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PREFACE

This publication is intended to complement a range of other literature published by the Forest
and Wood Products Research and Development Corporation (FWPRDC) and Standards
Australia and should be read in conjunction with these publications.

The aim of this publication is to provide notes and criteria applicable to the structural design of
Class 2 and 3 Buildings up to 3 Storeys in height (for Class 2 Buildings, up to 4 Storeys where
the ground floor is for car parking and is constructed in masonry or concrete).

This publication which is written in limit state format is primarily intended for use by structural
engineers.

Other publications complementary to the use of this publication include the following:-

AS 1170 Loading Code – Standards Australia
AS 1684.1 Residential timber-framed construction. Part 1: Design Criteria – Standards

Australia
AS 1720.2 Timber Structures. Part 1 – Design methods
AS 1720.4 Timber Structures. Part 4 – Fire-resistance of structural timber members
MRTFC - Design and construction manual for Class 1 Buildings – National Timber

Development Council FWPRDC
MRTFC - Design and construction manual for Class 2 and 3 Buildings - National

Timber Development Council FWPRDC
MRTFC – Information Bulletin No. 5 – Fire and Sound Rated Wall and Floor/Ceiling

Summary - National Timber Development Council FWPRDC

© NTDC/FWPRDC

The information, opinions, advice and recommendations contained in this publication
have been prepared with due care. They are offered only for the purpose of providing
useful information to assist those interested in technical matters associated with the
specification and use of timber and timber products.

Whilst every effort has been made to ensure that this publication is in accordance with
current technology, it is not intended as an exhaustive statement of all relevant data, and
as successful design and construction depends upon numerous factors outside the scope
of this publication, the National Timber Development Council or the Forest and Wood
Products Research and Development Corporation accepts no responsibility for errors in,
or omissions from, this publication, nor for specifications or work done or omitted to be
done in reliance on this publication.
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Introduction

Since MRTFC was introduced in Australia in 1996 its acceptance and use is now widely
acknowledged as a very economical and efficient form of construction for Class 1, 2 and 3
buildings. More economical fire and sound rated timber wall and floor/ceiling systems are being
tested and certified to facilitate this form of construction and to improve efficiencies. Construction
details also continue to be refined and improved to support the value of MRTFC.

Class 2 and 3 timber framed buildings differ in their design considerations from normal domestic
Class 1 buildings in a number of aspects including dead and live loads, structure stability
(increased height), fire and sound ratings, and the general philosophy and reliability associated
with design. These guideline notes and criteria have therefore been prepared to assist
engineers in the structural design of these buildings.

Scope

This publication provides guidelines and notes to assist engineers performing structural
calculations and checks on timber framed Class 2 and 3 buildings up to 3 storeys in height (four
storeys where the ground storey is of concrete/masonry construction).

It is not intended that they replace or negate the engineers need or responsibility to make
reference to the appropriate loading and material standards or building regulations.

The guidelines given are intended to highlight some of the structural design considerations that
may be new or not familiar to engineers who regularly work with timber in domestic construction
only (Class 1 buildings) or for those who usually design in other construction materials.

Structural Considerations

Although many aspects of the design of single detached timber framed dwellings may be applied
to Class 2 and 3 buildings, it is necessary, particularly for 3 and 4 storey timber framed buildings,
to consider the implications of design criteria and loads that are specific to this form of
construction.

Generally these buildings in timber are:

! of lighter mass than full masonry construction
! relatively tall and slender
! required to carry greater dead loads (fire and sound rated walls and floors) and live loads

than Class 1 buildings
! required to accommodate larger numbers of people
! constructed using specific methods for attachment of linings to achieve fire and sound

ratings.

These differences give rise to a number of structural considerations above those applicable to
normal domestic construction or alternatively that may vary from multi-storey masonry
construction. The following provides some guidance on these aspects.
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Designing for Shrinkage
(Where unseasoned timber is used)

Note: In general, the use of unseasoned timbers in 2 or 3 storey construction should be limited
to minimise shrinkage problems.

Shrinkage considerations for multi-residential construction are similar to normal domestic
construction except, for 2 and 3 storey buildings the potential for greater total shrinkage must be
considered where unseasoned timber is used together with the effect shrinkage may have on the
integrity of fire and sound rated walls and floors.

When designing for shrinkage the following should be considered:-

! reduce overall shrinkage
! avoid differential shrinkage
! provide clearances to brickwork and masonry and allow for shrinkage with respect to

plumbing.

Total shrinkage will vary markedly depending upon the combinations of wall and floor frame
selected and the building practice adopted.

Potential problems that can be associated with shrinkage can be minimised or eliminated
through:-

! limiting the use of unseasoned hardwood for wall framing only, in buildings of one or two
storeys

! use of seasoned or engineered products for joists in lieu of unseasoned timber.
! reduce one level of shrinkage by using joists and bearers in line (joists supported off bearers

using framing brackets)
! use of seasoned wall and floor framing throughout
! eliminating differential shrinkage
! making allowance for "calculated" shrinkage relative to clearances to masonry or other

freestanding elements

Building Mass

Full timber framed construction (including masonry veneer) using timber framed floors, walls and
roofs has a mass of less than one-half of that of full masonry construction (with timber roof
frame).

Whilst this affords considerable savings in minimising the depth, breadth and reinforcing
required in footings, the effect of a lower building mass also impacts upon the structures
overturning stability. This design consideration is discussed later.

Foundations and Footings

AS 2870 Residential Slabs and Footings, provides general guidance for detached residential
construction of up to two storeys. Some additional limitations apply where first floors are of
suspended slab construction. These standards are therefore generally applicable to Class 1
buildings of up to two storeys, however for timber framed Class 2 and 3 buildings they would
also be applicable for up to two storeys. For 3 and 4 storey timber framed construction, footings
should be designed in accordance with AS 3600 Concrete Structures or if required AS 2159
Piling – Design and installation.
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! many fire and sound rated wall and floor/ceiling systems rely upon resiliently mounted
sheeting (usually plasterboard) for noise control purposes. Unless these systems have been
specially rated, the bracing or diaphragm capacity of the system should be ignored as there
is no direct rigid connection to the framing.

! normal sheet flooring directly fixed to joists will provide sufficient diaphragm action to transfer
lateral loads between shearwalls walls spaced up to 14 m provided:-
i) the floor diaphragm span to depth ratio does not exceed about 2:1.
ii) the ultimate limit state design wind speed does not exceed 50 m/s.

! during construction, sufficient permanent bracing must be installed in the lower levels of the
building (a minimum of 60% of the total permanent bracing is suggested) prior to the upper
levels being framed up or the roofing installed. This requirement caters for the fact that wind
and gravity forces are usually as high during construction as at completion, as well as the
fact that construction loads are often eccentric (stacked flooring, lining and roofing materials).

! check resistance of tie-down fixings for shear loads, particularly in the lower levels as lateral
loads may be quite significant.

Member Design

For Class 2 and 3 Buildings, specific engineering design of the structural framework should be
carried out using the relevant loading codes and AS 1720.1 "Timber Structures – Part 1:Design
methods", as the basis of design.

AS 1684.1 “Residential timber-framed construction, Part 1:Design criteria”, whilst specifically
written to for Class 1 Buildings, can also be used as a general guide for the design of members
in Class 2 and 3 Buildings provided the appropriate adjustments are made to the relevant
criteria, including:-

! Dead Loads - Due to fire and sound rating requirements these are usually much greater than
traditional domestic construction due to the extra sheeting and insulation required.

! Live Loads - AS 1170.1 specifies higher levels of live load (floors in particular) for Class 2
and 3 Buildings.

! Wind Loads - Care needs to be taken to ensure that the correct design wind speed is
determined due to the increased height of 3/4 storey buildings (the terrain category/height
multiplier will be greater than normally determined for two storey Class 1 Buildings resulting
in higher pressures on members).

! Load Combinations – AS 1170.1 details the relevant load combinations that are required to
be considered in design. The general load combinations given for the framing members in
AS 1684.1 for Class 1 Buildings are also applicable to members in Class 2 and 3 Buildings
however the additional load combinations given in AS 1170.1 for earthquake and fire may
also be relevant to the design of some members and may need to be considered.

Because of the higher load levels expected with Class 2 and 3 Buildings, and the use of
conventional member sizes, specific checks should also be carried out on stresses
perpendicular to grain e.g. studs bearing on plates and in some instances tension perpendicular
to grain etc. Refer to AS 1720.1.
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Some specific loading considerations for various members are as follows:-

! Roof and Ceiling Framing

i) Dead Loads are increased due to the normal requirement of providing a ceiling with 1
hour resistance to incipient spread of fire i.e. 2 layers of 16 mm fire resistant plasterboard
equals 0.25 kN/m² (approx.) vs 0.1 from normal domestic design. Refer to Table 3.

ii) For suspended or resiliently mounted ceilings, the loadsharing capacity of the system (k9,
AS 1720) may not be as great as for direct fixed ceilings. This may also effect lateral
restraint assumptions (k12).

iii) Wind loads may be greater than normal due to increased height of building.

! Wall Framing

i) For walls required to be fire rated, increased dead loads due to the additional weight of
either one or two layers of fire rated board need to be considered in addition to the
heavier mass of any fire rated overlying ceilings, walls and floors. Except in external
brick veneer walls, these layers will usually be required both sides of the wall increasing
the wall DL's up to about 0.7 kPa. Refer to Table 2.

ii) For lower storey loadbearing walls, higher uniformly distributed floor Live Loads of 2.0 or
4.0 kPa may need to be considered alone or in combination with other live and wind
loads and also higher floor dead loads (to cater for fire rated ceilings to the underside of
the floors).
Note:
AS 1170.1 permits live load reduction factors to be applied to members supporting areas
in excess of 23.0 m². For some lower storey loadbearing wall members this reduction
may be applicable.

iii) Wind loads on walls may also be greater due to increased height of the building.

! Floor Framing

i) Floor dead loads will be increased due to the need to provide additional sheeting and
insulation to the floor/ceiling system to cater for sound and fire rating requirements.

Typical DL's of around 0.7 kPa to 0.9 kPa are suggested to cater for flooring, insulation,
joists and ceiling lining, refer to Table 3. In addition, a percentage of the floor live load
should be added to the DL to account for that portion of floor live load that is permanent.
In AS 1684.1, the dead load of the floor has been increased by 0.5 kPa to account for
this and this is also considered appropriate for the general floor areas of Class 2 and 3
Buildings.

ii) AS 1170.1 specifies floor live loads for Class 2 and 3 Buildings of 2.0 and 4.0 kPa for
general areas and hallways etc. respectively compared to Class 1 Buildings of 1.5 kPa.
These UDL's for Class 2 and 3 Buildings have corresponding point live loads of 1.8 kN
and 4.5 kN that also have to be considered independently. Live loads on balconies are
specified as 4.0 kPa or 1.5 kN/m along the edge of the balcony.

iii) Floor vibrations have been demonstrated to be of concern for typical lightly loaded
domestic Class 1 Building floor framing systems and a design check has been included
in AS 1684.1 to cater for this. For Class 2 and 3 buildings with higher floor dead and live
load requirements, dynamic effects may not be as critical as member sizes may be
controlled by these other load considerations. Irrespective, it is still recommended that
the serviceability check for vibration given in AS 1684.1 be carried out.
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Load Combinations and Deflection Limits

A summary of some typical load combinations and deflection limits that may be considered in the
design of some members for Class 2 and 3 buildings is given in Table 5. It should be noted that
these load combinations are applicable to limit state design.

TABLE 5 TYPICAL LOAD COMBINATIONS AND DEFLECTION LIMITS (Limit State Design)

Strength Deflection LimitsMember

Load Combinations Load Type Ratio Max (mm)

Rafters, Roof Beams
etc.

1.25G1

1.25G1 + 1.5Q1

1.25G1 + 1.5Q2

0.8 G1 + W↑
1.25G1 + W↓

G1

Q2

Ws

∆1 ≤ L/300

∆2 ≤ L/250
∆3 ≤ L/150

Ceiling Joists,
Hanging Beams

1.25G1

1.25G1 + 1.5Q2

0.8 G1 + W↑
1.25G1 + W↓

G1

Q2

∆1 ≤ L/400
∆2 ≤ L/270

12

Wall Studs
- Top Storey

Loadbearing

1.25G1

1.25G1 + 1.5Q1

1.25G1 + 1.5Q2

1.25G1 + kc (W↓ + W→)
0.8 G1 + kc (W↑ + W→)
W→

Ws ∆3 ≤ L/150 20

- Lower Storey
Loadbearing

1.25G2

1.25G1 + 1.5Q3

1.25G1 + 1.5Q4 or 1.25G1 + 1.5Q5

0.8 G2 + kc (W↑ + W→)
1.25G2 + kc (W↓ + W→)
W→

Ws ∆3 ≤ L/150 20

Non-Loadbearing 1.25G1 + W→ (where W→ = 0.5 kPa as a
"serviceability" component)

Ws = 0.5
kPa

∆3 ≤ L/360
(for brittle

surface finishes
e.g tile)

8

(for brittle surface
finishes e.g tile)

Wall Plates
- Top Storey

Loadbearing

1.25G1

1.25G1 + 1.5Q1

1.25G1 + 1.5Q2

1.25G1 + W↓
0.8 G1 + W↑

G1

Q2

∆1 ≤ L/200
∆2 ≤ L/200

3
3

- Lower Storey
Loadbearing

1.25G2

1.25G1 + 1.5Q3

1.25G1 + 1.5Q4 or 1.25G1 + 1.5Q5

1.25G2 + W↓
0.8 G2 + W↑

G2

Ψs Q3,4,5

∆1 ≤ L/200
∆2 ≤ L/200

3
3

Lintels
- Top Storey

1.25G1

1.25G1 + 1.5Q1

1.25G1 + 1.5Q2

1.25G1 + W↓
0.8 G1 + W↑

G1

Q2

Ws

∆1 ≤ L/300
∆2 ≤ L/250
∆3 ≤ L/200

10
15

- Lower Storeys 1.25G2

1.25G1 + 1.5Q3

1.25G1 + 1.5Q4 or 1.25G1 + 1.5Q5

1.25G2 + W↓
0.8 G2 + W↑

G2

Ψs Q4

∆1 ≤ L/300
∆2 ≤ L/250

10
15

Floor Joist -
Floor Loads Only

1.25G2

1.25G1 + 1.5Q3

1.25G1 + 1.5Q4 or 1.25G1 + 1.5Q5

1.25G1 + 1.5Q6

G2

Q4

Ψs Q6

∆1 ≤ L/300 
∆2 ≤ L/360 
∆3 ≤ L/180*

*L = overhang

15
9

4.5

(2mm max under 1
kn point load refer

AS 1684.1)
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Notes to Table 5:

G1 = Sum of all relevant dead loads as appropriate to member under consideration.
G2 = G1 + 0.5 kPa (where 0.5 kPa is an allowance for the permanent proportion of floor live load)

Q1 =






 + 25.0

8.1

A
kPa roof live load where A = contributing area m²

Q2 = 1.4 kN or 4.5 kN concentrated live load as appropriate
Q3 = 1.8 kN or 4.5 kN concentrated floor live load as appropriate
Q4 = 2.0 kPa or 4.0 kPa uniformly distributed floor live load as appropriate
Q5 = 4.0 kPa partial area floor live load on balconies A ≤ 10 m²

= 3.0 kPa partial area floor live load on balconies 10 < A ≤ 40 m²
Q6 = 1.8 kN/m along edge of balcony

Ψs = load factor for short term serviceability live loads
= 0.7 except that resultant for floor live loads should not be less than 1.8 kN concentrated load

or 1.5 kPa uniformly distributed load.

W↑ = Nett upward wind load
W↓ = Nett downward wind load
W→ = Nett horizontal wind load
Ws = Serviceability Wind Load

∆1, ∆2, ∆3 = Deflection Limits

Load Capacity of Fire Rated Wall and Floor/Ceiling Systems

Generally tested or certified fire rated loadbearing wall and floor/ceiling systems are required to
sustain the normal structural loads and fire load conditions.

Wall and floor/ceiling systems detailed in Information Bulletin No 5 Wall and Floor/Ceiling
Summary have been designed, unless otherwise indicated, that the structural load condition
governs. For these wall or floor/ceiling system, there is no need to undertake a fire load condition
check.

Additionally, for floor/ceiling systems there are no limit in the joist system that can be used. Nail
plated timber, I beams, floor trusses can substitute solid timber.

Effective Height of Fire Rated Walls

The effective height used to calculate the load capacity of a fire-rated wall is the distance
between points of effective lateral restraint (usually provided by floors and ceilings).

Effective lateral restraint can be provided by:-
1. a floor or ceiling system in an adjoining unit or dwelling (can be lower or non fire-rated)
2. a fire-rated floor/ceiling system within the unit or dwelling under consideration
3. a purpose designed and fire-rated lateral restraint system

NOTE:-
The leaves of double stud wall systems can be effectively tied together at their top and bottom
using galvanised iron straps nailed to plates at 1.2 m centres.
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Fire Ratings for Solid Timber

There will be some applications of exposed timber members (beams, columns etc) occurring in
multiple dwelling construction which require a Fire Resistance Level to be determined for solid
timber. In these instances the only FRL relevant relates to structural adequacy.

AS 1720 "Timber Structures Code Part 4: Fire Resistance of Structural Timber Members" is
referenced in BCA as an acceptable procedure for calculating FRL's for solid or glued-laminated
timber.

The following worked example provides guidance on the application of these procedures.

EXAMPLE: A loadbearing internal column in Class 2 or 3
Type "B" Construction

REFERENCE

Requirement: FRL 60/60/60 Note: For a column not
incorporated in a wall this becomes FRL 60/-/-

Assume: The column supports a floor above of 10 m² and
the column is 2.4 m high

Loads: Live load, Q = 2.0 kPa : Dead load, G = 1.0 kPa

Note DL = Flooring + Joists + Ceiling + Insulation
etc.

AS 1170.1 - 1989

Limit State Design Load for Fire; WLSD = 1.1G + ΨQ
W = WLSD

For G = 1.0, Ψ = 0.4, Q = 2. 0

WLSD = 1.1G + ΨQ = 1.9 kPa

W* = 1.9 x10 = 19 kN

Cl 2.5 AS 1170.1 – 1989

Cl 2.8 AS 1720.4 –1990

CALCULATIONS REFERENCE
1st Approximation:
Assume F17 glued-laminated seasoned hardwood

( )cAfkkkkkkN '
c12119641c =φ

where:-
85.0=φ

k1=0.94
f’c=40 MPa
k4=k6=k11=1.0, k12=0.3 assumed

Equate W* = Nc = 0.85x0.94x0.3x40xAc = 9.59 Ac

Therefore:- 19kN = 9.59Ac

Hence, Ac= 1982
59.9

1019 3

=x
mm2 equals approximately 45x45mm

Assume a 70x70mm cross section of solid timber remains after the fire event.
Ac = 4900 mm2

Cl 3.3.1.1 AS 1720.1

Table 2.5 AS 1720.1
Table G1 AS 1720.1
Table 2.4 AS 1720.1
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Check cross section for fire limit state load of 19 kN
φ Nc = φ k1k4k6k11k12(f’cAc)

Where:-
85.0=φ

k1=0.94
f’c=40 MPa
k4=k6=k11=1.0

For k12,

S3=
d

Lg13

Where g13 = 0.75, L = 2400 and d = 70mm

S3=
70

240075.0 x
= 25.7

ρ = 1.13 for seasoned F17

ρ S3 = 25.7x1.13 = 29

Therefore

K12 =
22 )29(

200

)(

200 =
Sρ

= 0.24

And φ Nc = 0.85x0.94x 0.24x40x4900 = 37.6 kN > 19 kN ∴ OK

Determine effective depth of charring

Effective depth of charring dc = ct + 7.5

Where t = time = 60 mins for FRL 60/-/- and c = 0.4 +
2

280






ρ

Where ρ = timber density @ 12% moisture content

For Jarrah = 800 kg/m3 and Blackbutt = 900 kg/m3

Use ρ = 800 kg/m3

Table 3.3 AS 1720.1

Cl 2.5 AS 1720.4

Other Considerations

- For glued laminated timber, the glue used for lamination must be of the resorcinol or phenolic types
in accordance with AS 1328

- Post connections must also be detailed to achieve the FRL required. This can be achieved by:-

i) Using a standard timber bearing joint with nominal connection for lateral displacement - this is quite
suitable for compressive loads.

ii) Protection of the joint using fire resistant materials.
(Refer AS 1720.4, Cl 3.2)
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