we will
not be liable for any claim you might make for damage arising directly or indirectly from your use of
the information in the publication.
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Preface

This Guide has been compiled for those practitioners inexperienced in the use of plywood and LVL
as a structural material, but on occasions find they offer an optimum solution to their structural
problem. It is also hoped the Guide will prove useful as a reference for students of architecture,
building and engineering enrolled at TAFE Colleges and Universities.

The main objective of the worked examples is to provide guidance in the solution of practitioner’s
immediate problems and encourage further, more innovative use of these fully engineered, ‘it for
purpose’ materials.

It is hoped to also provide the user with, under the one cover as nearly as practicable, all the design
information required for the solution of a range of problems. Australian Standards, e.g. AS 1720.1,
Timber Structures and other references will still be required.

Design methodology for the solution of a range of structural problems is presented in a step-by-step
format. A worked example is then done which includes Code references. The methodology presented
will provide an adequate solution. However, there is no doubt, through the availability of modern
technology other more efficient and economical solutions may be implemented. Until complete
familiarity with the idiosyncrasies of the material has been attained and the design concepts have
been fully digested, the contents of the Guide will provide a more than adequate solution procedure.

Not every structural component has been considered. For example, trusses have not rated a mention.
The thought behind this omission was ‘a truss is a truss is a truss” and the major concern with truss
design is to ensure the adequacy of the tension members. LVL ensures this requirement can easily
be satisfied. On the other hand, however, it may be questioned why structures not considered to be
the norm, e.g., folded plates, arches, hypars and domes rated a chapter. The reason behind this
inclusion, be it right or wrong, is to provide the reader with some ‘motivational fodder’ to encourage
‘thinking outside the square’ during the preliminary design stage.

The chapter dealing with connections is of prime importance, and therefore, is the ‘centre of gravity’
of the Design Guide. If the designer cannot get member connectivity right, irrespective of how well
individual elements and components are designed, the structure will be ‘doomed to failure’.

In the writing of such a technical document there will invariably be mistakes, even though subjected
to independent checks. Therefore, the EWPAA welcomes correspondence regarding these, together
with suggestions relating to improvements and additions. The EWPAA contact details are on the
back cover of this Guide and are also available from the EWPAA website.

Happy and fruitful designing,

Mick McDowall

January 2007
First revision July 2009

Second revision June 2018
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1. Plywood & LVL — The Manufacturing
Process

1.1.  Introduction

Structural plywood and structural Laminated Veneer Lumber are engineered, timber veneer products, made
by bonding thin timber veneers together under heat and pressure.

1.2. Manufacturing Standards

Structural plywood is manufactured to the Australian / New Zealand Standard AS/NZS 2269 Plywood —
Structural. Structural Laminated Veneer Lumber is manufactured in accordance with the requirements of
AS/NZS 4357 Structural Laminated Veneer Lumber.

1.3. Process Control

Structural plywood and LVL products certified by the EWPAA PRODUCT CERTIFIED  JAS-ANZ
are branded with the EWPAA product certification stamp as R — -
well as the JAS-ANZ (Joint Accreditation Scheme of Australia

and New Zealand) mark. The EWPAA / JAS-ANZ brand on a Paa . —
plywood or LVL product certifies the product has been ENGI | ' "

manufactured to the relevant Australian / New Zealand ‘
Standard, under a quality control and product certification

scheme accredited by the peak government quality control accreditation body in Australia and New
Zealand.

INEERED WOOD

Purchasers of products stamped with the EWPAA/ JAS-ANZ brand will be purchasing a product,
manufactured under an accredited third party audited, process based quality control program that ensures
the product will have uniform, predictable, reliable properties and will be fit for purpose. A list of EWPAA
manufacturing members whose products carry the EWPAA / JAS-ANZ brand is available from the EWPAA
website.

1.4. Manufacturing Processes

The manufacturing process for both plywood and Laminated Veneer Lumber are similar. Materials used in
their manufacture are thin timber veneers bonded with an adhesive. However, as the intended end
application is different (panel product versus framing member) the essential differences in the products is
in how the veneers are orientated. In essence, LVL could be considered as plywood without cross-bands,
or, alternatively plywood could be defined as cross-laminated LVL. Hence the main differences in the
manufacturing process occur at the lay-up and pressing stages. Prior to manufacture, logs from suitable
timber species are selected for peeling based on size, straightness and nature and quantity of defects. The
majority of EWPAA branded plywood is manufactured from plantation sourced radiata, hoop or slash pine.

Manufacturing processes may vary from manufacturer to manufacturer, however the stages of production
are essentially as follows:

Conditioning

Logs are conditioned by immersion in a heated water bath or alternatively by steam treating. Conditioning
facilitates the peeling process by assisting in producing a smooth and even veneer. Roughly peeled veneer
is undesirable as it is more difficult to bond, requires more adhesive and the veneer is more difficult to handle
without damage.
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Peeling

After conditioning, the logs are debarked and cut into suitable
lengths, ready for peeling. These lengths are referred to as
peeler billets or peeler blocks. Peeling of the billets is usually
done in a rotary lathe. The peeler billets are centred in the
lathe and rotated for their full length against the lathe knife.
The lathe knife is fed toward the centre of the log at a constant
rate producing a continuous ribbon of veneer of uniform
thickness. Typical veneer thicknesses peeled for commercial
plywoods range from 1 mm to 3.2 mm.

Drying Veneer ribbon exiting lathe after peeling

After peeling, the continuous ribbon of veneer is either clipped to size and dried, or continuously dried in
ribbon form and clipped after drying. The drying process ensures the veneer moisture content is uniform
and an appropriate value is achieved for bonding. The target moisture content is dependent on a number
of factors including the adhesive used, prevailing ambient conditions and the veneer species. Common
veneer moisture content limits after drying are in the range 6 to 12 %.

Grading
Plywood

The clipped and dried veneer sheets are sorted into veneer grades. Five veneer grades, A, B, C,D and S are
permitted for structural plywood.

LVL

The clipped and dried veneer is sorted for acceptable veneer quality. Some veneers are then passed
through a scarfing machine which creates a bevel each end. This allows the sheets to overlap, be effectively
glued and remain a uniform thickness. Structural LVL veneer is graded in accordance with a predetermined
manufacturer’s specification that ensures the minimum defined and published structural properties of the
LVL will be obtained.

Lay Up & Bonding
Plywood

Adhesive is applied to the cross-band veneers and veneers are laid up with alternating long bands and
cross-bands, ready for pressing. The normal plywood assembly is laid up such that each veneer in a finished
sheet of plywood has its grain direction at right angles to each adjacent veneer. Face grade veneers and
long band core veneers have the timber grain direction running in the long direction of the veneer. Cross-
band veneers have the timber grain direction running in the short direction. The plywood laid up in this
manner has a “balanced” construction. That is, veneer orientation and thickness is equal either side of the
centre of the plywood thickness.

LVL

Glue is spread on veneers by passing them through the rollers of a glue spreader or through a curtain coater.
The veneers are then usually laid up, with the grain direction of all veneers running in the long direction.
When required, LVL can be manufactured with cross-banded veneers to improve dimensional stability
and/or increase resistance to splitting when nailed. Typically, where cross-bands are included, the veneer
immediately below the face veneers is cross-banded.
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Pressing

The assembled veneer lay ups are then cold pressed to facilitate
the bonding process and ensure good adhesive transfer from the
spread to the unspread veneers.

After cold pressing, the plywood or LVL is hot pressed for a set
time between heated platens at a set temperature and time to
achieve proper bonding. Typically, plywood hot presses are
suitable for maximum plywood sheet sizes of 2700 x 1200 mm
and have multiple layers of platens so that 8 to 45 sheets of
plywood are pressed in each press load.

Structural LVL fabricated in a dedicated LVL hot press, is laid
up on a moveable conveyor belt and progressively hot pressed in
a single layer press, such that very long, continuous lengths are
achieved. Typically, LVL hot presses are 600 to 1200 mm in
width, permitting production of beam or column elements of
1200 mm depths by lengths in excess of 24 metres and in
thicknesses ranging from 35 to 75 mm. Structural LVL
manufactured in a plywood hot press will be 2700 mm in length
maximum.

Sanding, Trimming and Branding

After pressing, the plywood panels are cooled and then trimmed
to precise dimensions. Plywood panels are then sanded if
required and inspected for face quality.

LVL slabs are ripped into increments of the LVL slab width,
allowing for saw cuts. For example, a 1200 mm wide LVL slab
may be trimmed to a 1200 mm deep beam/column element or
into smaller elements that are divisors of the maximum slab
width. Typically, maximum LVL slab widths are approximately
1200 mm.

LVL beams ripped from the slab have depths, of for example,
95, 130, 150, 170, 200, 240, 300, 360, 400, 450, 600 mm.
Structural LVL face veneers are not usually sanded but can be
if required. Prior to packing, the LVL or plywood is individually
branded to identify the product type and structural properties.
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Plywood panels exiting 15 daylight (15
layers of platens) hot press

After trimming, sanding and branding,
plywood panels undergo a final inspection
for face quality
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2. Structural Plywood

2.1. Introduction

Structural plywood is an engineered wood panel with defined and codified physical and mechanical
properties. Structural plywood in Australia and New Zealand is manufactured to Australian/New Zealand
Standard series AS/NZS 2269 Plywood - Structural. These Standards set out the minimum performance
requirements for the manufacture of structural plywood acceptable to users, specifiers, manufacturers and
building authorities in Australia and New Zealand. Plywood manufactured to AS/NZS 2269 series is
suitable for use in all permanent structures and is the plywood type intended for use in structural
applications discussed in this manual.

Structural plywood branded with the EWPAA / JAS-ANZ mark certifies the product has been manufactured
fit-for-purpose to the structural plywood Standards AS/NZS 2269.

Structural plywood manufactured to AS/NZS 2269 is available with one bond type and in a range of timber
species, stress grades, veneer qualities, veneer arrangements (constructions) and thicknesses.

2.2. Bond Type

All structural plywood manufactured to AS/NZS 2269 has a permanent Type A phenolic resin bonding the
individual timber veneers. The Type A bond is produced from phenol or resorcinol formaldehyde and is
readily recognisable by its dark colour. The type A bond is durable and permanent under conditions of full
weather exposure, long term stress, and combinations of exposure and stress.

Even though the structural plywood phenolic bond is durable, the plywood will only be as durable as
the timber species from which it is made. If the plywood is going to be used in weather exposed
applications or under other exposure conditions of severe hazard, the durability of the timber veneers
must be considered and the plywood preservative treated if required to meet the hazard requirement.

2.3. Timber Species Used

Structural plywood is manufactured from either hardwood or softwood timber veneers or a combination of
both. The dominant timber species used in structural plywood in Australia and New Zealand is plantation
pine (radiata, hoop or slash) however other timber species, including eucalypt hardwoods, are available.

2.4. Stress Grades

A stress grade defines a codified suite of strength and stiffness properties. There are eight possible stress
grades for structural plywood listed in AS 1720.1 Timber Structures Code. The stress grades are: F7, F8,
F11,F14,F17,F22, F27 and F34. The characteristic strength and stiffness properties for each stress grade
are tabulated in Plywood Structural Specifications AS/NZS 2269.0 and listed in Table 5-1 of this manual.
The most commonly available stress grades are F8, F11 and F14, higher stress grades F17, F22, F27 and
F34 are also available. However, availability should be checked before specifying.

2.5. Veneer Quality

There are five veneer qualities permitted for structural plywood in AS/NZS 2269. The standard veneer
qualities are A, S, B, C, and D. The five veneer grades allow structural plywood to be specified with face
and back veneer qualities to suit the intended application. These include decorative structural uses through
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to applications where aesthetics is not a consideration and structural performance alone is the requirement.
Other non-standard face veneer qualities are permitted under AS/NZS 22609.

Panels with A, S, B, and C faces are sanded smooth, D grade faces may be unsanded as they
are typically used in structural, non-aesthetic applications. Hence, there will be knot holes,
splits, gum pockets, etc.

2.6. Specifying Structural Plywood Grades

Structural plywood face veneer qualities can be specified to suit the appropriate application, for example,
where one face is required to meet a specific requirement and the back will not be visible. This is typical for
plywood flooring which may require a quality C solid face, but in most applications, a quality D back veneer
will suffice. The structural plywood is specified with the required face veneer quality first followed by the
back veneer quality e.g. CD. A guide for selecting suitable grades for various uses is shown in TABLE 2-1.
Availability of the higher face grades should be checked before specifying.

Used where the appearance of both faces is important.
Boats, signs, cabinets
For uses similar to AA panels, but where the appearance of

AB one side is less important A B

AC, Use where the appearance of only one side is important. A CorD
AD Feature walls, soffits, furniture

BB Uses where high-quality paint finish is required both sides. B B

Hoardings, furniture

Used where a high-quality paint finish is required one side
BC, BD and the appearance of the other side is not important. B CorD
Hoardings, internal walls, soffits
A utility grade panel with two sanded, solid faces. Flooring,

CC . C C
qussets, containers

cD A utility grade panel with one solid face. Flooring, containers, C D
pallets, gussets
A utility grade intended for structural applications where D D

DD appearance is not important. Bracing, gussets, webs in D D

beams

Table 2-1: Grade Use Guide
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Veneer Quality A

Veneer quality A describes a high-quality appearance grade
veneer suitable for clear finishing. This appearance grade quality
should be specified as a face veneer for plywood where surface
decorative appearance is a primary consideration in addition to
structural performance and reliability.

Veneer Quality S

Veneer quality S defines an appearance grade veneer which
permits natural characteristics as a decorative feature, subject to
agreement. The type and frequency of the natural characteristics
that are acceptable is to be based on a written specification,
acceptable to both the manufacturer and the purchaser.

Veneer Quality B

Veneer quality B is an appearance grade veneer with limited
permitted amounts of sound inter-grown knots and filled splits and
holes. Plywood with a quality B face is suitable for high quality
paint finishing.

Veneer Quality C

Veneer quality C is defined as a non-appearance grade with a solid
surface. All open defects such as holes or splits are filled. Plywood
with a quality C face is intended specifically for applications
requiring a solid non-decorative surface such as in plywood
flooring which is to be covered with carpet or other flooring
overlays.

Veneer Quality D

Veneer quality D is defined as a non-appearance grade with
permitted open imperfections. Unfilled holes up to 75 mm wide are
permitted in Veneer Quality D. Plywood manufactured with a
quality D face has the lowest appearance grade of structural
plywood under the Standard. It is designed specifically for
applications where decorative appearance is not a requirement
and structural performance is the prime consideration. Structural
plywood bracing is such an application.
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2.7. ldentification Code

The plywood identification code provides information on the veneer arrangement within the structural
plywood and is required to establish section properties of a particular plywood. The I.D code gives the
following information: the nominal plywood thickness, the face veneer thickness multiplied by 10, and the
number of plies in the assembly. For example, the ID code 21-30-7 describes a 21 mm thick plywood with
3.0 mm face veneer thicknesses and 7 veneer layers. Standard constructions are given in Chapter 5, TABLE
5-3.

2.8. Panel Dimensions

Length and Width

EWPAA / JAS-ANZ branded structural
plywood is commonly available in two
standard sizes.

. Face grain usually
(Length X Wldth) runs in length
direction of panel

2400 mm x 1200 mm Length

2700 mm x 1200 mm

Other panel lengths are available including 1800, 2100, and 2250. Panel widths of 900 mm are also
available from some manufacturers. Panel lengths may be intended to suit a particular end application. For
example, 2250 mm length plywood is manufactured as flooring to suit the standard floor joist spacing of
450 mm. Flooring plywood is usually supplied with plastic tongue and grooved (T&G) edges. Plywood
bracing is available in panel lengths of 2440 and 2745 mm to allow for top and bottom plate coverage.

Non-standard panel sizes and larger panel sizes in scarf jointed form are also available from some
manufacturers.

Thickness

A range of standard plywood panel thicknesses are available including 3, 4, 45,6, 7,9, 12, 15, 16, 17, 19,
20, 21, 25 and 28 mm and thicker (for additional options please refer to AS/NZS 2269.0). Thickness
availability will vary between different manufacturers and it is best to check the thickness, stress grade and
panel sizes locally available before specifying the plywood.

Standard Tolerances

Standard dimensional tolerances, as specified in AS/NZS 2269 for structural plywood, and measured in
accordance with AS/NZS 2098 - Method of test for veneer and plywood, are:

Thickness

Sanded sheets up to and including 7.5 mm thick +7%

Sanded sheets over 7.5 mm thick and up to 17.5 mm thick +4%

Sanded sheets over 17.5 mm thick +3%

Sanded sheets over 25 mm thick not specified

Unsanded sheets as per sanded sheet tolerances plus an additional tolerance of +0.3 mm
Length and Width +1.5 mm
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Squareness:

Difference in length of the diagonals within 0.2 % of the length of the longer diagonal

Straightness of edges:
Not to deviate from a straight line by more than 0.05% of length of edge.

Flatness:

Maximum distance between the underside of the sheet and a flat horizontal surface:

Unloaded sheets: Sheets up to 7.5 mm thick 50 mm
Sheets over 7.5 mm thick 30 mm
Loaded sheets: Sheets up to 7.5 mm thick loaded with a 10kg weight O mm

Sheets over 7.5 mm thick loaded with a 15kg weight 0 mm

Moisture Content
Sheets up to 7.5 mm thick 10-15%
Sheets exceeding 7.5 mm thick 8-15%

Specification
Specifications for structural plywood should include the following information:

;\rl:rrnn)ber of panels x length (mm) x width (mm) x thickness 30 sheets of 2400 x 1200 x 19 mm

Plywood type and Standard Structural plywood to AS/NZS

2269
Stress grade and ID code F14 (19-30-7)
Face and back grades and glue bond type CD - ABOND
EWPAA / JAS-ANZ product certification stamp (E:\é\:gf'?eAd /- JAS-ANZ - Product
Manufacturer ACB- Plywood Manufacturer
Formaldehyde emission class Eo
Treatment branded in accordance with AS/NZS1604.3 AS/NZS 1604.3-H3

Table 2-2: Specification Guide for Plywood
2.9. Other Plywood Types

Non-Standard Structural Plywoods

A number of non-standard structural plywoods manufactured for specific applications are also available.
Typical non-standard structural plywoods have, in addition to their structural characteristics, features that
provide aesthetic or finishing characteristics. Typical examples are structural plywoods with textured
and/or grooved face veneers, or structural plywood with an overlay on both faces for protection against
weather, wear or abrasion. Overlays used include the high-density overlay used on the faces of formply to
give face veneer protection and smoothness to the finished concrete surface, and the medium density
overlay used to provide a substrate suitable for high quality paint finishes. It should be noted that formply
is a specialised form of structural plywood with thinner face veneers and veneer arrangements suited to

24

AUTHOR: EWPAA VERSION:5 RELEASED: 2018

~
ewp O O ‘ Engineered Wood Products Association of Australasia



the intended application. Section properties for formply are not usually the same as those for standard
structural plywood.

Marine Plywood

Marine plywood is manufactured to AS/NZS 2272 Plywood — Marine. Unless otherwise branded Marine
plywood has a minimum stress grade of F14 and therefore has an associated suite of structural properties.
However, it should be noted the veneer arrangement and veneer thicknesses used in marine plywood
commonly result in different section properties to those for structural plywood of the same thickness.
Therefore, these two plywoods are not usually directly substitutable for each other for the same structural
application. Marine plywood is manufactured with higher quality veneers and usually has more veneer
layers and thinner face veneers. This provides more uniform section properties in both directions but lower
stiffness and strength in the face grain direction than an equivalent thickness structural plywood. Structural
plywood with thicker face grain veneers will be stiffer and stronger in the face grain direction and is the
plywood type intended for use in structural applications described in this manual.

2.10. Non-Structural Plywoods

Interior Plywood (manufactured to AS/NZS 2270 Plywood and Blockboard for Interior Use) and Exterior
Plywood (manufactured to AS/NZS 2271 Plywood and Blockboard for Exterior Use) are non-structural
plywoods used in applications where a high-quality aesthetic finish is required. Even when bonded with
phenolic adhesive, they are not suitable for use in structural applications and must not be used in
conjunction with structural applications given in this manual.
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3.Structural Laminated Veneer Lumber
(LVL)

3.1. Introduction

Structural Laminated Veneer Lumber (LVL) is an engineered structural element with published engineering
properties. All EWPAA / JAS-ANZ branded structural LVL is manufactured to comply with Australian and
New Zealand Standard AS/NZS 4357 Structural Laminated Veneer Lumber series. These Standards set out
the minimum requirements for the manufacture, mechanical property characterisation and verification of
the structural properties of LVL intended for structural applications, and for which, structural design is
performed in accordance with AS 1720.1 Timber Structures Code, Part 1 - Design Methods or NZS 3603
Timber Structures Standard - Code of Practice for Timber Design.

LVL branded with the EWPAA / JAS-ANZ mark certifies the product has been manufactured to AS/NZS
4357 and is suitable for use in all permanent structural applications.

3.2. Bond Type

Structural LVL manufactured to AS/NZS 4357 has a Type A phenolic bond. The Type A bond is produced
from phenol or resorcinol formaldehyde and is recognisable by its dark colour. The Type A bond is durable
and permanent under conditions of full weather exposure, long term stress, and combinations of exposure
and stress.

Even though the structural LVL phenolic bond is durable, the LVL will only be as durable as
the timber species from which it is made. If the LVL is going to be used in weather exposed
applications or under other exposure conditions of severe hazard, the durability of the timber
veneers must be considered and the LVL preservative treated to meet the hazard
requirement.

3.3. Timber Species Used

The Structural LVL Standard AS/NZS 4357 permits the use of any hardwood or softwood timber veneers
or a combination of both, in the manufacture of Structural LVL. The dominant timber species used in the
manufacture of structural LVL in Australia and New Zealand is plantation pine (radiata and maritime).

3.4. Stress Grade or Structural Properties

Structural LVL is manufactured to a manufacturing specification that defines and limits all variables that
affect structural performance of that manufacturer’s LVL product. AS/NZS 4357 requires the manufacturer
to publish the design properties for their LVL or adopt a stress grade classification as given for structural
timber in AS 1720.1 or NZS 3603. Alternatively, the manufacturer may determine the properties pertaining
to a specific application, e.g. scaffold planks. Current practice for EWPAA / JAS-ANZ branded LVL, is for
manufacturers to publish the design properties of their LVL as a suite of engineering properties and/or a
set of span tables. The manufacturer's brand name in conjunction with their published literature. The
manufacturer’'s brand name or mark should therefore be included in any specification.
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3.5. Veneer Quality
Veneer quality used in structural LVL is specified by the manufacturer to ensure minimum structural

properties are maintained. Aesthetics are not usually a consideration when manufacturer’s veneer quality
specifications are set.

3.6. Standard LVL Dimensions

Length

Structural LVL fabricated in a dedicated continuous LVL press is available in very long lengths. However,
lengths are usually restricted by transportation requirements from the manufacturer’s factory and are
typically supplied in lengths up to 12 meters. Longer lengths are available as special orders if required.

Structural LVL fabricated in a plywood press is available from some manufacturers, in 2.4 or 2.7 metre
lengths, which can be supplied nail plated together into continuous lengths.

Cross-section

Structural LVL is available in a range of thicknesses and depths. Common thicknesses are 35, 36, 45, 63,
and 75 mm. Standard thicknesses relate to the veneer thickness (typically 3.2mm) x the number of veneers
in the cross-section. Thicker beams are available from some manufacturers. Beam depths will relate to an
increment of the maximum billet width of 1200 mm. Typical beam depths are 95, 130, 150, 170, 200, 240,

300, 360, 400, 450, 600 and 1200 mm. Thickness and depth availability will vary between different
manufacturers and it is best to check sizes locally available before specifying the structural LVL.

3.7. Standard Tolerances

Standard dimensional tolerances for structural LVL measured in accordance with AS/NZS 4357.0, are:

Thickness +4 mm, -0 mm.

Width

up to 400mm +2 mm, -0 mm.

over 400 mm +5 mm, -0 mm.

Length -0 mm

Straightness

Spring 1 mmin 1000 mm

Bow 1 mm in 1000 mm

Twist Length (mm) x Width
(mm)

3500 x Thickness (mm)
Squareness of Section 1 mm in 100 mm
Moisture Content 8-15%

Table 3-1: Tolerances for LVL
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3.8. Specification

Specifications for structural LVL should include the following information:

Beam depth (mm) x thickness (mm), number of 400 x 35, 30/6.4m
beams/ length (m)

LVL type and Standard Structural LVL to AS/NZS 4357
Manufacturers’ identification mark Manufacturers brand name

Glue bond type A Bond

EWPAA / JAS-ANZ product certification stamp EWPAA / JAS-ANZ Product Certified.
Grade Proprietary (or F-grade)

Treatment level AS/NZS 1604.4 - H3

Formaldehyde emission class Eo

Limitations of use if applicable Floor members only

Table 3-2: Specification Guide for LVL
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4.Plywood & LVL Physical and Mechanical
Properties

4.1. Introduction

Structural plywood and structural LVL are composed of individual timber veneers which can be selected,
positioned and orientated to optimise the finished product properties for the intended end application.

Structural LVL is typically manufactured with all veneer grain directions parallel with the member length.
This maximises strength and stiffness in the spanned direction.

Structural plywood, being a panel product, is manufactured with veneer grain orientation alternating in the
panel length and width directions to give engineered strength and stiffness properties in both panel
directions. Veneers can be selected and orientated to either maximize strength and stiffness in one panel
direction or alternatively provide more equal properties in both directions.

4.2. Cross-Lamination

The alternating change in grain direction of the veneers in plywood is referred to as cross-lamination, and
in addition to enhanced strength and stiffness properties, a number of other useful characteristics are
imparted, as discussed below. Where required, these characteristics can also be incorporated into LVL, by
the inclusion of cross-laminated veneers in the LVL member.

Resistance to Splitting

Cross-lamination of the veneers means there is no natural
cleavage plane and therefore plywood will not readily split
either lengthwise or crosswise. This allows plywood to be
nailed at closer spacings and with reduced distances to the
panel edges, than could be achieved with sawn timber and
some other engineered wood-based panel products.

Impact Resistance and Resistance to Puncture

Plywood performs well under heavy concentrated loads and
impact loads as the cross-laminations in plywood distribute
the stresses over a wide area of the panel. This can be
important in many structural applications including structural
flooring in commercial or industrial situations, wall claddings,
materials handling applications and barriers against airborne
missiles in cyclones.

Cross-lamination in plywood as a result of
alternating the veneer grain direction of
adjacent veneers

Panel Shear Strength

The cross-lamination of veneers in plywood results in high shear strength within the plane of the panel.
This is one of the characteristics that results in plywoods superior performance in a number of critical
structural applications including plywood webs in beams, plywood gussets in portal frames and as a
bracing material.

4.3. Dimensional Stability under Changes in Moisture Content

Plywood's cross-laminated construction improves its dimensional stability in the plane of the panel in

comparison to solid wood. Solid wood undergoes little expansion or contraction along the wood grain under
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moisture content changes, however, across the grain, it may undergo considerable movement due to
changes in moisture content. In plywood, the veneer movement due to moisture changes is restricted across
the grain relative to that along the grain due to the cross-laminations. As a result, structural plywood has
superior dimensional stability to other timber and wood-based panels. TABLE 4-1 details the hygroscopic
movement of structural plywood along and across the grain. The dimensional stability of plywood is
beneficial in many structural applications and is particularly important in concrete formply applications
where large areas of structural plywood formply are subjected to high temperatures and moisture contents
at the time of the concrete pour.

T . o
Plywood Number Direction Moisture Content Range %

Thickness of
i 17%- Average 5%

(mm) of Plies Movement Porlzs | I2ed=lens Saturation to Sqtgration
12 5 Il 0.016 0.009 0.006 0.011

1 0.021 0.008 0.005 0.011
15 5 Il 0.016 0.008 0.004 0.010

1 0.022 0.010 0.009 0.013
17 v Il 0.017 0.009 0.005 0.011

1 0.022 0.010 0.010 0.014
22 9 Il 0.017 0.012 0.004 0.012

1 0.018 0.010 0.008 0.014

Direction Il is along the face grain

Direction L is across the face grain

Example

Determine the hygroscopic expansion in mm across the grain of a 1200mm wide, 17mm thick structural plywood
panel, when installed at 10% moisture content and used in a fully exposed application in which the plywood could
become fully saturated with water. Assume fibre saturation is 28%.

1. As the range is 10% - 28% the correct selection from Table 4-1 is from the ‘average’ column and is 0.014% per %
change of moisture content.

2. Total change in moisture content = 28% - 10% = 18%

3. Movement in mm of 1200mm panel width = (0.014/100) x 1200 x 18 = 3.0 mm

Table 4-1: Percent Movement of Structural Plywood per Percent Change of Moisture Content

4.4. Thermal Properties

Fire Resistance is the ability of a building component to resist a fully developed fire, while still performing
its structural function. Fire resistance in the form of a fire rating, can only be applied to a total building
element incorporating plywood. For example, a fire door or wall or roof system. A product cannot be fire
rated.

Plywood is quite acceptable as a material used in fire resistant components provided it is combined with
other materials so as to meet the fire-resistant requirements. This can be achieved by combining plywood
with non-combustible materials such as fibrous cement or fire grade plasterboard.

Early fire hazard indices provide a measure of the plywood's surface characteristics relating to spread of
flame, heat evolved, smoke emission and ignition. A low index value indicates better early fire hazard
properties. The early fire hazard indices as defined in AS 1530 Part 3, for untreated pine plywood are given
below. The possible index range is given in brackets.

Ignitability index (0 - 20) 14
Spread of Flame index (0 — 10) 8
Heat Evolved index (O - 10) 9

Smoke Developed index (0 — 10) 2
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The early fire hazard indices of plywood permit it to be used untreated in most typical building applications.
Plywood is suitable for use in most building linings, walls, ceiling partitions and floors. Building codes may
restrict its use in areas of severe hazard such as flues, hearths, public exits, public corridors, lift wells and
certain public areas and buildings.

The use of intumescent finishes and paints to reduce the early fire hazard indices is not acceptable under
current building regulations.

For further information concerning fire see Chapter 16.

Thermal Expansion

Wood, including LVL and plywood expand upon heating as do practically all solids. The thermal expansion
of plywood is quite small. The average coefficient of thermal expansion of plywood is in the range
45%x107%to 7 X 10 “mm/mm/°C.

Thermal Conductivity

The ability of a material to conduct heat is measured by its thermal conductivity, k. The higher the k value,
the greater the ability of the material to conduct heat; the lower the k, the higher the thermal insulation
value. k varies with timber species, moisture content, the presence of knots and other natural
characteristics, and temperature. However, an average value of k = 0.1154 %for softwood timbers is
sufficiently accurate for determining the overall coefficient of heat transmission (U value) of a construction
assembly.

Thermal Resistance

wm

The thermal resistance or insulating effectiveness of LVL and plywood panels based on k = 0.1154 is

m2°C
20

its reciprocal, i.e., R = 8.67";V—mc. The higher the R value, the more effective the insulation. For example, the

R value for 12mm pine plywood = (%

. 25 m?2°C
plywood is = (m) X867 =0.22——.

) X 8.67 = 0.10%. Similarly, the R value for 25mm thick pine

Vapour Resistance

Condensation occurs when warm moisture laden air comes in contact with a cooler surface. In cold
climates, vapour barriers should be used on or near the warm side of exterior walls clad with plywood.
Plywood also provides good resistance to vapour transmission. Where an additional vapour barrier is
required on the warm side, internal plywood linings may be considered to act as a secondary vapour barrier.
For further information on the topic of thermal transmissions see Chapter 15.

4.5. Acoustic Properties

Plywood has unique properties which allow it to be effectively used in sound control and reduction for
residential and industrial applications. Audible sound is a propagation of energy and is usually measured
in terms of decibels (dB). 1 dB is the lower threshold of human hearing while 130 dB is considered the
threshold of pain.

Sound waves in air is energy in motion and may be absorbed or reflected by a surface. Plywood, like other
materials will absorb some of the sound energy and reflect the remainder. A material which exhibits perfect
absorptivity is rated as 1.0; a perfect reflector of sound would have a coefficient of sound absorption of 0.0.
The acoustic properties of plywood will vary with density, moisture content and surface coatings, however
for most practical purposes, plywood can be considered a reflector of sound. Relative coefficients of sound
absorption are given in TABLE 4-2. For further information see Chapter 14.

31

AUTHOR: EWPAA VERSION:5 RELEASED: 2018

-
eW/p O O ‘ Engineered Wood Products Association of Australasia



Coefficient

Open Window 1.0

Brick 0.03
Window glass 0.03
Plywood 0.04

Table 4-2: Sound Absorption Coefficients of Various Building Materials

4.6. Electrical Properties

Plywood and LVL are excellent electrical insulators, provided they are in the dry condition. Resistance falls
off considerably with an increase of moisture content. The glue line in plywood and LVL is not as effective
an insulator as the wood itself. This will not be of significance in applications in electric fields in the range
of household voltages, but it may be important on certain test benches supporting sensitive electrical
instruments.

4.7. Chemical Resistance

Plywood and LVL are highly resistant to many chemicals and are effectively used in many industrial
applications involving contact with chemicals including dilute acids, alkalis, organic chemicals, neutral and
acid salts, both hot and cold. Provided the chemical reagent has a pH above 2 and below 10, any
weakening effect will be minimal at room temperature.

4.8. Workability and Bending Radii

Structural plywood and structural LVL can be sawn, drilled, shaped, nailed, screwed and glued similarly to
solid wood. In addition, structural plywood can be moulded and curved. TABLE 4-3 gives bending radii for
various thicknesses of structural plywood. These radii can be further reduced by soaking or steaming the
panel prior to bending.

Nominal Thickness (mm) Along face (m) Across face (m)

4.5 1.1 0.6
7 1.8 1.0
9 23 1.3
12 3.6 24
15 4.6 3.0

Table 4-3: Recommended Minimum Bending Radii for Plywood Linings
Notes
1. These radii are theoretical values only and have not been verified experimentally.
2. Thicker panels require considerable force and increased fixings to pull and hold the panel in a tight
radius.

FIGURE 4-1 shows the orientation of the bent plywood sheet with respect to the face of the sheet.

(a) (b)

Figure 4-1: Plywood sheet bent in the easy direction (a) and hard direction (b)
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4.9. Plywood Density
The density of plywood and LVL is approximately equivalent to the density of the timber species from which
they were manufactured. The density of pine plywood is typically in the range 500 to 650 kg/m?3. Eucalypt
hardwood plywood density can exceed 900 kg/m? depending on the timber species used.
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b.Structural Plywood - Design Principles &
Procedures

5.1. Introduction - Principles

The design strength capacity and stiffness of structural plywood, whether loaded normal to the face of the
sheet or in the plane of the panel, is calculated using standard principles of engineering mechanics.
Structural plywood characteristic properties are allocated via the F-Grade system. Design capacities are
then determined by multiplying the characteristic property by a section property and capacity and in-service
factors. The essential differences in the design process for structural plywood when compared with solid
(sawn) timber, arise as a result of the cross-lamination of the plywood veneers. In plywood, those veneers
with grain direction orientated in the direction of the principal stress are considered to transfer all the loads
to the supports. Shear stresses are the exception, being resisted by all veneers. The contribution of each
veneer to the structural plywood capacity, with respect to veneer thickness and orientation, is allowed for
by using parallel ply theory in the derivation of the plywood section properties.

5.2. Characteristic Strengths and Stiffness

Characteristic strengths and stiffness values are derived from test and are an estimate of the 5™ percentile
strength and average stiffness of the population from which the reference sample is taken. Structural
plywood characteristic strength and stiffness values are typically allocated via the F-grade classification
system, as displayed in TABLE 5-1 (refer to AS/NZS 2269.0 Plywood Structural Specification). These values
must be modified in accordance with the in-service factors in AS1720.1.

Characteristic values, MPa

Short Short
Stress _ Panel Compression in duration duration
Grade Bending Tension Shear the plane of the average average
fp) o) A sheet modulus of modulus of
$ (fo) elasticity rigidity
(E) (@)
F34 90 54 6.0 68 21500 1075
F27 70 45 6.0 55 18500 925
F22 60 36 5.5 45 16000 800
F17 45 27 5.1 36 14000 700
F14 36 22 4.8 27 12000 625
F11 31 18 4.5 22 10500 525
F8 25 15 4.2 20 9100 455
F7 20 12 3.9 15 7900 395
F5 14 9.6 3.7 12 6900 345
F4 12 7.7 3.4 9.6 6100 305

Table 5-1: Structural Plywood - Characteristic Properties for F-Grades

5.3. Section Properties

Parallel Ply Theory

Parallel Ply theory is used to calculate the structural plywood section properties, e.g. Second Moment of
Area, (I) and Section Modulus, (Z). Parallel Ply theory accounts for the differing strength and stiffness
properties in the length and width directions of the plywood panel which results from the alternating grain
direction of individual veneers in a plywood sheet. Parallel Ply theory assumes veneers with grain direction
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parallel to the span, carry all of the bending from the applied load, to the supports, as shown in FIGURE 5-
1. Veneers with grain direction perpendicular to the span are assumed to contribute nothing to strength
and only a minor amount (3%) to stiffness.

Methods for determination of | are given in Appendix Ab.

Applied Load

— I, —_
Xoels H
All bending actions mr- e oo s =oea
are resistad by long S D M —
band veneers e

.

X = Cross Band, Veneer grain direction is perpendicular to span,
L= Long Band. Veneorgrain direction is paralkal to sparn.

Figure 5-1: Parallel Ply Theory

Identification Code

The plywood Identification Code provides information on the veneer arrangement within the structural
plywood. This information is required to establish the section properties of a particular plywood. The
Identification Code gives the following information: the nominal plywood thickness, the face veneer
thicknesses multiplied by 10, and the number of plies in the assembly. For example, the ID code 21-30-7
describes a 21 mm thick plywood with 3.0 mm face veneer thicknesses and 7 veneer layers.

5.4. Structural Plywood - Loaded Normal to the Face

Typical applications in which structural plywood is loaded normal to the face include flooring, cladding,
bridge decking, trafficable roofs, and signboards.

Section Properties — Standard Plywood Layups

Section properties for standard plywood Load Direction
constructions loaded normal to the plane of
the plywood panel, are given with respect to
the orientation of the plywood face grain
direction relative to the span direction. The
face veneer grain direction of structural -
plywood panels usually runs in the panel Grain Direction
length direction. Thicker veneers, further from
the panel neutral axis and with grain direction
parallel to span, will be the major contributors
to I, and therefore to both bending strength
and stiffness.

-

TABLE 5-3 gives section properties for
plywood loaded normal to the plane of the
plywood panel. These are for standard
thicknesses and constructions of structural
plywood specified in AS/NZS 2269 together Face grain usually
with some additional thicknesses made by L'frll.s.;lliyr?g?g'anal
some manufacturers. A method for calculating

the section modulus (Z) and second moment

Length
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of area (I), for structural plywood loaded normal to the face, is detailed in Appendix | of AS1720.1 Timber
Structures Code, see Appendix A5 of this manual.

Load Distribution Width

When calculating strength and stiffness capacities for concentrated loads applied normal to the plywood
face, it is necessary to determine the distribution width of the concentrated load across the plywood sheet
width. Load distribution widths established from testing conducted by the EWPAA, and used in calculating
EWPAA span/deflection tables for structural plywood flooring, are reproduced in TABLE 5-2.

Plywood Load
Thickness Distribution
(mm) Width (mm)
12-13 400
15-19 450
20-25 520
26+ 600

Table 5-2: Load Distribution Widths

Other methods for establishing load distribution width are used, including formula based on the ratio of the
I values for veneers parallel to and perpendicular to the direction of the principal stress.

Bending Strength and Bending Stiffness for Loading Normal to the Face

When loaded normal to the face of the plywood sheet, parallel ply theory assumes veneers with face grain
direction parallel to the span are the sole contributors to bending strength and the major contributors to
bending stiffness. Veneers with grain direction perpendicular to the span direction contribute nothing to
bending strength and only 3% to bending stiffness. The outermost veneers furthest from the panel neutral
axis and orientated in the span direction carry the maximum tension and compression flexure forces and
are the major contributors to the second moment of area (I) and section modulus (Z) and therefore bending
capacity.

In typical applications where the plywood is loaded normal to the face, such as flooring, bending stiffness
will often be the governing criteria that determines the plywood specification. When setting deflection limits
for applications in which clearance limits are critical, allowance should be made for the modulus of elasticity
given in AS1720.1 (see TABLE 5-1), being an average modulus of elasticity. However, it should also be
noted that the process control applied to EWPAA/JAS-ANZ branded products minimises the variability of
the E value from the published average value.

For evaluation of bending strength, TABLE 5-4 provides comparative bending strength (f, Z) values for a
range of standard plywood constructions and stress grades.

For evaluation of bending stiffness, TABLE 5-5 gives comparative values of (EI) for structural plywood
loaded normal to the face, for a range of stress grades and standard plywood constructions. The table
provides indicative stiffness values for both plywood supported with face grain orientated parallel to the
span and for plywood supported with face grain orientated perpendicular to span.

Shear Strength (interlamina shear) for Loading Normal to the Face

The interlamina shear strength of structural plywood loaded normal to the panel face is calculated based
on a shear area of:
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Ag = ngt (derived from the basic beam shear equation)

where: b = load distribution width (refer TABLE 5-2);

and: t = full thickness of the plywood sheet.

For applications where high concentrated loads are present, the plywood capacity for punching or local
shear may also need to be checked. The relevant shear area is then:

A = perimeter of loaded area x full thickness of the panel

It should be noted that the shear capacity of structural plywood loaded normal to the face is governed by
the “rolling” shear tendency of the plywood cross-bands. Rolling shear is a term used to describe shearing
forces which tend to roll the wood fibres across the grain. The reduced shear capacity of plywood loaded
normal to the face, due to rolling shear, is accounted for in AS1720.1, by the use of an assembly factor gio
in the calculation of both interlamina and punching shear capacity.

TABLE 5-4 provides interlamina shear strengths (0.4 x f, A;) for a range of standard plywood
constructions and stress grades.

Bearing Strength for Loading Normal to the Face

Plywood (and all timber) have less compressive capacity when load is applied perpendicular to the grain,
compared to when load is applied parallel to grain. The bearing or crushing strength of the plywood may
govern design where high localised point loads are applied to the plywood surface. For example, small
diameter metal castor wheels supporting high loads, on structural plywood flooring. Where bearing
strength is critical, the simplest solution is often to increase the bearing area. In the example of the small
diameter metal wheels, the use of larger diameter wheels and/or softer compound wheels will spread the
load.

Characteristic bearing strengths are not incorporated in the F rating system. Characteristic bearing strength
can be obtained from plywood manufacturers.

5.5. Structural Plywood Loaded in the Plane of the Panel

Some applications in which structural plywood is loaded in its plane are shown in FIGURE 5-2 and include
bracing walls, structural diaphragms such as floors and ceilings loaded in their plane and the webs of
composite beams. Typically, the plywood acts as part of a composite member in a structural system with
the structural plywood being utilised for its capacity to carry high in-plane shear loads. The tension and
compression actions due to bending are carried by the framing members in the composite system.

For example, in bracing walls and diaphragms the plywood is designed to carry in-plane shear loads. The
top and bottom wall plate members or edge framing members carry the tension and compression due to
bending loads. Similarly, in composite beams, the flange members carry the compression and tension forces
while the structural plywood web/s resist the in-plane shear forces.
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Yy

CEER «15 e Box Beam [-Beam Floor Diaphragm
Shearwall

Figure 5-2: Structural Plywood Loaded in its Plane

Section Properties for Shear Strength and Shear Deformation of Structural Plywood
Loaded In-Plane

Section properties for shear strength and shear deformation are based on the full cross-sectional thickness
of the panel. For shear capacity in bending, the area of shear As = gtd and for local shear As = dt, where
t = full thickness of the plywood panel and d = depth of panel.

Section Properties for Bending, Tension and Compressive Strength and Bending
Deflection of Structural Plywood Loaded In-Plane

Section properties for structural plywood loaded in plane, for bending, tension, and compressive strength
and bending deflection, are based on the depth of the plywood panel and the sum of the thicknesses of the
veneers with grain direction orientated in the span or stress direction.
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Table 5-3: Standard Structural Plywood Constructions, Thickness of Parallel Plies (t,), Second Moment of Area (I,,) and Section Modulus (Z,,)

Nominal Nominal Identification Nominal Thickness of Individual Plies Through Assembly . . .
. Face grain parallel to span Face grain perpendicular to span
Thickness Mass Code (mm)
Thickness )
X i Second Section
Thickness Second Section of Parallel
i Moment Modulus
of Parallel Moment of Plies
' of Area
Plies (t,)  Area (I,) Modulus (to) (Zp)
(ls)
(Zp)
mm kg/m? mm mm*mm mm*/mm mm mmYmm  mm¥mm
4.5 2.7 4.5-15-3 1.5/1.5/1.5 3.0 7.3 3.3 1.5 0.5 0.4
3.6 6-15-3 1.5/3.0/1.5 3.0 16 5.3 3 2.7 1.5

7 4.2 7-24-3 2.4/2.4/2.4 4.8 30 8.3 2.4 2.1 1.0
7.5 4.5 7.5-25-3 2.5/2.5/2.5 5.0 34 9.0 25 2.3 1.0
9 5.4 9-15-5 1.5/1.5/3.0/1.5/1.5 6.0 45 10.0 3 17.0 5.3
9 5.4 9-15-5 1.5/2.4/1.5/2.4/1.5 4.5 47 10.0 4.8 22.0 6.5
9 5.4 9-30-3 3.0/3.0/3.0 6.0 60 13.0 3 4.0 1.5
12 7.2 12-15-5 1.5/3.0/3.0/3.0/1.5 6.0 85 145 6 60.0 13.0
12 7.2 12-24-5 2.4/2.4/2.4/2.4/2.4 7.2 115 19.0 4.8 33.0 8.3
15 9 15-15-7 1.5/2.4/2.4/2.4/2.4/2.4/1.5 7.8 170 22.5 7.2 120.0 19.0
15 9 15-24-7 2.4/2.4/1.5/2.4/1.5/2.4/2.4 7.8 205 27.5 7.2 85.0 15.0
15 9 15-30-5 3.0/3.0/3.0/3.0/3.0 9.0 225 29.5 6 65.0 13.0
17 102 17-15-7 1.5/3.0/2.4/3.0/2.4/3.0/1.5 7.8 220 25.5 9 190.0 26.5
17 102 17-24-7 2.4/2.4/2.4/2.4/2.4/2.4/2.4 9.6 285 335 7.2 120.0 19.0
18 10.8 18-15-7 1.5/3.0/3.0/3.0/3.0/3.0/1.5 9.0 270 29.5 9 230.0 29.5
18 10.8 18-30-7 3.0/2.4/2.4/2.4/2.4/2.4/3.0 10.8 375 415 7.2 125.0 19.0
19 11.4 19-24-7 2.4/3.0/2.4/3.0/2.4/3.0/2.4 9.6 360 38.0 9 190.0 26.5
19 11.4 19-24-9 2.4/2.4/1.5/2.4/1.5/2.4/1.5/2.4/2.4 9.3 380 39.5 9.6 200.0 26.5
19 11.4 1 19-30-7 3.0/2.4/3.0/2.4/3.0/2.4/3.0 12.0 450 46.5 7.2 155.0 215
21 12.6 121-24-9 2.4/2.4/2.4/2.4/2.4/2.4/2.4/2.4/2.4 12.0 565 51.5 9.6 300.0 335
21 126 21-30-7 3.0/3.0/3.0/3.0/3.0/3.0/3.0 12.0 555 52.5 9 240.0 29.5
25 15 25-30-9 3.0/2.4/3.0/2.4/3.0/2.4/3.0/2.4/3.0 15.0 900 70.5 9.6 380.0 38.0
25 15 25-30-9 3.0/3.0/2.4/2.4/2.4/2.4/2.4/3.0/3.0 13.2 791 65.0 10.8 395.3 413
27 16.2 27-30-9 3.0/3.0/3.0/3.0/3.0/3.0/3.0/3.0/3.0 15.0 1110 81.0 12 580.0 52.5
31 18.6 31-24-13 2.4/2.4/2.4/2.4/2.4/2.4/2.4/2.4]2.4/2.4/2.4/2.4/2.4 16.8 1590 100.0 14.4 1020.0 74.0
33 19.8 33-30-11 3.0/3.0/3.0/3.0/3.0/3.0/3.0/3.0/3.0/3.0/3.0 18.0 1940 115.0 15 1150.0 81.0

Notes:
1. The subscript “p” in I,, and Z, denotes plywood loaded normal to the plane of the plywood panel
2. Mass of plywood is based on a density of 600 kg/m3. This will be appropriate for most pine species of plywood. Eucalypt hardwood plywood will usually be denser.
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Table 5-4: Limit State Bending and Shear Strength Capacity — Loading Normal to the Plane of the Plywood Panel

Nominal o 9 apa =
Thickness| L.D. Code ace Grain Parallel to Spa bZparalle ace Gra pendicular to Spa perp 0.4 d

(mm) F8 | F11 | F14 | F17 ( F22 | F27 | F34 | F8 | F11 | F14 | F17 | F22 | F27 | F34 | F8 | F11 ( F14 | F17 | F22 [ F27 | F34
45 45-15-3 | 83 [ 102 | 119 | 149|198 | 231 | 297 | 10 | 12 | 14 | 18 | 24 | 28 | 36 5 6 7 7 7

6-15-3 | 133 | 164 | 191 | 239 | 318 | 371 | 477 | 38 | 47 | 54 | 68 | 90 [ 105 | 135 8 9 [ 10] 10

7-24-3 | 208 | 257 | 299 | 374 [ 498 | 581 | 747 | 25 | 31 | 36 | 45 | 60 | 70 | 90 10 10| 11| 11
7.5 7.5-25-3 | 225|279 | 324 | 405 | 540 | 630 810 | 25 | 31 [ 36 | 45 | 60 | 70 | 90 10| 10 | 11 | 12| 12

9-15-5 | 250 | 310 | 360 | 450 | 600 | 700 | 900 | 133 | 164 | 191 [ 239 ( 318 [ 371 (477 | 10| 11 | 12 | 12| 13| 14 | 14

9-15-5 | 250 | 310 | 360 | 450 | 600 | 700 | 900 | 163 | 202 | 234 [ 293 [ 390 | 455 (585 | 10 | 11 | 12 | 12 | 13| 14 | 14

9-30-3 | 325 | 403 | 468 | 585 | 780 | 910 | 1170 38 | 47 | 54 [ 68 [ 90 | 105 135| 10| 11| 12 | 12| 13| 14 | 14
12 12-15-5 | 363 | 450 | 522 | 653 | 870 [1015| 1305 | 325 | 403 | 468 | 585 | 780 | 910 |1170| 13 | 14 | 15| 16 | 18 | 19 | 19
12 12-24-5 | 475 | 589 | 684 | 855 [1140(1330| 1710 | 208 | 257 | 299 | 374 | 498 | 581 | 747 | 13 | 14 | 15| 16 | 18 | 19 | 19
15 15-15-7 | 563 | 698 | 810 (1013 (1350 (1575| 2025 | 475 | 589 | 684 | 855 |1140|1330|1710| 17 | 18 | 19 | 20 | 22 | 24 | 24
15 15-24-7 | 688 | 853 [ 990 (12381650 (1925 2475 | 375 | 465 | 540 | 675 | 900 |1050|1350| 17 | 18 | 19 | 20 | 22 | 24 | 24
15 15-30-5 | 738 | 915 (1062 (1328 (1770 (2065 | 2655 | 325 | 403 | 468 | 585 | 780 | 910 |1170| 17 | 18 | 19 | 20 | 22 | 24 | 24
17 17-15-7 | 638 | 791 | 918 (1148(1530(1785| 2295 | 663 | 822 | 954 |1193|1590|1855|2385| 19 | 20 | 22 | 23 | 25 | 27 | 27
17 17-24-7 | 838 (1039|1206 1508 2010|2345 3015 | 475 | 589 | 684 | 855 |1140(1330|1710| 19 | 20 | 22 | 23 | 25 | 27 | 27
18 18-15-7 | 738 | 915 (1062 (1328 (1770|2065 | 2655 | 738 | 915 |1062|1328|1770|2065|2655| 20 | 22 | 23 | 24 | 26 | 29 | 29
18 18-30-7 | 1038|1287 (1494 (1868 (2490 (2905 | 3735 | 475 | 589 | 684 | 855 |1140|1330|1710| 20 [ 22 | 23 | 24 | 26 | 29 | 29
19 19-24-7 | 950 |1178(1368 (1710 (2280 (2660 | 3420 | 663 | 822 | 954 |1193|1590|1855|2385| 21 | 23 | 24 | 26 | 28 | 30 | 30
19 19-24-9 | 988 |1225(1422 (1778 (2370|2765 | 3555 | 663 | 822 | 954 |1193|1590|1855|2385| 21 | 23 | 24 | 26 | 28 | 30 | 30
19 19-30-7 | 1163 (14421674 (2093 2790|3255( 4185 | 538 | 667 | 774 | 968 |1290(1505|1935| 21 | 23 [ 24 | 26 | 28 | 30 | 30
21 21-24-9 | 1288 1597|1854 2318|3090 |3605| 4635 | 838 |1039 1206|1508 |2010|2345(3015| 24 | 25| 27 | 29 [ 31 | 34 | 34
21 21-30-7 | 1313 (162818902363 |3150|3675| 4725 | 738 | 915 |1062 (1328 (1770|2065 (2655| 24 | 25| 27 | 29 | 31 | 34 | 34
25 25-30-9 | 1763 (218625383173 |4230|4935| 6345 | 950 |1178]1368 (1710|2280 (2660 (3420| 28 | 30 | 32 | 34 | 37 | 40 | 40
25 25-30-9 | 1625(2015|2340|2925|3900 | 4550 | 5850 | 1033|1281 1488|1860 (2480 (2893 (3720| 28 | 30 | 32 | 34 | 37 | 40 | 40
27 27-30-9 |2025(2511|2916|3645|4860|5670| 7290 | 131316281890 (2363 (3150 (3675(4725] 30 | 32 | 35 | 37 | 40 | 43 | 43
31 31-24-13 12500 3100 [ 3600 {4500 [ 6000 [ 7000 | 9000 | 1850 | 2294 | 2664 | 3330 | 4440|5180 |6660| 35 [ 37 | 40 | 42 | 45 | 50 | 50
33 33-30-11|2875 (3565 (4140 (5175 [6900 [8050 [10350| 2025|2511 | 2916 | 3645 | 4860 | 5670 |7290| 37 | 40 | 42 | 45 | 48 | 53 | 53
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Table 5-5: Indicative Stiffness Values (EI) Per mm Width - Loading Normal to the Plane of the Plywood Panel

Nominal El x 10° Nmm?/mm width
Thickness | I.D. Code Face Grain Parallel to Span Face Grain Perpendicular to Span
(mm) F8 F11 F14 F17 F22 F27 F34 F8 F11 F14 F17 F22 F27 F34
4.5 45-15-3| 66 77 88 102 117 135 157 5 5 6 7 8 9 11
6 6-15-3 146 168 192 224 256 296 344 25 28 32 38 43 50 58
7 7-24-3 273 315 360 420 480 555 645 19 22 25 29 34 39 45
7.5 7.5-25-3| 309 357 408 476 544 629 731 21 24 28 32 37 43 49
9 9-15-5 | 410 473 540 630 720 833 968 155 179 204 238 272 315 366
9 9-15-5 | 428 494 564 658 752 870 | 1011 | 200 231 264 308 352 407 473
9 9-30-3 546 630 720 840 960 | 1110 | 1290 36 42 48 56 64 74 86
12 12-15-5| 774 893 | 1020 | 1190 | 1360 | 1573 | 1828 | 546 630 720 840 960 | 1110 | 1290
12 12-24-5| 1047 | 1208 | 1380 | 1610 | 1840 | 2128 | 2473 | 300 347 396 462 528 611 710
15 15-15-7 | 1547 | 1785 | 2040 | 2380 | 2720 | 3145 | 3655 | 1092 | 1260 | 1440 | 1680 | 1920 | 2220 | 2580
15 15-24-7 | 1866 | 2153 | 2460 | 2870 | 3280 | 3793 | 4408 | 774 893 | 1020 | 1190 | 1360 | 1573 | 1828
15 15-30-5| 2048 | 2363 | 2700 | 3150 | 3600 | 4163 | 4838 | 592 683 780 910 | 1040 | 1203 | 1398
17 17-15-7 | 2002 | 2310 | 2640 | 3080 | 3520 | 4070 | 4730 | 1729 | 1995 | 2280 | 2660 | 3040 | 3515 | 4085
17 17-24-7 | 2594 | 2993 | 3420 | 3990 | 4560 | 5273 | 6128 | 1092 | 1260 | 1440 | 1680 | 1920 | 2220 | 2580
18 18-15-7 | 2457 | 2835 | 3240 | 3780 | 4320 | 4995 | 5805 | 2093 | 2415 | 2760 | 3220 | 3680 | 4255 | 4945
18 18-30-7 | 3413 | 3938 | 4500 | 5250 | 6000 | 6938 | 8063 | 1138 | 1313 | 1500 | 1750 | 2000 | 2313 | 2688
19 19-24-7 | 3276 | 3780 | 4320 | 5040 | 5760 | 6660 | 7740 | 1729 | 1995 | 2280 | 2660 | 3040 | 3515 | 4085
19 19-24-9 | 3458 | 3990 | 4560 | 5320 | 6080 | 7030 | 8170 | 1820 | 2100 | 2400 | 2800 | 3200 | 3700 | 4300
19 19-30-7 | 4095 | 4725 | 5400 | 6300 | 7200 | 8325 | 9675 | 1411 | 1628 | 1860 | 2170 | 2480 | 2868 | 3333
21 21-24-9 | 5142 | 5933 | 6780 | 7910 | 9040 |10453|12148] 2730 | 3150 | 3600 | 4200 | 4800 | 5550 | 6450
21 21-30-7 | 5051 | 5828 | 6660 | 7770 | 8880 |10268|11933| 2184 | 2520 | 2880 | 3360 | 3840 | 4440 | 5160
25 25-30-9 | 8190 | 9450 |10800|12600|14400|16650|19350| 3458 | 3990 | 4560 | 5320 | 6080 | 7030 | 8170
25 25-30-9 | 7200 | 8308 | 9494 | 11077 (12659 (14637 |17011| 3597 | 4151 | 4744 | 5534 | 6325 | 7313 | 8499
27 27-30-9 110101 | 11655 13320| 15540 (17760 | 2053523865 5278 | 6090 | 6960 | 8120 | 9280 |10730| 12470
31 31-24-13] 14469 | 16695 | 19080 | 22260 | 25440 | 29415 |34185| 9282 | 10710|12240|14280| 16320| 1887021930
33 33-30-11] 17654 | 20370 | 2328027160 | 3104035890 |41710] 10465| 12075] 13800 | 16100 | 18400 |21275| 24725
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5.6. Structural Plywood - Design Procedures

Limit State Design to AS 1720.1

The design capacity of structural plywood designed in accordance with the limit states design format of AS
1720.1, is achieved by modifying the characteristic strength capacities by a material capacity factor ¢, a
geometric section property, and in-service factors (k, j and g factors). Structural capacity factor reliability
is achieved through the use of these modified characteristic strength capacities and factored loads as

detailed in AS/NZS 1170.1.

Strength Limit State Capacity

The strength limit state condition is satisfied when the design capacity of the structural plywood exceeds
the design load effects from the factored loads. That is:

Ry >S§*
where
R ,; =design capacity of the plywood member

§* =design action effect, e.g. bending moment, M*,
shear force, V", etc.

and
Ry = pk modft; X
where

¢ = capacity factor

kmoa = product of relevant modification factors (e.g. k.,
ke, k7, k12, k19, 919)
f, = appropriate characteristic strength

X = geometric section property.

Serviceability Limit States Capacity
The serviceability limit states are achieved when in-service displacements and vibrations are kept within
acceptable limits. Calculated bending deflections and shear deformations must be modified by in-service

modification factors (j,, j5, je» and g;4, as appropriate). Guidance on serviceability limit states are given in
Appendix B of AS 1720.1.

5.7. Strength & Stiffness limit states design capacities

Loading Normal to the Plane of the Plywood Panel

FIGURE 5-3 shows loading normal to the plane of the plywood panel.
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Grain direction of plies parallel to span
(applicable to bending and shear calculations) N A’

Figure 5-3: Notation for bearing and shear normal to the face of the plywood panel and for flatwise
bending plywood

Strength Limit State

Strength 2?:3: Desian Capacit Strength Limit State AS 1720.1
Limit State 9 pacity Satisfied when Reference
Effect
Bending My Mgy, = ¢kykio gio fp Zp My, = M, Cl.5.4.2
SheCIr ‘/p* Vd,p = ¢k1 k19 .919 f:;’ AS Vd,p 2 ‘/p* Cl.5.4.3
Bearing Ny Ngp = ki ky kio g1o fp Ap Ngp = Ny Cl.5.4.4
where:
My, V', Ny = Design action effect in bending, shear and bearing respectively
Mg, Vaps Nap = Design capacity in bending, shear and bearing respectively
¢ = Capacity factor for plywood
kq = Duration of load strength modification factor
k, = Length and position of bearing modification factor
kiq = Moisture content strength modification factor
J19 = Plywood assembly modification factor
fo s fy = Characteristic strengths in bending, panel shear and bearing

normal to the plane of the panel respectively.

Zy = Plywood section modulus = ;—p
P
Ag = shear plane area = g(bt) for shear in bending

= full shear area for local (punching) shear.

A = bearing area under the design load.
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Serviceability Limit State

Calculated bending deflection X j, X jo X g19 < deflection limit ClL.545
where:
J» = Duration of load creep modification factor
Jje = Moisture content stiffness modification factor
910 = Plywood assembly modification factor

Loading in Plane of the Plywood Panel

FIGURE 5-4 shows loading in the plane of the plywood.

LUDUMATUTU ATV AUV A ATV TU TR AT TV U]

AT T TR TR T TN TR T TR TR TR TN TV TR TR TP TRATR TN T AT

LT T T TNV TV T TV SN TU T I ST TV PRI TNTUTTT UV INTLTL

I LUV TATA ATV TR TA LUV ATV IV TN TR

Grain direction of plies /

parallel to span

tpI = sum of thickness of plies
with grain parallel to span

Figure 5-4: Notation for shear, compression and tension acting in the plane of a plywood panel and
for edgewise bending

Strength Limit State

Desian Strength
Strength Actic?n S Limit State AS 1720.1
Limit State 9 P Satisfied Reference

Effect

When:
Bending M; My; = ¢kikiskig 910 foZ; My; = M/ Cl.5.5.2
Shear v Vai = dkikizkig g19 f5 As Vy 2V Cl.55.3
Tension N{ Ny = dkiki9gio fi A¢ Ng. = N Cl.5.5.4
Compression Ng Ngc = @ky kizkio 919 o Ac Ng. =N Cl.55.5
where:
M;, VN, N; = Design action effect in edgewise bending, shear, tension and

compression in the plane of the plywood panel, respectively.
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Mg, Vai, Nag» Nac = Design capacity in bending, shear, tension and compression
respectively.

¢ = Capacity factor for plywood
kq = Duration of load strength modification factor
ki, = Stability modification factor
kiq = Moisture content strength modification factor
919 = Plywood assembly modification factor
i, f. . f. = Characteristic strengths in bending, panel shear, tension and

compression respectively
pt d?

Z; = Plywood section modulus = tT

Ag = shear plane area = g(dt)for shear in bending

= (dt) for localised shear where

d = overall depth of plywood
t = full thickness of plywood
A.,A. = Effective cross-sectional area

= t,, X d for load applied parallel sum of the thickness of veneers
with grain parallel to span

t x d for load applied at 45" to plywood grain direction

= tpl
Serviceability Limit State:
(Calculated bending deflection X j, X js X g19) + (Calculated shear deflection Cl.5568&557
X Jju X jg X gq9) < deflection limit
where:
j» = Duration of load creep modification factor
je = Moisture content stiffness modification factor
Jis = Plywood assembly modification factor

5.8. Factors

Capacity Factor, ¢

TABLE 5-6 is a material capacity factor and allows for variability in material strength and the consequence
of failure. The material capacity factor,¢, assigned via AS1720, to structural materials, is based on current
knowledge of product structural performance, intended structural application and material reliability. The
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capacity factors applied to structural plywood manufactured to AS/NZS 2269 reflect the high degree of
manufacturing process control, the low material variability and high product reliability.

Application of Structural member

Category 1

Category 2

Category 3

Structural members for houses for
which failure would be unlikely to
affect an area* greater than 25 m?
OR

Secondary members in structures
other than houses

Primary  structural members in
structures other than houses;

OR

Elements in houses for which failure
would be likely to affect an area*
greater than 25m?

Primary  structural members in
structures intended to fulfil an
essential service or post disaster
function

Capacity Factor, ¢for
Structural Plywood
(AS/NZS 2269.0)

0.95

0.85

0.75

NOTES: Refer to definitions: secondary structural element to Cl. 1.7.2.22 AS1720; primary structural element in Cl.

1.7.2.18 AS 1720.

* In this context, area should be taken as the plan area.

Table 5-6: Capacity Factor, ¢

k, — Duration of Load Strength Modification Factor

AS1720.1
Cl53.2
Cl.24.11

The k; duration of load factor given in TABLE 5-7 allows for the time dependant nature of the strength of
timber. A timber member subjected to a short-term load without failure may fail over time if the load is
sustained. The k; factor allows for the reduction in the strength capacity of the LVL member when
subjected to long term loads. For load combinations of differing duration, the appropriate k, factor is that
for the shortest duration load. Please refer to Appendix G, AS1720.1.
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LOAD DURATION FACTORS FOR TYPICAL LOAD COMBINATIONS FOR STRENGTH
LIMIT STATE

Load
combinations as
per AS 1170.0

Type of load (action)

For strength For strength of joints
of Solid using laterally loaded
timber fastenerst
Permanent action (dead 135G 057 057
load)
Permanent and short-term
imposed actions
(a) Roof live load— 0.94 0.77
Distributed
(b) Roof live load— 1.2G+15Q 0.97 0.86
Concentrated
(c) Floor live loads— 0.80 0.69
Distributed
(d) Floor live loads— 0.94 0.77
Concentrated
- t
ASITEITETE €] (g 12G+ 1.5 ¢Q 0.57 0.57
imposed action
Permanent, wind and 12 G+ W, + UQ 1.00 1.14
imposed action
Permanent and wind action 09G+W, 1.00 114
reversal
!:’ermonent, faorthqucke and G +Eo + 0:Q 1.00 114
imposed action
Fire G+yQ 0.94 0.77

* Typical values of k; for various load combinations are given in Table G1, Appendix G AS1720.1.
T For the strength of joints with fasteners loaded in withdrawal and for the strength of steel in joints, k; = 1.00.

Table 5-7: Duration of Load Strength Modification Factor

Factor ks — Ambient temperature factor ASCVZZ. 2:;

The ambient temperature factor relates temperature effects in buildings to geographical locations and is
taken as k¢ = 1.0 for normal structures, except for coastal regions of Queensland north of latitude 25°S and
all other regions of Australia north of 16°S. For these regions, strength is modified by taking k, = 0.9.

Factor k; — Factor for length and position of bearing ASCFZZ_ 2;1

The k, bearing factor given in TABLE 5-8 may be used to increase the bearing capacity perpendicular to
the grain where rectangular bearing areas are located 75mm or more from the end of a piece of timber.
The length of bearing shall be measured parallel to the grain of the loaded member.
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Length of bearing of Member BV 25 50 75 125 150 or more
mm
Value of k, 1.75 140 120 115 110 1.00

Table 5-8: Factor for Length and Position of Bearing

AS1720.1

k., — Stability factor for plywood loaded in the plane of the panel Appendix |

The k,, factor allows for the reduction in strength due to buckling of plywood diaphragms loaded in-plane.
The ratio of the plywood diaphragm depth to plywood thickness is critical in determining whether the
diaphragm will buckle. TABLE 5-9 gives k;, factors for typical diaphragm depths and plywood and plywood
thicknesses when diaphragm lateral edges are supported and subject to uniform edge forces.
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Table 5-9: Buckling Strength of Plywood Diaphragms Loaded In-Plane — Appendix | of AS 1720.1 12.2)
Diaphragms with Lateral Edges Supported & Subjected to Uniform Edge Forces.
ki, - Bending
Fl4k,=1.0 (Non conservative for k;=1.0, F grades=F14)

Nominal ID Face grain direction is horizontal (6=0°) Face grain direction is vertical (6=90°)

Thickness Code Depth of Web (mm) Depth of Web (mm)

(mm) 150 200 300 400 450 600 800 900 1000 1200 150 200 300 400 450 600 800 900 1000 1200
4.5 4.5-15-3 1.00 1.00 0.57 0.41 0.36 0.29 0.25 0.24 0.23 0.22 1.00 1.00 0.94 0.62 0.53 0.38 0.30 0.28 0.27 0.25
7 7-24-3 1.00 1.00 1.00 0.70 0.59 0.42 0.32 0.30 0.28 0.26 1.00 1.00 1.00 1.00 1.00 0.65 0.45 0.40 0.36 031
75 7.5-25-3 1.00 1.00 1.00 0.77 0.65 0.45 0.34 031 0.29 0.26 1.00 1.00 1.00 1.00 1.00 0.71 0.49 0.43 0.38 0.33
9 9-30-3 1.00 1.00 1.00 1.00 0.85 0.57 0.41 0.36 0.33 0.29 1.00 1.00 1.00 1.00 1.00 0.94 0.62 0.53 0.47 0.38
12 12-24-5 1.00 1.00 1.00 1.00 1.00 1.00 0.84 0.70 0.61 0.48 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.80 0.62
15 15-30-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.84 0.64 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.86
17 17-24-7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.77 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

ki,- Compression

Fl14,k,=1.0 (Non conservative for k;>1.0, F grades>F14)
Nominal ID Face grain direction is horizontal (6=0°) Face grain direction is vertical (6=90°)
(mm) 150 200 300 400 450 600 800 900 1000 1200 150 200 300 400 450 600 800 900 1000 1200
45 4.5-15-3 0.43 0.33 0.26 0.23 0.23 0.21 0.21 0.21 0.21 0.20 0.66 0.46 0.31 0.26 0.25 0.23 0.22 0.21 0.21 0.21
7 7-24-3 0.76 0.51 0.34 0.28 0.26 0.23 0.22 0.22 0.21 0.21 1.00 0.82 0.48 0.36 0.32 0.27 0.24 0.23 0.22 0.22
7.5 7.5-25-3 0.84 0.56 0.36 0.29 0.27 0.24 0.22 0.22 0.21 0.21 1.00 0.92 0.52 0.38 0.34 0.28 0.24 0.24 0.23 0.22
9 9-30-3 1.00 0.72 0.43 0.33 0.30 0.26 0.23 0.23 0.22 0.21 1.00 1.00 0.66 0.46 0.40 0.31 0.26 0.25 0.24 0.23
12 12-24-5 1.00 1.00 0.87 0.58 0.50 0.37 0.29 0.27 0.26 0.24 1.00 1.00 1.00 0.76 0.64 0.45 0.34 0.31 0.29 0.26
15 15-30-5 1.00 1.00 1.00 0.79 0.66 0.46 0.35 0.32 0.29 0.27 1.00 1.00 1.00 1.00 0.89 0.59 0.42 0.37 0.34 0.30
17 17-24-7 1.00 1.00 1.00 0.95 0.80 0.53 0.39 0.35 0.32 0.28 1.00 1.00 1.00 1.00 1.00 0.70 0.48 0.42 0.38 0.32
ki,- Shear
F8,k; =1.0 (Non conservative for k;>1.0, F grades <F8)
(mm) 150 200 300 400 450 600 800 900 1000 1200 150 200 300 400 450 600 800 900 1000 1200
4.5 4.5-15-3 0.86 0.70 0.59 0.55 0.54 0.52 0.51 0.51 0.51 0.51 1.00 1.00 0.84 0.69 0.65 0.58 0.55 0.54 0.53 0.52
7 7-24-3 1.00 0.99 0.72 0.62 0.60 0.55 0.53 0.52 0.52 0.51 1.00 1.00 1.00 0.96 0.86 0.70 0.62 0.59 0.57 0.55
7.5 7.5-25-3 1.00 1.00 0.75 0.64 0.61 0.56 0.54 0.53 0.52 0.52 1.00 1.00 1.00 1.00 0.92 0.73 0.63 0.60 0.58 0.56
9 9-30-3 1.00 1.00 0.86 0.70 0.66 0.59 0.55 0.54 0.53 0.52 1.00 1.00 1.00 1.00 1.00 0.84 0.69 0.65 0.62 0.58
12 12-24-5 1.00 1.00 1.00 1.00 1.00 0.86 0.70 0.66 0.63 0.59 1.00 1.00 1.00 1.00 1.00 1.00 0.86 0.79 0.73 0.66
15 15-30-5 1.00 1.00 1.00 1.00 1.00 1.00 0.82 0.75 0.70 0.64 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.86 0.75
17 17-24-7 1.00 1.00 1.00 1.00 1.00 1.00 0.91 0.82 0.76 0.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 0.82
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FIGURE 5-5 shows an I-beam defining the relevant design parameters, with respect to the values given
in TABLE 5-9 for the edge axial forces, moments and shears.

wmr kN | m
EERTEERPTEFERESE !
. 22 == ] I¥:
=N\
Continuous LVL Stiffeners t"”l'_i"
chord Plywood

Diaphragm

Figure 5-5: Diaphragm Buckling Parameters

AS1720.1

k19 — Moisture content factor Cl.53.3

The k,4 moisture content factor given in TABLE 5-10, is used to modify plywood strength capacity to allow
for the reduction in strength that will result if for a 12-month period the average moisture content of the
plywood in service remains higher than 15%. Where the average moisture content of plywood, over a 12-
month period is less than or equal to 15%, k;4 = 1.0. Some examples of where average moisture content
may remain above 15% for a 12-month period are applications in continuously humid environments and
also where the plywood is constantly sprayed with water.

Factor k9

Strength Property Moisture Content* Moisture
Content*
15% or less 25% or more

Bending 1.0 0.6
Tension in plane of sheet 1.0 0.7
Shear 1.0 0.6
Compression in plane of sheet 1.0 0.4
Compression in normal to plane of sheet 1.0 0.45

*For moisture contents between 15 and 25%, use linear interpolation to obtain k4 factor

Table 5-10: Moisture Content Factor, k4

AS1720.1

J19 — Plywood Assembly Factor Cl.5.4.2

The g, factor in TABLE 5-11 and TABLE 5-12, allows for the differing grain orientation of the timber
veneers within the plywood sheet. The g,4 factor affects both strength and stiffness and varies depending
on whether the plywood is loaded in plane or normal to the face.

For Plywood Loaded Normal to the Face: The g,4 assembly factor given in TABLE 5-11 is used to increase
the bending strength capacity of three ply plywood when loaded with face grain perpendicular to span
and to reduce the shear strength capacity. For all other properties listed in TABLE 5-11 g, = 1. The
1o factor applied to the bending strength capacity of plywood with 3 veneer layers, loaded perpendicular
to span, compensates for the underestimation in the value of the section modulus for three ply plywood
with face grain perpendicular to span, calculated using parallel ply theory. The g,4 factor applied to shear
strength accounts for the reduced shear strength capacity of the plywood due to the rolling shear tendency
of the plywood cross-bands.
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Assembly

Property Direction of Face Plies

Bending strength 3 ply perpendicular to span 1.2
5 ply or more perpendicular to span 1.0
Parallel to span 1.0

Shear strength any orientation 0.4

Bearing strength any orientation 1.0

Bending deflection parallel or perpendicular to span 1.0

Shear deformation parallel or perpendicular to span 1.0

Table 5-11: Assembly Factors g,4 for Plywood Loaded Normal to the Plane of the Plywood Panel

For Plywood Loaded in the Plane of the Plywood Panel:

The g,4 assembly factor given in TABLE 5-12 is used to modify properties of plywood loaded in-plane, when
the load direction is other than parallel or perpendicular to the face grain direction of the plywood.

In-Plane Compression/Tension Loads:

For plywood loaded parallel or perpendicular to the plywood face grain direction, the effective cross-
sectional area in tension/compression is the sum of the thicknesses of the plies with grain direction parallel
to the force. These plies being loaded in their strong direction, are effective at full tensile or compressive
capacity. That is g, = 1.0. However, when the load direction is inclined at an angle to the plywood face
grain direction, all veneer layers carry some component of force and the effective cross-sectional area is
the full thickness of the plywood. Under this type of loading, components of the load are carried both parallel
to the grain in the stronger direction and in the weaker direction across the grain. The lower strength
capacity of the plywood veneers across the grain results in a significant reduction in strength capacity.
Hankinson’s formula is used to calculate the g,4 = factor for the reduction in capacity. TABLE 5-12 gives
values for g,4 for compressive / bending and tensile capacity for load inclined at 45° to the face grain
direction.

In-Plane Shear Loads:

Shear stresses in the plane of the plywood are carried by all veneer layers. To cause a shear failure, wood
fibres must fail in shear both across the grain in one veneer layer and parallel with the grain in the adjacent
veneer layer. This results in plywood having superior (approximately double) in-plane shear capacity
compared to sawn timber products. As all veneer layers are carrying shear stresses, the effective cross-
sectional shear area is based on the full plywood thickness and g;4 = 1.0. When the in-plane shear load is
inclined at an angle to the plywood face grain direction, all veneer layers carry a component of shear force
normal to the strong axis of the fibres. Hence shear strength capacity is further increased. For shear load
applied at 45° to the face grain direction TABLE 5-13 gives g, = 1.5.
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Direction of grain of plies| Portion of cross-section Assembly

Property with respect to the stress| considered (effective factor
direction or span cross-section area)

Compression and bending

strength parallel or perpendicular  Parallel plies only 1.0
+45° Full cross-section 0.34
Tension strength parallel or perpendicular  Parallel plies only 1.0
+45° Full cross-section 0.17
Shear strength parallel or perpendicular  Full cross-section 1.0
+45° Full cross-section 1.5
Bending Deflection parallel or perpendicular  Parallel plies only 1.0
Eeif;;TGtion in compression or parallel or perpendicular  Parallel plies only 1.0
+45° Full cross-section 0.17

Table 5-12: Assembly Factors g, for Plywood Loaded in the Plane of the Plywood Panel

j2 — Duration of Load Factor for Creep Deformation (bending, AS1720.1
compression and shear members) Cl.24.1

The j, load factor given in TABLE 5-13 allows for the time dependent increase in deformation of timber
components under constant bending, compression and shear loads. The magnitude of the creep
deformation in timber products increases with longer term loads and higher moisture content. Typically,
plywood moisture contents are less than 15% when used in dry environments.

Initial Load Duration

Moisture <1 1 1 3 6 9 21
Content % day week month months months months year
<15 1 1.2 1.7 1.9 2.0 2.0 2.0

20 1 1.4 2.0 2.4 2.4 2.5 2.5
=25 1 15 2.3 2.8 2.9 2.9 3.0

Table 5-13: Duration of Load Factor j, for Creep Deformation for Bending, Compression and Shear
Members

j3 — Duration of Load Factor for Creep Deformation (tension members) Aiﬂzjji

The j; load factor given in TABLE 5-14, allows for the time dependent increase in deformation in timber
members subjected to tension type loads.

Initial Moisture Load Duration

Content % <1 day 21 year
<15 1 1.0
20 1 1.25
=25 1 15

*Use the logarithm of time for interpolation.

Table 5-14: Duration of Load Factor j; for Creep Deformation for Tension Members
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je — Plywood in Service Moisture Content Factor for Stiffness Aséll_752_ 2;;

The j factor given in TABLE 5-15 accounts for the reduction in stiffness of structural plywood when the
average moisture content exceeds 15% over a 12-month period. No modification is required when the
average annual moisture content is less than or equal to 15 percent.

Type of Stiffness Moisture Content* Moisture Content* 25% or
15% or less more
Modulus of
Elasticity 10 0.8
Modulus of
Rigidity 1.0 0.6

*For moisture contents between 15 and 25%, linear interpolation should be used to obtain jg

Table 5-15: Plywood in Service Moisture Content Factor j, for Stiffness
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6. Structural LVL - Design Principles and
Procedures

6.1. Design Principles

The design strength capacity and stiffness of structural Laminated Veneer Lumber is determined from the
application of standard principles of engineering mechanics. Structural LVL characteristic strength and
stiffness properties are derived from testing and evaluation methods specified in AS/NZS 4357. Strength
and stiffness properties are based on testing at the point of manufacture to establish an estimate of the
5th percentile strength and average stiffness of the population from which the reference sample is taken.

Characteristic strength and stiffness properties are published by the manufacturer for their particular
product. Design capacities are then determined in the conventional manner by multiplying the published
characteristic strength property by a section property and capacity and in-service factors as determined
from AS1720.1. Typically, structural LVL is used as a beam, tension or column element and therefore grain
direction of all veneers is usually orientated in the longitudinal direction to maximise strength and stiffness
in the spanned direction.

Section properties for standard LVL containing no cross-banded veneer, is calculated using actual cross-
section dimensions. However, where cross-bands have been included, for example to increase resistance
to nail splitting or to improve dimensional stability, parallel ply theory as applied to plywood (refer Chapter
5) will apply to the derivation of section properties. For LVL used on edge, the contribution of the cross-
bands is disregarded when calculating section properties. For LVL containing cross-bands used on flat,
parallel ply theory is applied in the same manner as for plywood.

6.2. Characteristic strengths and stiffness

Current practice of manufacturers of structural LVL is to publish actual product characteristic strength and
stiffness values rather than allocate properties via the F-grade system. Properties published by a
manufacturer are unique to that manufacturer’s product, with the manufacturer’s product often identified
by a brand name.

6.3. Section Properties

Structural LVL is usually manufactured with the grain direction of all veneers orientated in the longitudinal
direction. Where all veneers are orientated in the longitudinal direction, section properties are calculated
using actual cross-section dimensions. Refer FIGURE 6-1.
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Figure 6-1: Section Properties for LVL with all Veneers Orientated in the Longitudinal Direction
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When LVL contains cross-bands, the section properties are calculated based on the parallel ply theory used
in plywood design.

Section properties for cross-banded LVL are calculated as follows:

(a)  foronedge bending, tension, and compressive capacities and edgewise flexural rigidity, veneers with
grain direction at right angles to the direction of stress are ignored in the calculation of area, first
moment of area and second moment of area. A typical example of cross-banded LVL and section
properties is shown in FIGURE 6-2.

(b)  for on flat bending and shear applications, section properties are calculated based on parallel ply
theory used in calculating plywood section properties. (Refer Appendix A5). An example calculation
of cross-banded LVL section properties for on flat applications is shown in FIGURE 6-3.

(¢)  the full cross-sectional area is effective when resisting in-plane shear.

tx tx

H 5l

Ixx = (b-12tx)d3
= z Z = (b-2ty)d?

At, Ag = (b-2ty)d

=9

[—1 = Crossband

A

Figure 6-2: Cross-banded LVL section properties for edgewise bending, tension, compression and
flexural rigidity

I (neutral axis (NA)-Second moment of area for
calculation of bending rigidity (El)
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12
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Figure 6-3: Example of cross-banded LVL section properties for on flat bending, bending deflection
and shear
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6.4. LVL - Design Methodology

Limit States Design to AS1720.1

The design capacity of structural LVL, designed in accordance with the limit states design format of
AS1720.1, is achieved by modifying the characteristic strengths by a geometric section property, a material
capacity factor ¢ and in-service factors (k and j factors). Structural reliability is achieved through the use
of these modified characteristic strength capacities and factored loads as detailed in AS/NZS 1170.1.

Strength Limit State Capacity

The strength limit state condition is satisfied when the design capacity of the structural LVL exceeds the
design load effects from the factored loads. That is:

R, >S*
where
R; = design capacity of the plywood member

S§* =design action effect, e.g. bending moment, M*,
shear force, V", etc.

and
Ry = ¢k modfo/ X
where
¢ = capacity factor

kmoa = product of relevant modification factors
(€.9. ky, ky, ke, k7, ko, k12, k19, g10)
f, = appropriate characteristic strength

X = geometric section property.

Characteristic bending and tension strength may need to be reduced depending on cross section. For
calculation of the reduction factor (k,) please refer to manufacturers’ specification. For the following
examples an assumption was made.

Serviceability Limit State Capacity

The serviceability limit state is achieved when in-service displacements are kept within acceptable limits.
Calculated bending deflections and shear deformations must be modified by in-service modification factors
(i2» js and je as appropriate). Guidance on serviceability limit states is given in Appendix C of AS/NZS 1170.0.

6.5. Beam Design

FIGURE 6-4 defines the minor (y-y) and major (x-x) axes of bending referred to in establishing strength limit
states for beams.
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Minor axis

S
R
.

Major axis

NN

Figure 6-4: Major and Minor Axes of Bending

Strength Limit State

Strength Limit Des-lgn . . Strength !'"T"t AS1720.1
Action Design Capacity State Satisfied
State Reference
Effect
Bending M My=¢ ki kykeko kisky fy Z My =M Cl.3.2.1.1
For begms that can bend about both the major and minor Mi My g0 clL3212
axes simultaneously: Mgy = Mgy
Shear & Vy=¢ kikykefi A Vy=V* Cl.3.25
Bearing
perpendicularto | N, Nap = ¢ ki ks ke k7 fr Ay Nap 2 Np Cl.326.1
grain
. Cl.3.26.2
parallel to grain N/ Ny =¢ ki kyke fi' 4 Ny, = Ny
M*, V*,Np, Ny = Design action/load effect in bending, shear and bearing respectively

Mdl le Nd,p' Nl,p

M;, M;)

Md,xr Md,y

= Design capacity in bending, shear and bearing respectively

= Design action effect in bending about the major principal x-axis and minor
principal y-axis.

= Design capacity in bending about the major principal x-axis and minor
principal y-axis.

= Capacity factor for LVL

= Duration of load strength modification factor

= Moisture condition modification factor

= Temperature modification factor

= Length and position of bearing modification factor
= Strength sharing modification factor

= Stability modification factor
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ky = Size modification factor for bending in accordance with manufacturers
specification (volume factor) otherwise modification factor of AS1720.1 Cl.

8.3.1 apply
i fs ,fp/ i = Characteristic strengths in bending, panel shear and bearing normal to the
plane of the panel respectively
. bd? dn? .
Z = LVL beam section modulus where Z, = Tond Z, = TWIth b = breadth
and d = depth
Ag = shear plane area = g(bd) for a beam loaded about its major axis in bending
Ay A = bearing area under the design load perpendicular and parallel to the grain

as shown in FIGURE 6-5.

Serviceability Limit State:

Calculated deflection x j, X js < deflection limit
where:
Jj, = Duration of load creep modification factor

Je¢ = Moisture content stiffness modification

Cl.5.45

FIGURE 6-5 defines the design parameters referred to when satisfying strength limit states in column

design.

N * Bearing at angle (0) to
\ Secondary grain of main member

member
Main member

Bearing parallel to
grain of main and

Secondary
members

Grain direction —/

of main member

Bearing perpendicular to grain
of main member and parallel N *
to grain of secondary member

secondary member

Figure 6-5: Notation for Bearing
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6.6. Column Design

Strength Limit State

Strength Limit Design : : Sl i s AS 1720.1
Action Design Capacity State Satisfied
State Reference
Effect when:
Compression N; Ngc= ki ky kg kqy f A Ng. = N; Cl.3.3.1
Nd,cx = N;
For columns that can buckle about both axes: and Cl.33.1.2
Ngcy = NZ
N; = Design action effect in compression
Ny = Design capacity in compression parallel to the grain
Ngcx» Ngcy = Design capacity in compression parallel to the grain for buckling about the major x-

axis and minor y-axis respectively.

¢ = Capacity factor for LVL

kq = Duration of load strength modification factor

ky = Moisture condition modification factor

ke = Temperature modification factor

kqy = Stability modification factor

1 = Characteristic strength in compression parallel to grain
A, = Cross-sectional area of column
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6.7. Tension Member Design

Tension member design is defined by the direction of load application with respect to grain direction as
shown in FIGURE 6-6 (a) for perpendicular to the grain.

Effective length when fixed at one point = 2¢,
Minimum end distance = >t,

Figure 6-6: Effective Length Stressed in Tension Perpendicular to Grain

Strength Limit State

st Strength
Strength Limit State Action Design Capacity le.lt .Stdte AS 1720.1
Satisfied Reference
Effect
when:
Ten.5|on parallel to N Nyo = gy kg g ey fL A, Ny, = N; cl.3.41
grain ' '
Tension perpendicular . ) .
to gr‘a'n th Nd,tp = ¢k1 kll ftp Atp Nd,tp 2 th Cl.3.4.2
where:
N{ Ng, = Design action effect in tension parallel and perpendicular to grain respectively
Ng¢, Ny = Design capacity in tension parallel and perpendicular to grain respectively
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¢ = Capacity factor for LVL

kq = Duration of load strength modification factor

ky = Moisture condition modification factor

ke = Temperature modification factor

ki1 = Modification factors for the effect of volume = (%)0'2 AS1720.1, Cl. 3.4.2, with V, =

107 (a reference volume) and V is the volume, in mm?3, stresses in tension
perpendicular to the grain at a level of stress greater than 80% of the maximum
stress.

ky = Size modification factor for tension in accordance with manufacturers specification
(volume factor) otherwise modification factor of AS1720.1 CI. 8.3.1 apply

fi ,ft,; = Characteristic strengths in tension parallel and perpendicular to grain respectively
A, = Net cross-sectional area of tension member
Agp = Member width (thickness) by effective length stressed in tension

6.8. Combined Bending and Axial Actions

There are many instances where structural elements and/or components are subjected to single force
actions, e.g. uniaxial tension or compression, bending or torsion. Likewise, there are many other instances
when the elements and/or components are subjected to combined actions.

An example of combined bending and axial actions is the stud in an external shearwall of a building
subjected to wind loading. The wall wind pressure causes bending of the stud and the roof wind pressure
(provided the roof pitch is suitable) causes the stud to be in compression.

Strength Limit State

Design . P
Strength Limit State Action Strength Limit State Satisfied AS1720.1
when: Reference
Effect
Mz 2 N
i H M; (de) (Ndcy)S:l
Combined bending and ond' ’ ClL35.1
compression about the x axis . e N T
Ne (o) + (o) <1
Md,x Nd,cx
M* * *
Eaty Ly <1
. . . t
Combmed bending and tension M and Cl352
actions e z N L
Xy (2 xt )<
N; (Md.x) G My )<
where:
My = Design action effect in bending about a beam’s major principal x-axis.
M* = Design action effect in bending about a beam’s appropriate axis.
Ng, N{ = Design action compression and tension respectively.
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Mg, = Design capacity in bending about a beam’s major principal x-axis.
My = Design capacity in bending about a beam’s appropriate axis.

Ng ey Ny cx = Design capacity in compression for buckling about a beam’s major y-axis and x-
axis respectively.

Ny, = Design capacity of a member in tension.

ki, = Stability factor used to calculate bending strength.
Z = Section modulus about the appropriate axis

A = Cross-sectional area.

6.9. Factors

Capacity Factor

The ¢ factor given in TABLE 6-1 is a material capacity factor and allows for variability in material strength
and the consequence of failure The material capacity factor, ¢, assigned via AS1720.1, to structural
materials, is based on current knowledge of product structural performance, intended structural application
and material reliability. The capacity factors applied to structural LVL manufactured to AS/NZS 4357
reflects the high degree of manufacturing process control, the low material variability and high product
reliability.

Structural LVL Capacity

Application of Structural member Factor, ¢ (AS/NZS
4357.0)

Structural members for houses for which
failure would be unlikely to affect an area*
greater than 25 m?
OR
Secondary members in structures other than
houses
Primary structural members in structures
other than houses;
Category 2 OR 0.90
Elements in houses for which failure would be
likely to affect an area* greater than 25m?
Primary structural members in structures
Category 3 intended to fulfil an essential service or post 0.80
disaster function

Category 1 0.95

Table 6-1: Capacity Factor

62

AUTHOR: EWPAA VERSION:5 RELEASED: 2018

~
ewp O O ‘ Engineered Wood Products Association of Australasia



In Service Modification Factors

The following in service modification factors are applicable to structural LVL;

Modification Factor AS 1720.1 Reference

Strength modification factors

k, = Factor for load duration Cl.8.4.2&24.1
k, = Factor forin-service moisture content Cl.8.4.3
ke = Factor for temperature effects Cl.8.44&243
k,  =Factor for bearing length Cl.8.4.5,24.48&3.26
ko  =Factor for load sharing in grid systems Cl.8.4.6
ki1 = Factor for volume effect Cl.3.4.2
ki, = Factor for instability Cl.8.4.7, Sect. 3
Stiffness modification factors:
J2 = Factor for duration of load for bending, compression and shear Tab. 2.4
Ja = Factor for duration of load for Tab. 2.4
Je = Factor for in service moisture content cl.8.1
AS1720.1
k, — Duration of Load Strength Modification Factor CI.CZI.j:i:i

The k, duration of load factor given in TABLE 6-2 allows for the time dependant nature of the strength of
timber. A timber member subjected to a short-term load without failure may fail over time if the load is
sustained. The k, factor allows for the reduction in the strength capacity of the LVL member when subjected
to long term loads. For load combinations of differing duration, the appropriate k; factor is that for the
shortest duration load. Please refer to Appendix G, AS1720.1.
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LOAD DURATION FACTORS FOR TYPICAL LOAD COMBINATIONS FOR STRENGTH LIMIT STATE

Load
combinations as
per AS 1170.0

Type of load

(action)

For strength of For strength of joints using
Solid timber laterally loaded fastenerst

Permanent
action (dead 1.35G 0.57 0.57
load)
Permanent and
short-term
imposed
actions

(a) Roof live
load— 0.94 0.77
Distributed

(b) Roof live
load—
Concentrated

12G+15Q 0.97 0.86

(c) Floor live
loads— 0.80 0.69
Distributed

(d) Floor live
loads— 0.94 0.77
Concentrated
Permanent and
long-termt 12G+15¢Q 0.57 0.57
imposed action
Permanent,
wind and 1.2G+ W, +yQ 1.00 1.14
imposed action
Permanent and
wind action 09G+W, 1.00 1.14
reversal
Permanent,
earthquake and G+E,+ yQ 1.00 1.14
imposed action

Fire G+uyQ 0.94 0.77

* Typical values of k; for various load combinations are given in Table G1, Appendix G AS1720.1.
T For the strength of joints with fasteners loaded in withdrawal and for the strength of steel in joints, k; = 1.00.

Table 6-2: Duration of Load Strength Modification Factor
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k4 — Moisture Content Factor AS&V; 2;;
The k, and j, moisture content factors given in TABLE 6-3 are used to modify LVL strength and LVL
stiffness capacity to allow for the reduction in strength that will result if average moisture content of the
LVL in service remains higher than 15% for a period of 12 months. Where the average moisture content of
LVL, over a 12 months period is less than or equal to 15%, k, = 1.0 and j, = 1.0. When dispatched by the
manufacturer, structural LVL moisture content will not exceed 15%. LVL subsequently exposed to moisture
for a sufficient period of time may exceed 15% moisture content. However, the LVL will dry to below 15%,
in time, if the source of moisture is not constant.

Equilibrium moisture content (EMC)
Property

< 15% 15% to 25% = 25%
Bending and Compression ky,=1.0 k, =1.45-0.03 EMC k, = 0.7
Tension and Shear ky,=1.0 k, =130-0.02 EMC k, =0.8
Modulus of Elasticity Jjeo = 1.0 je = 1.30-0.02 EMC Jjo = 0.8

Table 6-3: Moisture content factor (k4 for strength and j, for stiffness)

AS1720.1
ke — Factor for Temperature Cl8.4.4

ke = 1.0 except where used in structures erected in coastal regions of Queensland north of latitude 25°S
and all other regions of Australia north of latitude 16°S, kg = 0.9. Refer FIGURE 6-7.

Kg= 0.9 in this zone

16 S

& 7 -~ Cairns
Derby Daly Waters =

Townsville

Kg= 1.0 elsewhere Rockhampton

* Alice Springs

25°s

Geraldton
Kalgoorlie

Broken Hill

Perth

Figure 6-7: Map for Application of kg
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AS1720.1

k, — Factor for Length and Position of Bearing CLBAE

The k, bearing factor modifies bearing strength perpendicular to grain. The modification factor allows for
bearing configurations which differ from the standard test configuration from which the bearing
perpendicular to grain strength data was derived. k; = 1.0 unless the bearing length is less than 150 mm
long and is 75 mm or more from the end of the member. In this case k; may be greater than 1.0. Refer
TABLE 6-4. The bearing length is measured parallel to the face grain of the member.

Length of Bearing of Member (mm) ¥ 25 50 75 125 150 or more

Value of k;, 1.75 1.40 1.20 1.15 1.10 1.00

Table 6-4: Factor for Length and Position on Bearing

AS1720.1
ko — Strength sharing modification factor for grid systems Cl.8.46

Cl.2.45
ke = 1.0 for LVL used in parallel systems Cl.8.4.7

For bending members kq applies in two different scenarios, i.e. for:

e combined parallel systems, does not apply to LVL because it is treated as solid sawn timber.
However, it has all of the attributes, since it is made from parallel elements rigidly connected forcing
them to deflect the same amount. AS1720.1 (Clause 2.4.5) defines a parameter n.,,, which is the
effective number of parallel elements shown in FIGURE 6-8 which combine to form a single member
and for which n.,,, = 4.0;

e discrete systems, which applies to, e.g. LVL joists sheathed with plywood causing load sharing
between joists in the system. Effectiveness of the load sharing is dependent upon the joist spacing
and the stiffness of the plywood interconnecting the joists as shown in FIGURE 6-8. The number of
members involved in the load sharing is defined in Clause 2.4.5 as n,,. In a normal plywood
sheathed floor system n,,,.,, = 3 would be usual for a floor of 5 or more joists.

Plywood Flooring
! _\ |
| [
Ncom = 1 Nmem = 3 LVL
Joists
Ncom = 4
Nmem = 1 | S | s |
Combined Parallel Discrete Parallel System
System
Figure 6-8: Parallel and Grid Systems
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AS1720.1

k, — Volume effect Factor ClL3.42

The tensile behaviour of timber modelled on brittle fracture mechanics results in reduced tensile strength in
larger cross section members. Tensile strength is a contributing factor to the bending performance of
members. Therefore, the volume effect factor, k,, is used to adjust the bending and tensile performance of
larger members.

Australasian LVL manufacturers typically specify proprietary volume adjustment factors for their products,
indexed off a 95mm reference size for bending, and 150mm reference size for tension. Manufacturer
specific adjustment factors are the result of extensive testing and analysis of their products and are not
transferrable to other products.

Volume effect adjustment factors are expressed as:

k,=1.0 for member depths up to the reference depth, d,..f
k,= ﬂ)“ for member depths greater than the reference depth
dactual

Reference depth and modification factor, a, may vary by manufacturer. Reference depths and modification
factors for LVL manufactured in Australasia are summarised in Table 6-5.

Bending Tension
Reference Modification Reference Modification
Manufacturer depth, d,f factor, a depth, d,f factor, a
(mm) (mm)

Carter Holt Harvey LVL 95 0.154 150 0.167
Juken New Zealand 300 0.167 150 0.167
Nelson Pine Industries 95 0.167 150 0.167
Wesbeam 95 0.140 95 0.140

AS 1720.1 300 0.167 150 0.167

Table 6-5: Volume Adjustment Factors for LVL Products Manufactured in Australasia

NOTE: Refer to manufacturer literature to confirm that the above factors are current.

AS 1720.1 provides a generic volume adjustment for bending based on a 300mm reference size. For
simplicity, calculations in this manual are based on the reference size and modification factor published in
AS 1720.1

- AS1720.1
k,,— Stability Factor 847
The stability factor accounts for the fact that in slender members the compression capacity is determined
by the buckling capacity rather than the material capacity. k;, for structural LVL is calculated in the same
manner as for structural sawn timber. The stability factor is used to modify the characteristic strength in
bending and compression and is calculated based on a material constant and a slenderness coefficient.

Stability Factor k,, is calculated from the following —

(b)  For: 10 < ppS <20 ki, =15-0.5p,S
200
(c) For: ppS = 20, k12 = m
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Material constants for LVL are:

—0.480
For beams: pp = 14.71 <i) x 10061

o

ENTO*80 0074
For columns: pp = 11.39 (f—) xr™%

c

The maximum value of p, or p. used need not exceed the value computed for the case r = 0.25. In case of
beams where a temporary load causes stress reversal, the value of p, or p. to be used is that corresponding
tor = 1.0.

NOTES: These equations are the same as those given for seasoned timber in AS1720.1 Appendix E. When
a member is normally subjected to axial tension effect but may act in compression due to temporary design
loads such as wind loads, the material constant (p) may be calculated as for beams (see Eq. 8.1, AS1720.1)
for the case r = 1.0.

j2— Duration of load factor for creep deformation (bending, compression AS1720.1
and shear members) Cl.2.4.12

The j, load factor given in allows for the time dependent increase in deformation of LVL components under
constant bending, compression and shear loads. The magnitude of the creep deformation in timber
products increases with longer term loads and higher moisture content. Typically, LVL moisture contents
are less than 15% when used in dry environments.

Initial Moisture LoD ISRl

Content % <1 1 1 3 6 9 =1
day week mth mths mths mths year

<15 1 1.2 1.7 1.9 2.0 2.0 2.0

20 1 1.4 2.0 2.4 2.4 25 25

=25 1 1.5 2.3 2.8 2.9 2.9 3.0

Table 6-6: Duration of load factor j, for creep deformation for bending, compression and shear
members

] . . . AS1720.1
j3— Duration of load factor for creep deformation (tension members) L2412

The j; load factor given in TABLE 6-6 allows for the time dependent increase in deformation in LVL

members subjected to tension type loads.
LOAD DURATION

Initial Moisture Content %

<1 day =1 year
<15 1 1.0
20 1 1.25
=25 1 15

*Use the logarithm of time for interpolation

Table 6-7: Duration of Load Factor j; for Creep Deformation for Tension Members
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/.Basic Structural Plywood & LVL Building
Components

7.1. Introduction

EWPAA product certified structural plywood and LVL products are used extensively in residential,
commercial and industrial building components. Dimensional uniformity and trueness, and reliable,
consistent structural properties, make them an attractive material choice from both a design and
construction perspective. Basic structural plywood components include flooring of all types (domestic,
commercial, industrial, sport floors and containers), bracing, combined wall cladding and bracing, and roof
sheathing. The use of structural plywood as residential flooring, bracing and non-trafficable roofing is
detailed in AS1684 Residential Timber-Framed Construction Code which is deemed to comply under State
building ordinances and the Building Code of Australia. Structural LVL and plywood/LVL |-beams are used
in framing elements as bearers, joists, lintels and roof framing. Due to the extensive usage of these products
within the building industry, specific technical literature has been developed for each application and is
available either from the Engineered Wood Products Association of Australasia or EWPAA manufacturing
members.

7.2. Structural Plywood Flooring and Floor Systems

Structural plywood has a number of inherent characteristics which make it particularly suitable for use as
a platform flooring material. It has defined and standardised structural properties, good dimensional
stability compared to other timber panel products, tongued and grooved edges eliminating the need for
nogging, a permanent Type A phenolic bond and high strength and stiffness capacity suitable for use under
the higher design loads required by the building codes for commercial and industrial flooring. Floor live load
requirements for a range of building occupancies are given in AS1170.1 Structural Design Actions — Part 1:
Permanent, imposed and other actions.

7.3. Design Issues of Flooring

The excellent load re-distribution capabilities of plywood mean uniformly distributed loads are unlikely to
govern the design. Structural plywood flooring design is usually governed by the concentrated imposed
loads. For more lightly loaded floors deflection under imposed concentrated loads governs plywood
selection. Shear strength may govern under higher concentrated loads with closer support spacings.
Concentrated loads on structural plywood flooring are treated as a line load. The distribution width of the
concentrated load must therefore be determined. TABLE 5-3 in Chapter 5 of this Guide provides standard
load distribution widths for various thicknesses of plywood. Structural plywood flooring should be spanned
with the face veneer grain direction parallel to the span to maximise the plywood capacity. Support
spacings should be selected to suit the plywood sheet length, such that the ends of the sheet land on a
support.

/Closer support spacings with thinner plywood will usually be a more economical solution than \
widely spaced supports with thicker plywood. Long edges of structural plywood flooring are
usually manufactured with plastic tongue and groove. The tested capacity of the tongue and
groove for EWPAA branded plywood, under concentrated load is 7.5 kN. If tongued and grooved
edges are not used, or where the concentrated load exceeds 7.5 kN, support must be provided to
long edges. Finally, in applications where the plywood surface will be subject to abrasive loadings
such as may occur in garage floors and industrial floors subject to wheeled traffic there, may be a
Kneed for some surface protection. /
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7.4. Structural Plywood Flooring - Design Methodology

The steps involved in the design of a plywood sheathed floor system are as follows:

1.

Select a joist spacing to suit standard plywood flooring sheet lengths:
a. Standard sheet lengths are:
i. 2400 - suitable joist spacings include 400, 600, 800 mm
ii. 2250 - suitable joist spacings include 375, 450, 750 mm (limited availability)
iii. 2700 - suitable joist spacings include 450, 540, 675, 900 mm
b. To optimise structural plywood performance, ensure plywood is supported continuously
over a minimum of two spans.

Set Deflection Limits:

i. A typical deflection limit is span/200. Where the plywood flooring will be an underlay to a rigid
covering such as tiles, tighter deflection criteria are recommended. AS/NZS1170.0 Appendix C
recommends a deflection limit of span/300.

Determine floor-imposed load requirements from AS/NZS 1170.1 for both concentrated and

uniformly distributed loads

i. Typically, the load contribution of the plywood flooring itself is insignificant when compared to
the imposed loads and consequently is ignored in strength and stiffness calculations.

Determine the capacity factor (¢) and strength modification factors from AS1720.1 for structural

plywood flooring:

The relevant factors are Refer
AS1720.1

Bending:  (#kiki9919) Chapter 5 of

this Guide

Shear:  (¢kikyggio)
Deflection:  (j, jg 919)

AS1720.1

¢ =0.95 Category 1, for structural members for houses for
Reference

which failure would be unlikely to affect an area
greater than 25m?, or secondary members in Table 2.1
structures other than houses & structural plywood is
compliant with AS/NZS 2269.0

ki, =094 For concentrated loads assuming loads are applied
at infrequent intervals such as might arise due to a
pallet, jack or maintenance type load. Effective
duration of peak load =5 days.

ki, = 0.80 For uniformly distributed loads assuming loads are
typical floor type loads (crowd or vehicle or stored
material). Effective duration of peak load = 5
months.

Cl.2411

Table 2.3

k. = 057 For permanent and long-term components of
T imposed actions = 50 years or more.

kig = 1.0 As it is not anticipated the plywood moisture Table 5.2 A

content will exceed an average of 15% in a dry
interior application. In a dry interior application,
moisture content would be in the range 8 to 12 %.

Jio = 1.0 Direction of the face veneers is parallel with the
span direction. Therefore, g, = 1.0 for bending, 0.4
for shear strength and 1.0 for deflection.

j, =1.0 for short term concentrated loads of less than 1
days duration.

Table 5.3

Cl.24
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Table 2.4

J, = 2.0 for longer term uniformly distributed loads, such as
stored materials.
Jjo = 1.0 average moisture content not anticipated to exceed Table 5.28

15%. (Refer k,4 above)
5. Determine the critical load action effects and strength limit state capacity for bending and shear.
Determine the serviceability limit state capacity for bending deflection
7. Select a suitable structural plywood thickness and stress grade.

o

7.5. Design Example - Structural Plywood Floor - Specification

Design requirements and specification for a structural plywood mezzanine floor for general storage is as
follows:

Design criteria: Joists @ 400 centres;

Plywood to be two span continuous minimum,
spanning with face veneer grain direction (panel
length direction) parallel with plywood span
direction.

Deflection limit:

span _ 400 _ 4 300m AS/NZS 1170.0
300 300 App. C Table

C1
Assumption:

2m storage height

1. Loads: AS/NZS 1170.1

Imposed action = Q (Live load) Cl.3.4.1 Table 3.1

Assumption: General storage

7kN concentrated load;

5kPa uniformly distributed load (UDL), where

UDL = 2.4 kPa X 2 = 4.8 kPa (assume 5kPa as conservative value)

Permanent action = G (Dead load)

Self-weight:

For 25mm plywood (Not usually considered but included in this design example for
completeness

(G = 600%% x 9.81 2 x 0.025 m)/1000 = 0.15 kPa
m S

2. Load Combinations
Strength limit state:

1.35G
1.2G + 1.5Q ¢,
1.2G + 1.5Q
With AS/NZS 1170.0
Cl4.2.2
Y, = 0.6 for point and uniform loads
Serviceability limit state: AS/NZS 1170.0
Cl4.3
1 x Q (short term)
Point load G + Y, Q (long term)
Uniform load G +¢; Q (long term)
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3. Capacity Factor and Strength Modification Factors

¢
kq
kq
kq
k1o
919
919

=0.95

= 0.94 concentrated live load

= 0.80 uniformly distributed live load
= 0.57 permanent and load term load
= 1.0 (MC < 15%)

= 1.0 for bending strength

= 0.4 for shear strength

4. Serviceability Modification Factors

Jj» = 1.0 short term load
J» = 2.0long term load
Jjo = 1.0 (MC < 15%)
g19 = 1.0 bending deflection
5. Critical Load Action Effects
Load Case 1 Load Case 2
uDL W W
A .
Y A r
Span, L | Span, L Span, L |
M __ 49wlL? —wiL2
max T gyp Mpax = 3
— wL SwL
Vmax = 16 max = %
A _ wL* wlL%
max= 75 3p; max= Jgep;
Concentrated Load P iP lp
A A A Y 7y
< < Span, L > < Span, L < Span, L
13PL ﬂ
Mopax = o Minax 32
-19P _ 11p
Vimax = 32 max 16
pL3

_
eypaa |
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Table 2.1
Table 2.3
Table 2.3
Table 2.3
Table 5.2A
Table 5.3
Table 5.3

Table 2.4
Table 2.4
Table 5.2B
Table 5.3
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Ae shear strength limits were also considered when high concentrated loads act at, or closem

a support joist. Applying the theory for beams on elastic foundations, Paulet (1945) as expanded
in “Load Distribution in Wooden Floors Subjected to Concentrated Loads” by N.H. Kloot and K.B.
Schuster — Division of Forest Products, CSIRO 1965, indicates that load distribution will result in
concentrated loads applied close to supports being less critical for shear strength than a centrally
applied concentrated load.

For example, for a floor consisting of 300 x 40mm F8 joists at 400 mm centres, spanning 2400
mm and 24 mm F11 structural plywood flooring, the ratio of joist stiffness to flooring stiffness is
{E; I; I*(spacing) /Ey Iy L{s,qny} = 0.18 , which results in a reaction on the joist under the
concentrated load equal to 60% of the applied load. As 20% of the applied load is transferred to
the joist/s either side of the applied load, the expected plywood shear force is 60% of the applied
load which is less than the 11/16% of the applied load used when a central concentrated load is

applied on each span. (reference: Assumptions Used and An Example Calculation of Allowable
wnt Live Loads, 1990, Adkins & Lyngcoln). /

7.6 Structural Plywood Floor - Worked Example

Design Action Effects on Member Due to Factored Loads

0.15x 1073 x 4002 _

= 1.2x3 =3.6 — =6.32
8 0.57
LL (UDL) ST — 100 1.5 x 100 = 150 9 = 188
LL (conc) 13X7000 %400 _ 1094 1.5 x 1094 = 1641 1641 _ 1746
64 X520 0.94
5X015X 1077 X400 _ 4 1.2 x 0.04 = 0.05 295 — 0.09
8 0.57
LL (UDL) $EXA0TXA0 g 95 1.5x 1.25 = 1.88 1235
11 X7000 13.88
LL (conc) Texs20 = 9.25 1.5%x9.25 =13.88 oor = 14.77
_
DL 0.15x 1073 x 400* _ 53 x 103
723 El T E
LL (UDL) 5x 1073 x400* _ 1770 x 103
72.3 EI - El
LL (conc) 7000x 4003 13 x 10°
66.7x520 XxEI  EI
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Notes:

1. Units for moment are Nmm/mm width, units for shear are N/mm width.

2. As the maximum moment and shear due to self-weight are very small, and do not occur at the same location as
the maximum live load moment and shear, load action effects for strength due to dead load will be ignored.

3. Load distribution width for concentrated loads has been assumed to be 520mm (refer TABLE 5-3).

2. Strength Limit State — Design Load Combinations
Mgy = M(*LLconc)
= (3.6+1641)/0.94 = 1750 — (ﬁ)

m width \ kq

Vc*rit = V(ELCOTLC)
" Cag (%

3.  Shear criteria — (establish minimum f,” A;)

.
Vap 2 W

and Vap = @ ki K19 19 fs Ay

£ 4= 14.8 _ N
S 7S T (0,95 x1.0x0.4) T~ mmwidth
= Pkikio gio fs As = V;

vp

and ’ A, > ——F——
fs As (¢ k1ki9919)

14.8 38.9 N

Minimum r ir ‘A =———— =389 ———
u equired f; S (0.95 x1.0 X0.4) mm width

From Table 5-4 Require minimum 12mm 12-15-5, F14 (£, A, = 45), please note this Table includes g, =
0.4.

4. Bending criteria — (establish minimum f,’ Zy)
My, = My

and Myp = ¢k kig 910 fb/ Zy
- @kikio gro fb/ Z, 2 Mgy,

/ Mg
And Z,>—L
T P = 4 kikio g1o

. . ’ 1750 N
Minimum required f,, Z, = ——————— = 1842 ———_
P (0.95 x1.0 X1.0) mm width

From TABLE 5-4, suitable structural plywoods include:

Nmm

F11,25mm 25-30-9 (f, Z, = 2186 — o)
F14, 25mm 25-30-9 (f, Z, = 2538 ——")
F17, 19mm 19-30-7 (f, Z, = 2093 — ")
F27,17mm 17-24-7 (f, Z, = 2345 — ")
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Serviceability limit state — Design Load Combinations
1 x Q (short term)
Point load G + 0.6 Q (long term)
Uniform load G + 0.6 Q (long term)

5. Deflection criteria — (determine minimum required El)

Span 400
P =2 = 1.3mm

Maximum allowable defection =
300 300

Under short term load: A,.qx = j2 X 919 X ALL conc

_ 1.0 x1.0x13.0 X 10°

1.3mm =
EI
_ _ 3 _Nmm?_
Required Elypin = 10000 X 10° ="
Under long term load: Amax = J2 X G190 X Dpr+1LupL)
3
13 mm = 2.0 X1.0 X (53 +1770) X 10
El
_ 3 N mm?
Elpn =1715X 10 mm width

which is less than required El under short term load = not critical

Apmax = J2 X g10 X A(DL+LL conc)

_ 2.0 x1.0 % (53 x 10340.6 X13.0 X 10°)
- EI

1.3 mm

N mm?

— 3
Elin = 12081 X 103 20

which is higher than required El under short term load and long term uniformly distributed load =
critical

6. Select Suitable Structural Plywood Flooring
Subject to availability, suitable structural plywoods would include (see TABLE 5-5):

Nmm

F14,27mm, 27-30-9 (EI = 13320 L™ £/ 7 = 2916 —™™
mm width mm width

F17,25mm, 25-30-9  (EI = 12600 ™™, £’ 7 = 3173 —mm
mm width mm width

F14,25mm, 25-30-9 (Bl = 16650 ™™, £’ 7 = 4935 ™™
mm width mm width

Plywood specification:

Specify number of sheets x 2400 x 1200 x 25mm, structural plywood to AS/NZS 2269, stress grade F14,
(27-30-9), CD — A bond, EWPAA / JAS-ANZ Product Certified
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7.6. Structural Plywood Flooring

Typical structural plywood thicknesses and stress grades for a range of minimum floor-imposed loadings
detailed in AS/NZS 1170.1 are given in TABLE 7-1. Other structural plywood stress grades and thicknesses
are available and alternate stress grade/thickness combinations can be designed for and specified. Full
design information on using structural plywood flooring, including span tables and fixing details are
provided in the EWPAA design manuals T&G Structural Plywood for Residential Flooring and Structural
Plywood for Commercial & Industrial Flooring (these documents have been archived and are available by

contacting the EWPAA).
Structural Plywood thickness (mm)

Uniformly Point

Flooring Application Distributed Load Stress Grade F11 Stress Grade F14
Load (kPa) (kN) Span Span Span Span

400mm 450mm 400mm 450mm
Residential 1.5 1.8 15 15 15 15
Assembly Areas 3.0-5.0* 27-36 17-19 19-20 17 -19 19
g;gggfomdors & 40-50 4.5 20 21 19 20
Stages 7.5 4.5 20 21 19 20
Offices 3.0 6.7 25 25 21 25
Retail Sales Areas 5.0* 7.0* 25 25 21 25
General Storage 2.4%/m ht 7.0* 25 25 21 25
Drill Rooms and Halls 5.0* 9.0* 25 27 25 25

Notes:

1. Plywood sheets must be laid with face grain parallel to the span.
2. Structural plywood is assumed to be a minimum of two span continuous.
*To be determined but not less than the given value

Table 7-1: Summary of AS/NZS 1170.1 Table 3.1 Imposed loads & Suitable Structural Plywood
Thickness

7.7. Engineered Flooring System

An engineered floor system for residential applications, utilising structural plywood and either LVL or
seasoned pine joists and bearers has been developed as a cost competitive, viable alternative to concrete
slab on ground floors, and the traditional unseasoned hardwood bearer and joist flooring system. Full
details of the floor system are given in the archived document LP91 Low Profile Stressed Skin Plywood
Floor System which is available by contacting the EWPAA.

This cost and performance optimised structural plywood platform floor system is designed with joists and
bearers in the same horizontal plane. The structural plywood flooring is then glued and nailed to the
subfloor members to develop composite action and achieve maximum structural and material efficiency.
Maximum grid support spacings of 3.6m x 3.6m are achievable using LVL for the bearer and joist elements,
making this floor system particularly suitable for the upper floors of two or more storey buildings.

7.8. Structural Laminated Veneer Lumber (LVL) and LVL/Plywood I-
Beams

Structural LVL and LVL/Plywood I-Beams are used as joists and bearers in both residential, commercial
and industrial flooring applications. These engineered beams have the advantages of being dimensionally
uniform and straight, lightweight, available in long lengths and possessing uniform, consistent and reliable
structural properties.
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7.9. Structural Plywood Residential Bracing and Combined
Bracing/Cladding

Structural plywood bracing systems in timber framed buildings provide designers with flexibility in design.
The high bracing capacities achievable using structural plywood, along with the ability to utilise short wall
lengths, facilitates the use of large wall openings while still maintaining structural adequacy. With
appropriate fixings and framing, limit state bracing capacities of up to 8.7kN/m can be achieved for single
sided plywood braced walls; twice this capacity can be achieved where the wall is braced both sides.
Plywood bracing allows walls as short as 0.3m to be utilised to achieve the desired bracing capacity.
Additionally, structural plywood with aesthetic grade faces can serve the dual purpose of bracing and wall
claddings both internally and, when preservative treated, externally.

Guidance on the design and use of structural plywood bracing are given in the EWPAA Limit States Design
Manual: Structural Plywood Wall Bracing (this document has been archived and is available by contacting
the EWPAA). Bracing capacities in this manual are based on actual tested systems. Typical failure modes
for braced wall systems tested to failure were nail failure and pull through for thicker (7 mm +) plywood
bracing and buckling of the plywood for thinner (4.5 mm or less) plywoods. The manual includes details on
plywood stress grades and thicknesses, fastener specification and fixing details, bracing capacities of
bracing systems, minimum framing requirements, bracing installation including bottom plate fixings and
maximum permissible hole sizes through the braced wall for services.

As a result of re-validation of plywood bracing systems, the EWPAA now recommends plywood
bracing be a minimum of 6mm thickness. An archived copy of EWPAA Limit States Design Manual
— Structural Plywood Bracing incorporating changes as a result of re-validation tests is available by
contacting the EWPAA.

Racking tests were done in October 2009 at Central Queensland University in Rockhampton on panels
framed in 90 x 45mm MGP 10, JD5 and 70 x 45mm MGP 10 JD5 framing, sheathed both sides with 7mm
F11 DD structural plywood. The purpose of the tests was top check the adequacy of the top and bottom
plates when panels were subjected to a racking load of 17.4 kN/m (which is twice the 8.7 kN/m system
sheathed one side only). The panels produced satisfactory results provide they were restricted to a 2.4m
long for the 90 x 45mm framing and 1.8m long for the 70 x 45mm system.

For further detail concerning these panels, an archived copy of EWPAA Structural Plywood Wall Bracing —
Limit States Design manual is available by contacting the EWPAA.

Wall Bracing Testing Methodology

There are many factors affecting bracing response which are difficult or even impossible to replicate in the
testing of discrete wall panels. Some of the more obvious of these are:

¢ influence of gravity loads due to dwelling self-weight;
e location of return walls;

o effect of window and door openings;

e distribution of the racking load along the top plate.

Hence, to allow designers to use the bracing data to its fullest effect, some of the more important testing
procedural aspects are discussed herein.

In the first instance, except for short wall evaluation, test panels are generally:

free standing panels fixed to the base support by bolts through the bottom plate;

2400 or 2700mm long (depending on plywood width) x 2400mm high;

lateral buckling of the top plate is prevented by supports placed either side of the panel;
except when testing for combined racking and uplift the top plate is free of any encumbrances;
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¢ nailing patterns, fitting of anti-rotation rods and nogging locations are as given in the Bracing
Manual.

FIGURE 7-1 shows a typical panel arrangement prior to testing. T1 through T5 are transducers located to
measure panel and test frame deflections.

The 1 and 2 identify two methods of fixing the plywood sheets to the timber framing. Type 1 would entail
the fitting of an anti-rotation rod and a 150/300 nailing pattern for both sheets. Type 2 would not
incorporate an anti-rotation rod but would have a close nailing pattern along the top and bottom plates of
50mm and along edge and internal studs of 150 and 300mm respectively.

Load
Cell

Jack 4 150 g 50

T5 A GI : I[ — :
1 Lateral SUDDOF (one each side)

- PLYWOOD||SHEATHING

(ONE SIDE ONLY) @

»

j‘j
-
BARNNY <

50

1

150

1 v |
—_— — —=—=1
3 s l
™ I Nogg
! 12¢ tie-down or 2 *
/anti-rotastion rod =
| T
@ O
o
1 (a2}
™~ 120 tie-dgwn
1 T2 | \l
I ET3 T4
I
e e e e e it st |
AR RERK
|

Figure 7-1: Typical Test Panel Arrangement

To satisfy Limit States design criteria necessitates test panels must be:

e Stiff enough to ensure the serviceability limit state is satisfied. This is attained by setting a deflection
limit at T1 of panel height/ 300;

e Strong enough to satisfy the strength limit state. This situation is taken to be satisfied, even though
some connector and material distress may be evident, when the panel is still capable of taking further
load.

e Stable, i.e. shows no significant signs of buckling at the serviceability limit state.

Because of the obvious difficulty associated with having to attempt an analytical check of the racking
deflection of a dwelling it is essential:

“satisfaction of the strength limit state results in automatic satisfaction of the serviceability
limit state”.

The strength limit state for EWPAA test panels has been established by determining the racking load at a
deflection limit of height/100. To ensure a reserve of strength:

e strength limit state defined by height/100 must be > 0.8 x ultimate racking load.
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To fully quantify the racking load variables requires:

¢ strength limit state to be = 1.5 x serviceability limit state.

The bracing topic will be discussed further in Chapter 9 on Shearwalls and Diaphragms.

7.10. Structural Plywood Lightweight Roofing Systems

Tongued and grooved structural plywood in combination with overlayed waterproof membranes or
shingles is used as lightweight, flat or curved roof systems in residential, light commercial and industrial
buildings. Design information including installation and fixing details for non-trafficable roof systems are
contained in the EWPAA design manual Featuring Plywood in Buildings (this document has been archived
and is available by contacting the EWPAA). TABLE 7-2 gives minimum structural plywood thicknesses for
rafter or truss spacings for non-trafficable roofs. For trafficable roof systems the plywood must be designed
as a floor in accordance with the EWPAA flooring design manuals detailed previously in this chapter (these
documents have been archived and are available by contacting the EWPAA). Design issues for structural
plywood used in lightweight roofing systems are similar to those detailed for structural plywood flooring.
Structural plywood roofing should be spanned with the face veneer grain direction parallel to the span to
maximise the plywood capacity. Support spacings should be selected to suit the plywood sheet length, such
that the ends of the sheet land on a support.

Rafter or Truss Spacing Minimum Allowable Plywood Thickness (mm)

(mm) F8 F11 F14
800 13 12 12
900 16 15 15
1200 19 17 16

Table 7-2: Minimum Structural Plywood Thickness and Support Spacing for Non-trafficable Roof
Systems Supporting Lightweight Roofing (20 Kg/m?)

7.11. Structural Laminated Veneer Lumber (LVL) Framing
Members

EWPAA / JAS-ANZ certified structural LVL and structural plywood webbed, LVL flanged, I-Beams are
seasoned, engineered timber members that are dimensionally accurate, with very consistent, defined
engineering properties. The high structural reliability and consistent performance of these engineered
products means they have highly predictable strength and deflection characteristics and therefore can be
designed for use in single member, load critical applications, with confidence. Their high strength to weight
ratio and the availability of long lengths (12+ metres) facilitates handling and installation on site.
Additionally, being timber, these products can be nailed, screwed and fixed with timber fasteners as well
as sawn, drilled or otherwise modified using conventional carpentry tools.

Design Issues for LVL Framing Members

LVL is a generic descriptor used to define a product fabricated from veneers laminated with adhesive, in
which the grain direction of the outer veneers and most of the inner veneers is in the longitudinal direction.
The mechanical properties of structural LVL are based on the properties of the parent material used in
fabrication and are therefore specific for each manufacturer’s product. The manufacturer's brand name is
used to identify the particular suite of engineering properties unique to their product. Therefore, when
specifying a structural LVL product, the brand name assigned by the manufacturer to their product must
also be included in any specification for LVL products.
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Generally, design of structural LVL elements and components is similar to that for sawn timber. However,
structural LVL is differentiated from sawn timber due to its engineered nature achieved by randomising any
naturally occurring timber characteristics throughout the member and a high degree of process control
during manufacture. The end product has highly predictable structural properties with a low coefficient of
variation of these properties. These attributes are reflected in the assignment to structural LVL of the
highest possible capacity factor under the Timber Structures Code AS1720.1.

Structural LVL is manufactured as a seasoned, dimensionally uniform product and for best results, the
product should be stored and utilised on site to minimise exposure to moisture.

7.12. Design Example - LVL Lintel Beam - Specification

Design and specification for a structural lintel beam supporting roof loads over doors, in a residential
application, in a C1 Cyclonic wind classified area. Lintel beam will be Best by Far (BBF) brand LVL.

Characteristic Strengths and Elastic Moduli, MPa for BBF LVL as published by the manufacturer

of BBF brand LVL

Bending b 48 MPa
Tension fi 25 MPa
Shear in beams fd 4.6 MPa
Compression parallel to grain f! 38 MPa
Compression perpendicular to grain fr 10 MPa
Modulus of Elasticity E 13200 MPa
Modulus of Rigidity G 660 MPa
Joint Group JD4

Specification for the LVL lintel beam is as follows:

1. Design criteria:

e Lintel beam is a single span of 3.6m.

e Lintel beam is supporting rafter loads input as discrete point loads at 900mm
centres.

e Roof and ceiling loads are 40 kg/m?2.

e Roof load width is 4.8m.

¢ Adequate clearance must be maintained over doors. Therefore, set deflection
limit as follows:
e Permanent Loads: Span/300 to 10 mm maximum
e Imposed Loads: Span/250 to 15 mm maximum
e Downwards Wind Loads: Span/200 to 9 mm maximum
e Wind Uplift: Span/200 to 50 mm maximum

2. Loads
Permanent:
Roof & Ceiling load = 40k—“i
m
Load per rafter = (40’(—“‘1 X 9.81 = X 4.8m x 0.9 m) x 1073
m S

_ kN
7 rafter

Self-weight
allow 650 =%

m
Select Trial size beam 300 x 45 mm
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Self-weight

Imposed:

1.4 kN concentrated imposed load (Assume live load directly over centre rafter)
Partial Imposed Loads: 0.25 kPa (Assumed spread over 3.6m width of lintel and 1.2 m

roof load width)

= 6502 x9.812 x 0.3m x 0.045m
m N

=0.09%
m

Wind: (Cyclonic C1 Wind classified Area)

Strength:
Net Uplift
Net Uplift

Down:

Net pressure coefficient (C,,)
Design wind gust speed (V)

Design wind pressure

where

Qu

Qu

Serviceability:
Net Uplift
Net Uplift

Down:

Net pressure coefficient (Cpn)
Vh,s

Pressure

where

qQu

Qu

0.25 kPa x 1.2m x 0.9 m = 0.27 —~
rafter

= 2.08 kPa X 4.8m x 0.9m
_ KN
- rafter
= 1.05
=50"

N
=qu X Cp,
_ 0.5pgir [Vh]2 . _ k_g
= oo ,With pgir = 1.2 -

05x1.2 59 x [50 m]z kg
=—m - S5 = 15 —
1000 ms
_ kg
=1.5 —3 X (1.05)
=158 =L
ms
1.582L x 48m x 0.9 m = 6.8 ——
ms rafter

=0.28kPax48mx09m
kN
" rafter

=1.05
=322
S

=qyu X C,

_ 05pgir Val* . _ kg
= 1000 ,With pg, = 1.2 o
kg m)2
0.5 X1.2—% X |32 —
3 k
= ﬁ =061 _gz
1000 ms

= 0.61=% x (1.05)

ms?

=0.65-2

ms2

0.65;—“’ X 48mx 09m = 2.8 —=~

s2 rafter

AUTHOR: EWPAA VERSION:5 RELEASED: 2018

~
ewp O O ‘ Engineered Wood Products Association of Australasia

AS/NZS 1170.1,
Table 3.2

AS/NZS 1170.1,
Table 3.2

AS 4055
Cl. 4.1

AS 4055
Table 3.2
AS 4055
Table 3.2

AS 4055
Cl.3.2

AS 4055
Table 4.1

AS 4055
Table 3.2

AS 4055
Table 2.1
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3. Load Combinations

Strength limit state

Serviceability limit state

¥s
h

1.356G
126 + 1.50
126 + W, + ¥.Q
—09G+ W,

Q = 0 under max. downward wind loading and
Y. = 0 (point and uniform)

G

lpsQ or l,le

= 0.7 (uniform) and 1.0 (point) for roofs
=0

4. Capacity Factor and Strength Modification Factors
The relevant factors for beam design are:

Bending
Shear

Deflection

¢

kq
ks

kq
ks

Pp

_
eypaa |

(ks ko ke ko ky ky2)

(Pky ka ko)

2 Je)

= 0.95 for LVL in all structural elements in houses

= 0.57 for permanent loads such as roof self-
weight

= 0.94 for imposed loads applied at infrequent
intervals such as might arise due maintenance
type loads. Effective duration of peak load = 5
days

= 1.0 for wind gust loads

= 1.0 as it is not anticipated the LVL moisture
content will exceed an average of 15% in a dry
interior application. In a dry interior application,
moisture content would typically be in the range 8
to 12 %

= 0.9 Coastal area of Queensland, north of
latitude 25° S

= 1.0 for all LVL used in parallel systems

Factor applies to bending and tension and
changes based on member size, manufacturers
specification may differ from AS 1720.1 and it
may differ between manufacturers.

For this example

k, = (%)0'167 bending

95 0.140 .
k, = (—) tension
d

has been used.
k., based on value of p,S

o\ ~0:480
a7 (2 o
fp
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AS/NZS1170.0
Cl4.2.2

AS/NZS1170.0
Cl4.3

AS/NZS1170.0
Table 4.1

Refer to
AS1720.1 or
Chapter 6 of

this Guide for
the following
references

AS1720.1
Table 2.1

Table 2.3
Cl.24.1

Table 2.1
Cl.24.1

Table 2.1
Cl.241

Table 8.1
Cl.8.435

Cl.8.4.4
Cl.2.43

Cl.8.4.6
Cl.245

Cl.8.3.1
Manufacturers
specification

Cl.84.7

Cl.8.4.7
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<£>—0.480
fy

r

S1

Sy

_ (%)—0.480 _ 101

= temporary design action effect/total design

action effect

= 1.25 (%) (ﬂ)o's(downwords loads, Lg, = 0.9 m)

d
d

b

5. Serviceability Modification Factors

J2

J2

Je
6. Critical Load Action Effects

Permanent roof loads (G)
&
Wind Loads (W)

Concentrated Imposed Load

Q)

Lintel Beam Self Weight (G)

= 1.0 short term load (MC < 15%)
= 2.0 long term load (MC < 15%)
= 1.0 (MC < 15%)

RN

Span, L

max — 5

A= 19PL3
Max™" 3g4F]

I( Span, L
wi?

Myax = 3
wL

Vinax = >
swL*

A j—
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(9" (22)"* (wind uplift, Ly, = 0.9 m)

App. E2

Cl.3.2.3.2a

Cl.3.2.3.2a

Table 2.4
Table 2.4
Table 8.1
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7.13. Structural LVL Lintel Beam: Worked Example

1. Design Action Effects on Member Due to Factored Loads

M, M,
Load
(kNm) (kNm) Combination

(unfactored) (factored)

Loading

Criteria

DEAD 009x362 135x32 =4.3 1.35G
G = 1.7 ><83.6
Beam Self > 1.2x3.2 =3.8 1.2G6 + 1.5Q 3.8
Weight
+ 0.15 + 3.06 = 1.2x32 =3.8 1.26+ W, +¢y.Q 38
Permanent 3.2
Roof Load —09x32=-29  -0.9G+W, —2.9
IMPOSED 15%x13 =2.0 384+2.8=6.6
Q (conc 14x36 _ 43 1.2G + 1.5Q
load) * 1.5%05 =0.8 =2 = 7.0
Q (UDL) =05 0x13=0
1.2 .
- 0%05 =0 G+ W,+ ¢v.Q 38+0
+
WIND UP I "o —38 +16.2+0 = 124
W —1.26 + Wy, + .
! 9.0x3.6:162 16.2 %212'4
0.9G 2 ' ' —-29+4+16.2 =133
—09G+W,
W,1-0.9G 53-13.3
1.0
WIND 38+12.2+0=16
DOWN 126+ Wy + Q|
Wl 68X36 _ 15 12.2 0~ 160
2 ’ ' —
12 G 29+12.2 =151
096G+ W, "
W, |+G = =151
v v
Loading 4 P Load
- (kN) (kN) o
Criteria e (factored) Combination
1.35x2.7=4.1 1.35G
= 0.09 x 3.6 +
Beam Self N 12x27=3.2 1.26 + 1.5Q 3.2
Weight 2
+ 12X 2.7 =3.2 1.26+ W, +.Q 3.2
Permanent = 0.16 +
Roof Load 2.55 =27 —09x27 =2.4 —0.9G + W, 2.4
IMPOSED 15%x07=1.1 32+1.7=49
Q (conc 14 1.2G +1.5Q 1o
load) - =07 15%0.4 = 0.6 22 =52
Q (UDL) 3 X0.27 - 04 0xXx0.7=0
2 1.2G + W, +¢.Q 32+0
G+Q 0x04 =0
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WIND UP

Wt 1.0x13.5=13.5

—1.2G + Wy + 9.Q

3X9.0

= 135

0.9G

—-09x32 =2.9 -09G+W,

W,1-0.9G

WIND
DOWN
Wl

1.0x102=10.2 126G+ W, + 9.0

3X6.8

=10.2

12G
096G+ W,

Wul+G

-32+13.5+0 =103

93— 10.3
1.0

—-29+13.5 =10.6

%% _ 10.6
1.0

32+10.2+0 =134

B4 -13.4
1.0

29+102 =131
13

131 _43.1
1.0

Loading

5x0.09x3600%  197x1011

384EI

DEAD

EI

19X 1.7 X 3600% _ 0.04 x 1011

G = Beam Self Weight

384 EI EI

+ Permanent Roof Load

2.0 x 1011

Total = T
IMPOSED 1.4 x 36003 _ Lax 10°
Q (conc load) 48EI El
Q (UDL) 19 X 0.27 X 3600 __ 0.62 x 10°
G+Q 384 EI T EI
WIND UP
W1t 19X 12x3600° _ 58 x10°
0.9G 384El T EI
W.,1-0.9G
WIND DOWN
Wl 19x 2.8 x3600% _ 6.5 x 109
1.2G 384El T EI
Wul+G
2. Strength Limit State - Design Load Combinations

it = MW, 1 +G) =16.0 kNm

crit
e =VW, L +G)=13.4kN

crit

Trial Beams:

240 x 45, A = 10800 mm?, I, = 51.8 x 106 mm*, Z,, = 432.0 x 103 mm?®
300 x 45, A = 13500 mm?, I, = 101.3 x 10® mm*, Z,, = 675.0 x 10% mm3

Determine ki, based on critical load combination and trial section sizes.

E —0.480
k12 t Pp =14.71 (F) r—0.061
b

= 14.71 (%)'0'480 (%)“’-"61

=1.01
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S1

240 x 45 section size:
P51

klZ

- ki,

300 x 45 section size:

PpSi
ki,

=> k12

3. Bending criteria - (establish minimum Z,)

Try 240 x 45 section size
kiz

Ky
Minimum required

Zy

Try 300 x 45 section size
ki,

kx

Minimum required

Zp

=>REQUIRE 240x 45 BBF LVL FOR BENDING STRENGTH

4.  Shear criteria - (establish minimum Ay)

Va
and
Va

0.5 AS 1720.1, CI.
=1.25 (%) (L(‘;—y) (downwards loads, Lg, = 0.9 m) 3232
_ 240\ (900\%5
=125 (E) (%) =129
=13.0 > ky, = 1.5 — (0.05 X p,S;) AS 17201,
Cl.3.2.4
= 1.5 — (0.05 x 1.01 x 12.9)
= 0.85
=125 (ﬂ) (ﬂ)o's = 14.4
- 45 ) \300 -
=14.6 - ky, = 1.5 — (0.05 X p,S;)
= 1.5 — (0.05 x 1.01 x 14.4)
=0.77
> M
= Pky ky ke ko ky Ky, fb, Z
Phikakekokykiy fpZ = M
> M
T pkika ke ko ky K1z fy
= 0.85
0.167
=(Z)" =086
240
_ 16.0 x 10°
- 0.95 % 1.0 X 1.0 X 0.9 X 1.0 X 0.86 X 0.85 X 45
=569 x 10 3mm? > Z,, = 432 x 10 3mm?®
for 240 x 45 section size
- NOT OK
=0.77
0.167
= (i) = 0.83
300
_ 16.0 x 10°
0.95 %X 1.0 X1.0X0.9X%X1.0X0.83X0.77 X45
=651 x103mm?3 < Z,, = 675 X 10 3mm?
for 300 x 45 section size
- OK
>V
= ¢k1 ky kg kg fs’As
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and

A

Minimum required

A

5. Serviceability Limit State
Design Load Combinations:
G

YsQ

Wi

Deflection criteria:

Maximum allowable defection:
Permanent Loads

Imposed Loads & downwards
Wind Loads

Wind Uplift
6. Under permanent load:

Amax

Amax

300 x 45 BBF LVL,

7.  Under Imposed load:

Amax

Amax

Amax

8. Under Wind load:

Amax

Amax

max

by ky ke ko f Ay > V*

v
T pkikake ko f{

_ 13.4 x 103

7 0.95% 1.0 X 1.0 X 0.9 X 1.0 X 4.6

= 3407 mm? < A, = 13500 mm?
for 300 x 45 section size

- 0K

Ys = 0.7 (uniform) and 1.0 (point)

Span /300 to 9 mm maximum

Span /250 to 9 mm maximum

Span/100 to 50 mm maximum

J2 X je X Ag

2.0 x 1.0 x2.0x 1011
EI

13200 MPa
101.3 x 10® mm*

_ 20x1.0x2x101
" 13200 x 101.3 x 106
=03mm < 9mm

OK

J2 X je X Aq

1.0 X 1.0 x 1.4 x 10°
EI

_ 1.0Xx1.0x14x10°

T 13200 x 101.3 x 106

=0.001mm < 9mm
oK

= Jp X j X Ay,
_ 10X 1.0Xx6.5x10°
- El

1.0 X 1.0 X 6.5 x 10°

" 13200 x 101.3 x 106
= 0.005mm < 9mm
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=> OK

9. Specification for a structural lintel beam supporting roof loads over doors, in a
residential application, in a C1 Cyclonic wind classified area:
LINTEL BEAM TO BE 3.6 M SPAN, 300 X 45 mm BBF BRAND LVL.
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8.Structural Plywood Webbed Box Beam
Design

8.1. Introduction

Structural plywood webbed beams are a composite timber beam fabricated utilising structural plywood as
the web of the beam and a structural timber as the continuous beam flanges. The flange and web
components are usually connected with nails and/or glue. In this design chapter, information is given for
the design of nailed plywood webbed box beams. The design method is based on the information contained
in the EWPAA Design Guide for Plywood Webbed Beams (an archived copy of this document is available
by contacting the EWPAA). The design aides included within this section facilitate the design of box beams
with structural plywood webs. However, these design aides will also be useful in estimating the required
size of box beam components and other wood-based flanges and plywood web stress grades.

Structural plywood webbed beams are used in a wide variety of applications ranging from beams in
residential applications, particularly lintel beams, through to rafters, columns, purlins and girts in industrial
buildings and box beam portal frames. Although plywood webbed beams will typically need to be deeper
to be structurally equivalent to a solid timber or steel beam, they have a number of useful advantages over
solid timber and steel beams. Plywood webbed beams are usually designed as parallel flange box, C or I-
beams, however they can also be designed and shaped to suit a particular application as tapered, curved
or pitched beams. They are hollow and consequently light in weight, facilitating transportation and
handling. They are easy to fabricate either as an independent component or, for nailed beams, in situ.
Structurally the flanges are designed to carry the bending stresses while the webs transmit the shear. This
achieves maximum structural efficiency as well as economy in material usage and overall costs.

FIGURE 8-1 shows the components of a structural plywood webbed box beam.

Splrced Jomri-orne side
S aaing SH /-#rferg'eg_d/c ;:,/;onw corrfmnueds

i s
_.-_.-__-_.;.F:._'.: QU RN R
Q r.l e - l‘ .l ’—-/-"/ l.
I 1)
! -<i ) NI ol
] — (o (— o — 1
e e e - - — gl — ‘R.-.—’.'..—:-: ==
LvL f/ang.
ELEVATION

fsf’/’“d./o""" [ﬂywood web

: 0 £ .+ 0 I

PLAN
Figure 8-1: Plywood Webbed Box Beam
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8.2. Beam Components and Materials

Flanges

Flange material can be any structural timber product which complies with AS1720 Timber Structures Code.
Sawn structural timbers or glulam are suitable. The flange material needs to be one continuous length, or
if this is not possible, seasoned timber or LVL flanges can be spliced to form a continuous structural member.
A spliced joint must provide equivalent strength and stiffness to an unjointed flange of the same material.
Two methods of joining seasoned timber flanges are shown in FIGURE 8-2. Alternatively, seasoned timber
flanges can be spliced with metal nail plates in accordance with the nail plate manufacturer’s specification.

D = Beam Depth

Minimum slope 1 in 10 glued with
rigid permanent adhesive of the
resorcinaol or epoxy types

Splice plate

Note: Splice plate must be at
least the same size and
stress grade as the flange
and must be glues with a
rigid permanent adhesive of
the resorcinol or epoxy type.

s

Spliced joint

Figure 8-2: Jointing of Seasoned Flanges

Webs

Web material must be structural plywood manufactured to AS/NZS 2269 Plywood - Structural and
branded with the EWPAA Tested Structural stamp. Consideration must be given to the direction of the
face grain of the plywood web. The Timber Structures Code, AS1720, adopts the parallel ply design method
for plywood in which only plies parallel to the direction of stress are considered to contribute to the strength
and most of the stiffness of the member.

The most common sheet size for structural plywood is 2400 x 1200 with the face grain running in the 2400
mm direction, but other lengths (2700, 1800) and widths (900) are also available. For efficient material
usage with face grain parallel to beam span, plywood webbed beam depths should be 225, 300, 400, 450,
600, 900, or 1200 mm. Webs with face grain running perpendicular to the span are less common but enable
fabrication of beams up to 2400 mm in depth.

Web Stiffeners

Web stiffeners are typically made from the same material as the beam flanges and are used to control
buckling of the plywood web. They will be structurally adequate if they extend the full depth of the flanges
and have the same cross-sectional area as one of the flanges. AS1720.1 Appendix 12.5 specifies the
requirements for web stiffeners. For convenience the web stiffeners are usually located at web butt joint
locations. Web stiffeners should also be located at positions of high load concentration to counter localised
web buckling.
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Adhesives

Beams relying only on an adhesive to connect the flange and web components must achieve a reliable
structural bond. The only adhesives with proven structural durability and reliability are the Type A phenolic
adhesives. To achieve a reliable bond with these adhesives requires good control over the bonding
variables. Typically, beams with adhesive only flange/web bonds require factory-controlled conditions to
achieve quality bonds. The advantage of glued beams is they become a completely integrated unit with no
slippage between the flanges and web, resulting in a stiffer beam. Glued I-beams with plywood web and
LVL flanges are commercially available.

Nails

The simplest method to fabricate plywood webbed beams is to nail the flange/web connections. Nails must
be flat head structural clouts. Smaller diameter nails at closer spacings are preferable to larger diameter
nails widely spaced. The use of a structural elastomeric adhesive in conjunction with nails, is not a
mandatory requirement, but it is good practice as it helps to limit nail slip and increase beam stiffness. Hot
dipped galvanized nails should be used in areas of high humidity or mildly corrosive environments or where
preservative treated plywood or timber are used as beam components. The availability of suitable machine-
driven flathead nails should also be considered, but if used, should not be overdriven.

8.3. Design of Nailed Plywood Webbed Box Beams - Methodology

The design method for nailed plywood webbed box beams presented in this chapter follows the limit states
design methods detailed in AS 1720.1 Timber Structures Code and the design methodology set out in the
EWPAA Design Guide for Plywood Webbed Beams (an archived copy of this document is available by
contacting the EWPAA) . Formula for the design of C and | plywood webbed beams can be found in the
EWPAA Design Guide for Plywood Webbed Beams. The plywood webbed beam is analysed using
transformed section methods and allowances made for the effects of nail slip. TABLE A8-4(a) and TABLE
A8-4(b) provide initial guidance for selecting a beam configuration based on span/depth and depth/width
ratios and beam stiffness. Essentially the process for designing a nailed plywood webbed beam has the
following steps:

1. Select an initial beam trial size based on

(a) Span/Depth (L/D) ratio Appendix
(b) Depth/Breadth (D/B) ratio Table A8-4(a) &
. . . . Fig A8-2
(c) Beam deflection approximated from bending deflection

Appendix Table
Total deflection, A; in a nailed box beam is the sum of the bending deflection (4,), A8-4(b)

shear deflection (Ay), and nail slip deflection (A,5): A; = Ay + Ag + Ay
Typically, shear and nail slip deflection comprise 50% to 100% of the bending Appendix Table
deflection. (Note: In heavily loaded, deep beams, the percentage may be higher). A8-5ora
That is: uniformly
A, is approximately in the range 1.5 x A, to 2.0 X A, distributed unit
. . . . load (Appendix
Therefore, a trial beam size can be selected from an estimate of total beam deflection Table A8-6).

based on the expected bending deflection. Bending deflection can be calculated from
actual load conditions. Or, as done in the worked example, conservatively estimated
from the beam flexibility tables, by determining the deflection of a simply supported,
single span beam subjected to a central unit point load.
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USING THE BEAM FLEXIBILITY TABLES

A trial beam size can be determined based on the value of F, the flexibility coefficient, determined

from Appendix Tables A8-5 and A8-6 The flexibility coefficient, F, determined from the tables
simply requires multiplication by the actual concentrated load P (kN) or uniformly distributed load

w (kN/m) to determine the beam deflection.
Simply supported beam with a centre point
load, P:

Simply supported beam with a uniformly
distributed load, w:

_ J2PL? _ Ja5wL?
b ™ 48El b 3saEr
_ L _ 5L*
T 48 EI T 384E]
=> A,= j,PF =>A,=j,wF

A, ~ ((1.5t0 2.0) X A,

A, ~ (1.5t02.0) X A,

=>A, ~ (1.5t02.0)Xj, PF

=> A, ~ (1.5t02.0) X j,wF

=> Select F(max) from Table A8-5 such that

Ar(max.allowable)

F,
max = (1.5t02.0)P j,

=> Select F(max) from Table A8-6 such that

Az(max.allowable)

E
max = (1.5to02.0)w j,

2. Check Flange Bending Capacity:

Determine critical load case for moment capacity and check flange capacity in tension and compression
due to bending

Check tension flange:

M < 2/ (EDxn
Pk kg ke Ky Erd
Check compression flange:
S A 2f, (EDy
Pk ks ke ko K1z Erd

NOTE: For the above capacities may be conservatives. The above bending capacities do not consider any impact of nail
slip which may be significant in heavily loaded beams.

k. applies to tension and bending strength and is specified by the individual manufacturers of the product
oras per AS1720.1.

3. Check Panel Shear Capacity:

Determine critical load case for shear and check the plywood web capacity for panel shear

Both webs continuous
-

- fs (EDxnty Ag
$pky k12 k19 919

(EQ)x
At web splice

*
V(at web splice)

fs (EDxnnty
$pky k12 k19 919

(EQ)x
(i.e. one web continuous only)
4. Check Flange - Web Capacity:
Design the flange-web nailed connection to transfer the shear flow

Shear flow

_ V*(EQ)xf
T (EDgn
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Design Load per Nail
Ng ;

Nail spacing

s

5. Check Beam Stiffness:

= Pkq ki3 ks kig k7 Qi

Nd,j
q

Check beam deflection 4 is not excessive, where:

A;

Box Beam Section Property Formula

=0y + A+ A

= Area of flange = 2 by t;
= Area of web = 2d tw
= Web shearArea =2d, t,,

= Depth between top and bottom flange web nailing

= (d - tf), usually

d should be
d -

On construction
drawings plywood
face grain direction

designhated thus:

L 4

Plywood Webbed Beam Dimensions

First Moment of Area

Qx f
Qxw

(EQ)«

(EQ)xn

Second Moment of Area

Ls

_
eypaa |

= First Moment of Area of the flange about the beam x axis

_ (d—tf)
Apyp = by tp —

/

= First Moment of Area of the webs about the beam x axis

__ nkzgtyd?
8

= First Moment of Area of the Box Beam

= Ef Qxf + Ey Qxw

= (EQ),at web butt joint (i.e. only one web continuous, n

= Second Moment of Area of the flange about the

beam x-axis
_ byd®-d)
- 12

= Second Moment of Area of the web about the

beam x-axis
_ nkzsgtydd
- 12
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n = number of plywood webs (e.g. 2 for a box beam)

k34 = parallel ply factor (note ks, is not an AS1720.1
factor)

I,; = Second Moment of Area of the Flange about the
beam y-axis
_ th b?
712
l,, = Second Moment of Area of the Web about the
beam y axis
ks tyw d(bf + ty)?
=
(using close approximation 2 A,, x} where x; =

ﬂ + b_f)

2 2
Number of k34
plywood Plywood face grain Plywood face grain
veneer layers parallel to span perpendicular to span
3 ply 2/3 1/3
5 ply 3/5 2/5
7 ply 4/7 3/7

Table 8-1: Parallel Ply Factor, k3,

Rigidity in Bending About x-axis where
(ED, = Eelyr + EylLyy,
E; = Modulus of Elasticity of the flange
E, = Modulus of Elasticity of the web
(EDyn = (ED,at web splice (i.e. only one web continuous)
Rigidity in Bending About y-axis

(EDy = Efly; + Ey Ly,

8.2. Design Example - Nailed Plywood Webbed Box Beam

Table 8-1

Design an industrial ridge beam that spans 10.8m. The beam supports two 600mm deep box beams that

butt either side at mid span thus providing lateral restraint.
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Given that:

5400

F 3
Y

h 4

10800
P,, =108kN

PLL =16.2 kN

= —33.0 kN (serv)

Deflection Limits:

DL = ssg: to 10mm max
span AS 1684.1 Cl.
LL = EYTS to 10mm max 2.3.34
WL = Span to 10mm max
150
1. Initial beam trial size:
(a)  From Table A8-4(a) and Figure A8-2 Try a 900 mm deep beam which has a Table 1(a)

L/D ratio in the optimum range of 18:1 to 10:1.
From Table A8-4(b): Optimum beam width for a 900 deep beam is 90mm to
200mm.
(o)  Select a trial beam size based on deflection criteria.
A=Ay + Ay + Ay
Assume shear and nail slip deflection are 75% of bending deflection.

=>Ar= 1.75 x Ab
For a simply supported beam with a central point load:
A __ Jja xPL®
b T 48(ED,
&
1.75 j, x PL?
A~ 48(ED)x
3
F = ﬁ where F = flexibility coef ficient
=>A, =175x% j,xPF
Ag
=> F(max) = 1.75j, P
Load Type Load (kN) Deflection limit (mm) Amax (k_N)
1.75XjoXP \mm
DL 10.8 10 2 0.26
LL 16.2 10 1 0.35
WL -33.0 10 1 0.17

=>select a beam from Appendix Table A8-5 with a maximum beam flexibility of 0.82 mm. From Table A8-
5, for a 10.8m span, & F = 0.82 mm/kN, gives a 900mm deep trial box beam with 150 x 35 LVL flanges
and 7mm F11 structural plywood webs.
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Beam Capacities

Box Beam: 900 mm deep x 150 x 45 LVL Flanges x 7 mm F11 structural plywood webs. Capacities for
the various beam actions have been extracted from Table A8-7 and are given in TABLE 8-2.

Moment Capacity -Tension Flange
2f; (EDxn

Efd
Moment Capacity - Compression
Flange
2 fe (EDx

Efd
Web Shear

fs (EDx nty As
(EQ)x
Web Shear at splice (only one web
continuous)
fs (EDxnmty
(EQ)x
Unit Shear Flow for Nail
Connection
V" (EQ)xf
(EDxn

=152 kNm

= 247 kNm

=51kN

= 26kN

=099 x 103 mm™!

Table 8-2: Beam Capacities

Check factored loads and critical load cases:

Factored Load
load combination
Load
(kN) Combinations
AS1170.1
DL 1.2G 13.0 057 65 114 351 616 cla.2.2
k1:AS1720.1
DL+LL 126G +15Q 37.3 097 187 193  100.1 103.2 [Taoble23AppG,
Table G1
DL+ WL  09G + W, -48.1 1.0 -24.0 -240 -1299 -1299
2. Flange Bending Capacity
Check Tension Flange _ M
Pky kg ke kx k12
_ 128.8
(0.9 X1.0 X1.0 X1.0 X1.0 X1.0)
= 143.1 kNm (< 152 kNm) OK
Check Compression Flange
Calculate k5.
S, — (5.3Lay (EI)x)O_S AS 1720.1
T N hiD(EDy Section 8.3
_ (5.3 X 5400 X 31894 X 109)0'5 Al8.1.El
5.5 X 900 x 803.7 x 10° AS1720.1
= 15.2
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Op — Efy-0.408 ,.—-0.074 Cl.8.4.7
b= 1139() r AS1720.1
= 11.39 (13200)—0.408 1-0.074
' 45
= 112
oS, =152x1.12
=17.0
k12 = 1.5 - 0.05 pb Sl AS 1720.1 Cl.
=1.5-10.05x 1.12 x 15.2 333
= 0.65
M* _ 128.8
Pky kg kg Ky kin - (0.9 x1.0 X1.0 X1.0 X1.0 X0.65)
=220 kNm (< 247 kNm) OK
3. Panel Shear Capacity
Calculate k;,: From TABLE 5-9 for 7 x 900 mm webs for buckling strength of plywood
webs. Note: k;, = 0.52 is slightly conservative. A check of panel length confirms the
plywood web is a short panel and if the appropriate reduction is applied, k,, = 0.56.
v _ 24
$ky kiz k10 g1o (085X 1.0 X 0.52 X 1.0 X 1.0)
=543 kN (> 51 kN) not OK
Panel Shear at Web Splice (k;, = 1.0 at web splice)
V(tzt web splice) = 238 AS1720.1 App.,
YA 0.85 X 1.0 X 1.0 X 1.0 X 1.0 Table 12

Pk1 k12 k19 g19

=28 kN (> 26 kN) not OK

4. Flange - Web Connection
Design nailed flange-web connection. Use 2.8mm diameter nails. Check critical load case for fasteners.

Load . )
i o
6.5

1.2G 0.57 11.4
1.2G + 1.5Q 18.7 0.86 21.7
0.9G + Wu -24.0 1.14 -21.1
Required nail spacing s = @ Characteristic capacity, Qy, of 2.8mm nail in JD4 timber is ASlno'TﬂE‘S

665 N.
Design capacity per nail
¢Nd,j = Pk k3 Kkia ky6 k17 Qk
=0.8x0.86x1.0x1.0x1.1x 1.0 x 665

¢Ngj =503 -

nail
Shear flow at connection:
q _ V*(EQ)xf
(EDxn
_ (187 x10%x0.94x 1073
2

q =88~
mm

— 503
=> Smax =22

9.4
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=57mm

— Use 2.8 ¢ nails at 50mm spacing

5. Beam stiffness
For a single span, simply supported beam:

Deflection Estimated mid-span deflection Estimated mid-span deflection due
type due to a centre point load, P to uniformly distributed load, w
Bending - T

Shear fGZ %

Nail slip* ) ey

*Refer to Appendix-Chapter 8 for nail slip deflection equations.

Estimated Deflection, mm
Load

, . . Total

Type J2 ':Z;\r;)t ( kLIJVI?Ir_n) Bending  Shear gﬁ: (mm)
DL 2 10.8 0.16 19.5 10 1.7 31.2 NotOK
LL 1 16.2 12.5 7 1 20.5 Not OK
WL 1 -33 25.4 14 43 43.7  Not Ok

The designer has to make some adjustments to the design parameters.

8.3. Box Beam Portal Joints

There are a number of instances in dwelling construction where a relatively large unsupported span is
required within a wall which may have little wall available to transfer the lateral wind or seismic loads.

Such situations arise when large sliding or bi-fold doors are required, where large window openings are
incorporated to allow full appreciation of the views and where garages, either attached to a dwelling or
standalone require bracing.

To provide at least some answers to a somewhat complex question a Forest & Wood Products Australia
(FWPA) funded, EWPAA instigated research program was initiated. This entailed the construction of, and
testing of, four box portal joints subjected to gravity type and simulated lateral wind loads at Central
Queensland University, Rockhampton and reported in “Results from the Testing of Four Plywood Sheathed,
Timber Framed Box Beam Portal Joints” by C G “Mick” McDowall.

Figure 8-3 shows the two plywood only joints tested. Obviously only one joint type was tested per portal.
Figure 8-4 shows the bolted and rodded joints tested.

Figure 8-5 shows a discontinuous plywood joint located in the Loading Frame prior to testing.
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Figure 8-3: Two Plywood Only Dependent Joints
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Figure 8-5: Typical Portal Frame with Discontinuous Plywood Joints

AUTHOR: EWPAA VERSION:5 RELEASED: 2018
Engineered Wood Products Association of Australasia

99



Identifying the portal joints thus:

plywood continuous across the portal leg as shown in Figure 8-5, as TP1;
plywood continuous around the joint at the portal leg/beam joint as TP2;
bolted joint as TP3;

rodded joint as TP4

Portal Joint Racking Resistances

The racking resistances assigned herein to the four portal joints can only be applied in the design situation
provided they meet all of the stated criteria.

Portal Joints TP1 and TP2

The racking resistance of these two joints depend entirely upon the plywood and its fixity to the timber
framing.

PORTAL JOINTS - TP1 AND TP2

Plywood —7mm DD F8 (minimum)

Framing —90 x 45 MGP10, JD5 (minimum)

Nailing — 2.8 ¢ x 35 long galvanised clouts

Tie down Bolts —M12 with nuts and 50 x 50 x3 washers

Framing procedures to follow those given in Figures 3 and 4 of the
Research Proposal in Appendix Al

—3.15 @ x 75 bullet head nails (1 off into end grain of stiffeners and studs)
—50/50 nailing pattern

BRACING CAPACITY: 3.75 kN/m

Portal Joint TP3

The increase in racking resistance for TP3 can only be attributed to the inclusion of the two bolts used to
connect the beam section to the portal legs.

PORTAL JOINT - TP3

= |

Plywood —7mm DD F8 (minimum)

Framing —90 x 45 MGP10, JD5 (minimum)

Nailing — 2.8 g x 35 long galvanised clouts

Tie down Bolts — M12 with nuts and 50 x 50 x3 washers

Framing procedures to follow those given in Figure 5 of the Research
Proposal in Appendix Al

—3.15 g x 75 bullet head nails (1 off into end grain of stiffeners and studs)
—50/ 50 nailing pattern

BRACING CAPACITY: 5 kN/m

00
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Portal Joint TP4

TP4 is easily the best candidate if choosing a joint on the basis of racking resistance alone. This could well
be the case if constructing a stand-alone garage, shed or similar type structure.

PORTAL JOINT - TP4

Plywood —7mm DD F8 (minimum)

Framing — Framing procedures to follow those given in Figure 6 of the Research
Proposal in Appendix Al

Nailing — 2.8 ¢ x 35 long galvanised clouts
—3.15 ¢ x 75 bullet head nails (1 off into end grain of stiffeners and studs)
—50/ 50 nailing pattern

Tie down Bolts — By means of the rods

BRACING CAPACITY :7.5 kN/m

Closure

The plywood only type joints may provide sufficient racking resistance for a garage having a structural
ceiling, interconnected to the house, thus providing a structural diaphragm. For the stand-alone situation,
the rodded construction provides the only viable solution. It would be suitable for spans, certainly to 6m,
but not exceeding 8m. Cases would have to be viewed individually to ascertain whether there were walls
or open under situations. Also, in the stand-alone case this does not solve the bracing requirements in the
direction perpendicular to the portal span.
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9.Structural Plywood Diaphragms &
Shearwalls

9.1. Introduction

Diaphragms and shearwalls are engineered building elements designed to resist lateral loads. They are
essentially the same type of structure except shearwalls are located in a vertical or inclined plane and
diaphragms are situated in a horizontal or near horizontal plane. Lateral loads are loads applied
horizontally to a building. The most common lateral load types are due to high winds, impact or seismic
(earthquake) forces.

FIGURE 9-1 shows a diagrammatic representation of a basic building subjected to lateral wind.

Hold doewnr aB:Hnlﬂ"
rigsd hﬂdj sverturning

Wind Forces on Low-Rise Structures

Figure 9-1: Location and Function of the Shearwalls and Diaphragm

Half the wind load normal to the windward and leeward walls is transferred to the horizontal roof
diaphragm which in turn is then transferred to the vertical shearwalls and then to the foundations.

However, as previously stated diaphragms and shearwalls do not necessarily have to be horizontal and
vertical but can take a range of orientations and forms as shown in FIGURE 9-2.
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Sloping Roof Diaphragm

Horizontal Celling
Vertical
Offset yorizontal
Offset
k = rect )|
Sheor, Racking or
Bracing Wall
Horizontal and Diaphragms and Shoarwall
Discontinuous Disphragms Sloping Diaphragms with Openings
Vertical Sheorwalis and Combination Sloping
Curved Diaphragms Sheerwall Diaphragms

Figure 9-2: Shearwall and Diaphragm Applications

Shearwalls and diaphragms are multifunctional structural components, e.g.:
Shearwalls may also act as a:

e deep beam when transferring roof gravity loads to ground via stumps;
o flexural panel when subjected to suction or normal forces due to wind loading;
e tension panel when required to resist wind uplift from the roof.

Diaphragms may also act as a:

e floor system with loads normal to its plane;
e structural ceiling and/or roof system.

In general, a well-designed shearwall or floor system will perform the other functions adequately. Problems
do arise when holes are cut in shearwalls and diaphragms and the designer has not been forewarned of
this possibility.

9.2 Fundamental Relationship

Shearwalls and diaphragms are constructed by fixing plywood sheathing (of various thickness) to timber
framing (of various joint strength groups). The load transferring capabilities of the resulting structural
components becomes dependent upon the development of shear flow, i.e. UNIT SHEARS around the
framing.

FIGURE 9-3 shows a plywood panel nailed to a pin-jointed timber frame.
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Figure 9-3: Panel Subjected to Shear
From statics:

JF, =0:5,=5

2F, = 0: C; = Cs (complimentary shears)
M, =0=S,h—Cl

Sa Cs

l

That is, the UNIT SHEAR along HORIZONTAL EDGES equals UNIT SHEAR along VERTICAL EDGES

NOTE: The Unit Shear concept is of FUNDAMENTAL IMPORTANCE when re-distributing SHEARS around OPENINGS.

9.3. Diaphragm Design - Diaphragm Action

Diaphragm capacity will vary considerably depending on nail frequency and capacity, and whether the
diaphragm is “blocked” or “unblocked”. Blocking consists of lightweight framing, usually 90 x 45 timber
framing, located between the joists or other primary structural supports, for the specific purpose of
connecting the edges of the plywood panels. The use of blocking to connect panels at all edges facilitates
shear transfer and increases diaphragm capacity. Unblocked diaphragm capacity is governed by buckling
of unsupported panel edges, such that above a maximum load, increased nailing will not increase
diaphragm capacity. The capacity of blocked diaphragms is 1.5 to 2 times the capacity of an equivalently
nailed unblocked diaphragm. Additionally, blocked diaphragms can be design