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Guide aim and approach

Aim
• To assist practicing structural engineers and 

other building design professionals confidently 
develop conceptual structural designs for timber-
rich buildings and structures. 

Guide aim and approach

Approach
This guide takes a whole-of-process approach to 
the selection of timber-rich structural systems. 
• It explores: 

– Available structural systems.
– Connections and material options.
– Design approaches.
– Performance requirements and material properties.

• It includes
– Regular options for systems and materials.
– Two worked examples.
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Guide structure

The guide sections align 
with the stages of the 
conceptual design process.

Icons and graphics are 
widely used to demonstrate 
available options.

Design brief formulation

Information search

Conceptual design

Detailed design and Design documentation
Other WoodSolutions guides

Why wood S1

Material basics S7

Material properties S8

Performance requirements S9

System options S2

Element options S4

Connection options S3

Construction options S5

Design approaches S6

Glossary S12

Worked examples S11

Aspects of AS1720 S10

Section overview
S1: Why wood
The significant environmental, design and 
construction edge that timber and wood products 
have over alternative building materials in 
environmentally responsible buildings.

S2: System options
Regular options for the spanning, support 
and lateral restraint systems used in a 
project’s structure. It includes materials 
available for each option.
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Section overview
S3: Connection options
Major options for making reliable structural 
connections in timber elements in the 
workshop and on site. 

S4: Element options
Major material options for timber-rich building 
elements, their applications and standards, 
and likely means of supply

Section overview
S5: Construction options
Construction process options for timber-rich 
buildings and structures, including options for 
element prefabrication.

S6: Design approaches
Considerations and design approaches 
required to address the performance 
requirement of timber-rich buildings and 
structures.
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There are two main approaches used for addressing flanking noise in timber-framed buildings:

• Limit the ability of the noise to migrate from one element to another, e.g. dampening and isolation 
at junctions between elements (Figure 3.3).

• Limit the noise getting into wall/floor element, e.g. carpet, floating floors (Figure 3.4).

• 

• 

• 

• 

 

Figure 3.4: Acoustic isolating pad to reduce flanking noise.

In addition to these, timber-framed construction details orientated to improving flanking sound are 
provided in Section 3.3 and include:

• discontinuous elements at walls, floors and ceilings

• cavities within sound rated elements blocked or travel path increased to reduce noise

• introduced isolating elements, e.g resilient mats or brackets

• platform flooring discontinuous over double stud walls

3.3  Strategies for Upgrading Sound Performance in Construction

Building occupants often desire higher sound performance than the NCC’s minimum requirements. 
This is especially the case for impact sound and the related issue of vibration from footsteps, water 
movement through pipes, water hammer and sources such as washing machines, air conditioning 
units and dishwashers. Other scenarios not dealt with in the NCC include acoustic requirements for 
home entertainment areas, noise transfer within a dwelling and noise from outside the building (e.g. 
busy roads, trains, aircraft noise). Options for upgrading typical construction are provided below. 
Using a combination of options is more likely to give the best performance.

Isolating one side of a bounding construction from the other (e.g. using double stud cavity 
wall construction). This is also known as decoupling and can be useful in reducing both airborne and 
impact sound. Of note, it serves to limit noise vibration from one side of the element to the other.

Avoiding rigid connections between the opposing sides of isolated (decoupled) elements. 
This limits the occurrence of sound bridges that would otherwise allow sound to transmit from one 
side to the other. If required for structural stability, sound-resilient connectors should be used and 
should generally only be used at floor or ceiling level.

Using absorptive materials to fill wall and floor cavities (non-combustible, glass fibre or mineral 
wool) can reduce airborne sound transmission.

Sealing sound leaks at the periphery of wall and floor elements or where penetrations are made for 
electrical and plumbing services.

For information for the upgrade of external walls refer to WoodSolutions Technical Design Guide #11 
Timber-framed Systems for External Noise.

60% sand, 40% 
sawdust mix

Sheet flooring

Sheet flooring

Fire- and 
sound-rated linings

Steel furring 
channel at 600 mm 
max. centres

Noise-isolating 
ceiling clips
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Section overview
S7: Material basics
Key differences in practice between wood 
and other materials, and between different 
species or types of wood.

S8: Material properties
Properties of timber and wood products in 
relation to the major performance 
requirements for buildings and structures.

0%

MC %

Hardwood Graded to AS 2082

5 10 15 18 20%

0%

MC %

Softwood Graded to AS 2858

5 10 15 20%

MC requirements for structural 
hardwood graded to AS 2082 and 

softwood to AS 2858

Section overview
S9: Performance requirements
Regulatory requirements established through 
the NCC and its referenced standards, and 
the fit-for-purpose requirements that relate to 
building established under the Australian 
Consumer Law

S10: Aspects of using AS 1720
AS 1720 sets out the limit states design 
methods for the timber’s use in structures.
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Section overview
S11: Worked examples
Two worked examples, one seven storeys 
and the other ten storeys, provide an 
applicable, step-by-step approach to 
designing timber components in multi-storey 
timber buildings. 

S12: Glossary
Definition of key terms.

Other WoodSolutions guides

02

Technical Design Guide issued by Forest and Wood Products Australia

Timber-framed Construction
for Multi-residential Buildings  
Class 2 & 3
Design and construction guide for BCA compliant 
sound and fire-rated construction

05

Technical Design Guide issued by Forest and Wood Products Australia

Timber service life design 
Design guide for durability
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Design with a natural resource

Australia’s forest and wood products industries 
provide a wide range of highly-workable products 
made from varied species.

TRBCASSETTE

GLAM

Icons: Material and assemblies 

CLT

I-B NPFTNPFT

ST

T-CONC
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VOLUMETRIC

SBCA

PIB

Icons: Construction options

PANEL

Generating a conceptual design for a timber-rich 
structure
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Conceptual design

Conceptual design is the process of generating and 
assessing a range of alternative solutions for the 
structure that may satisfy its performance 
requirements. 
This is an iterative process that includes:
• Selecting a number of options for each category 

of structural element.
• Establishing basic alternative frameworks for the 

structure using these options.
• Determining load paths to carry vertical and 

lateral loads to the foundations.

Considerations during conceptual design 

• The type of building.
• Options for the structural systems’ components.
• Options for connecting the components.
• The materials available to make the components.
• Options for assembling the components into a 

building.
• Approaches to satisfying the buildings’ and the 

components’ performance requirements.
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The type of building

Building typologies
Closed frame
A closed frame system typically has walls that enclose discrete 
functional areas and provide lines of support at regular 
intervals. Floor spans are relatively short at 4-5 metres.

Open frame
An open frame system typically has columns, beams and floors 
acting as a frame structure to provide open and flexible 
functional areas. Columns are regularly spaced on a grid whose 
spacing is based on efficient beams and floor spans.

Single level system
A single level structural system typically has a roof structure 
spanning between wall or columns to provide an open and 
flexible functional area. The roof elements may be exposed or 
concealed.
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Options for the structural systems’ components

Structural solution components types
Most structural solutions have three component types:
• Spanning systems that bridge horizontal distances 

to carry vertical loads to the support system.
• Support systems that receive loads from the 

spanning systems and transfer them to the ground.
• Lateral resistance systems that resist that resist 

horizontal forces from the wind, earthquakes or 
similar sources

When combined, selections for these systems can 
generate one of several alternative solutions for review 
and assessment. 
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Spanning systems: floors
Floors: Joist and flooring deck
• Joist span range: Up to 8 m
• Joist span to depth ratio: 17 to 1

Floors: Massive timber
• Panel span range: Up to 6 m
• Panel span to depth ratio: 25 to 1

Floors: Concrete and timber composites
• Panel span range: Up to 8 m

Each of these options then has particular 
characteristics. 

Floors: Massive timber
Regular beam options  

 

Notes 
Glulam is available in wide 
sections. 

Regular panel options  

 

Notes 
Stress laminated panels are generally used in civil 
construction such as bridge decks. 

Regular construction and prefabrication options 

 

Construction notes 
Beams and all floor panel systems can 
be fully prefabricated. 

 

Prefabrication notes 
Panels and beams can be fully 
prefabricated for the project. 

 

ST STx2 GLAM LVL LVLx2 NPTRx2 B-B

CLT GLP NLT LVL SLP

PIB PANEL STICK
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Floors: Indicative span tables
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Indicative Span (m)

CLT Floor Span

100

Element

125

150

175

200

250

275

Size

300

Load (a)

225

Single span 

Notes:
a:  Domestic - SDL=0.5, Q=1.5
    Multi Res - SDL=1, Q=2
    Office - SDL=1.5, Q=3
    Heavy - SDL=2, Q=5

Continuous span 

0 2m 4m 6m 8m 10m

CLT

Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy

Table 13: Indicative span – CLT floor panels

Floors: Indicative span tables
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Indicative Span (m)

CLT Floor Span

100

Element

125

150

175

200

250

275

Size

300

Load (a)

225

Single span 

Notes:
a:  Domestic - SDL=0.5, Q=1.5
    Multi Res - SDL=1, Q=2
    Office - SDL=1.5, Q=3
    Heavy - SDL=2, Q=5

Continuous span 

0 2m 4m 6m 8m 10m

CLT

Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy
Domestic
Multi Res
Office
Heavy

Table 13: Indicative span – CLT floor panels 4m 6m
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Spanning system: roofs

Beams and purlins Tied frames

Beams and rafters Portal frames

Light nailplate trusses Arches

Heavy trusses Dome

Roofs: Beams and purlins
Form options 

 
 

Beam span range: 30 m+
Beam span - depth ratio: 

20 to 1

Regular beam or rafter options by span 

<5 m 

 

5 m+ 

 

Regular purlin options and configuration 

 

Notes 
Purlin span to depth ratio is nominally 24 to 1. Options reduce 
considerably for spans over 4.8 m. 

Assembly options 

 

Assembly notes 
Purlins set between beams provide them with lateral restraint 
while continuous spans allow for a smaller purlin section. 

 

ST NPT I-B NPFTNPFT LVL GLAM B-B NPTRx2

ST NPT LVL I-B NPFTNPFT
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Roofs: Indicative rafter span

Roofs: Indicative rafter span

4m 6m
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Support systems

Foundations and piles Massive timber

Timber stud frames Columns

Support systems: massive timber
Regular mass wall options and configuration 

 

Notes 
Systems may combine several materials to provide an efficient solution. For 
example, glulam and LVL may be used with CLT to increase the load bearing 
capacity of lintels. 

Assembly options 

  

Assembly notes 
CLT floor plates regularly sit on the wall frames or panel. However, panels can 
run through with the floor supported from a ledger. 

Regular construction and prefabrication options 

 

Construction notes 
Mass timber walls are installed as 
prefabricated panels. 

 

Prefabrication notes 
Mass timber wall are generally fully 
prefabricated.  

 

CLT GLAM LVL NLT

PIB PANEL
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Lateral resistance systems

Floor and roof diaphragms

Wall diaphragms

Strap braced panels

Truss panels

Timber or steel rod bracing

Moment-resisting frame

Lateral resistance systems: Wall diaphragms
Regular sheeting options 

 

Notes 
Bracing capacity from sheet material relates to the sheet’s continuity, its 
thickness, the number and type of fixings that secure it to the frame and the 
frame’s fixing to the surrounding structure. 

 

PLY OSB
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Options for connecting the components

Connection options

The main groups of mechanical connection options 
for timber elements are:
• Timber-timber contact connections.
• Timber-fastener connections.

– Loads move between timber elements through 
mechanical fasteners such as nails, screws or bolts.

• Timber-connector-fastener connections. 
– Loads move from a timber element to a connector 

such as a gusset through fasteners, and then back 
from the connector into other timber elements.
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Connection types

Each connection type may include: 
• Fasteners, such as dowels, screw and bolts
• Connectors of wood, metal, or plastics. 
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Table 21: Load transfer through the joints by connection type 

Connection type Timber-timber contact Timber-fastener Timber-connector-
fastener

Contact transfer 

Fasteners

Gusset plate with fasteners

Nail and nail-on plates

Fin plates with fasteners

Epoxy dowels

Interlocking housing

Transfer blocks

Legend: Primary load transfer method        Regular secondary load transfer method 

Loads applied through the joint, fasteners and connectors can act in compression, tension or shear. Transfer of tension and 
shear forces typically requires loads to be carried through fasteners in a timber-fastener connection or a timber-connector-
fastener connection. In AS 1720, these joints are classified in two types:

•  Type 1 where forces are transferred as shear loads in the fastener

•  Type 2 where forces are transferred through axial loads (typically tension) in the fastener.

Figure 2: joint type and direction of forces

3.2  Fasteners

Fasteners are metal, plastic or wooden devices with or without a thread that mechanically join timber with timber, timber with 
a connector, or timber with another material. This guide covers three types of timber fasteners: dowels, screws and bolts. 
Other, less common fastener types also exist.

3.2.1  Dowels

Dowels are metal, plastic or wooden pins driven into the wood with or without a pilot hole. These fasteners resist shear or 
axial withdrawal loads and include nails (thin dowels) and metal or wooden dowels.

Nails

Nails are the most commonly used and economical of all fasteners. Nails are generally thin metal fasteners suitable for  
Type 1 and Type 2 connections. AS 1720.1 references AS 2334 Steel nails – Metric series.

Nails are generally driven into the timber and the nail’s point pushes most of the wood fibres apart. Friction between the nail’s 
shank and the wood fibre provides the nail’s withdrawal strength. As most wood fibres remain intact, directly driven nails 
do not reduce the timber’s effectiveness in section. However, they do generate tension across the timber’s grain. To avoid 
the timber splitting, AS 1720.1 limits nail spacing and their minimum distance from the piece’s end and edge, summarised 
in Table 22. In hard timbers, nails may be driven into holes predrilled to 80% of the nail diameter (D). These are generally 
required when nailing into timber with a density over 650 kg/m3. It is not usually required for lighter species.

Nails vary by shank and head type. Standard or plain shank nails are smooth and can be used in temporary or general 
construction. Nails with annular ring and spiral shanks are also available and provide higher withdrawal strength than plain 
shank nails. 

Fasteners

©Rothoblaas 

4D
2D

2D

5D 5DLpar

LOAD APPLIED PARALLEL
 TO GRAIN

LOAD APPLIED PERPENDICULAR 
TO GRAIN

5D

4D

L par

5Da

5D

4D L par

5Da
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3.3  Connectors

Connectors are metal or wooden devices used in association with fasteners to join timber elements together or connect 
them to other materials. There are hundreds of different connector options available as proprietary products or custom made 
items. This guide lists seven major connector types in Table 26. Each has numerous variants.

Table 26: Connector types

Illustration Description

Wood gussets 
Wood gussets are usually sections of plywood or occasionally LVL used 
with fasteners to join timber elements. Gussets can be applied parallel 
to the grain or on the end grain of one element and the face of another. 

Metal gusset plates  
Metal gusset plates are generally custom-made steel connectors used 
with fasteners to join timber elements. Plates can be applied to the 
face of an element, set into a groove in it, or be sandwiched between 
elements. Plates can be flat, simply folded, or welded to a steel section 
to form a connecting surface to other materials.

Nailplates 
Nailplates are propriety sheet metal connectors stamped so that nails 
are formed and protrude on one face. These make a reliable connection 
when pressed into the timber on each side of a joint. Most are made to 
be installed with specialist presses but some can be hammered in.

Nail-on plates and brackets 
Nail-on plates are generally propriety sheet metal connector plates with 
pre-punched holes ready to receive fasteners such as nails. They can 
also be custom made. Plates can be flat, include a 900 twist, be simply 
folded or welded to a steel section to form a connecting surface to 
other materials.

Brackets  
Brackets are folded or fabricated sheet metal or steel plate items used 
to connect the end of one element with the side or end of another. 
Numerous proprietary brackets such as truss boots and joist hangers 
are available to connect timber elements to the ground or other 
timber elements. Fabricated brackets can range from a simple boot to 
complex steel nodes assembled for attaching radial members.

Straps and ties 
Strap is generally a proprietary sheet metal product used to resist 
tension in many connection types. Available in various gauges and 
widths, it is also used in bracing panels. Ties are generally steel rod 
or similar sections used to resist tension in connections or elements 
subject to wind and similar loads. They are also used in bracing panels.

Timber blocks 
Timber blocks can act like a gusset or bracket to join timber elements. 
They can be shaped to support elements and provide additional area 
for fasteners.

Other types of connectors exist. These may be specialist items or obsolete historical connectors, such as split ring and 
shear connectors.

Page 60Guide 46 • Wood Construction Systems  

3.3  Connectors

Connectors are metal or wooden devices used in association with fasteners to join timber elements together or connect 
them to other materials. There are hundreds of different connector options available as proprietary products or custom made 
items. This guide lists seven major connector types in Table 26. Each has numerous variants.

Table 26: Connector types

Illustration Description

Wood gussets 
Wood gussets are usually sections of plywood or occasionally LVL used 
with fasteners to join timber elements. Gussets can be applied parallel 
to the grain or on the end grain of one element and the face of another. 

Metal gusset plates  
Metal gusset plates are generally custom-made steel connectors used 
with fasteners to join timber elements. Plates can be applied to the 
face of an element, set into a groove in it, or be sandwiched between 
elements. Plates can be flat, simply folded, or welded to a steel section 
to form a connecting surface to other materials.

Nailplates 
Nailplates are propriety sheet metal connectors stamped so that nails 
are formed and protrude on one face. These make a reliable connection 
when pressed into the timber on each side of a joint. Most are made to 
be installed with specialist presses but some can be hammered in.

Nail-on plates and brackets 
Nail-on plates are generally propriety sheet metal connector plates with 
pre-punched holes ready to receive fasteners such as nails. They can 
also be custom made. Plates can be flat, include a 900 twist, be simply 
folded or welded to a steel section to form a connecting surface to 
other materials.

Brackets  
Brackets are folded or fabricated sheet metal or steel plate items used 
to connect the end of one element with the side or end of another. 
Numerous proprietary brackets such as truss boots and joist hangers 
are available to connect timber elements to the ground or other 
timber elements. Fabricated brackets can range from a simple boot to 
complex steel nodes assembled for attaching radial members.

Straps and ties 
Strap is generally a proprietary sheet metal product used to resist 
tension in many connection types. Available in various gauges and 
widths, it is also used in bracing panels. Ties are generally steel rod 
or similar sections used to resist tension in connections or elements 
subject to wind and similar loads. They are also used in bracing panels.

Timber blocks 
Timber blocks can act like a gusset or bracket to join timber elements. 
They can be shaped to support elements and provide additional area 
for fasteners.

Other types of connectors exist. These may be specialist items or obsolete historical connectors, such as split ring and 
shear connectors.

Page 60Guide 46 • Wood Construction Systems  

3.3  Connectors

Connectors are metal or wooden devices used in association with fasteners to join timber elements together or connect 
them to other materials. There are hundreds of different connector options available as proprietary products or custom made 
items. This guide lists seven major connector types in Table 26. Each has numerous variants.

Table 26: Connector types

Illustration Description

Wood gussets 
Wood gussets are usually sections of plywood or occasionally LVL used 
with fasteners to join timber elements. Gussets can be applied parallel 
to the grain or on the end grain of one element and the face of another. 

Metal gusset plates  
Metal gusset plates are generally custom-made steel connectors used 
with fasteners to join timber elements. Plates can be applied to the 
face of an element, set into a groove in it, or be sandwiched between 
elements. Plates can be flat, simply folded, or welded to a steel section 
to form a connecting surface to other materials.

Nailplates 
Nailplates are propriety sheet metal connectors stamped so that nails 
are formed and protrude on one face. These make a reliable connection 
when pressed into the timber on each side of a joint. Most are made to 
be installed with specialist presses but some can be hammered in.

Nail-on plates and brackets 
Nail-on plates are generally propriety sheet metal connector plates with 
pre-punched holes ready to receive fasteners such as nails. They can 
also be custom made. Plates can be flat, include a 900 twist, be simply 
folded or welded to a steel section to form a connecting surface to 
other materials.

Brackets  
Brackets are folded or fabricated sheet metal or steel plate items used 
to connect the end of one element with the side or end of another. 
Numerous proprietary brackets such as truss boots and joist hangers 
are available to connect timber elements to the ground or other 
timber elements. Fabricated brackets can range from a simple boot to 
complex steel nodes assembled for attaching radial members.

Straps and ties 
Strap is generally a proprietary sheet metal product used to resist 
tension in many connection types. Available in various gauges and 
widths, it is also used in bracing panels. Ties are generally steel rod 
or similar sections used to resist tension in connections or elements 
subject to wind and similar loads. They are also used in bracing panels.

Timber blocks 
Timber blocks can act like a gusset or bracket to join timber elements. 
They can be shaped to support elements and provide additional area 
for fasteners.

Other types of connectors exist. These may be specialist items or obsolete historical connectors, such as split ring and 
shear connectors.

Page 60Guide 46 • Wood Construction Systems  

3.3  Connectors

Connectors are metal or wooden devices used in association with fasteners to join timber elements together or connect 
them to other materials. There are hundreds of different connector options available as proprietary products or custom made 
items. This guide lists seven major connector types in Table 26. Each has numerous variants.

Table 26: Connector types

Illustration Description

Wood gussets 
Wood gussets are usually sections of plywood or occasionally LVL used 
with fasteners to join timber elements. Gussets can be applied parallel 
to the grain or on the end grain of one element and the face of another. 

Metal gusset plates  
Metal gusset plates are generally custom-made steel connectors used 
with fasteners to join timber elements. Plates can be applied to the 
face of an element, set into a groove in it, or be sandwiched between 
elements. Plates can be flat, simply folded, or welded to a steel section 
to form a connecting surface to other materials.

Nailplates 
Nailplates are propriety sheet metal connectors stamped so that nails 
are formed and protrude on one face. These make a reliable connection 
when pressed into the timber on each side of a joint. Most are made to 
be installed with specialist presses but some can be hammered in.

Nail-on plates and brackets 
Nail-on plates are generally propriety sheet metal connector plates with 
pre-punched holes ready to receive fasteners such as nails. They can 
also be custom made. Plates can be flat, include a 900 twist, be simply 
folded or welded to a steel section to form a connecting surface to 
other materials.

Brackets  
Brackets are folded or fabricated sheet metal or steel plate items used 
to connect the end of one element with the side or end of another. 
Numerous proprietary brackets such as truss boots and joist hangers 
are available to connect timber elements to the ground or other 
timber elements. Fabricated brackets can range from a simple boot to 
complex steel nodes assembled for attaching radial members.

Straps and ties 
Strap is generally a proprietary sheet metal product used to resist 
tension in many connection types. Available in various gauges and 
widths, it is also used in bracing panels. Ties are generally steel rod 
or similar sections used to resist tension in connections or elements 
subject to wind and similar loads. They are also used in bracing panels.

Timber blocks 
Timber blocks can act like a gusset or bracket to join timber elements. 
They can be shaped to support elements and provide additional area 
for fasteners.
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Regular connector types
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Table 26: Connector types

Illustration Description

Wood gussets 
Wood gussets are usually sections of plywood or occasionally LVL used 
with fasteners to join timber elements. Gussets can be applied parallel 
to the grain or on the end grain of one element and the face of another. 

Metal gusset plates  
Metal gusset plates are generally custom-made steel connectors used 
with fasteners to join timber elements. Plates can be applied to the 
face of an element, set into a groove in it, or be sandwiched between 
elements. Plates can be flat, simply folded, or welded to a steel section 
to form a connecting surface to other materials.

Nailplates 
Nailplates are propriety sheet metal connectors stamped so that nails 
are formed and protrude on one face. These make a reliable connection 
when pressed into the timber on each side of a joint. Most are made to 
be installed with specialist presses but some can be hammered in.

Nail-on plates and brackets 
Nail-on plates are generally propriety sheet metal connector plates with 
pre-punched holes ready to receive fasteners such as nails. They can 
also be custom made. Plates can be flat, include a 900 twist, be simply 
folded or welded to a steel section to form a connecting surface to 
other materials.

Brackets  
Brackets are folded or fabricated sheet metal or steel plate items used 
to connect the end of one element with the side or end of another. 
Numerous proprietary brackets such as truss boots and joist hangers 
are available to connect timber elements to the ground or other 
timber elements. Fabricated brackets can range from a simple boot to 
complex steel nodes assembled for attaching radial members.

Straps and ties 
Strap is generally a proprietary sheet metal product used to resist 
tension in many connection types. Available in various gauges and 
widths, it is also used in bracing panels. Ties are generally steel rod 
or similar sections used to resist tension in connections or elements 
subject to wind and similar loads. They are also used in bracing panels.

Timber blocks 
Timber blocks can act like a gusset or bracket to join timber elements. 
They can be shaped to support elements and provide additional area 
for fasteners.

Other types of connectors exist. These may be specialist items or obsolete historical connectors, such as split ring and 
shear connectors.

Wood gussets 

Metal gusset plates 

Nailplates

Nail-on plates and brackets 

Brackets 

Straps and ties 

Timber blocks 
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Connection type: Timber-fastener
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3.4.2  Timber-fastener connections

In-line join Truss node Rafter to a column

Beam to post Beam to post Truss node

Frame apex Post to the ground

Description

Timber-fastener connections transfer loads from one timber element to the other through shear loads (Type 1) or axial loads 
(Type 2) in the fasteners. Joint capacity is determined by the size and number of fasteners, their capacity and the timber’s 
joint group. Most fastener connections work with the fastener installed perpendicular to the grain and acting in shear. 
However, nails and screws can be effective installed into the end grain or sloped across the grain of the piece. 

Timber and fastener connections are very common and highly versatile. They can form simple tension and compression 
connections or multiple fasteners can be installed to form moment-resistant joints. The timber to be joined in a timber-
fastener connection must overlap, so pieces must be either offset from the plane of the primary element or housed into 
each other. As housing is labour intensive and reduces the available timber section significantly, it should only be used with 
caution.

The economy of timber and fastener connections varies with fastener cost and the required labour time. Nails and screws 
can generally be installed on site reliably, quickly and economically. Steel dowels require holes that are accurately drilled to 
the dowel’s exact size, and workshop preparation is usually necessary. The accuracy required for bolt connections will vary 
with the application’s quality. However, if tight, low slip connections are required, workshop preparation is required.

Fire resistance can be provided if the fastener head is covered with ply or other sheet material or the timber sections are 
wide enough to recess the fastener head and cap it with a timber plug.
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Connection type: Fin plates and fasteners
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3.4.5  Fin plates with fasteners

Rafter to beam In-line join Truss node

Beam to post Column to the ground Truss node

Beam to post Column to the ground

Description

Fin plates are specialist metal gusset plates set into shaped recesses in a timber section or sandwiched between two timber 
elements to make a timber-connector-fastener connection. Fin plates are usually fixed with steel dowels, screws, nails or 
occasionally bolts. Fin plate connections can form tension, compression, shear and moment-resisting joints and allow timber 
elements to be arranged and joined in the same plane. The loads to be resisted, the fastener capacity and required spacing, 
and the timber’s joint group dictate the fastener pattern and the fin plate’s minimum size.

Fin plates are discrete and provide architecturally attractive connections. However, they can be expensive. As dowel or bolt 
holes must be accurately drilled to exact dowel sizes, workshop preparation is usually necessary. To ensure the correct 
alignment of steel and timber, holes are often drilled when the components are assembled, or the predrilled steel plates are 
used as templates to drill the timber. If final assembly takes place on site, the plates and timber must be matched to ensure 
the joints fit exactly. Metal cutting screws reduce the cost of dowel connections as they can be drilled directly through the 
timber and metal plate. They also produce a very rigid joint as there is very little play between the timber, connector and 
fastener. A fin plate connected to a fixing plate at right angles can join timber to other materials

Materials available to make the components
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Material supply options
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General element supply varies with the types of element. Three general supply options are common: 

Supply options Description

Generic elements are produced to standard sizes and grades and available 
from multiple suppliers for general use in building.

Fabricated elements are usually made for the project by general or specialist 
fabricators from combinations of generic elements.

Site assembled elements are usually constructed on site from combinations of 
generic and fabricated timber elements and other materials.

Generic 

Fabricated 

Site assembled 

4.1  Timber rounds

Icon Diagram

Description Softwood (SW) and hardwood (HW) timber rounds are the simplest form of wood product. They 
include logs shaved into cylinders or in their natural form, usually with the bark removed. The sapwood 
of all species has low durability but will accept preservative treatment. Low durability rounds and 
poles should be treated when they are to be exposed outside, placed in ground contact, or when the 
sapwood is lyctid susceptible.

Applications Timber rounds are used in and around buildings and in civil construction. This includes: columns, 
beams and corbels in buildings and bridges; utility poles and piles; and elements for landscaping, 
agricultural and similar applications.

Sizes The size of natural rounds is limited by the tree’s size at harvest. The size of generic treated timber 
rounds varies with species, from 75 to 300 mm diameter in softwoods to larger sizes in hardwoods. 
Shaved softwood logs are usually cylinders made to standard diameters. Natural logs taper and are 
specified by the minimum small end diameter (SED).

Standards AS 3818.10 Timber – Heavy structural products – Visually graded – Building poles; AS 3818.11 
Timber – Heavy structural products – Visually graded – Utility poles; and AS 1604.1 Specification for 
preservative treatment – Sawn and round timber.

Supply
Generic Fabricated 

Material options
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Material options

Sawn structural timber
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Table 30: Standard softwood sections – Nominal sawn, unseasoned or treated

Width Depth

mm 75 100 125 150 175 200 225 250
38 � � � � � �

50 � � � � � � � �

75 � � � � � � � �

100 � � � � � � � �

125 � � �

150 �

200 �

Legend: Commonly available �; Available on order �; In limited supply �

Table 31: Standard softwood sections – Machined, seasoned

Width Depth

mm 42 70 90 120 140 190 240 290
35 � � � � � � � �

45 � � � � � � �

90 �

Legend: Commonly available �; Available on order �; In limited supply �

Table 32: Standard hardwood sections – Nominal sawn, unseasoned

Width Depth

mm 50 75 100 125 150 175 200 225 250 300
25 � � � � � �

38 � � � � � � � � � �

50 � � � � � � � � � �

75 � � � � � � � � �

Legend: Commonly available �; Available on order �; In limited supply �

Table 33: Standard hardwood sections – Machined, seasoned

Width Depth

mm 50 75 100 125 150 175 200 225 300
35 � � � � � � � � �

45 � � � � � � � � �

Legend: Commonly available �; Available on order �; In limited supply �

• Description is provide for the material, its 
applications, grades, sizes, standards, and supply 
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Options for assembling the components into a 
building

Construction process options

Prefabrication intensive building

Site-based component assembly

GCON

General construction

PIB

SBCA
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Prefabrication approaches

Volumetric modules

Panels

Sticks

VOLUMETRIC

PANEL

STICK

Approaches to satisfying the buildings’ and the 
components’ performance requirements.
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Design approaches for performance

The designer has to ensure that the alternative 
structural solutions developed during conceptual 
design stage satisfy its performance requirements:
• Structural performance
• Moisture content control
• Fire resistance
• System durability
• Acoustic separation
• Thermal performance
• Environmental performance
• Procurement

Fire resistance

This section regularly references other specialist 
WoodSolutions design guides.
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Conceptual design considerations are covered.

• The type of building.
• Options for the structural systems’ components.
• Options for connecting the components.
• The materials available to make the components.
• Options for assembling the components into a 

building.
• Approaches to satisfying the buildings’ and the 

components’ performance requirements.

Worked Example 1: Seven Storey Mixed-Use Building
Worked Example 2: Ten Storey Mixed-Use Building 

Worked Examples 
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Worked example 1: Seven Storey Mixed-Use Building 
• Dimension limitations:

Height: 25m, Width: 18m Depth: 40m
• Design the floors with as much open space as 

practical
• Top floor – 18m dome and 18m square clear span 

spaces with roof deck between
• Remaining floors supported on posts placed on a 

4.5m x 4.5m typical grid, with variations in office 
and retail spaces

• Floor height requirements are:
– Ground floor: 4.5m floor to ceiling
– Level one – five: 2.5m floor to ceiling with 500mm floor 

thickness
– Level six: Dome roof with Diameter (d) = 18m and rise (r) 

= d/5 = 3.6m
– Level six: Tudor Arch with a horizontal span of 18m and 

rise (r) = 5m

Worked Example 2: Ten Storey Mixed-Use Building
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Worked Example 2: Ten Storey Mixed-Use Building
• Dimension limitations: Height: 37m, Width 24m, Depth: 

47.4m
• Structural Importance Level: 3
• Open concept design where possible
• Level ten contains an inset pool
• Floors are supported with columns on a 5.85m x 5.85m 

grid
• Floor height requirements are:

– Ground Floor: 4m floor to top of level one
– Level one - ten: 3.3m floor to floor with 105mm floor 

thickness between the beams.
• Building materials consist of:

– Ground floor and level one: design material is concrete. This 
design is outside the scope of this sample.

– Levels two - ten & Roof: design material is Cross Laminated 
Timber (CLT)

– Horizontal beams throughout: design material is glue 
laminate beams (glulam)

– Columns & Braces throughout: design material is glue 
laminate members (glulam)

Worked Example 2: Ten Storey Mixed-Use Building
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Summary
This guide: 
• Aims to assist practicing structural engineers and 

other building design professionals confidently 
develop conceptual structural designs for timber-
rich buildings and structures. 

• Takes a whole-of-process approach to the 
selection of timber-rich structural systems. It 
explores: available structural systems, connections 
and material options and design approaches.
– It includes regular options for systems and materials, 

and two worked examples.

Questions


