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PLYWOOD IN CONCRETE FORMWORK

PREFACE

The plywood industry first recognised the need to provide
design and insiallation data for the use of plywood in
concrete formwork as long ago as 1958 when the first
manual “Plywood in Concrete Formwork' was published by
the Australian Plywood Board Ltd (forerunner of the Plywood
Assoclation of Australla) in cooperation with the CSIRO's
Division of Forest Products Melbourne. This manual was
revised and republished in 1964.

With the development of more reliable standardised design
values for plywood and improved design methods based on
AS1720-1975 Timber Engineering Code and AS2269-1979
Structural Plywood, and more stringent requirements for
formwork design and construction specified in AS1509-1974
SAA Cancrete Formwork Code and AS1510-1974 Control of
Concrete Surfaces Part 1 Formwork, the Plywood Association

of Australia produced a new manual 'Plywood in Concrete
Formwork' in 1982 to safisfy the changed requirements.

This manual on the use of plywood as concrete formwork
reflects the latest requirements, significantly in surface finish
and development of concrete pressure specified in the
revised formwork code AS3610-1990 Formwork for Concrele,
Additionally, design methods for the plywood formwork have
been modified in accordance with the latest version of the
timber engineering code AS1720,1-1989 Timber Structures
Code. This manual is not a stand alone document. It is meant
fo be read in conjunction with the standard AS3610-1990
Formwork for Concrete.

It Is expected that this manual will serve as an aid to
plywood formwork design and installation to the turn of the
century.

K.J. Lyngcoln
Executive Engineer.
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PLYWOOD IN CONCRETE FORMWORK

INTRODUCTION

The last thirty years has seen plywood prove its worth in
formwork construction against increasingly stringent require-
ments for load carrying capacity and surface quality. Faster
consiruction methods and more vigorous concrete placing
technigues have more than doubled the pressures it must
resist. The demands for the concrete surface to have visual
qualities in addition to the structural function of the concrete
member have been answered with plywoods with improved
surface characteristics and reliable standardised design
properties,

Plywood formwork has been used for projects as diverse
as silos, high-rizse buildings, the Sydney opera house,
freeways and power stations.

One of its principal attractions is its workability. It can be
sawn, drilled, routed and bent to tight curves and fixed in
place with a variely of standard fastenings. This workability
together with the range of shapes that large plywood shee.s
can economically achieve, can be said to have extended the
frontiers of concrete design.

Ever improving manufacturing techniques together with the
PAA's Total Quality Control (TQC) program give the user con-
fidence that PAA branded plywood is a product of consistent
reliable strength, stiffness and dimensional stability.

Plywood's cross laminated structure gives great resistance
to impact loads. For those thankfully rare cases where over-
loads occur, the material characteristic of structural plywood
to safely withstand short-term overloads due to the micro-
structure of the wood is a reassuring safety feature,

These matters are largely constructional and structural. In
addition plywood's large sheet sizes and thelr surface quality
are also significant factors in the achievement of consistent
off-form concrete quality.

Many factors control the quality of the surface of off-form
concrete. Amongst these are the features of the concrete
shape, the quality and disposition of the reinforcement, the
quality of the formwork, the quality of the concrete used, the
placing techniques and the final acts of stripping, curing and
protection. One important aspect of formwork construction is
the quality of the plywood panels in the formface and the
techniques adopted in their use.

This manual seeks to explain and amplify the essentials for
correct plywood selection and use so that the formwork con-
struction can play its part in the group of construction pro-
cedures that must all be optimised if success is to result.

This manual has a wider application than just the
specialised area of architectural concrete. It is also intended
as a guide to the selection and use of suitable plywoods for
general formwork construction.

Requirements of the Australian
Standard AS3610

The Australian Standard, AS3610 — FORMWORK FOR
CONCRETE, is a “performance” document. It gives require-
ments for the end product, the concrete, and thus formwork is
merely part of the means to that end which must be so
arranged that the end performance requirements can be
achieved. The Standard's performance requirements include
the loads from the concrete and the construction activity, the
safety of the workers, the accuracy of the concrete alignment
and the potential to achieve quality of the concrete surface.

This manual is intended to be compatible with the Standard
and the achievement of these performance goals.

This is not to imply that the failure of the concrete to meet
its speclfied requirements is automatically the responsibility
of those associated with the formwaork. Other parties to the

completion of the concrete work may be at fault, For example,
steel fixers or concretors may have damaged the formface, or
the forms may have been overloaded by impact or
excessively fast concrete placing.

e cl. 2.3 Project Documentation.
This clause lists the aspects that the project documents
must cover so that the formwaork designer and the form-
work constructor are aware of all restrictions on their
activities and the quality to be achieved. These include
concrete surface requirements given within the guide-
lines of Section 3.

& Section 4 Formwork Design.
This Section covers the loading, design methods, con-
struction consideralions and documentation aspects of
the design of the formwaork. The subclause significant
to this manual is cl. 4.5.54 which refers to lhe
permitted tolerances for concrete features affected by
the plywood formwork such as deflection and surface
undulations which are given in Table 3.4.2.

# Seclion 5 Formwork Construction.
This Section covers the form structure, stripping and
the evaluation of the completed concrete work. A signi-
ficant subclause is cl. 5.4.1.6 which requires the form-
work to be surfaced with a material compatible with the
achievement of the specified concrete surface class.

This manual is compatible with this approach and aims to
give guidance on the achievement of performance goals
specified in AS3610.
Before proceeding to these detail matters there are aspects
of formwork efficiency and principles of construction and site
use that are relevant to the general design of forms.

The Quest for Efficiency

Efficiency involves all matters that relate to the time, cost
and quality of the project. Every formworker aims for greater
efficiency, mainly because it leads to greater profils, Also,
as formwork can represent up to 60% of the total cost of
the concrete siructure, this efficiency can reduce lotal
building costs.

The declisions that control formwork efficiency are rarely
under the control of the formworker. In fact, the formworker
seldom has any contact with the building designer or the
project manager during the design phase and is presenied
with a fait accompli. The formwork arrangement is therefore
almost always dictated by the building design and the
circumstances which arise from the consiruction documents
and builder's decisions. The quest for efficiency must
therefore entail closer liaison between the formwork
designer and the building designer and a better
understanding of the requirements for efficient form-
work design by both building designer and builder.

Building designs which minimise labour and waste in the
formwork system significantly reduce the final building cosls.
Whilst building layouts and dimensions are generally dictated
by the building site and other consiraints such as car parking
requirements in high-rise structures, optimisation of structural
layouts to best use standard plywood panel sizes must be
considered if optimal reinforced concrete structures are to be
achieved. Chapter 4 gives details related to formwork con-
struction for ease of stripping, and hence maximum re-use of
plywood, that can be incorporated into the design optimisa-
tion process.

The construction documents dictate the shape of the con-
crete, the quality and accuracy required of its surface (44),
and give limitalions on some formwork activilles, e.g.



siripping. The builder controls the construction sequence and
pace, methods and capacity of hoisting, size of concrete pour
and the pouring method. The formwaorker must work within
these restrictions so many of which have been decided
without regard for the efficiency of formwork construction.

The designer of the structure should understand the
building process. Wilson (56) states:

“The degree of refinement that can be achieved
with concrete must, of course, be appreciated and
it is the duty of the designer to make himself fully
conversant with the practical limitations of the
material and design accordingly.”

This appreciation must include the effects of design deci-
sions on the time, cost and quality of the formwork.

In a multi-storey building the specified stripping times can
affect the number of sets of forms required and thus their
number of reuses on the job. Guidelines on multi-storey pro-
cedures and cycle times can control tableform sizes and
use,

Every use of a form results in at least a small deterioralion
of its quality (36). When an unnecessarily high standard of
surface finish is specified for repetitive work this can result in
high formwork maintenance costs and sometimes refacing of
the form. Further, the specification must give the require-
ments as precisely as possible. *. ..the designer cannot
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Precastreinforced concrete
Courtesy Transfield— Kumagai.

sections for the Sydney Harbour Tunnel, formed in P.‘yuﬁ)-ad F.:l-:;nwark

properly expect his intentions to be fully carried out
unless the requirements are clearly specified.” (56)

Rationalised dimensions, simple shapes and repstition of
shape both within a pour and in different pours, can markedly
reduce costs and speed the project (32). Reduced construc-
tion time, in itself, leads to lower total costs through reduced
site management costs and financing charges.

The design of the formwork is constrained by many builder
decisions and equipment limitations. The Critical Path plan
dictates targets for the pace of work, cycle times and on-site
resources, workers, equipment and material. The size of
formwork units is affected by the hoisting capacity, e.g. crane
size and reach, hoisting methods e.g. formwork hoist,
crane(s), and the available access to the work area. Multi-
storey buildings all have to be screened. As a result access
is limited and so are the sizes of formwork units such as
tableforms. Cantilever platforms restrict unit size and weight
and can force expensive procedures like folding tableforms
and special transporters,

This discussion has concentrated on formwork for multi-
storey buildings but similar situations can happen on all pro-
jects. Arbitrary decisions made by the builder, without consul-
tation with the formworker can result in needless loss of
opporiunities fo oplimise time, cost and quality.

Formwork Design and Construction

There are a number of fundamental principles that apply 1o
all formwork. These relate to appropriate materials and
workmanship, optimisation of construction for ease of
erection and siripping, and proper care and maintenance of
formwork. All these matters have the one aim; the
achievement of the required quality in the shortest time and at
the least cost.

Reaching a decision on the appropriate formwork plywood
to meet the required surface characteristics is covered in
Chapter 1. Loads and pressures for formwork design are
given in Chapter 2, Chapter 3 describes the PAA plywood
identification system, types and grades of plywood with
details on selecting a plywood. Finally Chapter 4 gives some
very practical advice on the construction and care of forms so
that you get the best and most economical use out of your
plywood.



CHAPTER 1

PLYWOOD SELECTION FOR
SURFACE FINISH CONTROL

Three features are required for a high quality concrete
surface: accuracy or alignment to suit its intended use,
absence of excessive surface voids and minimum colour
variations. When the higher quality concrete surfaces, Class
1 or 2, are specified, to the Australian Standard AS3610, the
quality of the formwork surface required to give it the
potential to play its part in achieving concrete quality also
increases.

At the other end of the scale Class 4, for applied finishes,
and Class 5, for concealed surfaces, have no colour
requirements and only structural and alignment limitations
apply.

To achieve quality architectural concrete, Class 1 or 2, the
factors of formwork construction, placing and consolidation
of the concrete, stripping, curing and protection of the
concrete surface must all be efficient and efiective.
Shilstone (45) gives a high rating fo the selection of the
formface malerial. Of equal importance is the way in which
the concrete surface Is affected by other actions such as
placing, vibrating, etc. So thal the significance of these
actions can be appreciated the causes of voids and
discolouration should be understood.

Surface voids, called blowholes, are the resull of bubbles
of entrapped air being located at the formface in the fluid
concrete as it sets. There are a number of possible causes:

1. The ingredients of the concrete mix. This can involve
the proportions of the mix or the use of unsuitable
materials, (11), (42), (49).

2. The use of an unsuitable release agent, (11). This can
also cause discolouration.

3. The concrete placing and consolidation techniques.
This can be the fast dumping of concrete in deep
layers or incorrect, inadequate or ineffective vibration,
(11), (37), (42), (49).

Where formwork with an absorbent surface, e.g. unsealed
timber, Is used the surface voids are always minimal. This is
usually accompanied by extensive dark discolouration
which is caused by moisture loss resulting in ineffective
hydration of the cement at the surface.

When water passes into the formface the water/cement
ratio of the concrete at the formface is reduced. Further, o
re-establish moisture equilibrium, some water migrates
through the mix near the formface and in doing this carries
cement grains with it. This further lowers the water/cement
ratio which results in poor cement hydration at the face,
weak concrele and dark colours. Variable absorption rates
are typical of natural materials such as timber and result in
wide variation in the dark "hydration slained" areas of the
concrete face.

To achieve the aim of uniform colour the formface
absorption must be low and uniform. For the elimination of
blow holes it is necessary to use lthe appropriate concrete,
the correct release agent and effective concrele placing
techniques. In summary the placing techniques which have
been found to be effective are:

1. Increase the pour height where possible, up to 5
meires, to increase the pressure,

2. Increase the vertical pouring rate to not less than 2
metires per hour,

3. Keep the immersion vibrator at least 50mm from the
formface as the vibrator attracls enlrapped air as
depicted in Figure 1.1 {51). With the provision of an
adequate casting and vibraling space of at least
100mm width, a wall with one architeclural concrete
face must be al least 150mm thick and a double faced
wall 200mm as shown in Figure 1.2.

BUBBLES MOVE
TO VIBRATOR

Figure 1.1 Air Bubbles Migrate to Vibrator.
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Figure 1.2 Provision of Adequate Casting Space.

4, Do not use an external vibrator mounted on a vertical
form as it will attract blowholes to that surface.
5. Use the correct vibrating technique. See Chapter 4.

Surface Characteristics of Plywood
Formwork

It is impossible to guarantee a number of re-uses that will
be obtained from any formply product and still mest a
specified surface finish. There are simply too many factors
outside of the control of the supplier that can cause the
surface of the plywood to be downgraded. Damage by
vibrators, stripping abuse, incorrect installation and storage,
lack of a suitable rzlease agent and failure to reseal edges
after cutting are a few examples of such factors which
contribute to surface damage.

However, recommendations can be made on the type of
formwork plywood and surface characteristics that are most
likely to enable the production of the required concrete
surface finish provided it is correctly treated and maintained.
For Class 1 and 2 work the correct selection of
formwork plywood is able to be confirmed by the test
panels which are a mandatory requirement of AS3610.

Plywood is available unsurfaced, often called rawform, or
surfaced with 2 material such as phenoclic type impregnated
paper often called plastic faced. If the raw plywood
formwork is not effectively sealed by application of suitable
pretreatment and release agents, moisture, from the fluid
concrete, will penetrate the outer or surface veneer resulting
in thickness swelling. As timber is a natural material the face
veneer thickness swelling will be variable and will depend



on faclors such as evenness and closeness of texture of the
timber species, qualily and veneer thickness. The variable
thickness swelling in the unprotected surface veneer can
produce a pronounced grain patlern on the concrete with
associated hydration staining.

Even with the application of sealants to the raw plywood,
the potential for this problem to oceur is such that the use of
untrealed plywood Is not recommended for formwork where
a high quality concrete finish is required.

For best results the plywood should have a presealed
surface, site applicalions of a suitable release agent to limit
moisture penetration and outer veneers of a quality, texturs
and thickness selected to minimise the swelling that might
result from the very small amount of moisture that penetrales
past the release agent and the surface overlay.

Despite heavy facings of phenolic type impregnated
paper a small amount of moisture abscrption will ocour
leading to slight swelling of the face veneer which can show
on the concrete surface as grain imprint. If the provisions of
AS53610, making test panels mandatory for Class 1 and 2
and an option for Class 3, are adhered to, the acceptability
of any grain imprint can be assessed by inspection of the
test panel at its evaluation.

To keep formface absorption and the resultant grain
imprint and hydration staining to acceplable levels for Class
1 and 2 concrete surfaces, three suitable combinations of
plywood surfacing and face veneer are:

1. Plywood surfaced with a phenolic type impregnated
paper of minimum paper weight 40 gsm and total

weight 120 gsm (40/120). The face veneer should be

solid (l.e. all holes and splits should be filled), close
textured and have a maximum nominal veneer
thickness of 1.3mm.

2. Plywood with a face veneer as described in 1, above,
and surfaced with a liquid finish to give a durable,
wear resistant, non-absorbent finish.

3. Plywood surfaced with a phenolic type impregnated
paper of minimum paper weight 60 gsm and total
wefght 150 gsm (60/150). The face veneer shall be
solid and have a maximum nominal thickness 1.6mm
or 25mm when unsanded or sanded respectively
prior to overlaying.

Class 3 concrete surfaces can also have colour control
specified so a sealed surface plywood is required. Any of
the plywoods defined for Class 1 or 2 are suitable. However
the colour consistency and surface characteristics are less
stringent. Two combinations of plywood surfacing and face
veneer are suitable:

1. Plywood surfaced with a phenolic type impregnated
paper with a minimum paper weight of 30 gsm and
total weight of 90 gsm (30/90). The face veneer
should be solid and of maximum nominal thickness
2.5mm.

2. Plywood surfaced with a phenalic type impregnated
paper with a minimum paper weight of 40 gsm and
total weight of 120 gsm (40/120). The face veneer
should be solid and of maximum nominal thickness
3.2mm.

Class 4 Is for surfaces hidden from general view or those
that are to have thick applied finishes, e.g. tiles, render.
Although no colour control can be specified extensive
hydration staining should be avoided as poor hydration
means weak concrete and ineffective adhesion for the
applied finish. The plywood recommended for Class 3 is
guite suitable. Alternatively an unsurfaced plywood can be
sultable provided:

The plywood is well sealed with pretreatment and
further treatment before use with a suitable release
agent and the face veneers are solid and of maximum
nominal thickness of 2.5mm.

Class 5 work has the lowest standard of requirements. For
work of this standard unsurfaced plywood Is quile suitable.
For adequate release at stripping there must be pretreatment
with a release agent followed by further applications prior to

use. The plywood should have faces that meet the minimum
raquirements for veneer Quality G as specified in AS2289
Structural Plywood and be of maximum nominal thickness
3.6mm. Quality C veneers described in AS 2269 may
contain small open defects such as splits and holes.

The recommendations given above refer to new plywood
or plywood in the as-new condition. Plywood for formwork
for all classes of concrete surfaces must have edges that are
initially sealed and resealed after cutting.

Where phenclic paper overlay is to be used, which is
normally the case, the recommendations for the plywood
formwork characteristics for Classes 1, 2 and 3 concrete
surfaces are summarised in Table 1.1.

TABLE 1.1: SUMMARY OF SUITABLE SURFACE
CHARACTERISTICS FOR OVERLAID PLYWOOD
FORMWORK

Class Minimum Phenolic Maximum Face Veneer
Qverlay Quality Thickness (mm)
1&2 40/120 1.3
60/150 1.6
60/150 2.5 (sanded)
3 30/90 25
40/120 a.z2

Textured Plywood Surfaces

Standard plywood products are available with a range of
textured surfaces suitable for imparting architectural
character to off-form concrete. The most commonly
available of these products are simply grooved and give the
effect of machined timber boards. Another standard product
has a textured rough sawn surface which gives the
appearance of rough sawn timber. This plywood can be
grooved or may be continuously textured without grooves.

Raw plywood formwork surfaces may be sandblasted or
elched with chemicals to produce a range of architectural
effects.

Where plywood surfaces are mechanically or chemically
treated to impart architectural features, removal of part of the
outer veneer weakens the the plywood. Allowance for this
must be made in strength and deflection calculations.

The use of unsurfaced plywood with a thick face veneer
for architectural concreie requires close attention to
pretreatment to seal the surface followed by multiple (not
less than 3) applications of release agent before each use.

Other Formface Surfacings

Plywood can be surfaced with a range of other materials
and coatings such as aluminium, epoxy, polyurethane and
glass reinforced plastics (GRP) to provide formwork faces to
meet a range of end use conditions and re-use
requirernents.

GRP Facing

When a high quality formwork surface is required for a
very large number of uses, GRP, commenly called
fibreglass, facing of the plywood formface, even though it is
costly, can offer many advantages. GRP facing gives a hard-
wearing smooth surface with exiremely low moisture
absorption. With care, up to one hundred uses can be
obtained before any maintenance is needed, and this is
usually only a simple sanding back of the surface and
recoating with resin. For cases of physical damage to the
formface, more extensive repair can involve cutting out the
affected seclion and re-glassing and coating. In short, with
care and maintenance, the limit to the useful life of the form
is controlled by the durability of the formwork structure, not
the formface.



The success of the GRP surlacing of plywood is
dependent on the correct selection of materials and skill in
their application. Each organisation that underizkes this
work appears to have its own particular variations on
material selection and application. However, some general
guidelines have been supplied by resin manufacturers.

1. The surface ply should be of a specles possessing a
low resinous content so that the GRP keys in well. If a
tropical hardwood type surface ply is used then
surface priming with resin will not be needed,

2. The surface of the plywood must be clean,dry and free
from poliution.

3. Different formulations of resins are available to suit
different lengths of intended service Ilife. Life
expectancy of the plywood formwork surface, under
the projected conditions of use, should be discussed
with the resin supplier so that an appropriate selection
is made.

4. The type of GRP reinforcement will relate to the size of
the formwork and the loads it must camy. Under
normal circumstances Chopped Strand Mat with a
surface tissue are adequate with raw plywood
formwork. Woven Rovings are sometimes used to
increase the strength using two layers of Chopped
Strand Mat to sandwich the woven rovings.

5. The quality of the surface finish will be a product of
process adopied and the care taken in its finishing.

Fibreglass faced raw plywood formwork can give a high
quality, long-life formface, but it Is not a process for
inexperienced sile workers. It requires specialist attention
and it is recommended that the work be entrusted to only
experienced operators with experienced organisations.

Rigidity of the Formface

The calculations related to selection of plywood with
regard to strength and rigidity are covered in Chapter 2
"Determination of Loads and Pressures” and Chapter 3
“Plywood Selection — Structural Considerations”. This
section is concerned with the matters than influence the
need for rigidity in the formface.

The selection of plywood o salisfy requirements for
rigidity is mainly concerned with two matters: vibration and
deflection. For curved formwork there is the added limitation
of the relationship of the maximum practical plywood
thickness for the radius of curvature.

VIBRATOR

VIERATOR

AIR VOID ON
FORM FACE

FORM

Form =
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MORTAR PASTE
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Fig 1.3 Vibration of the Formface.

Vibration of the formface can occur under the influence of
extensive vibration or the use of high powered immersion
vibrators as shown in Figure 1.3. The pulsing action in the
formface causes dispersal of the bleedwater at the form and
concrete interface. These resultant variations in the water/
cement ratio give surface colour graduations. When the
pulsations happen near the base of the wallform the
pumping action can suck air into the form and concrete

interface further increasing the hydration staining, (28).
Unfortunately, there Is no research available which can give
definitive guidance on plywood selection for vibralion. The
formworker can only exercise caulion and use the stiffer
plywoods where close colour control Is required.

Elastic deflection, on the other hand, can be calculated.
The total formwork system deformation comprises three
factors which may be cumulative: formface deflection,
deflection and movement (e.g. joint take-up) of the formwork
structure and errors in fabrication. The design data provided
in Chapter 3 only considers formface deflection between
supporis. Framing deflection, joint movement and fabrication
errors are outside the control of the formwork plywood
supplier. Thickness lolerances in plywood formwork are also
provided in Chapter 3. Where higher quality concrete
surfaces are specified, i.e. Class 1 or 2. The Project
Designer has the option to limit the formface span and
the direction of those spans. This provides a chance to
avoid the phenomenon variously called "corrugations” or
"quilting".

Corrugations due to overdeflection of formply can be
avoided by proper design.

Where light, natural or artificial, shines across such a
surface at a very flat angle these deflections become very
obvious. The permitted, and therefore calculated, deflection
is related to the specified span with a maximum of 2mm or
3mm for Classes 1 and 2 concrete respectively. The Project
designer cannot specify limits on formface span for Classes
3, 4 or 5. Formface deflection is however specified in
AS3610 for Class 3, 4 and 5 concrele.

Where applicable, the deflection calculated for the
formface is added to the other sources of deformation of the
formwork structure. This total plus an allowance for errors in
construction must not exceed the maximum permitied
deviation, the tolerance.

The final parameter that guides plywood selection can be
the need for a curved surface. Table 1.2 sets out the
thickness limitations for plywood which is to be curved,

Exterior bonded plywood can be bent with the application
of steam or hot water where the bend is too severe for it lo
be done in the dry state. It must be remembered that
plywood must be dry to be glued and if it has been bent
with steam or water it should be allowed to dry thoroughly
before endeavouring o glue it.



TABLE 1.2: SAFE MINIMUM BENDING RADII FOR BENDING OF PLYWOOD WITH A MOISTURE CONTENT
OF 10% FOR PLYWOOD BETWEEN 4mm AND 12mm THICKNESS AT ROOM TEMPERATURE WITH TWO

DIFFERENT SAFETY FACTORS

Plywood Minimum Bending Radius for Expected Reject {face veneer cracking)
Thickness Rate of Approximately 5%. (Safety Factor 2)
{mm)
Hardwoods Softwoods
Axis of Bend Axis of Bend Axls of Bend Axis of Bend
Parallel with Grain Perpendicular to Grain Parallel with Grain Perpendicular to Grain
[ (mm) (mm) (mm) (mm)
4 254 177 408 254
6 406 254 660 431
<] 711 457 1117 762
12 1117 711 1778 1218
—
Plywood Minimum Bending Radius if only Low Reject (face veneer cracking)
Thickness Rate can be Toleraled. (Safety Factor 3)
(mm)
Hardwoods Softwoods
Axis of Bend Axis of Bend Axis of Bend Axis of Bend
Parallel with Grain Perpendicular to Grain Parallel with Grain Perpendicular to Grain
- {mm) {mm) {mm) (mm)
4 381 266 609 381
<] 609 381 880 584
9 1066 685 1676 1143
12 1676 1066 2667 1828

Derived from graphs in “Bent Wood Members”, Uniled States De

Laboratory, Madison 5, Wisconsin No. R1903-3 (1951 ).

Release Agents

It should be noted that release agents are recommended in
all cases. Apart from their value in improving the
impermeability of the form surface, they also prevent
adhesion of the formwork lo the concrete surface and
maximise the possible re-use of the formwork. The topic of
release agents and their use is covered in mare detail in
Chapter 4.

The occurrence of discolouration through hydration
staining is a serious defect, However, it is believed by some
builders that if a concrete surface is to have a later treatment
such as sandblasting or bush-hammering this can be relied
on to get rid of the discolouration. As a result of this belief a
lower than recommended grade of formwork face is often
used or less care is taken with the formwork surface

partment of Agriculture, Fores! Service, Forest Products

preparation. But hydration staining is not just skin deep. The
physical removal of part of the concrete surface is not cause
for the relaxation of the standards of materials or
workmanship.

Summary

Before proceeding to calculate design pressures and
aclually select a suitable plywood the formwork designer
must decide:

1. What are the surface requirements of the plywood?,

2. What is its span?,

3. What is Its maximum deflection?, and

4. If It is curved, what are the thickness limits?




CHAPTER 2

DETERMINATION OF LOADS
AND PRESSURES

Horizontal Formwork

Soffit formwork, used in the construction of horizontal
decks, serves three distinct functions. In the beginning the
formwork deck is a malerial storage and working area
during its own construction and while reinforcement and
services are being installed. Next it is a mould for the fluid
concrete as well as a working area for the concretors. Finally
it provides support for that concrete as it matures and for
traffic and stacked materials that may be placed on the
concrete,

The Australian Standard AS3610 defines {Hese differant

= S

functions as Stages 1, 2 and 3. The loads stipulated in the
Standard relate to activities observed on sites. For Stages 1
and 3 these are live loads, workers and their toals, at 1.0
kPa, and stacked materials, usually formwork components
but sometimes materials for later trades, at 4.0 kPa. The
Standard, in cl. 4.7.1(d), permits specific areas to be
designated and designed to carry stacked materials,
(AS3610 cl, 4.7.1(d)). Also the exieni of the stacked material
load may be limited by the Project Designer, (AS3610 cl.
2.3(b)).

During pouring, Stage 2, the live load is also 1.0 kPa and
there is an allowance for the mounding of concrete at 3.0
kPa. This can occur due to the rapid dumping of concrete
from a kibble bucket or the deliberale or accidental
prolonged discharge from a concrete pump in one position.
This load is only temporary and AS3610 rates it as being of
5 minutes duration. The live load and the mounding load are
not applied simultaneously.

In summary the loads to be allowed for in the design of
the plywood formwork, in accordance with AS3610, are
glven in Table 2.1.

Soffit formwork at the stage 1 phase of the construction cycle.

TABLE 2.1: DESIGN LOADS ON SOFFIT FORMWORK (kPa)

Stage 1 Stage 2 Stage 3
Plywood wi. (@) 0.1 01 0.1
Concrete wi. (Gc) nil o be calc. to be calc.
Mounded concrete (Qc) nil 3.0 nil
Live load (Quv) 1.0 1.0 1.0
Stacked material (M) 4.0 nil 4.0
{in designated areas)

The full stacked material load in Stage 3, (M3), where
permitted, would rarely act on the plywood formwork face.
Usually by the time materials are stacked on the concrete
deck, if it is a few days after the pour, the slab will have
developed sufficient flexural strength to span the short
distance between the formwork jolsts. Therefore the 4.0 kPa

requirement for stacked material in Stage 3 can usually be
ignored in the design of soffit plywood formwark. For the
same reason the live load, (Quv), will only act on the
plywood in the first few days after the pour. Also further
increases in load from multi-storey activity will act on the
slabs and the formwork supporis but not the plywood.



EXAMPLE 2.1: PRESSURE ON HORIZONTAL FORMS

Determine the design pressure exerted on soffit formwork
by a 200mm thick reinforced concrete slab.
Refer to Table 2.1.

Note that Eguations 1 and 6 of Table 4.5.2 of AS3610 apply
and the reduction factor is 1.0.

1. STAGE 1.

Plywood wt (G) = 0.1 kPa
Concrete (Gc) = 0

Live load (Quv) = 1.0kPa
TOTAL 1.1 kPa
In designated areas for stacked material
Stacked material (M1) 4.0 kPa
TOTAL 5.1 kPa
2. STAGE 2.

Plywood (G) = 0.1 kPa
Concrele (Ge) =

{/{) h/100 = 2500 x 0.2/100)

is the concrete
density — usually 2500 kg/m?

where

and h is the concrete thickness

in metres (m)
= 50kPa

Live load (Quv) = 1.0kPa

or
Concrete mounding = 3.0kPa
(Qc)
The maximum load (from stage 2) becomes:
01+50+30 = 8.1 kPa
3. STAGE 3.
Plywood (G) = 0.1 kPa
Concrete (Ge) = 50kPa
Live load (Quv) 1.0kPa
TOTAL = 6.1kPa

Note that the load on the plywoed is of very short duration.
Under most circumstances the weight of stacked materials
can be neglected at Stage 3 for plywood design.

The formwork must be deslgned for Stage 2
= 8.1 kPa

Vertical Formwork

Vertical formwork used in the construction of walls and
columns is also subject to three stages of loading. However
loads for Stages 1 and 3 are not quantified in the Standard
as they usually only comprise the effects of hoisting,
alignment, stripping and storage. Stage 2 during the
concrete placement imposes lateral pressures on the
formface.

Initially the pressure is purely hydrostatic with the
pressure Increasing with the depth of fluid concrete,
However in a short time the initial set of the concrete occurs
and the pressure relaxes. Figure 2,1 shows the progressive
reduction In pressure. As this relaxation is related to the time
for the initial set of the particular concrete 1o oceur it follows
that the faster the concrete is poured the less the pressure
will relax. With a very fast pour, which is now quite common,
the pressure may remain hydrostatic throughout the pour.
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Figure 2.1 Progressive Reduction in Pressure

Although some work has been done on the theoretical
determination of lateral concretle pressure from fluid
concrete (53), more accurate results have been obtained
from dala collected on sites at actual pours. AS3610 uses
the work from one such study, CIRIA Report 108 (8).

Two formulag are provided for the determination of a
design value for maximum concrete pressures in verfical
pours. The first mathematical expression given in Equation 1
takes account of the concrete density, the vertical rate of
pouring, the pouring height ‘H' (which may be the top of the
pour 'h' or higher), the cementitious materials and
admixtures of the mix, the concrete temperature and the
plan dimensions of the concrete member being poured. The
second mathematical expression, given In Eguation 2,
determines the maximum pressure from the full hydrostatic
head. The lesser of the two ‘maximum’ values, at the various
height positions, Is adopted for design at that point. These
are:

Equation (1)

Py o= /1%1131 v/ R+ CoKy/(H — Cyy/R)] kPa

Note: if (H > C41/R) this equation cannot apply because
the square root of a negative number cannot be calculated. In
this case only equation (2), applies. This formula determines
the location of the vertical line of the pressure envelope in
Figure 2.2.

1
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Figure 2.2 Formalised Pressure Diagram.

Equation (2)

where
Puax = maximum concrete pressure (kPa)

wet density of the concrete, ka/m3

coefficient dependent on the plan size of the
concrete member

= 1.5 where the plan width and breadth of the section
are both less than 2 melres

= 1.0 for all other cases
R = vertical rate of pour in m/hr

l,ﬂ_

C1=

C. = coefficient given in Table 2.2 for the constituent
materials of the concrete
T = concrete temperalure at placement, *C
K | t fficient = ?
= temperature coefficient= | ————
a [ T+ 15]]
H = vertical form height, (m)
(this represents the height of discharge of the
concrete and can be the top of a form to be
partially or fully filled)
h = height of poured concrete (m)

It will be noted that the factor C; has two values. These
relate o the plan dimensions of the vertical element being
poured which can influence the concrete pressures.

It can readily be seen on site that the concrete pressure in
small walls and columns is increased as the vibrations
reflect off the opposing faces when the concrete is being
consolidated within a small area. For these cases the
coefficient C4 is taken as 1.5; a considerable increase in
pressure. Where one of the plan dimensions exceeds 2
metres, for example in a wall, Cq becomes 1.0. This models
the situation where there is no effective reflection of vibration
and hence no increase of pressure.

The cementitious materials, and the admixtures of the mix,
control the selection of the value of the coefficient Cs as
given in Table 2.2,
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TABLE 2.2: VALUES OF COEFFICIENT C,

Cementitious materials and admixtures C,
Type GP, HE, SR cement 0.30
Type LH cement 045
Type GB cement 045
Blends containing >40% flyash or >70% slag 0.60

For all cementitious types the value of C, shall be increased
by 0.15 where either —
(a) a retarding admixture is used in the concrete; or
(b) a superplastizing admixture is used in the concrete,
or both.

Two symbols are given for height, ‘h’ and 'H'. The CIRIA
interpretation for these terms is illustrated in Figure 2.3.
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Figure 2.3 CIRIA Interpretation of Heights.

They enable the calculation of the pressure for those
cases where the helght at the point of concrele discharge
(bucket mouth or pump nozzle) is greater than the height of
the top of the intended concrete pour, e.g. when a 5m high
wall form is being filled by bucket discharge at the top, but
the form is only to be filled to a height of 3m. This is shown
in Figure 24. At the commencement of the pour the
concrete fell 5m and at the completion of the pour the
concrete was still falling 2m. Therefore, there was an impact
effect increasing the concrete pressure, even at the final
surface. However, AS3610 states that the resulling
maximum pressure in this case will not exceed the full fluid
pressure for the pour height of 3m. Example 2.4 in this
Chapter calculates the pressures for this case.
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Figure 2.4 Example of Discharge Height Greater
than Pour Height.

EXAMPLE 2.2

A 300m thick, 12.2m long, 3.0m high wall is to be poured with
a pump having a delivery rate al the nozzle of 20m3/hr. The
concrete uses Type FA cement, has no retarders or
superplasticizing admixtures, its density is 2400 kg/m3 and
the concrete temperature is anticipated 1o be 25°C.

As the plan length is greater than 2m, Cy = 1.0 and
from Table 2.2 C, = 0.45

The vertical rate of pour equals the concrete delivery
rate divided by the plan area of the concrete member.

R 20.0/(0.3x12.2)
8.46m/hr
The temperature coefficient:
K = [36/(25+18)]2
= 077

I

Checking to see if equation (1) applies (ie. Cy / R < H):

Ci;vR=1.0x,/546 =234 < 300 so use eq. (1)
Using eq. (1)
Puax = 2400/100[(1.0%\/ 5.46)+ 0.45 x 0.77
v (30 -1.0+/5.46)]

= 6G2.9KPa
Using eq. (2)
2400 % 3.00
Pamx = 300
= T2.0kPa

These values of Pyax can be plotted to give this pressure
diagram:

A
E
o
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i
st
62.9 kPa |
72.0 kPa
EXAMPLE 2.3
The CIRIA formula is very sensitive to variations in its
parameters,

(a) Consider the same pour as given in Example 2.2 but with
a slower pouring method.

If the wall is to be poured with a 1.2m8 bucket working ona 6
minute cycle then the delivery rate becomes:

1.2 X 60/6 = 12.0mS3/hr,
and the vertical pouring rate reduces to:
R=120/(03x 12.2)
= 3.28m/hr

As a result the maximum pressure to eq. (1) (with the other
parameters unchanged) reduces to:

(1) Ppax = 52.5 kPa

This is a reduction of 16.5% in the design pressure! Giving
this pressure diagram.

3.0m

~
~

52.5 kPa :'

72.0 kPa

.
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EXAMPLE 2.3 (cont)

(b) If the weather is cooler than anticipated then hydration,
and therefore concrete stiffening will be slower. Consider the
same pour as given in Example 2.2 but with a concrete
temperature of 10°C.

The temperature coefficient becomes:
K=[36/(10+16)]2=1.92

As a result the maximum pressure to eq. (1) (with the other
parameters unchanged) increases to:

(1) Pyax = 73.0 kPa

Giving this pressure diagram:

ﬁ_

3.0m

72.0 kPa
73.0 kPa

This exceeds the pressure calculated to eg. (2) so its value of
72.0 kPa applies. It means that, due to the cold weather, the
concrete stiffened slowly and therefore remained fiuid
throughout the pour.

EXAMPLE 2.4

A 250mm thick, 14.0 long Sm high wall form Is to be filled to a
height of 3m with a concrete bucket having a delivery rate of
24m3/hr. The concrete, of density 2400kg/m3, is made with
Type FA cement and has a retarder added. The anticipated
concrete temperature Is 20°C. This example is illustrated in
Figure 2.4.

As the plan length is greater than 2m, C; = 1.0 and
from Table 2.2, C; = 0.60

Vertical pour rate:
R =24.0/(0.25 % 14.0)
= 6.86 m/hr

The tgmperature coefficlent:

K=[36/(16 + 20) ]2

=1.0
Checking to see if eq. (1) applies:
CivR=1.0x,/6:86=261<50s0useeq. (1)
Using eg. (1)
Puax = 2400/100[(1.0%+/6.86)+0.6%1.01/(5.0—1.0,/6.86))
= 85.1 kPa
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Using eq. (2)

2400 x 3.0
Pax = —300

= 72.0 kPa (for 3m height)
This value is the absolute maximum that
the pressure can attain.

2400 X 5.0
100

= 120.0 kPa (for 5m height)

and =

This value gives us the sloping line that
plots the effect of the impact of the falling
concrete which, however, cannot exceed
the value for full hydrostatic head for 3m.

Giving this pressure diagram:

IMPACT EFFECT

H=5.0m

/I\ \ - MAXIMUM PRESSURE
™
h=3.0m \ \
N
.

72.0 kPa j\

85.1kPa *' )l
120.0 kPa

Other examples illustrating the calculation of pressures for
irregular shaped concrete elements can be found in reference
[8], CIRIA Report 108.



The examples illustrate the quite marked influence that
quite reasonable changes in concrete temperature and pour
rate can have. All formwork designers know how litile
contral they have over the method and rate of pouring the
concrete; and they have no control over the temperature, As
a result they usually adopt the practice of designing for the
full hydrostatic pressure. This covers most cases. However,
even this pressure can be exceeded if the pump nozzle is
immersed in the fluid concrete. Ford {11) recommends that
the design pressure be increased by 50% to cater for this,

Further, there are a number of situations for which this
CIRIA formula is not applicable as the pressure is even far
greater than that given by Equation (2) of the formula, ie.
hydrostatic pressure. These are:

1. Grout Injected concrete. An example of this is the
Norweglan technique of Naturbetong where grout is
pumped into a form packed with selected stones. The
resistance to the grout penetrating the voids between
the stones resulls in a formwork pressure that far
exceeds even the hydrostatic pressure of concrete.

2. Pumping the concrete into the formwork from the
base. Here the resistance to the flow of concrete is not
just the hydrostatic pressure of the concrete already in
the form. The concrete must force its way past the
maze of reinforcement and overcome the friction at the
formface. An added disadvantage is the effective
removal of the surface film of release agent that
occurs with this friction,

3. Deep re-vibration of the concrete. There is evidence to
suggest that this technique may be responsible for
many of the ‘corrugated' surfaces on buildings
constructed In recent years. The method treats
pouring and vibrating the concrete as two separate
and sequential operations. First, the concrele is placed
in the form as quickly as possible and without any
attempt at compaction by vibration. When the form is
filled, the vibrators, usually three or more together, are
lowered quickly down to the bottom of the fluid
concrete and then slowly withdrawn. As a result, with
a depth of concrete pressing down from above, there
is little chance for the considerable energy input from
the vibrator to dissipale. Consequently, lhe pressure
greatly increases at the vibrator and the formface
deflects further. As the vibrator is raised the area
below It, still fluidised by vibration, consolidates and
the formface deflection is held by aggregate interlock
within the concrete. Measurement of the formface
deflection confirms the presence of very high
pressures,

4. External vibration. Here an effect, similar, but usually
less intense than, ‘deep re-vibration’ occurs. External
vibrators can effeclively fluidise the concrete over
quite a large area. The more rigid that the materials of
the formwork are and the more rigid its framing, the
greater is the area of fluidisation. As a result total
fluidisation of the concrele can occur with resultant
increase in the maximum pressure. It does not appear
that any research has been done on a formula 1o
calculale this pressure,

Unfortunately no research appears to ‘have been done
which can be used to give guidance on the pressures which
can oceur in the four high pressure situations.

On the other hand, the CIRIA formula over-estimates the
pressure for no-fines concrete, underwater concreting and
formfaces such as expanded metal which is very permeable.

Recommendations

It is recommended that the CIRIA formula only be used
where the parameters of the pour: the pour rate and
concrete characterislics, can be accurately assessed. The
pressure graphs, in Figure 2.5, on the following pages
can be used for the rapld determination of the design
pressure for these cases. Examples of these would be
special purpose formwork for major projects where the
conventional pouring technique of the successive placement
and consolidation of layers of concrete is adopted. In all
other cases, apart from the four high pressure exceptions
described above, it is recommended that the form be
designed at least for full hydrostalic pressure.

Graphs in Figure 2.5 give values for the pressure in wall
and column forms for C; = 1.0 and 1.5. In all cases the
concrele density adopted Is 2500 kg/m3 as this is
approximately the upper limit of concrete densities
encountered in Australia. The graphs cover the use of
concreles using Type FA and SA cements without retarder
{C2 = 0.45) and with retarder (G; = 0.60), and concreles
that contain greater than 40% fly ash or greater than 70%
blast furnace slag in the cement (C» = 0.60).

The pressures that occur when unblended cements are
used without retarders are not covered (G, = 0.30), nor are
the concretes with superplasticizing admixtures (Cp = 0.75)
as both of these comprise a very small proportion of the
concretes used. For the case of C, = 0.3, the similar
example with C, = 0.45 will give a conservative evaluation
of the pressure. For C; = 0,75, the pressures can be
calculated from the CIRIA equations on pages 11 and 12.

The pressures are given for concrete temperatures of 5,
10, 15, 20, 25 and 30 degrees Celsjus. Each graph gives
the pressure for the range of vertical rates of pour normally
found in modern construction work, on the assumption that
the concrete is placed by the typical method of successive
vibrated layers.

FIGURE 2.5 CONCRETE PRESSURES
DEVELOPED IN VERTICAL POURS
PAGES 16 to 21.
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Figure 2.5 (cont) Concrete Pressures Developed in Vertical Pours (kPa)

Concrete Mix Temperature 5°C.
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Concrete Mix Temperature 10°C.
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Figure 2.5 (cont) Concrete Pressures Developed in Vertical Pours (kPa)

Concrete Mix Temperature 15°C.
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Concrete Mix Temperature 20°C.
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Figure 2.5 (cont) Concrete Pressures Developed in Vertical Pours (kPa)

Concrete Mix Temperature 25°C.
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Concrete Mix Temperature 30°C.
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CHAPTER 3

PLYWOOD SELECTION —
STRUCTURAL
CONSIDERATIONS

Plywood for formwork is available in Australia in a range
of stress grades, bond types, wveneer arrangements
(constructions) and thicknesses. This wide range of
products gives the formwork designer great flexibilily. There
is a suitable performance/cost optimised plywood for almost
every conceivable case. Care must be taken however to
ensure the correct plywood product is specified o meet not
only the surface finish requirements detailed in Chapter 2
but also the structural requirements over the intended life of
the form. The three main factors that determine the structural
performance of plywood are discussed in this Chapter.

Properties Affecting Structural
Performance

Bond

For the formwork plywood to be structurally sound the
bond between venesers must remain intact for the life of the
form. AS3610, Formwaork for Concrete, specifies that for use
as formwork, plywood is to comply with AS2268, Structural
Plywood, or AS2271, Exterior Plywood and Blockboard.
Plywoods complying with these standards comprise either
the fully permanent Type A bond which can be exposed
indefinitely without breakdown or the Type B bend which
can be left fully exposed for 2 years. Type A bonded
plywood is manufactured from phenolic adhesives and Type
B bonded plywoods from melamine fortified urea adhesives.
Type B bonded plywood is completely suitable for most
formwork which is rarely exposed for periods in excess of
two years.

It is noteworthy that AS3610 Supplement 2, which is the
commentary on the Code, acknowledges in clause
C5.3.5.2(b) that although plywoods manufactured in
accordance with AS2269 and AS2271 are specified in
AS3610 Table 4.5.4 to ensure bond durability and therefore
structural performance, It is possible to use plywood
manufactured to AS2270 with the less durable Type C and
D interior bonds under circumstances where a single use or
a small number of reuses is envisaged,

Stress Grade

The stress grade of the plywood is a major delerminant of
the structural performance of plywood formwark. The stress
grade defines the basic allowable working stresses and
elastic moduli of the plywood panels and permits reliable
prediction of its strength and sliffness. Siress graded
plywood is truly an engineered product. The methods of
determining siress grades for plywood are defined in
Australian Standard AS2269, Structural Plywood. It is the
plywood manufaciurer's responsibility through the PAA
quality control program to apply the correct stress grade
marking to his production.

The stress grade Is designated by a capital F followed by
a number, eg. F11,F14. The basic allowable working
siresses for bending strength Fb, tension strength Ft,
compression strength Fec, shear strength Fs, modulus of
elasticity E and modulus of rigidity G are given in AS2269
for eight stress grades of plywood. The allowable basic
working stresses as delailed in Table 3.1, exiracted from
AS2269, were used in accordance with the requirements of
AS1720.1 SAA Timber Struclures Code to establish the
tabulated engineered data in this chapter.

The stress grading of plywood is based on the fact that
the allowable working stresses depend on veneer species
and quality. When manufactured to AS2269 or AS2271 both
species and veneer quality are known. Stress grading can
therefore be readily applied. Stress grading provides a
means of fully utilising the forest resources, e.g. under the
same support conditions a panel of flooded gum plywood,
siress graded F17, can carry the same load as a thicker
panel of plantation grown pinus plywood, stress graded
F11. Similarly, under the same support conditions the F17
panel will carry more load than a F11 panel of the same
thickness.

TABLE 3.1: BASIC WORKING STRESSES AND ELASTIC MODULI OF FORMWORK PLYWOOD (MPa)

Stress Stress Value MPa
Grade : : =
Bending Tension Shear Compression Modulus of Modulus of
Fp Fi Fs F. Elasticity Rigidity
E G
F11 11.0 6.6 1.80 8.3 10500 525
F14 14.0 8.4 205 10.5 12000 625
F17 17.0 10.2 2.30 12.8 14000 700
F22 220 13.2 2.30 16.5 16000 800
F27 27.5 16.5 2.30 20.6 18500 925

The above basic working stresses must be modified with the appropriate factors from AS 1720 for the concrete formwork

application to establish actual design stresses. The duration of load factor K4 has been taken as 1.65 from AS 1720.
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Veneer Arrangement (Construction)

The final factor of the three of importance to the structural
performance, is the overall panel thicknesses and
arrangement of the veneers within the panel. For plywoods
of equal thickness, variations in the total number,
thicknesses and location of the veneers can markedly affect
the moment of inertia {I), the section modulus (Z) and hence
the panel strength and stifiness. A coding system has been
devised to effectively identify variations in the construction of
plywood panels.

This coding system uses the three key variables of total
panel thickness, face veneer thickness and the number of
plies, to identify a plywood construction. For clarity, nominal
plywood and face veneer thicknesses are used and decimal
points are eliminated by multiplying the nominal face veneer
thickness by ten. These values are set out in the following
order:

1. The thickness of the plywood.(mm)
2. The nominal thickness of the face veneer.(mm x 10)
3. The number of plies in the assembly.
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The code for this 17mm

7 ply plywood with a
nominal 1.6mm face would
be 17-16-7

Figure 3.1 Example of Coding System
for Plywood Formwork

The coding system covers most standard formply
thicknesses and constructions and in combination with the
stress grades from AS2269 gives the means used io
produce the load/span tables in this chapter. To adapt the
coding system 10 suit a non-standard plywood thickness or
construction, the non-standard plywood is coded as the
standard plywood with the nearest thinner total thickness
and face veneer thickness, e.g. a 13mm thick 5 ply with a
1.2mm nominal face veneer thickness, would be identified
as 12-10-5. This method of applying the coding system to
non-standard constructions will always be conservative,

The exact properties and load carrying capacities of non-
standard constructions may be computed from first
principles using the design methods detailed in Appendices
Aand B.

It has always been recommended thal lo maximise
structural performance in applications involving bending
normal to the plane of the panel, the plywood should be
supported so that the face grain (usually the longer
dimension of the panel) is parallel to the span. For most
standard siructural plywood constructions therefore, the
panels will be stiffer and stronger in the longer than the
cross direction. For some constructions, however, where the
face veneer is relatively thin, as is often lhe case with
formwork plywood because of surface finish requirements,
the plywood panel may have near equal structural properties
in both directions. In either case, for a given overall plywood
thickness, it is the face veneer thickness that Is most critical
lo the strength and stiffness. The outer veneers act similarly
to the flanges of an ‘I' beam and provide most of the
bending sitrength and stiffness. Plywood with thick face
veneers is extremely stiff and strong in the direction of the
face grain and considerably weaker in the cross direction.
For the same overall plywood thickness a thinner face
veneer will cause a reduction in strength and sltiffness in the
direction of the face grain but an increase in struclural
capacity in the cross direction because the cross veneers,
second in from the face, are located closer to the extreme
fibres.

Because there is usually insufficient site control to ensure
that the formwork plywood is always inslalled with the face
grain parallel to the span it is practical to select a plywood
that has near equal structural properties in both directions.

With overlaid plywood which has been cut or previously
used it is difficult, and sometimes impossible, to identify the
direction of the face grain, and the plywood can readily be
placed with ils face grain in the wrong direction. Many
formworkers are not aware of the importance of veneer
arrangement. If there is a marked difference between the
strength and stiffness along the face grain and in the cross
direction this can lead to some parls of the concrete surface
showing greater deflections than the other. This corrugation
or quilting can be quite unacceptable.

The selection of a plywood that has approximately equal
section properties in both direction will give nearly equal
deflections for equal span and loading regardless of the
direction of the face grain. Table 3.2 lists a number of
suitable plywoods. Only where there is control over the
formwork prefabrication, such as for large wall forms and
lableforms, should plywoods which have superior flexural
properties in one direction be used.

For crossbanded plywood, i.e. plywood with the face grain
in the shorter panel direction, which is uncommon in
formwork plywood, care should be taken in applying the
section properties given in Table 3.2 to ensure that the face
grain versus span arrangement has been correclly
determined.

Figure 3.2 details the identification code for standard
plywood formwork constructions. Section properties for
these standard construclions are given in Table 3.2.
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Figure 3.2 Identification Code for Standard Plywood Formwork Constructions

o~ = = 1.0 mm
"//.a//f 7,#// /] 3.2mm
| 1.0 mm al & | 32mm
b - -
g 2 L] 3.2mm s 7777777 32mm
ol 4.2 mm - 3@ o+ 3.2mm
7 7 7
'-, //..-'/ ///.f// P 3.2 mm AT AT /// 3.2 mm
1.0 mm 1.0mm
Identification 12-10-5 Identification 17-10-7
= 1.3 mm
LS L) a2 mm
[— 5 1.0 mm E 3.2 mm
1 2.5 mm E I R 4
k s e —_— - / p ‘//-“H/ L 3.2 mm
E S ST T 2.5 mm ¥ 3.2 mm
o £ 1.6 mm ™
= oL s L T 2.5 mm V2 /s s 7] 82mm
1.0 mm b 1.3 mm
Identification 12-10-7 Identification 17-13-7
1.4 mm
VS S ] 32mm
= = 1.3 mm E py e 2:5 MM
E LS B2mm E ./_,.'" /_/!/ / 3.2mm
E F 3.7 mm " - 2.5mm
Fa 7 777 = — >
v LS L AT 2 mm Y /S S S s2mm
1.3 mm ! 1.4mm
Identification 12-13-5 Identification 17-14-7
N — - —— 1.6 mm
n /// < / y 2.5 mm
= - —— 1.6 mm E - T 3.2 mm
E £/ S s e 3.2 mm e V' L L L L L 2.5mm
E 3.2 mm » T 3.2mm
i A R o -
o // i .-/ / Z / .:l 3'2 mm 2 I/ P ///////I 2.5 mm
1.6 mm 1.6 mm
Identification 12-16-5 Identification 17-16-7
| 1.6 mm
L7727
// v ////;// 3.2 mm
£ = 2.5 mm
2.5 mm = T =
g /1’.4!/".- P ,/f{g'f 2.5 mm .E :// Fa /// ,‘/ 3.2 mm
o jj = . + 2.5 mm o G 5 2.5 mm
- A A, 2-5 mm N e T
5 .5 mm 1.6 mm
Alternative
Identification 12-25-5 Identification 17-16-7
1.6 mm
LSS S S 4 2.6 mm
i 43.2mm “F= = 1.6 mm
E b L 2.5 mm
E LSS LSS 3.2 mm E /’; ”: '; “ /” 1.6 mm
= : - 3.2 mm ~ H_',"', s /,// = 2.5 mm
L T j/,/ - f.f/!/.‘ 3.2 mm A - 1.6 mm
3.2 mm SN N A Y A 2.5 mm
v u 1.6 mm

Identification 15-32-5 Identification 17-16-9
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T 2.5 mm
A /’/ ."" 2.5 mm
E 2.5 mm
~ /z, P L s Y 2.5 mm
- T : 2.5mm
VS S S ] 2. Bmm
Y 2.5 mm
Identification 17-25-7
T~ = 1.0 mm
o /1// z/ f/) Z 2.6 mm
£ - = 2.5 mm
E oL e s s T 2.5mm
E &+ 1 2.5 mm
Lo s S 2. 5mm
2.5mm
(£ 2 o 7 o A 2.5mm
1.0 mm
Identification 12-10-9
1.3 mm
e Vv v
L/ / Ay A 3.7 mm
E T = 3.2 mm
A T
o ////f'/;// 3.7 mm
=
= 3.2 mm
rd rg
LS 3T mm
1.3 mm
Identification 19-13-7
F. O 1.4 mm
2 L 7 A 2. 6Emm
e — + 2.5 mm
E L Py 25mm14
- -4 mm
z AT A 2.5 mm
2.5mm
o /" ;7 & -
JL_ 2 A 2 5ll'll'l11 Kt
Identification 19-14-9
1.6 mm
Lt gttt o
= J L ////!/.t" 3.7 mm
E ——r—r—r— 2.5 mm
s
o W Al i £ g 3-7mm
i — 2.5 mm
P al
. /// PE s L@ 8.7 mm
1.6 mm
Identification 19-16-7
1.6 mm
- s
P ;f/// / Z 3.2mm
E = + 3.2 mm
" T R T e S
@ £ /sl ] 3.2mm
2 " 3.2 mm
e 7
DO AREELY
1.6 mm

Alternative
Identification 19-16-7

- - 2.5 mm
v, ./ /) 3.2mm
E = 2.5mm
o 2 /% 8.2 mm
0 - 2.5 mm
il FPET T
2.5 mm
Identification 19-25-7
1.0 mm
F/.-’/" T S ] 2.5 mm
Y 3.2 mm
A A A 2.5 mm
E = 3.2mm
w0 Pl i 2.5 mm
o - 3.2 mm
i g /.--=g,5r_|]rn
3.2 mm
IJ# = s 2.5“1111.10
—— .0 mm
Identification 25-10-11
A ~ — 1.3 mm
AT
3.7 mm
E - ,// ,//’//ﬁl- 3.2 mm
P 3.7 mm
(] v” / "4‘ // // /I / 3-2 mm
- w= 3.7 mm
V' Sl 2 /] 3.2mm
1.3 mm
Identification 25-13-9
= 1.6 mm
L LA 32mm
- - 3.2 mm
7 P 7
e Ll 1w
IE 3.2 mm
o L}' L7 ] 32mm
= 3.2 mm
A
LSS ] a2 mm
1.6 mm
Identification 25-16-9
2.5 mm
£ s LS S ] 2.8 mm
2.5 mm
L ot s S s S 2.5 mm
E — 2.5 mm
'S P A 2.5 mm
o 2.5 mm
[ 27 o2 7 A 2.5mm
> T 2.5 mm
il A L 2.5 mm
2.5 mm
Identification 26-25-11
Note:

The veneer thicknesses in the standard constructions given In
Figure 3.2 are nominal thicknesses. They have been reduced by
E% lo allow for compression in pressing and shrinkage in drying
when compuling the seclion properties in Table 3.2. Section
properlies in Table 3.2 Veneer thicknesses are |herefore based
on actual plywood and venear thicknesses.
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TABLE 3.2: SECTION PROPERTIES, MOMENT OF INERTIA (I) AND SECTION MODULUS (Z) FOR STANDARD

PLYWOOD FORMWORK CONSTRUCTIONS PER 1mm WIDTH

Identification Nominal Plywood Face Grain Plywood Face Grain
Code Plywood Parallel to Span Perpendicular to Span
Thickness -
(mm) Moment of Section Moment of Section
Inertia (1) Modulus (Z) Inertia (1) Modulus (Z)
mm? / mm mm3 / mm mm* / mm mm=3 / mm
12-10-5 12 70 11.0 ao 155
12-10-7 12 75 12.5 80 150
12-13-5 12 75 12.5 70 14.5
12-16-5 12 a5 15.0 65 13.5
12-25-5 i2 115 19.0 as 8.5
15-32-5 15 225 29.5 65 13.0
17-10-7 17 185 22.0 230 29.5
17-13-7 17 225 25.0 230 20.5
17-14-7 17 210 24.0 205 28.0
17-16-7 17 220 255 160 225
17-16-8 17 235 27.0 195 26.5
17-25-7 17 275 325 120 19.0
19-10-9 19 285 29.5 300 34.5
19-13-7 19 270 27.5 315 37.0
19-14-9 19 305 320 255 31.0
19-16-7 19 280 29.5 2585 31.5
19-25-7 18 360 38.0 190 265
25-10-11 25 750 56.5 715 58.0
25-13-9 25 670 520 660 57.0
25-16-9 25 640 51.5 575 525
26-25-11 26 990 74.0 590 515
The section properties Moment of Inertia (I) and Section Panel length +/— 1.5mm

Modulus (Z) were determined using the method described in Panel width /= 1.5mm

AS1720.1. This method is based on the “parallel ply"” theory, Thickness +/— 3% on the stated

L.e. that veneers in the cross direction contribute nothing to nominal thickness

strength and little to stiffness. Squareness dmm maximum

It should be noted that the nominal plywood and veneer difference in diagonals
thicknesses are used in Figure 3.2, whereas the actual Edge straightness +/= 1.2mm maximum

thicknesses are used to compuie the sectlon properties. The
actual thicknesses allow for a reduction of approximately 63
due to shrinkage of the veneer during drying and
compression during hot pressing.

The method of computing section properties in Table 3.2
in accordance with AS1720.1 is detailed in Appendix A.

Plywood Panels — Standard
_ Dimensions

The slandard formwork plywood panel sizes most
commonly available are 2400 x 1200mm and 1800 x
* 1200mm. The other standard sizes are 2400 x 900mm,
2100 x 1200mm, and 1800 x 900mm. Not all of the
standard sizes are available in the complete range of
standard thicknesses and constructions. Plywood suppliers
should be consulted on availability. Some manufacturers will
supply non-standard panel sizes.

To specify formwork plywood firstly provide the panel
dimensions. Give the direction parallel to the grain of the
face veneers first followed by the dimension across the
grain. Follow this with the panel identification code and the
stress grade. e.g. 2400 x 1200 x 17-10-7, F14.

Tolerances

The tolerances on panel length, width, squareness and
edge straightness detailed below conform to AS2269
Structural Plywood and AS2271 Exterior Plywood and
Blockboard, and have been found satisfactory for formwork
construction.
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deviation from a
straightedge
Panels are sawcut to size and the edges are not
subsequently planed. The effects of this on formwork for
architectural concrete work is discussed in Chapter 4.

The Marking of Plywood for Formwork

For identification purposes and to allow the engineering
data In this manual to be used correctly it is strongly
recommended that all plywood panels for formwork be
marked as follows.

1. Manufacturer's or Suppliers Name or Brand Name.

2. Product description e.g. FORMWORK.

3. Bond Type e.g. A or B.

4. ldentification code, e.g. 17-16-7.

5. Siress Grade. e.g. F11.

The marking should be on every panel face or edge, or
alternatively the information may be provided on a certificate
that accompanies the delivery,

Example of suitable marking:

Brown and Co.
Plyform

A bond
17-16-7

F11

It is also recommended that the appropriate PAA Quality
Control Stamp be applied to each plywood panel,




PAA Quality Brand Stamps

tested STRUCTURAL
I YWOOD

TESTED STRUCTURAL PLYWOOD

Type A — Marine Bond
Quality controlled to Australian Standard AS 22689 - 1879

Structural Plywood

approved B—BOND

Y WOOD
PRODUCT

TESTED EXTERIOR PLYWOOD
Type B — Bond

Quality controlled to Australian Standard AS 2271 - 1979
Plywood and Blockboard for Exterior Use

Structural Properties of
Formwork Plywood

The design methods and the allowable basic working
stresses used to obtain the load/span data given in this
chapter are in accordance with AS1720.1 SAA Timber
Structures Code and AS2269 Structural Plywood. AS3610
Formwork for Concrete gives formface deflection limitations
as follows:

Class 1 concrete surface: lesser of 2mm or span/360

Class 2 concrete surface: lesser of 3mm or span/270

Class 3 & 4 concrete surface: greater of 3mm or
span/270

In calculating lhe loads permitted on the plywoods for the
various spans, the three criteria of maximum deflection,
bending strength and shear strength have been taken into

tested EXTERIOR

YWOOD

TESTED EXTERIOR PLYWOOD

Type A — Marine Bond
Qualily conirolled to Ausiralian Standard AS 2271 - 1979

Plywood and Blockboard for Exterior Use

TESTED

WDED

TESTED PAA PLYWOOD

Plywood marked with this Tested PAA Plywood' stamp
is manufaclured and quality controlled by the PAA 1o —
1. A combination of Australlan standards

2. An industry standard or

3. An individual company slandard

account. Where strength limitations apply the allowable
loads are highlighted. The basic working stresses for the
relevant siress grades and the section properties for the
standard constructions are given in Tables 3.1 and 3.2.
Tables 3.3 to 3.8 detail the allowable concrete pressures for
standard formwork plywood constructions and stress
grades supported continuously and simply to meet the
formface deflection requirements for Class 1, Class 2 and
Classes 3 and 4 concrete surfaces as specified in AS3610.
The design methods used to compute the allowable
concrete pressures for formwork plywood detsiled in Tables
3.3 to 3.8 are provided in Appendices A and B covering
computation of section properties, deflection, bending and
shear strengths. This design method can be used to
compute load/span data for non-standard plywood from first
principles.
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TABLE 3.3: ALLOWABLE CONCRETE PRESSURES FOR FORMWORK PLYWOOD SUPPORTED
CONTINUOUSLY OVER THREE OR MORE SPANS (kPa)

Class 1 requirements of AS3610 — Formface deflection criteria
lesser of span/360 or 2mm. Allowable pressures limiled by strength
are coloured. Strength limited values must be multiplied by 0.8 for
plywood formwork continuous over two spans only.

Identification | Stress 'Face grain parallel to span Face grain perpendicular to span
Code Grade Span (I) mm Span () mm
225 | 300 | 400 (450|480 (600 |800(900|| 225 | 300 | 400 |450 |480 |600 (800 |9200
12-10-5 F11 332 | 14.0 59( 41| 34 37.8| 16.0 67| 47| 39| 20
Fi4 || 37.9| 160| 87| 47| 39| 20 433| 183| 77| 54| 45| 23
F17 442 | 18.7 79| 55| 46| 23 805 21.3 90| 63| 52| 27
F22 305 213 90| 63| 52| 27 578| 244 | 103 | 7.2| 60| 3.1
F27 584 | 247 | 104 | 7.3| 6.0] 3.1 668| 28.2| 119 B4| 69| 35
12-10-7 Fi1 355| 150 6.3| 44]| 3.7 379 | 16.0 6.7 47| 39| 2.0
F14 406 | 17.1 72| 51| 42| 21 433 | 18.3 7.7 54| 45| 23
Fi7 474 | 20.0 84| 59| 49| 25 505 21.3 90| 63| 52| 27
F22 541 | 228 96| 68| 56| 29 578| 244 103 | 7.2| 6.0| 31
F27 G26| 264 111 78| 85| 3.3 66.8| 282| 119| 84| 69| 35
12-13-5 Fi1 35.5| 150 63| 44| 3.7 33.2| 14.0 59| 41| 34
F14 406 171 7.2| 51| 4.2| 21 379| 16.0 67| 47| 39| 20
F17 474 | 200 B4| 59| 49| 25 442 | 18.7 79| 65| 46| 23
F22 541 | 228 96| 68| 56| 29 505| 213 90| 6.3| 52| 27
F27 626 | 264 | 11.1| 7.B| 6.5| 33 584 | 247 | 104 | 7.3| 6.0 3.1
12-16-5 F11 450| 19.0 80| 56| 46| 24 308| 13.0 55| 39| 3.2
F14 514 21.7 91| 64| 53| 27 352| 148 63| 44| 3.6
F17 600O| 253 | 10.7| 7.5| B8.2| 32 411 | 17.3 73| 51| 42| 2.2
F22 686| 2889| 122 BB| 7.1| 36 469 | 198 84| 58| 48| 25
F27 79.3| 335| 141 | 99| 8.2| 42 543 | 229 97| 68| 56| 29
12-25-5 F11 545 230 9.7| 68| 56| 29 16.6 7.0 30| 21
Fi14 623| 263| 11.1| 7.8| 64| 33 19.0 8.0 34( 24| 20
F17 7268| 306| 129 | 91| 7.5| 38 22.1 9.3 39| 28| 23
F22 B30 | 350| 148|104| 86| 44 253 | 10.7 45| 3.2 26
F27 864 | 405| 17.1|120/| 9.9| 51 282| 123 52| 37| 30
15-32-5 F11 845 | 450)| 19.0|13.3|11.0| 56| 2.1 308 | 13.0 55| 39| 3.2
F14 8962 | 514 | 21.7|152|126| 64| 24 352 | 149 63 | 44| 3.6
F17 108.0| 60.0| 253|17.8|14.8| 75| 29 411 | 17.3 73| 51| 42| 2.2
F22 108.0| 6B.S5| 28.8|20.3|16.7| 86| 33| 2.0|| 469 | 198 84| 59| 48| 25
Fa7 108.0| 79.2| 33.4|23.5|19.3| 99| 3.8| 24| 54.3| 229 87| 68| 56| 29
17-10-7 Fi11 788 | 300 164 |11.6| 9.5| 49 857| 46.0| 194|136|11.2| 58| 22
Fi4 1000| 445 188 |13.2|108| 58] 2.1 109.0| 525| 222 |156|128| 68| 25
F17 1220| 520| 219 |154|127| 65| 25 122.0| 61.3| 259 |18.2|15.0| 7.7| 29
F22 122.0| 594 | 251 |17.6|14.5| 7.4| 2.8 122.0| 70.0| 29.6 |208|17.1| 88| 3.3| 2.1
Fa7 122.0| 68.7| 29.0|20.3(16.8| 86| 3.3| 2.0/ 1220| 81.0| 34.2 |24.0/19.8|10.1| 38| 24
17-13-7 F11 89.6| 450| 19.0|13.3(11.0| 58| 2.1 98.0| 46.0| 194 |136|11.2| 58| 22
F14 1120 51.4| 21.7|152|126| 64| 24 112.0| 525| 22.2 (15.6|128| 66| 2.5
F17 1250 (| 60.0| 25.3|17.8|1486| 7.5| 29 125.0( 61.3| 258 |18.2(15.0| 7.7| 29
F22 1250 | 685 | 289|20.3|16.7| 86| 3.3| 20||1250| 70.0| 296 |208|17.1| 88| 33| 2.1
F27 1250 79.2| 334 |23.5(|19.3| 99| 38| 24(125.0| 81.0| 342 (24.0|18.8(10.1| 3.8| 24
17-14-7 F11 86.0| 420| 17.7|124|10.3| 53| 2.0 952| 41.0| 173 |121[10.0| 5.1
F14 108.0| 48.0| 20.2|14.2|11,7| 6.0| 2.3 108.0| 468 | 19.8|139|11.4| 58| 2.2
F17 122.0| 56.0| 236 |16.6|13.7| 7.0| 2.7 122.0| 546| 23.0]|16.2|13.3| 68| 26
F22 122.0| 64.0| 27.0(19.0|156| B8.0| 30 1220| 624 | 2B6.3|18.5(15.2| 7.8| 3.0
F27_[l122.0] 739| 31.2(21.9(180| 92| 35/ 2.2]1200| 722| 305|21.4/176| 80| 34| 2.1
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TABLE 3.3 (cont)

Identification | Stress Face grain parallel to span ~ Face grain perpendicular 1o span
Code Grade Span () mm Span (/) mm
225 | 300 | 400 [450 480|600 (800 /900 225 | 300 | 400 |450]480 600 [800 ]800

17-16-7 Fi1 914 | 44.0| 18.5|13.0(10.7| 55| 2.1 758 | 320| 13.5| 95| 7.8| 40

F14 106.0| 50.3| 21.2(149|12.3| 63| 24 866 | 365 | 154 |10.8| B9| 46

F17 ||118.0| 586 | 247 [174(143| 7.3| 2.8 101.0| 42.6| 18.0 (126|104 53| 2.0

F22 |1119.0| 67.0| 28.3|199(164| 84| 3.2| 2.0||1150| 487 | 206 |14.4|11.9| 61| 23

F27 ||119.0| 77.5| 327 (23.0[189| 9.7| 3.7| 2.3(|119.0| 56.3| 238 (16.7|138| 7.0| 27
17-16-9 F11 96.3| 470 | 19.8|13.9(11.5| 58| 22| 924 33.0( 164 (11.6| 9.5| 49

F14 1100 | 537 | 226 (159|13.1| 6.7 28 106.0| 445 | 188 (13.2(10.9| 56| 21

F17 || 123.0| 626 | 264 (185(153| 7.8| 3.0 123.0| 520 | 219 [154|12.7| 65| 2.5

F22 |1123.0| 71.6| 30.2 [21.2|17.5| 9.0| 34| 2.1|[1230| 594 | 251 [176/145| 7.4 28

F27 |[|123.0| 82.8| 34.9|245/20.2|10.3| 39| 2.5//123.0| 687 | 280 |20.3|16.8| 86| 33 2.0
17-25-7 Fi1 93.5| 55.0| 23.216.3/134| 69| 2.6 S6.8| 240 101 | 7.1| 59| 3.0

F14 | 106.0| 628 | 26.5(18.6|153| 79| 3.0 65.0| 274 | 116 81| 67| 34

F17 119.0| 73.3| 309 |21.7(17.9| 8.2| 35| 22| 758| 320 135| 95| 7.8| 40

F22 |1119.0 | 83.7 | 35.3(24.8|205|10.5| 4.0| 2.5|| 86.6| 36.5| 154 |[108| 89| 48

F27 ||118.0) 89.6 | 408 1287|236|121| 46| 2.9|/100.0| 42.3| 17.8 |125(103| 53| 20
19-10-9 F11 106.0| 57.0| 24.0|168(13.8| 7.1| 2.7 107.0| 60.0| 253 |17.8(146| 7.5] 29

F14 122.0| 651 | 27.5(19.3|158| 8.1| 31 122.0| 68.5| 289 |203(16.7| 86| 33| 20

F17 [1137.0| 758 | 320 |225(185| 9.5| 36| 23|137.0| 798| 337 [237|19.5|100( 38| 24

F22 |1187.0( 86.8| 36.6|25.7(21.2|109| 4.1| 26/137.0| 91.4| 385 (27.1|22.3[114| 43 2.7

F27 ||137.0]100.0| 42.3|29.7|24.5|12.5| 4.8| 3.0(/187.0|103.0| 446 |31.3|258]132| 50| 3.1
19-13-7 Fid OB.6| 54.0| 228|16.0/132| 67| 26 106.0| 63.0| 26.6|18.7|154| 79| 30

Fi4 |(121.0| 61.7| 26.0|183|151| 7.7| 28 121.0| 71.9| 304 |21.3|17.6| 9.0| 34| 2.1

Fi17 136.0| 719| 304 |21.3{17.6| 9.0| 34| 21| 136.0| 839 354|249 205(105| 40| 25

F22 11136.0 | 822 | 34.7 |24.4|20.1(10.3| 39| 24| 136.0| 959 | 405|284 |234/120| 48 2.8

F27 |[1360| 951 | 40.1(28.2|23.2|11.9| 45| 2.8([186.0|102.0| 468 |329|27.1|139| 53 3.3
19-14-9 F11 105.0| 61.0| 257 |18.1|148| 76| 29 105.0| 51.0| 215151124 64| 24

F14 120.0 | 69.7| 294 |206(17.0| 87| 33| 21| 1200| 582 246 |[17.3|142| 7.3| 28

F17 || 1350 81.3| 34.3|24.1|19.8|102| 39| 24| 1350| 680 287 |20.1|166| 85| 32 2.0

F22 1350 929 | 38.2|27.5|22.7|11.68| 44| 28| 135.0| 77.7| 328 23.0|18.0| 9.7| 37| 23

F27 |[1350|101.0| 453 (31.8/26.2|134| 51| 3.2|[1350| s0.8| 379 (266|21.9(11.2| a3 27
19-16-7 F11 105.0| 56.0| 23.6|16.6|13.7| 70| 2.7 108.0| 51.0| 21.5|151(|124| 64| 24

Fi14 [1200| B64.0| 27.0(18.0|156| 8.0| 3.0 120.0| 58.2| 246 (17.3|142| 7.3| 28

F17 ||1850| 746| 31.5|22.1(18.2| 9.3| 35| 2.2(/1350| 680 287 |20.1|166| 85| 3.2 2.0

F22 185.0| 853 | 36.0(25.3|20.8|10.7| 4.1| 25//1350| 77.7| 328|230 19.0| 97| 37| 23

F27 ||135.0| 98.6| 41.6(29.2(24.1(|12.3| 47| 29|/1350| 89.8| 379 |26.6(21.9|11.2| a3 2.7
19-25-7 F11 1050 | 71.9| 304 |21.3(17.6| 9.0] 34| 21| s0.0| 380| 16.0[11.3] 2.3] a8

F14 |1119.0| 822 | 34.7 |244|20.1|10.3| 39| 2.4|/103.0| 434 | 183 |128|106| 54| 2.1

F17 11340 959 | 405 |284|23.4|12.0| 4.6| 2:8(/1200| 506| 21.4|15.0/124| 63| pa

F22 |134.0|1000| 463 325|26.8{13.7| 52| 3.3||134.0| 579| 244 |17.1]141| 72 2.8

F27 ||134.0100.0| 535 |37.6/31.0{158| 6.0| 38|/ 134.0| e69| 28.2|19.8|163| 84| 32 20
25-10-11 Fi1 145.0 |1109.0 | 63.2 1444(36.6(18.7| 7.1| 4414501090 60.3|42.3|240[179]| 68| 42

F14 |165.0:1240 | 72.3|50.8(41.8/21.4| 8.1| 5.1)1650(124.0| 689 |484|39.9|204| 78| 48

F17 11860 |133.0| B4.3 59.2|48.8(25.0| 95| 59(186.0 |139.0| 804 |56.5|46.5|238| a0l 57

Fz22 186.0 | 139.0 | 96.4 |67.7|55.8|28.6(10.8| 6.8(|186.0|139.0| 91.8 |s4.5|53.2 27.2(10.3| 65

F27 |/186.0|139.0|104.0|78.3|64.5(33.0|12.5| 7.8//186.0 [1239.0 |104.0 |74.6|61.5|315/120| 75
25-13-9 F11 1400|1050 | 56.5(39.7|32.7|16.7| 64| 4.0|/140.0 |105.0| 556 [39.1|322 16.5| 6.3| 3.9

F14 1116001200 | 64.6 |453(37.4|19.1| 7.3| 4.5(160.0|120.0| 636 |44.7|368(188| 72| 45

F17 |1179.0)|134.0| 753 |528|436(22.3| 85| 5.3|179.0 |184.0| 74.2 [52.1|a29|220| 84| 52

F22 |1179.0(134.0| 86.1|60.5(49.8|255| 9.7| 6.1//179.0|134.0| 848 |58.6|49.1|251| 95| 6.0

F27 ||179.0(134.0| 995 |69.9|57.6/29.5|11.2| 7.0|/179.0 |134.0| 98,0 |68.9|56.7/29.1|11.0| 69
25-16-9 F11 136.0 1020 54.0378|31.2|16.0| 6.1| 3.8//136.0 (102.0 | 485 |34.1|28.1|144] 55| 34

F14 (1550 116.0 | 61.7 |43.3|35.7|18.3| 69| 4.3/(155.0|116.0| 55.4 |38.9/32.1/164!| 62| 39

F17 |1 174.0/131.0| 718 |50.5|41.6(21.3| 8.1| 51| 174.0 |131.0| 64.6|45.4|37.4|102| 73| 45

F22 (1174.0(181.0| 82.2|57.8|47.6(24.4| 9.3| 58|/ 174.0|131.0| 739 |51.9/42.8|219 83| 5.2

F27 ||174.0[131.0| 95.1 |66.8(55.0(28.2|10.7| 6.7//174.0 | 131.0| 854 |60.0|49.4|253 96| 6.0
26-25-11 Fi1 149.0 (112.0| 83.5|58.6(48.3|24.7| 94| 59| 149.0 | 1040 | 497 |34.0|288[1a7| 56| 35

F14 | 169.0|127.0| 953 |67.0|55.2|28.3/10.7| 6.7//169.0 | 127.0| 56.9 |39.9|329 16.8| 64| 40

F17 11180.0 [142.0|107.0|78.2|64.4|33,0|125| 7.8|[190.0|142.0| 66.3 |46.6|384|197| 75| 4.7

F22 (1180.0 |142.0|107.0 |89.3|73.6|37.7|14.3| 8.9//190,0 | 1420| 75.8|532(439|225 85| 53

F27 ]1190.0 |142.0 [107.0 195.0(85.1|43.6116.5/10.3//190.0 | 142.0| 87.6 |61.6/50.7|26.0 98| 6.2




TABLE 3.4: ALLOWABLE CONCRETE PRESSURES FOR FORMWORK PLYWOOD SIMPLY
SUPPORTED OVER A SINGLE SPAN (kPa)

Class 1 requirements of AS3610 — Formface deflection criteria
lesser of span/360 or 2mm. Allowable pressures limited by strength

are coloured.
Identification | Stress Face grain parallel to span Face grain perpendicular to span
Code Grade Span (I) mm Span ({{) mm
225 | 300 | 400 |450480 /600 /800900 225 | 300 | 400 450|480 600 800|900

12-10-5 F11 13.8) 58 25 16.7 6.6 28| 20

F14 18.7 6.6 28| 20 180( 7.6 32| 23

F17 18.4 T 33| 23 21.0 89 37| 26| 22

F22 210( 883 37| 26| 22 24.0( 101 43| 30| 25

F27 243 | 102 43| 3.0| 25 277 11.7| 49| 85| 29
12-10-7 F11 14.8 6.2 26 18.7 6.6 28| 2.0

F14 169 741 30| 21 180| 7.6 32| 23

F17 197| 83 35| 25| 20 21.0| 89 37| 26| 22

F22 22.5 9.5 40| 28| 23 24.0| 1041 43| 30| 25

F27 260| 11.0 46| 33| 27 277 1.7 49| 35| 28
12-13-5 F11 148| 62 2.6 13.8 5.8 25

F14 169 | 741 30| 21 15.7 6.6 28| 20

F17 18.7| 83 35| 25| 20 18.4 Tl 33| 23

Fa2 225| 95| 4.0| 28| 23 21.0 89 37| 26| 22

F27 26.0| 11.0 46| 33| 27 243| 102 43| 3.0| 25
12-16-5 Fi1 87| 7.8 33| 23 12.8 54 2.3

Fi4 214 2.0 38| 27| 22 14,6 6.2 2.6

F17 249 | 105| 44| 31| 26 17.0 7.2 30| 21

F22 285 | 120 51| 36| 29 19.5 8.2 35| 24| 20

F27 329 | 139 59| 41| 34 225 8.5 40| 28| 23
12-25-5 F11 226| 95| 40| 28| 23 6.9 29

F14 258 | 108| 46| 32| 27 7.9 3.3

F17 302 | 127 54| 38| 31 9.2 39

Fa22 345| 145| 6.1 | 43| 36 108| 44

F27 398| 168| 7.1| 50| 41| 21 121 5.1 2.2
15-32-5 F11 443 | 18.7 7.9 55| 46| 23 12.8 54 23

Fi4 506| 21.3| 90| 63| 52| 27 14.6 6.2 2.6

Fi17 59.0| 249| 105| 74| 61| 341 17.0| 7.2 30| 21

F22 674| 284| 120| 84| 68| 36 195 82 35| 24| 20

F27 78.0| 329)| 138| 97| 8.0| 41 225| 95| 40| 28| 23
17-10-7 F11 383 | 16.2 68| 48| 40| 20 452 | 19.1 81| 67| 47| 24

F14 438 | 185 78| 55| 45| 23 51.7| 218 82| 65| 53| 27

F17 511 216| 91| 64| 53| 27 60.3| 254 | 107 | 75| 62| 3.2

F22 584 | 247 | 104| 7.3| 8.0| 3.1 6889 291 | 123| B6| 7.1 36

F27 67.6| 285| 12.0| BS5| 7.0| 3.6 79.7| 336| 142|100 B2| 42
17-13-7 Fi1 443 | 187 79| 55| 46| 2.3 452 | 19.1 81| 57| 47| 24

F14 506 | 21.3 2.0| 63| 52 2.7 51.7| 218 92| 65| 53| 27

F17 500| 249| 105) 74| 61| 31 60.3| 254| 10.7| 7.5| 6.2| 3.2

F22 674 | 284 | 12.0| 84| 69| 36 689 291 | 123| B6| 7.1| 36

F27 780| 329| 138]| 9.7| B.O| 41 79.7| 336| 142(10.0| 8.2 4.2
17-14-7 F11 413| 174 74| 52| 43| 2.2 40.3| 17.0| 7.2| 50| 42| 24

F14 47.2| 1989 84| 59| 48| 25 461 | 194| 82| 58| 48| 24

F17 551| 23.2 98| 69| 57| 28 538| 227| 96| 67| 55| 28

Faz 629| 266| 11.2| 79| 6.5| 33 614| 259| 108 | 7.7| 6.3| 32

F27 7281 307 130] 91| 7.5| 3.8 71.01 300| 126| B9| 7.3| 38
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TABLE 3.4 (cont)

|dentification | Stress Face grain parallel to span Face grain perpendicular o span
Code Grade Span () mm Span (/) mm
225 | 300 | 400 |450 (480 (600 |800(|900|| 225 | 300 | 400 |450 480|600 |800 (900
17-16-7 Fi1 43.3| 183 77| 54| 45( 2.3 31.5| 133 56| 3.9| 3.2
F14 494 | 209 BB8| 62| 51| 28 36.0| 15.2 64| 45| 3.7
F17 57.7| 243| 103| 7.2| 59| 30 420 17.7 75| 52| 43| 22
F22 659 | 278| 11.7| B.2| 68| 35 48.0| 20.2 85| 6.0| 48| 25
F27 762 | 322| 136| 95| 79| 40 554 | 234 99| 69| 57| 29
17-16-9 F11 462 | 195 8.2| 58| 48| 24 38.3| 16.2 6.8| 48| 40| 2.0
F14 528 | 223 94| 66| 54| 2.8 438 | 185 78| 55| 45| 23
F17 61.6| 260| 11.0| 77| 64| 33 51.1| 216 91| 64| 53| 27
F22 704 | 297 | 125| 88| 7.3| 37 584 | 247 | 104 | 7.3| 6.0| 31
F27 814 | 343 | 145|102 84| 43 67.6| 285 | 120 | BS| 7.0| 3.6
| 17-25-7 F11 541 | 228 96| 68| 58] 28 236 | 100 42| 30| 24
F14 618| 261 | 11.0| 7.7| 64| 3.3 270 114 48| 34| 28
F17 721 304 | 128| 90| 74| 38 31.5| 13.3 56| 39| 32
F22 824 | 348 14.7|10.3]| 85| 4.4 36.0| 15.2 64| 45| 37
F27 96.3| 402 | 17.0|11.9| 98| 50 41.6| 17.5 74| 52| 43| 22
19-10-9 F11 568.1| 236 | 100| 70| 58| 3.0 50.0| 248| 105 | 74| 6.1 31
F14 64.1| 270| 114 ]| 80| 68| 34 674| 284 | 120 84| 69| 38
F17 747 | 315 18338 93| 7.7| 39 78.7| 332| 140/| 98| 81| 4.2
F22 B854 | 360| 152 (107| 88| 45 89.9| 379| 160 (11.2| 93| 47
F27 888 | 417 | 176 |12.3|10.2| 52| 2.0 104.0| 438 | 185 |13.0(10.7| 65| 2.1
19-13-7 F11 531 | 224 95| 66| 55| 2.8 620| 2611 11.0| 7.7| 64| 3.3
Fi4 80.7| 256 | 108| 76| 63| 3.2 70.8| 29.9| 126 | 89| 7.3| 37
F17 708| 298| 126| 89| 7.3| 3.7 B26| 348 147 |10.3| 85| 44
F22 808 | 341 | 144|10.1| B3| 4.3 944| 398 | 16.8|11.8| 87| 5.0
F27 936 | 395| 16.7 [11.7| 96| 49 108.0| 46.0| 194 [136(11.2| 68| 2.2
18-14-9 F11 60.0| 253| 10.7| 7.5| 6.2| 3.2 s50.2| 21.2 89| 63| 52| 26
F14 6B6| 289| 122| 86| 7.1| 38 57.3| 24.2| 102| 7.2| 59| 30
F17 BO.O| 387 14.2|100| 82 42 669 | 282| 118| B4| 69| 35
F22 914| 386| 163 |11.4]| 94| 48 76.4| 322| 136 | 96| 79| 40
F27 ||106.0| 446| 18.8|13.2|109| 56| 2.1 884 | 37.3| 157 (11.0| 91| 4.7
19-16-7 F11 551 | 232 88| 69| 57| 28 502 | 21.2 89| 63| 52| 28
F14 629 26.6| 11.2| 79| 6.5 3.3 57.3| 242 102]| 7.2| 58| 30
F17 734 310| 13.1| 82| 76| 39 669| 282| 119| 84| 69| 35
F22 839 | 354 | 149|105| 88| 44 76.4| 32.2| 136| 96| 79| 40
[ F27 ___Q_E"D 409 | 17.83 [12.1]|10.0| 5.1 884| 37.3| 157 (11.0| 91| 47
18-25-7 Fi1 708| 29.9| 126| 89| 7.3| 37 374| 158 67| 47| 39| 20
Fi4 B09| 341 | 144]10.1| 83| 43 427 | 18.0 76| 53| 44| 23
Fi7 944 | 398| 16.8(11.8| 9.7| 5.0 498 21.0 88| 62| 51| 26
F22 ||1108.0| 455 | 19.2[|13.5|11.1]| 57| 2.2 569 | 24.0| 101 | 71| 59| 3.0
F27 125.0| 5268 | 22.2|156|129| 66| 25 658 | 27.8| 11.7| 82| 68| 35
25-10-11 F11 147.0| 62.2| 26.3|184|15.2| 7.8| 3.0 141.0| 59.3| 250 |17.6|145| 74| 28
F14 1169.0| 71.1| 30.0(21.1|174| B9| 34| 2.1||161.0| 67.8| 28.6|20.1|165| 85| 3.2| 2.0
EATE 197.0( B3.0| 35.0/|24.6|20.3|104| 39| 2,5/187.0| 79.1| 334 |234|19.3| 98| 38| 23
F22 2250| 948| 40.0|28.1(23.2(11.9| 45| 28([214.0| 90.4| 38.1 |26.8(22.1|11.3| 4.3| 27
1. F27 112320 110.0| 46.3|325|26.8|13.7| 5.2| 3.3||232.0|105.0| 44.1 |31.0|255|131| 50| 3.1
25-13-8 Fi1 132.0| 556 | 23.5|16.5|136| 7.0| 2.6 130.0| 54.8| 23.1|16.2(134| 68| 26
F14 (|151.0| 635| 26.8|18.8|155]| 7.9| 3.0 148.0| 626| 264 |185|153| 7.B| 3.0
Fi17 |[176.0| 741 | 31.3[220(18.1| 9.3| 35| 2.2|[173.0| 73.0| 308 |21.6|17.8] 91| 35| 22
F22 |201.0| 84.7| 357 |25.1|20.7|10.6| 4.0| 2.5/|198.0| 83.4| 35.2|24.7|204|104| 4.0| 25
F27 1224.0| 979 | 41.3(29.0/239|12.2| 47| 29|/2240| 96.5| 407 |28.6|236(121| 46| 29
25-16-9 F11 126.0| 531 | 224 (157|13.0| 6.6| 2.5 113.0| 47.7| 201 M4.1|11.7] 6.0 2.3
Fi4 [ 1440| B60.7| 256 (18.0|148| 7.6| 29 129.0| 54.5| 23.0|16.2|13.3| 68| 26
F17 168.0| 708| 299 |21.0(17.3| 89| 34| 2.1|/151.0| 636 26.8/18.9]|155| 80| 30
F22 |[192.0| 809 | 34.1 |24.0|19.8|10.1| 38| 24| 1720| 727| 307 |21.5(17.8| 91| 35| 22
F27 ||218.0| 936| 39.5|27.7(22.8|11.7| 44| 28|/ 199.0| 84.1| 355 |249(205|10.5| 40| 25
26-25-11 Fi1 186.0| 821 | 34.7 |24.3|20.0{10.3| 39| 24||116.0| 49.0| 20.7 (145120 61| 23
F14 |(212.0| 93.9| 396 |27.8|229|11.7| 45| 2.8(133.0| 559 | 236|166/137| 70| 27
F17 ||237.0|1100| 46.2|32.5|26.7|13.7| 5.2| 3.2||1550| 653| 27.5|19.3|158| 82| 3.1
Fa22 237.0(125.0| 528 |37.1|30.6|156| 59| 3.7|177.0| 746| 31.5]|22.1(|182| 9.3| 35| 22
F27 |1237.01145.0| 61.11429/35.3/18.1| 69| 4.3/1204.0| B6.2| 36.4|256/21.1[108 41) 286

a



TABLE 3.5: ALLOWABLE CONCRETE PRESSURES FOR FORMWORK PLYWOOD SUPPORTED
CONTINUOUSLY OVER THREE OR MORE SPANS (kPa)

Class 2 requirements of AS3610 — Formface deflection criteria
lesser of span/270 or 3mm. Allowable pressures limited by strength
are coloured. Strength limited values must be multiplied by 0.8 for
plywood formwork continuous over two spans only.

Identification | Stress Face grain parallel to span Face grain perpendicular lo span
Code Grade Span () mm Span () mm
225 | 300 | 400 |450|480 (600 /8001900| 225 | 300 | 400 |450 |480 |600 |800 |S00
12-10-6 F11 39.4 | 18.7 78 | 55| 46| 23 505 | 21.3 90 | B3] 52| 27
Fl14 502 | 21.3 9.0 | 63| 52| 27 578|244 | 103 | 7.2| 60| 31
F17 59.0| 249 | 105 | 74| 61| 3.1 674|284 | 120 | 84| 69| 36
F22 674| 284 | 120 | 84| 69| 36 77.0| 325 | 137 | 9.6| 79| 41
Fa27 779|329 | 138 | 97| 8.0 4.1 864 | 376 | 158 |11.1] 9.2| 47| 20
12-10-7 Fi1 44.8| 20.0 84 | 59| 49| 25 50.5| 21.3 90 | 63| 62| 27
F14 541 | 228 06 | 68| 56| 28 578| 244 | 103 | 7.2| B.O| 31
F17 632| 267 | 11.2 | 79| 65| 3.3 674 | 284 | 120 | 84| 69| 36
F22 722|305 | 129 | 9.0| 74| 38 77.0| 325 | 137 | 96| 79| 41
F27 835| 352 | 149 [104| B6| 44 B7.8| 376 | 158 |11.1| 92| 47| 20
12-13-5 Fi1 44,8 | 20.0 84 | 59| 49| 25 442 | 18.7 79 | 55| 46| 23
F14 541 | 228 96 | 68| 56| 29 50.5| 21.3 8.0 | 63| 52| 27
F17 63.2| 267 | 11.2 | 79| 65| 33 590|249 | 105 | 74| 61| 31
F22 722|305 | 129 | 9.0| 74| 38 67.4| 284 | 120 | 84| 69| 36
F27 835| 35.2 | 149 |[104| BG| 44 779|329 | 139 | 97| 80| 41
12-16-5 F11 538| 253 | 10.7 | 75| 6.2| 32 411 | 17.3 7.3 | 51| 42| 22
F14 684 | 289 | 122 | 86| 7.1| 36 469 | 19.8 84 | 59| 48| 25
F17 80.0| 33.8 | 142 |[10.0| 82| 4.2 54.7 | 23.1 97 | 68| 56| 29
Fa22 87.8| 386 | 16.3 |11.4| 94| 48| 2.0 626 | 264 | 111 7.8| 64| 33
Fa7 878) 446 | 188 |[132|109| 56| 24 723|305 | 129 | 80| 7.5| 3.8
12-25-5 Fi1 67.6| 306 | 129 | 91| 7.5| 38 221 | 93 3.9 | 28| 23
Fi14 77.0| 350 | 148 |(104| B6| 44 253 | 10.7 45 | 32| 28
F17 864 | 409 | 17.2 |121|10.0| 51| 2.2 29.5| 124 53 | 37| 3.0
Fa2 864 | 46,7 | 19.7 (138|11.4| 58| 25 33.7 | 142 60 | 42| 35
F27 B64 | 540 | 228 |16.0|13.2| 68| 29 39.0| 164 6.9 | 49| 40| 21
15-32-5 F11 845)| 5865 | 253 (17.8|14.6| 7.5| 3.2| 20| 41.1| 17.3 73 | 51| 42| 22
F14 96.2 | 68.5 | 28.9 (20.3|16.7| B.6| 36| 23| 46.9| 198 84 | 59| 48| 25
F17 ||108.0( 78.9 | 33.7 (23.7|19.5|10.0| 42| 27| 547 | 231 9.7 | 68| 56| 29
F22 |1108.0( 81.0 | 385 |27.1|22.3|11.4| 48| 31| 626| 264 | 11.1 | 7.8| 64| 33
F27 ||108.0| 81.0 | 44.6 |31.3|25.8|13.2| 56| 35| 723| 30,5 | 129 | 8.0| 75| 38
17-10-7 Fi1 789 | 444 | 219 [154|127| 85| 27 95.7| 59.5 | 259 |18.2|150( 7.7| 32| 20
F14 1000 | 56.5 | 251 |176(145| 74| 3.1| 2.0|/109.0| 70.0 | 29.6 |20.8|17.1| B8| 37| 23
F17 |(1220)| 68.6 | 29.2 |20.5(16.9| 87| 37| 2.3||122.0| 81.7 | 345 |24.2|200(10.2| 43| 27
F22 ||1220| 79.2 | 334 |235(19.3| 9.9| 42| 26| 122.0| 91.8 | 39.4 |27.7|228|11.7| 49| 3.1
F27 ||1220| 91.6 | 38.6 [27.1|224(11.4| 48| 3.1|/122.0| 91.8 | 456 |32.0|264|135| 57| 36
17-13-7 F11 89.6 | 504 | 253 (17.8|146| 7.5| 3.2| 20| 98.0| 595 | 259 |18.2{150| 7.7| 3.2| 20
Fi4 |112.0| 64.2 | 289 (20.3(16.7| 86| 36| 2.3||1120| 70.0 | 29.6 |208|17.1| 88| 3.7| 2.3
F17 ||[1250| 77.9 | 33.7 |23.7|19.5(10.0| 42| 2.7( 125.0| 81.7 | 8345 |24.2|200(10.2| 43| 2.7
F22 |([125.0| 914 | 385 (27.1|22.3|11.4| 4.8| 3.1||125.0| 934 | 304 |27.7|228|11.7| 48| 3.1
F27 ||125.0| 93.9 | 446 |31.3|25.8|13.2| 56| 35| 1250| 939 | 456 |32.0|26.4(13.5| 57| 3.6
17-14-7 F11 86.0| 484 | 236 |18.6|13.7| 7.0| 3.0 952 | 54.6 | 230 |16.2{13.3| 68| 28
F14 108.0 | 61.6 | 27.0 (19.0|15.6| 8.0| 34| 2.1(108.0| 624 | 26.3 |185]|152| 78| 3.3( 2.1
F17 ||1220| 74.6 | 31.5 (221 |18.2| 9.3| 39| 25|/ 122.0| 728 | 30.7 |21.6({178| 8.1| 3.8| 24
F22 122,0 | 853 | 36,0 |25:3|20.8|10.7| 45| 2.8|(122.0| 83.2 | 35.1 [24.7(203|104| 44| 2.8
F27 |1122.0] 91.2 | 41.6 (29.2|241 (12.8| 5.2| 3.3[/122.0] 91.2 | 40.6 |28.5|23.5(12.0| 5.1] 3.2
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TABLE 3.5 (cont)

Identification | Stress Face grain parallel o span Face grain perpendicular to span
Code Grade Span (/) mm Span {{) mm
225 | 300 | 400 |450 480|600 |800|9200|| 225 | 300 | 400 |450 (480 (600 [800[900
17-16-7 Fi1 914 | 514 | 247 1174|143| 7.3| 31| 2.0|| 80.7| 426| 180 |126|104| 53| 2.3
F14 |1 108.0| 65.5( 28.3|19.9|16.4| 84| 35| 2.2/(103.0| 48.7| 206 |14.4|11.8| 61| 26
F17 118.0| 782 33.0|232|19.1| 9.8| 4.1| 26|/118.0| 568 | 24.0 [16.8|139| 7.1| 3.0
F22 |[118.0( 893 | 37.7 |26.5|21.8(11.2| 47| 3.0/|119.0| 650 27.4|19.3|159| 81| 34| 22
F27 [|119.0| B89.6 | 43.6 |30.6|25.2|12.9| 55| 34(119.0| 75.1| 31.7 |223|183| 24| 40| 25
17-16-9 F11 96.3| 545| 26.4(185(153| 7.8| 33| 2.1|| 95.0| 52.0| 219 [154(127| 65| 2.7
Fi4 |[1110.0| 69.3| 30.2|21.2|17.5| 8.0| 3.8 24(/1100| 594 | 251 |17.6(145| 74| 31| 20
F17 123.0| 83.5| 35.2|247|204(104| 44| 28(1230| 69.3| 292 |205(169| 87| a7 2.3
F22 (11230 92.3| 40.3|28.3|23.3(11.8| 50| 3.2(|1230| 79.2| 334 |235(19.3| 09| 42| 25
F27 ||123.0| 92.3| 46.5(32.7(26.9(138| 58| 37(/123.0| 916 | 386 [27.1|224|11.4| 4.8] 5.1
17-25-7 Fi1 93.5| 65.5| 308 |21.7/17.9| 9.2| 39| 24|l 68.1| 320| 135]| 95[ 7.8 40
F14 10B.0| 79.9| 353 |24.8(20.5|105| 44| 28| 866 | 365| 154 |108| 89| 46
F17 118.0| 896 41.2|29.0|239|122| 52| 3.3(|101.0| 426| 180|126/104 53| 2.3
F22 |1119.0| 89.6 | 47.1|33.1(27.3(14.0| 59| 3.7||115.0| 487 | 206 [14.4[119]| 61| 28
F27 || 119.0| B89.6| 54.5(38.3|31.5(16.1| 6.8| 4.3|(119.0| 56.3| 238 |16.7|138| 7.0| 3.0
19-10-9 F11 1060 58.5| 320 (225|185| 95| 40| 25|(107.0| 69.6| 337 |237[19.5]100] 42| 27
Fi4 122.0| 757 | 36.6|25.7|21.2/109| 46| 29| 122.0| 886 | 385 |27.1|223 114| 48| 31
F17 137.0 | 91.9 | 427 |30.0|24.7|12.7| 53| 3.4((137.0|103.0| 45.0|31.6(26.0/13.3| 58| 3.6
F22 137.0 | 103.0 | 4B.8 |34.3|28.3|14.5| 6.1| 3.8|/137.0|103.0| 51.4 |36.1|29.7|15.2 64| 4.1
Fa7 137.0|103.0| 56.539.6|32.7|16.7| 7.1| 4.5|137.0|103.0| 594 |41.7 344|176 74| 4.7
19-13-7 F11 986 | 555| 304 |21.3(17.6| 9.0| 38| 24| 106.0| 74.6| 354 |24.9|205|105| 24 28
F14 121.0( 706 | 34.7 |24.4)20.1(103| 4.3| 2.7|[121.0| 908 | 405 [28.4|23.4|12.0| 5.1 3.2
F17 ||136.0| B57 | 40.5|28.4|234/12,0| 51| 3.2||138.0|102.0| 47.2 |332|27.3|140| 59| 57
F22 |136.0 |102.0| 46.3 (32.5|26.8(|13.7| 58| 3.7||136.0 [102.0| 54.0|37.9(31.2|16.0| 67| 43
{3 F27 ||136.0|102.0| 53.5|37.6(|31.0|158| 6.7 4.2|136.0 102.0 | 624 |43.8|36.1|18.5| 7.8 4.9
19-14-9 F11 105.0 | B4.5| 34.3 |24.1(18.8(10.2| 43| 2.7|[105.0] 625| 287 |20.1(16.6| B5| 38 2.3
F14 |11200| 821 39.2|27.5(227|11.6| 49| 3.1|1200| 77.7| 328 |23.0/100| 97| 41| 286
F17 1350 | 99.7 | 467 |32.1)|26.5/136| 57| 3.6//135.0| 906| 38.2|26.8|22.1(11.3| a8 3.0
F22 |11350|101.0( 52.3(36.7|30.2|155| 65| 4.1/||135.0|101.0| 437 |30.7/25.3|129| 55| a5
Fa7 1350 |101.0| 604 (424|350|179| 7.6| 4.8|135.0|101.0| 505 [355(29.2|15.0 63| 40
19-16-7 F11 |/1050| 59.5| 31.5|221(182| 9.3| 39| 25|/105.0| 635| 28.7 [20.1|166| 85| 36| 2.3
Fi4 1200 | 757 | 3B.0|253|20.8|10.7| 45| 2.8(1200| 77.7| 228 |23.0|19.0| 97| 41 2.6
F17 1135.0| 819 | 42.0|29.5(24.3|12.4| 53| 3.3|135.0| 90.6| 38.2 |26.8(22.1|11.3| 48| 30
F22 1350 (101.0| 48.0|33.7|27.8|142| 6.0| 38| 1350|1010/ 437 |307 253129 | 55| 35
F27 ||1350]101.0| 555 |39.0|32.1|164| 69| 4.4|135.0|101.0| 505 |355|20.2|150| 63| 4.0
19-25-7 F11 105.0| 76.6| 405 |28.4(234]120| 51| 3.2| 95.0| 506| 21.4 |15.0[124 63| 2.7
F14 119.0| 89.5| 46.3 325(268(13.7| 58| 3.7(119.0| 579| 244 [17.1|141| 72 3.1
F17 ||1340|100.0| 540|379|31.2/16.0| 6.7| 4.3|134.0| 675| 285 |200|165| 84| 38| 23
F22 134.0 | 100.0 | 61.7 |143.3|35.7|18.3| 7.7| 49|/ 134.0| 77.2| 326|220 188| 96| 41| 26
AL F27 ||184.0|100.0| 71.3(50.1|41.3|121.1| 89| 56||134.0| 89.2| 376 |26.4|21.8|11.2| 47| 30
| 25-10-11 F11 145.0| 108.0| 64.1 |50.6|44.5(25.0|10.5| 6.7||145.0|100.0| &5.8|52.0/45.7|238 101 | 6.4
F14 |1165.0|124.0| B1.6 |64.5|55.8(|28.6/12.0| 7.6||165.0 |124.0| 837 |[64.5/53.2|27.2/115| 7.3
F17 || 186.0|139.0| 99.1 |78.3|65.1|33.3|14.1| 8.9 186.0 | 139.0 | 102.0 |75.3|62.0|31.8|134| 85
F22 186.0 | 138.0 | 104.0 |190.2|74.4|38.1|16.1|10.1|/ 186.0 | 139.0 | 104.0 |86.0|70.9|36.3|153| a7
F27 |[186.0|139.0 | 104.0 |92.8|86.0|44.0/18.6|11.7|| 186.0 | 139.0 | 104.0 |92.8|82.0|42.0(17.7|11.2
25-13-9 F11 1400 (1050 | 59.0 |46.6|41.0(22.3| 9.4| 6.0| 140.0|105.0| 647 |51.1|428|220| 9.3 5.9
F14 11600 |120.0| 75.1 |59.3|49.8/25.5|108| 6.8||160.0|120.0| 82.3 [59.6|49.1|25.1|108| 6.7
F17 1179.0 (134.0| 91.2(70.5|58.1|29.8|12.6| 7.9||179.0|1340| 989 |69.5|57.3(20.3|124| 7.8
F22 |1179.0 (134.0 | 101.0 |80.6|66.4|34.0|14.4| 9.1|/179.0|134.0 |101.0 [70.4|654|335(14.1| 89
Fe7 |[179.0 134.0 |101.0 |89.6|76.8)|39.3|16.6/10.5|/179.0 | 134.0 | 101.0 |89.6|75.7 [38.7 | 163|103
25-16-9 F11 1360 (102.0 | 584 46.2(40.6(21.3| 9.0| 57|(136.0|102.0| 59.6 |[45.4|374[19.2| 81| 5.1
F14 (|1550(116.0| 744 |57.8/47.6|244(10.3| 65|(1550(116.0| 73.9|51.9/428|219| 02| 58
F17 |1174.0(131.0| 90.3|67.4|555/28.4|12.0| 7.6|[174.0 |131.0| 86.2 |60.5|49.9/255|108| 68
F22 |(174.0 (131.0| 98.0|77.0|634(32.5/13.7| 8.7|174.0 [131.0| 98.0|69.2|57.0/202|123| 7.8
F27 ||174.0|131.0| 98.0|87.1|73.4|37.6/15.8|10.0/|174.0 | 131.0| 98.0(80.0/659(33.7]|14.2| 9.0
26-25-11 Fi1 149.0 | 1120 | 836 |66.3/58.3(33.0(13.9| B.8|[149.0 | 104.0| 584 |46.2|384[19.7| 83| 5.2
F14 1/169.0|127.0| 95.3 84.4|736|37.7|159(10.1||169.0 | 127.0| 74.4 [53.2|439|225| 95 6.0
F17 || 190.0 | 142.0 | 107.0 (95.0(85.9|44.0|18.5]|11.7|| 190.0 | 142.0 | 884 |62.1|51.2|262/11.1| 7.0
F22 190.0 | 142.0 [ 107.0 (95.0(89.1|50.3|21.2|13.4|| 190.0 | 142.0 | 101.0 |71.0|58.5|30.0 126| 8.0
F27 1190.0|142.0 /107.0 (95.0(89.1{58.1(24.5(15.5// 190.0 | 142.0 | 107.0 |82.1 |67.6|34.6 | 14.6| 9.2




TABLE 3.6: ALLOWABLE CONCRETE PRESSURES FOR FORMWORK PLYWOOD SIMPLY
SUPPORTED OVER A SINGLE SPAN (kPa)

Class 2 requirements of AS3610 — Formface defleclion criteria
lesser of span/270 or 3mm. Allowable pressures limited by strength
are coloured.

&
5??':#
#u"
of
|dentification | Stress Face grain parallel to span Face grain perpendicular to span
Code Grade ~_ Span () mm Span (/) mm o]
. 225 | 300 | 400 450|480 |600|800|900| 225 | 300 | 400 | 450|480 (600 BOOﬁ 900
12-10-5 Fi1 18.4 Ti 33| 23 21.0 8.9 3.7 26| 22
F14 21.0 89 37| 26| 2.2 240 101 43] 3.0| 25
Fi17 24.5| 103 44| 31| 25 28.0| 11.8 50| 35| 29
F22 280 11.8 50| 35| 29 320| 135 57| 4.0| 33
| Fa27 323| 138 58| 4.0| 3.3 37.0| 156 66| 46| 38| 20
12-10-7 F11 197 8.3 as| 25| 20 21.0 8.8 37| 26| 22
F14 225 9.5 40| 28| 2.3 24.0| 101 43| 3.0| 25
F17 26.2| 1141 47| 3.3| 2.7 280| 11.8 50| 35| 29
F22 30.0( 12,6 53| 3.8| 31 32.0| 185 57| 40| 33
Fa7 347 | 146 62| 43| 36 37.0| 158 66| 46| 38| 20
12-13-5 F11 18.7 83 35| 25| 20 18.4 7.7 33| 23
F14 22.5 9.5 40| 28| 23 21.0 8.9 37| 26| 22
F17 26.2| 111 47| 33| 27 245| 103 44| 31| 25
F22 30.0| 126 53| 3.8 31 28.0| 11.8 50| 35| 29
Fa7 347 | 148 B6.2| 43| 36 323| 136 58| 40| 33
12-16-5 Fii 249 105 44! 31| 286 17.0| 7.2 30| 21
Fi14 285| 120 51| 38| 28 19:5 8.2 35| 24| 20
Fi7 332 140 59| 42| 34 227 9.6 40| 28| 23
Faz2 380]| 18.0 68| 47| 39| 2.0 26.0| 11.0 46| 33| 27
Fa7 439 | 185 78| 55| 45| 2.3 300| 127 53| 38| 341
12-25-5 F11 302 127 54| 38| 31 9.2 39
F14 345| 145 61| 43| 36 10.5 4.4
F17 402 | 17.0 72| 50| 41| 21 12.2 5.2 2.2
F22 46.0| 194 82| 57| 47| 24 14.0 58 2.5
F27 531 | 224 85| 66| 55| 28 16.2 6.8 29| 20
15-32-5 Fid 590.0| 249| 105| 74| 61| 31 17.0 7.2 30| 24
F14 674| 284 | 120| 84| 69| 36 19.5 a2z 35| 24| 20
F17 787 | 332| 140| 98| 81| 4.2 227 | 96 40| 28| 23
F22 89.9| 379 16.0(11.2] 9.3| 4.7| 20 2600| 11.0 46| 3.3| 27
F27 1040| 439 185|13.0|10.7| 55| 2.3 300 | 127 53| 38| ad
17-10-7 F11 51.1| 216 91| 64| 53| 2.7 60.3| 254 107 | 7.5| 6.2| 3.2
F14 584| 247 | 104 | 7.3| 8.0| 31 689 29.1 | 123| B6| 7.1| 36
F17 68.2| 288 121 | 85| 7.0| 36 804| 338| 143|101 83| 4.2
F22 779 | 329| 139 | 97| BO| 41 91.9| 388| 164 |11.5]| 95| 49| 2.0
F27 90.1| 38.0| 16.0|11.3| 9.3| 48| 20 106.0| 44.8| 189 |13.3|10.9| 56| 24
17-13-7 F11 590(| 248| 105 74| 6.1| 3.1 60.3| 254| 107 | 7.5| 6.2| 3.2
F14 674 | 284 | 120| 84| 69| 36 68.9| 29.1| 123 | 86| 7.1| 36
F17 787 33.2| 140 9.8| 81| 4.2 804 | 339| 143(10.1| B3| 42
F22 899 379| 16.0(11.2| 93| 4.7| 20 91.9| 388 164 |11.5| 9.5| 48| 20
F27 |[104.0| 439 | 18.5(13.0|10.7| 55| 2.3 106.0| 448| 188 |13.3|109| 56| 24
17-14-7 F11 551 | 232 98| 69| 57| 29 53.8| 227 96| 67| 55| 28
F14d 629 | 266 11.2| 79| 65| 3.3 614| 259 108 | 7.7| 63| 32
F17 734 31.0| 131 | 9.2| 76| 39 71.7| 302| 128| 9.0| 74| 38
Fa22 839 | 354| 149|10.5| 86| 44 B19| 346, 146|10.2| B4| 4.3
F27 970] 409] 17.3112.1/100] 51] 2.2 94.7| 40.0| 169 ]11.8] 8.8| 50| 21




TABLE 3.6 (cont)

Identification | Stress Face grain parallel to span Face grain perpendicular to span
Code Grade Span () mm Span (/) mm
225 | 300 | 400 |450 (480|600 |800]900| 225 | 300 | 400 450480600 (800900
17-16-7 F11 57.7| 243| 103| 7.2| 58| 30 420| 17.7| 75| 52| 4.3| 22
Fi4 || 659 278 | 11.7| 82| 68| 35 48.0| 202| 85| 60| 49| 25
F17 || 769 | 325| 137/ 96| 7.9| 4.1 559| 236| 100/| 7.0| 58| 30
Fe2 || 87.9| 37.1| 156 (11.0]| 9.1| 46| 20 630| 270| 114 | 80| 68| 34
| F27 ||102.0| 428| 18.1 [127]|105| 54| 2.3 739 31.2| 132 9.2| 7.8 89
17-16-9 Fi1 61.6| 260| 11.0]| 7.7| 84| 33 51.1| 216| 9.1 | 64| 53| 27
Fi4 704 | 297 125| 88| 7.3| 37 584 | 247 | 104 | 7.3| 6.0] 31
Fi7 82.2 | 847 | 14.6(103| 85| 4.3 68.2| 288| 121 | 85| 70| 386
F22 || 939| 396| 16.7 |[11.7| 97| 50| 2.1 779| 329 | 138| 97| 80| 4.1
F27 ||109.0| 458| 19.3|136|11.2| 57| 2.4 90.1| 38.0| 16.0|11.3| 9.3| 48| 2.0
17-25-7 F11 721 304] 128 0.0[ 74| 38 315 133| 56| 39| a2
F14 | 824| 348| 147(10.3| 85| 4.4 360| 152| 64| 45| 37
Fi7 961 406 171 [12.0| 9.9| 51| 21 420 17.7 75| 5.2| 43| 22
F22 |[[110.0| 46.4| 19.6[137/11.3| 58| 2.4 48.0| 202| 85| 60| 49| 25
ra F27 ||127.0| 536 | 226 (159(13.1| 87| 2.8 564| 234| 99| 69| 57| 29
19-10-9 F11 747| 315| 133| 93| 7.7| 39 787 | 332| 140 98| 81| 4.2
Fi14 || 854 | 360| 152 |10.7| 88| 45 899 | 379 | 160 [11.2| 93| 47| 2.0
F17 906| 420| 17.7 |125(10.3| 53| 2.2 105.0| 44.3| 187 [13.1|108] 55| 2.3
F22 |1114.0| 480| 20.3 [14.2/11.7| 6.0| 25 120.0| 506 21.3[150(124| 6.3| 2.7
F27 | 132.0| 556 234 |16.5/136| 69| 2.9 139.0| 585 | 247 [17.3[14.3| 7.3| 31| 20
19-13-7 F11 || 70.8]| 298| 126] 89| 7.3| a7 826| 348| 147 [103| 85| 44
Fi4 | 80.9| 34.1 | 14.4|10.1| 83| 4.3 944 | 398| 168 [11.8| 97| 50| 2.1
F17 || 944| 298| 16.8[11.8| 97| 50| 2.1 110.0| 465| 196 [138(11.3| 58| 25
Fez |108.0| 455| 19.2|135[11.1| 57| 2.4 126.0 | 53.1 | 224 [157|13.0| 66| 28
F27 ||125.0| 526| 22.2|156/|129| 66| 28 146.0 | 61.4| 259 |18.2[15.0| 7.7| 32| 2.1
19-14-9 F11 80.0| 337 | 14.2[100]| 82| 42 669 | 282 119] 84/ 69| 35
Fi4 914 | 386 16.3|11.4| 94| 48| 20 76.4| 322| 136| 9.6 7.9| 40
F17 | 107.0| 450| 19.0|133|11.0| 58| 2.4 89.2| 376| 159|11.1| 92| 47| 20
F22 |[1220| 51.4| 217 |152[126| 64| 2.7 102.0 | 43.0| 18.1 |127|105| 54| 2.3
F27 || 141.0| 594 | 251 |17.6|145| 7.4| 3.1| 20/ 1180 | 49.7| 21.0|147|121| 62| 26
18-16-7 Fi1 734 | 310 131 | 8.2 76| 39 669 | 282| 119 84| 839| 35
Fi4 || B39 | 354| 149 |105| 86| 4.4 764 | 322 136| 96| 79| 40
F17 || 979| 413| 174 |122{101] 52| 22 89.2| 376 159 |11.1| 92| 47| 2.0
F22 [[112.0| 47.2| 199 [140/11.5| 58| 25 102.0| 43.0| 181 [127|105| 54| 2.3
F27 |/120.0| 546| 230 (16.2|13.3| 6.8| 29 118.0| 49.7| 21.0 [147(121]| 6.2 26
19-25-7 F11 944) 398 16.8(11.8| 9.7| 5.0| 2.1 498 | 21.0 89| 62| 51| 26
F14 |108.0| 455| 19.2 (135[11.1] 57| 2.4 569 | 24.0| 101 | 7.1| 59| 3.0
F17 |1260| 531 | 224 [157[13.0] 68| 2.8 664 | 280| 11.8| 83| 68| 35
F22 |144.0| 60.7 | 256 |18.0(14.8| 76| 32| 20|l 7598| 320| 135| 95| 78| 40
F27 ||166.0| 70.2| 29.6 [20.8|17.1| 88| 3.7| 2.3|| 87.8| 37.0| 156 |[11.0| 9.0| 48| 2.0
25-10-11 F11 ||162.0| 83.0| 35.0|24.6/20.3|104| 44| 28] 166.0| 79.1| 33.4 |234[19.3| 99| 42| 26
F14 ||206.0| 94.8| 40.0|28.1(23.2|11.9| 50| 3.2{|207.0| 904 | 381 [26.8/22.1|11.3] 48| 3.0
F17 |/282.0|111.0| 46.7 |32.8(27.0|13.8| 58| 3.7|232.0 |105.0 | 44.5|31.3|258|13.2| 56| 35
F22 | 282.0|126.0| 53.3|37.5/30.9/|15.8| 6.7| 4.2|232.0|121.0| 50.8|35.7(29.4|151| 64| 4.0
F27 ||282.0(146.0| 61.7 |43.3|35.7|18.3| 7.7| 49(/232.0|139.0| 588 |41.3(340|17.4| 74| 4.7
25-13-9 F11 |149.0| 74.1 | 31.3|220(18.1| 93| 39| 25(163.0| 73.0| 308 |21.6[17.8| 9.1] 39[ 24
F14 |190.0| 84.7 | 35.7 [25.1|20.7|10.6| 45| 28| 198.0| 834 | 352 |24.7(204|10.4| 44| 2.8
F17 2240 | 988 | 41.7 |129.3|124.1|124| 52| 3.3||2240| 97.3| 41.1 |28.8(238|122| 51| 3.2
F22 |224.0(113.0| 47.6(33.5|27.6(|14.1| 6.0| 38||224.0[111.0| 469 |33.0|27.2|13.8| 59| 3.7
F27 ||224.0(131.0| 55.1(38.7|31.9/16.3| 6.9| 44| 224.0|129.0| 54.3[38.1|31.4|16.1| 68| 4.3
25-16-9 F11 |[1480| 70.8| 29.9|21.0({17.3| 89| 3.7| 24||151.0| 636| 268 [1839]|155]| 80| 34| 2.1
F14 ||188.0| 809 | 34.1 |24.0({19.8{10.1| 43| 2.7|[172.0| 72.7| 307 |21.5|17.8| 9.1| 38| 2.4
F17 |[|218.0| 944 | 39.8 |28.0(23.1(11.8| 50| 3.2|201.0| B48| 358|251 |20.7|106| 45| 28
F22 |[218.0|108.0| 455|320(26.3(135| 57| 36(2180| 969 | 408 |28.7|237|12.1| 51| 3.2
F27 ||218.0|125.0| 52.6|37.0(30.5|15.6| 6.6| 4.2/|218.0|112.0| 47.3|33.2|27.4|14.0| 59| 3.7
26-25-11 F11 ||186.0|1100| 46.2|325(26.7(13.7| 5.8| 37| 148.0| 65.3| 275 [19.3]159] 82| 34| 22
F14 |12120|1250| 528 |37.1|306(|156| 6:6| 4.2||177.0| 746| 315 |22.1|182| 9.3| 39| 25
F17 | 287.0|146.0| 61.6 |43.3(35.7|18.3| 7.7| 4.9||206.0| 87.0| 36.7 |25.8|21.2|109| 46| 29
F22 ||237.0|167.0| 704 [49.4]40.7|209| 88| 5.6||236.0| 99.5| 420 |20.5|24.3|124| 52| 33
F27_||237.0(178.0| 81.4|57.2|47.1]|24.1|10.2| 6.4|l237.0|115.0| 485 |34.1|28.1|144| 6.1 3.8

35




TABLE 3.7: ALLOWABLE CONCRETE PRESSURES FOR FORMWORK PLYWOOD SUPPORTED
CONTINUOUSLY OVER THREE OR MORE SPANS (kPa)

Classes 3 and 4 requirements of AS3610 — Formface deflection
criteria greater of span/270 or 3mm. Allowable pressures limited by
strength are coloured. Strength limited values must be multiplied by 0.8
for plywood formwaork continuous over two spans only.

Identification | Stress Face grain parallel to span Face grain perpendicular to span
Code Grade Span () mm Span (/) mm
225 | 300 | 400 450|480 |600 [800 900 || 225 | 300 | 400 |450 480 [600 800 [900
12-10-5 F11 39.4 | 222| 125| 99| 7.7| 32 556 | 31.3| 17.6|11.4| 88| 36
F14 | s02| 282| 159|11.4| 88| 36 707 | 398 | 208 [130(10.0| 4.1
F17 || 61.0| 343 | 19.3(133103| 4.2 859 | 48.3| 24.3(152(11.7| 48
F22 || 789 | 444 | 24.3|152|11.7| 48 86.4 | 625 | 27.8(17.3|134| 55
F27 || 86.4| 555| 28.1 [17.5|135| 56 864 | 648 | 32.1 |200/155| 63| 20
12-10-7 Fi1 448 | 252 | 142[107] 8.2| 34 538 30.3| 17.0[11.4] 88| 36 ™
Fi14 || 57.0| 321 18.1 [122| 9.4| 39 68.4 | 385 | 208 [13.0/100| 4.1
F17 || 69.3| 39.0| 21.9|142|110| 45 831| 468 243[152|11.7| 48
F2z || 878 | 504 | 26.0(16.2(12.68| 5.1 87.8| 60.5| 27.8|17.3|134| 55
F27 || 87.8| 63.0| 30.1[188(14.5| 59 g7.8 | 659 | 321 |20.0[155| 63| 20
12-13-5 F11 448 | 252 142|107| 82| 32 520| 29.2| 159 [100] 7.7 32
Fi4 || 57.0| 321 | 18.1[|122| 94| 39 66.2| 37.2| 18.2|11.4| 88| 36
F17 | 68.3| 30.0| 21.9|142|11.0| 45 803 | 452 | 21.3|13.3|103| 42
Fe2 || 856| 504 | 26.0[16.2|126| 5.1 856| 585 | 24.3(152[117| 48
F27 || 856| 630 30.1|18.8|145| 59 856| 642 | 28.1|17.5/135| 56
12-16-5 F11 538 | 30.3| 17.0[184[104] 4.3 484 | 27.2| 148 92| 71| 29
Fi4 || 684 | 385| 21.7|154|11.9] 49 61.6| 347 | 169|106/ 8.1| 33
Fi7 || 831 | 468 | 26.3|180|139] 57 748| 421 | 19.7 |12.3| 95| 39
F22 || 87.8| 60.5| 33.0|206(|159| 65| 2.1 87.8| 545| 226|14.1(109| 45
F27 | 87.8| 659 | 381 |238(184| 7.5| 2.4 87.8| 659 | 26.1|16.3|126| 52
12-25-5 F11 || 67.6| 38.3| 21.6|163|126| 5.2 305| 17.1| 80| 50| 38 W33
F14 || 77.0| 488 | 27.4|187|144| 59 388| 21.8| 91| 57| 44
F17 || 864 | 59.2| 333|21.8|16.8| 69| 2.2 471 | 265|106 | 66| 51| 21
F22 || 864 | 64.8| 399 |248|192| 78| 25 61.0| 343| 121| 76| 58| 24
. F27 || 86.4| 64.8| 461 [288|22.2| 9.1| 29| 20| 76.2| 429| 140/| 88| 68| 28 |
15-32-5 F11 845| 59.5| 335([264[23.2[10.1] 32| 22| 4686| 262 148 9.2] 7.1| 28
F14 || 86.2| 72.2| 426 |337|28.2|11.6| 37| 25| 59.3| 334 | 169 |{106| 81| 33
F17 ||108.0| 81.0| 51.7 |[409|328(135| 43| 30| 720| 405| 19.7 [123| 95| a9
F22 ||108.0| B81.0| 60.7 [487|37.6|154| 49| 34| 932 | 524 | 226 |14.1|108] 45
F27 ||1080| 81.0| 60.7 [54.0|435|178| 56| 39|[1080| 655| 26.1 |16.3|126| 52
17-10-7 Fi1 789| 444 | 250[19.7[17.3] 88| 28 957 | 59.5| 335 (26.4|232[103| 33| 2.3
Fi4 |[100.0| 56.5| 31.8 |25.1|22.1|100| 32| 2.2||108.0| 757 | 426 |33.7|288|11.8| 37| 26
F17 | 1220| 68.6| 386 |305(268(11.7| 37| 26/[1220| 91.8| 51.7 [400|337(138] 44| 3.0
F22 |122.0| 88.7 | 49.9|39.4|326[134| 42| 29|[1220| 91.8| 669 [49.8|385(158| 50| 35
F27 |1220| 91.8| 62.4|488|37.7|155| 49| 34|[1220| 918 | 688 |57.6/445(182| 58| 4.0
17-18-7 F11 896 | 504 | 284 |224(19.7|10.1| 32| 22| 98.0| 59.5| 335 |26.4|23.2|103| 33| 2.3
F14 | 112.0| 64.2| 36.1|285|25.1(11.6| 37| 25/|[1120| 757 | 426 [33.7|289(11.8| 37| 26
F17 |[125.0| 77.9| 438 (346|304 (135| 4.3| 3.0/ 125.0| 919 51.7 [409|337(138| 44| 3.0
F22 I[1250| 939 | 56.7 |[44.8(|37.6(154| 49| 34| 1250| 939 | 669 [49.8|385|158| 50| 35
Fe7 |[125.0| 939 | 704 |56.0/43.5(17.8| 56| 39| 125.0| 939 | 704 |57.6]44.5/182| 58| 4.0
17-14-7 F11 86.0| 484 | 27.2|21.5|189| 9.4| 30| 21| 952| 565 31.8|25.1]22.1| 92| 29| 2.0
F14 |[[108.0| 61.6| 347 |27.4|24.1|108| 34| 24| 1080| 719| 404 [31.9]257|105| 33| 23
F17 |[122.0| 74.8| 421 (332|29.2(126| 40| 28| 1220| 87.3| 49.1 [38.8|30.0|123| 39| 27
F22 [[122.0| 91.2| 545 (430(35.1(144| 46| 3.2|/1220| 91.2| 635 |44.4(34.3|14.1| 44| 31
F27_ll122.0| 91.2| 68.1(52.6(406]|166] 53| 3.7[11220] 91.2| 684 (51.3[30.7]|16.2| 51| 36
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TABLE 3.7 (cont)

Identification | Stress Face grain parallel to span Face grain perpendicular to span
Code Grade Span (/) mm Span (/) mm
225 | 300 | 400 |450 |480 |600 |800|200|| 225 | 300 | 400 |450 480|800 ]800 [900
17-16-7 Fi1 914 | 514 | 289 (229(20.1| 99| 3.1| 22| 807 | 454 | 255 |202[176| 7.2| 2.3
F14 ||106.0| 655 | 36.8 [29.1(256(11.3| 36| 25/1030| 57.8| 325 [257(20.1| 82| 26
F17 |[119.0| 79.5| 44.7 [35.3(31.0[183.2| 4.2| 2.8(/119.0| 70.1 | 398.5 [30.3|23.4| 96| 3.0| 2.1
Fe2 ||119.0| 89.6| 57.9 [457|36.8(15.1| 4.8| 3.3/[119.0| 89.6| 51.1 [34.7|26.8|11.0| 35| 24
F27 ||119.0| 896 | 67.2 |55.1(42.6|17.4| 55| 3.8/|119.0| 89.6 | 638 [40.131.0{127| 40| 28
17-16-9 F11 96.3 | 54.5| 306 |24.2]21.3]106| 3.3] 2.3|| 95.0] 534 | 301 [238[209][ 88| 28
F14 ||110.0| 69.3 | 39.0 [30.8/|27.1|12.1| 38| 2.7|/110.0| 68.0| 38.3 |30.2|24.5|100| 32| 22
F17 ||128.0| 84.2 | 47.3|37.4|32.9(14.1| 45| 3.1(123.0| 826 | 465 [367|285(11.7| 37| 26
F22 |/123.0| 923 | 61.3|48.4/39.3(16.1| 51| 3.5/123.0| 92.3| 60.1 [422|326|134| 42| 28
F27 |[123.0| 923 | 69.2|58.8(45.5(186| 59| 4.1|1230| 92.3| 69.2 [488|37.7|155| 49| 34
[17-25-7 T F11 93.5( 655 | 369 [20.1(|256(124( 39| 27| 681 | 383 | 216 [17.0[132| 54
F14 ||106.0| 79.9| 469 |37.1|326(14.1| 45| 31| 867 | 488| 274 [185/15.1| 6.2| 2.0
F17 ||119.0| 896 | 57.0 |45.0|39.6|165| 5.2| 3.6|1050| 59.2| 333|227 17.6| 7.2| 2.3
F22 ||119.0| 896 | 67.2 |58.3|46.0(18.8| 6.0| 4.1|[1190| 766 | 416 |260(20.1| 82| 26
F27 |[119.0| 896 | 67.2 |59.7|532|21.8| 69| 4.8|(119.0| 89.6 | 48.1 |30.1|23.2| 9.5| 3.0| 2.1
19-10-9 F11 ||106.0| 59.5| 335 [26.4 (232|128 4.1| 2.8|[1070] 69.6 | 39.1 309 (27.2[135] 4.3 30
F14 |122.0| 757 | 42.6 [33.7(29.6(14.7| 46| 3.2|/1220| 886 | 49.8 [39.4|346(154| 49| 34
F17 ||187.0| 91.9 | 51.7 |409|359(17.1| 54| 3.8|/137.0 |103.0| 605 |47.8|420/180| 57| 4.0
F22 ||187.0 ([103.0| 66.9 |529]46.5(19.5| 62| 4.3|137.0|103.0| 762 |61.8|50.2|206| 65| 45
F27 ||137.0|103.0 | 76.9 |B6.1|55.1(22.6| 7.1| 5.0/187.0 [103.0 | 76.9 |e8.4|58.0|238| 7.5| 5.2
19-13-7 F11 || 986| 555 | 31.2 [247|21.7|12.1| 38| 2.7 ||106.0 | 746 | 420|332 [20.2]14.2| 45| 3.1
F14 ||121.0| 706 | 39.7 |31.4(27.6|13.9| 4.4| 3.1([121.0| 909 | 534 |422|37.1|16.2| 5.1| 36
F17 ||136.0| 857 | 48.2 |38.1|33.5(16.2| 51| 3.6/(136.0 |102.0 | 64.9 |51.3/45.1 |18.9| 60| 4.1
F22 |1136.0 |102.0| 624 |49.3|43.3|18.5| 59| 4.1|/136.0 [102.0| 76,5 |66.3|52.7|21.6| 68| 4.7
F27 ||136.0 ({102.0 | 76.5|61.6|52.2|21.4| 6.8 4.7|[136.0 [102.0 | 765 |68.0|60.9|25.0| 7.9| 55
19-14-9 F11 |[1050| 64.5| 36.3(28.7(25.2[13.7| 4.3| 3.0([105.0| 625 | 352 |27.8(244[115| 36| 25
F14 1200 821 | 46.236.5|32.1(15.7| 50| 34|120.0| 796 | 448 |354(31.1 [131| 42| 2.9
F17 |[[135.0| 99.7 | 56.1 |44.3|38.0(18.3| 58| 4.0//135.0| 96.6 | 54.4 |42.09|37.3|15.3| 48| 3.4
F22 |[[135.0|101.0| 726 |57.4|504(20.9| 66| 4.6/135.0(101.0| 703 |55.2|42.7|175| 55| 3.8
F27 ||135.0|101.0| 757 |67.3|69.0|24.2| 7.7| 5.3|(135.0 |101.0| 757 [63.9|40.3[20.2| 6.4| 4.4
19-16-7 F11 (1050 | 59.5| 335 |26.4|23.2[126] 4.0 28([105.0| 635| 357 |28.2|248[115| 36| 25
F14 ||120.0 | 75.7 | 426 |33.7|206|14.4| 46| 3.2|[120.0| B0.9 | 455 |359(31.6(13.1| 4.2| 29
F17 ||1850| 919 51.7 |[409(359|16.8| 53| 3.7|[1350 | 98.2 | 552 (436/37.3]15.3| 48| 3.4
F22 ||135.0|101.0| 668 |52.9(46.5(19.2| 6.1| 4.2|[135.0|101.0| 715 |55.2|427|17.5| 55| 3.8
Fe7 ||185.0]101.0| 757 |66.1|54.2|22.2| 7.0| 491350 [101.0 | 757 |63.8|49.3/20.2| 64| 4.4
19-25-7 F11 |[105.0| 76.6 | 43.1 |34.1|289(162| 51| 36| 95.0| 534 | 301 [238|209] 85| 2.7
F14 ||119.0| 89.5| 549 |434/38.1[185| 59| 4.1/ 119.0 68.0| 383 |30.2|238| 9.8| 3.1 2.1
F17 |134.0|100.0 | 66.6 |52.6|46.3|21.6| 6.8| 4.7134.0| B26| 465 |36.0/278/11.4| 38| 25
F22 |/134.0|100.0| 75.3 |66.9|58.9(24.7| 7.8| 5.4|134.0|100.0| 60.1 |41.1|31.8[13.0| 4.1| 20
F27 |1134.0 |100.0| 75.3 |66.9|62.7|28.5| 9.0| 6.3| 1340|1000 | 752 |476|368(15.1| 48| 3.3
25-10-11 Fi1 | 145.0 |109.0| 64.1 |50.6(44.5|285[10.7] 74| 1450[100.0 | 65.8 [52.0[45.7|202]102] 71
F14 |165.0 |124.0| 81.6 |64.5(56.7 |36.3[12.2| 8.5|/165.0 [124.0| 837 |66.2(58.2|36.7|11.6| 8.1
F17 | 186.0 |139.0 | 99.1 [78.3(68.844.0{14.2| 9.9|(186.0 |139.0 | 102.0 |80.3|70.6 |429|136| 9.4
F22 |1186.0 |189.0 | 104.0 [92.8(87.0|51.4|16.3(|11.3||186.0 | 130.0 | 104.0 |92.8[87.0|49.0]15.5|10.8
F27 |1186.0 |139.0 | 104.0 |92.8(87.0|50.4 |18.8(13.0 [ 186.0 | 139.0 | 104.0 [92.8|87.0|56.7 [179[12.4
25-13-9 F11 | 1400|1050 | 59.0 |[46.6(41.0|26.2| 9.5| 6.6|/140.0 |105.0| 647 |51.1[449(|287]| 04| 65
F14 |160.0 [120.0| 75.1 |59.3|52.1(33.4|109| 7.6/160.0 |120.0| 82.3 |65.0/57.2|33.9(|10.7| 7.4
F17 |[[179.0 |134.0| 91.2 |72.0|63.3|40.2(12.7| 8.8[179.0 |1834.0 | 999 |79.0|69.4|39.6|12.5| 8.7
F22 ||179.0 |134.0 |101.0 |89.6|81.9|45.9|14.5|10.1 || 179.0 | 134.0 | 101.0 |B9.6 |84.0 |45.2 |14.3| 9.8
| F27 |[179.0 [134.0 [101.0 |89.6(84.0/53.1 /16.8|11.7 | 179.0 | 134.0 | 101.0 |89.6 |84.0|52.3[16.5|11.5
25-16-9 F11 ||136.0 |102.0| 58.4 |46.2|40.6|26.0| 9.1| 6.3|[136.0 |102.0| 59.6 [47.1|41.4|259] 82| 57
F14 |1550(116.0| 74.4 |58.8(51.6|329(104| 7.2||155.0 |116.0| 75.8 |59.9|52.6|20.6| 9.4| 65
F17 |[174.0|131.0| 90.3 |71.3|62.7|38.4(12.1| B.4|[174.0 [131.0| 92.0(72.7|639|345|109]| 7.6
F22 |174.0|131.0| S8.0 |87.1|81.1(|439(139| 96|[174.0|131.0| 98.0 |a7.1[81.6(39.4|125| 86
F27 11174.0:131.0| 98.0|87.1|81.6|50.7{16.0(11.1//174.0 | 131.0| 98.0 |87.1|81.6(45.6|14.4[10.0
26-25-11 F11 |[1490:1120| 836 |66.3(58.3|37.3[14.1| 9.8]|149.0|104.0| 58.4 [46.2|d06(26.0] 84| 5.8
F14 | 169.0;127.0| 95.3 |84.4|74.2(47.5(16.1 [11.2]/169.0 |127.0 | 74.4 |58.8|51.6(30.3| 96| 6.7
F17 | 190.0|142.0 |107.0 [95.0(89.1|57.7|18.8(13.0|[190.0 | 142.0 | 90.3 |[71.3|62.7 [35.4|11.2| 7.8
F22 |190.0|142.0 |107.0 [95.0(88.1|67.8|21.5|14.9|(190.0 | 142.0 | 107.0 [92.3|81.1 [40.4|128| B9
F27 11190.0 |142.0 | 107.0 |95.0/89.1|71.2(24.8]|17.2][190.0 | 142.0 | 107.0 |95.0|89.1 [46.7 |14.810.3
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TABLE 3.8: ALLOWABLE CONCRETE PRESSURES FOR FORMWORK PLYWOOD SIMPLY
SUPPORTED OVER A SINGLE SPAN (kPa)

Classes 3 and 4 requirements of AS3610 — Formface deflection
criteria greater of span/270 or 3mm. Allowable pressures limited by
strength are coloured.

v-c'&c,
o
6‘?‘&
Identification | Stress Face grain parallel to span Face grain perpendicular to span
Code Grade | Span (/) mm Span (I) mm
225 | 300 | 400 |450 480|600 |800 (900 | 225 | 300 | 400 |450 |480 |600 | 800|900

12-10-56 F11 316| 178 66| 41| 3.2 445| 238 76| 47| a7

F14 402 | 226| 7.6| 47| 3.7 56.6 | 27.3 B6| 54| 42

F17 488 | 274 8.8 | 55| 4.3 68.7| 319 | 101 | 6.3] 49| 20

F22 631 319 101 | 63| 49| 20 889 | 364 | 115| 72| 56| 23

F27 789 | 368| 11.7| 7.3| 56| 2.3 108.0| 421 | 133 | 83| 64| 26
12-10-7 F11 359 | 20.2 71| 44| 34 43.0| 239 76| 47| 37

F14 456 | 256 B1) 51] 38 548 | 27.3 B6| 54| 42

F17 554 | 299 95| 59| 46 66,5 319| 101 | 63| 48| 20

F22 71.7| 341 | 108| 67| 52| 21 B6.0| 364 | 115 7.2| 66| 23

F27 896 | 39.5| 125| 78| 6.0| 25 10B.0| 421 | 13.3| 83| 64| 286
12-13-5 Fi1 359 | 20.2 71| 44| 34 41.6 | 209 66| 41| 3.2

F14 456 | 258 81| 51| 39 529 | 239 76| 47| 37

F17 554 | 299 95| 59| 46 643 279| B88| 55| 43

F22 71.7| 341 | 108 | 67| 52| 21 B3.2| 319| 10.1| 63| 49| 20

F27 896| 39.5| 125| 7.8| 6.0| 25 1040| 36.8| 11.7| 73| 56| 2.3
12-16-5 F11 430| 24.2 9.0| 56| 4.3 3B7| 184| 61| 38| 30

F14 548 | 308 | 103 | 64| 50| 20 493| 222| 7.0| 44 34

F17 665 | 374 | 120| 75| 58| 24 50.8| 258 82| 51| 40

F22 86.0| 43.2| 13.7| B5| 66| 27 74| 296| 94| 58| 45

F27 108.0| 50.0| 158 89| 76| 3.1 96.8| 342| 108 68| 52| 21
12-25-5 Fi1 545| 30.7| 108 | 68| 52| 2.2 244)| 105 33| 21

F14 694 | 39.0| 124 | 7.B| 60| 25 31.0| 120 38| 24

F17 842 | 458 | 145 9.1| 7.0| 29 37.7 | 139 44| 28| 21

F22 108.0| 523| 16.6 |10.3| 80| 33 488 | 158 50| 32| 24

F27 ||10B.0| 605| 19.2(120| 9.2| 3.8 58.2| 184| 58| 36| 28
15-82-5 Fi1 846 | 476 | 21.3|13.3|103| 4.2 37.3| 194 6.1| 38| 3.0

Fi4 1080 | 60.6| 24.3 |152|11.7| 48 47.5 | 22.2 70| 44| 34

F17 ||131.0| 736| 284 17.7(13.7| 5.6 576 | 259| 8.2 51| 40

F22 1350| 952 | 324 (202|156 64| 2.0 74.6 | 29.6 94| 58| 45

F27 1350 |101.0| 37.5|234|181| 74| 23 932 | 342| 108)| 68| 52| 2.1
17-10-7 Fi1 631 | 355| 184 (11.5]| B9| 36 846 | 476 | 21.7(136/|105] 43

F14 80.3| 45.2| 21.1|13.2|10.2| 4.2 10B.0 | 60.6| 248 |155|12.0| 49

F17 97.5| 54.9| 24.6|153|11.9| 49 131.0| 736 28.0 (181 (140| &7

F22 | 126.0| 71.0| 28.1 [17.5(13.5]| 56 163.0| 95.2| 33.1 |20.7|16.0| 65| 2.1

F27 153.0 | BB.7| 325 |203|15.7| 64| 20 153.0 (115.0| 38.3|239|185| 76| 24
17-13-7 F11 717 | 403| 21.3|13.3(10.3| 42 B46| 47.6| 21.7|136|105| 43

Fi4 91.3| 51.3| 243 (152(11.7| 48 108.0| B06B| 248 (155(120| 49

F17 || 111.0| 623| 284 (17.7|137| 56 131.0| 73.6| 29.0|18.1|140| 57

F22 143.0| B0.7| 324 |20.2|156| 64| 2.0 157.0| 952 | 33.1 |20.7|16.0| 65| 21

F27 || 157.0|101.0| 375 234|181 74| 23 157.0(117.0| 38.3|239|185| 76| 24
17-14-7 F11 688 | 3B7| 199(124| 9.6| 39 803 | 45.2| 194 |121| 8.3| 38

F14 B76| 49.3| 227 |142|109]| 45 102.0| 57.5| 221 |138|10.7| 44

F17 |[|[1060| 59.B| 26.5 (16.5|12.8| 52 124.0| 69.8| 25.8 |16.1|125| 5.1

F22 138.0| 77.4| 30.2(189|146| 6.0 152.0| 904 | 29.5|184|14.2| 58

F27 ||152.0| 96.8| 35.0(21.8|169| 69| 2.2 152.0 | 108.0| 34.1 [21.3]16.5] 6.7] 21

as



TABLE 3.8 (cont)

Identification | Stress Face grain parallel to span Face grain perpendicular fo span
Code Grade Span {I) mm Span () mm
| 225 | 300 | 400 |450 |480 |600 (800|900 225 | 300 | 400 |450 |480 |600 (800|900
17-16-7 F11 731 | 411 | 208 |13.0[10.0| 41 645| 363 | 151 | 9.4 7.3| 30
Fi14 93.1| 524 | 238 |148|11.5| 47 821 | 46.2| 17.3|10.8| B3| 34
F17 [|113.0| 636 | 27.7 |17.3|134| 55 99,7 | 56.1| 20.2 |[126| 9.7| 4.0
F22 |[|146.0| 823 31.7 |19.8[15.3| 6.3| 2.0 129.0| 726 | 23.0|144|11.1| 46
F27 |[|149.0 |103.0| 366 |22917.7| 72| 2.3 148.0| 84.2| 26.6 |16.6|129| 5.3
17-16-9 F11 774 | 436 | 222139107 44 76.0| 428 | 184 |11.5| B9| 36
F14 986 | 554 | 254 |158]|12.2| 5.0 967 | 544 211 |13.2(10.2| 4.2
F17 ||1200| 67.3 | 29.6 |18.5(14.3| 59 117.0| 66.1 | 246 (153(119| 49
F22 ||154.0| 87.1 | 33.8(21.1(16.3| 67| 2.1 152.0( 855 | 281 |17.5(|13.5| 5.6
Fa27 154.0 [109.0 | 39.1 [24.4|188| 7.7| 25 154.0 (103.0 | 325 |20.3|15.7| 64| 2.0
17-25-7 F11 932 | 524 | 26.0 [16.2|12.5| 5.1 545 307 | 113 7.1| 55| 2.2
Fi4 (|119.0| BB.7 | 29.7 |185|14.3| 59 694 | 390| 13.0| 81| 6.3| 286
F17 1440 | B1.0| 384.7 |216(16.7| 6.8| 2.2 B42| 474 | 15.1 | 94| 7.3| 3.0
F22 149.0 | 105.0 | 39.6 |24.7|19.1| 78| 25 108.0| 546 | 173 (108| 83| 34
i F27 ||149.0 |112.0 | 458 |28.6|22.1| 9.0| 29| 20|/136.0| 632 | 200 |125| 06| 4.0
18-10-9 F11 846 | 476 | 26.8 |16.8|13.0| 5.3 99.0| 557 | 284 17.7|13.7| 56
F14 108.0 | 606 | 308 (19.2|14.8| 6.1 126.0 | 708 | 324 |202|156| 64| 2.0
Fi17 ||131.0| 736 | 359 |224|17.3| 71| 22 153.0| BG.O| 37.8 [236(18.2| 75| 24
F22 |[169.0 | 952 | 41.0|256(|198| B.1| 26 171.0 |111.0 | 43.2 |[27.0(20.8| 8.5| 2.7
F27 171.0 |[118.0 | 475 |29,6(229| 94| 3.0| 21||171.0|1280 | 50.0|31.2|24.1| 9.9| 31| 2.2
19-13-7 F11 789 | 444 | 250 |159(123] 5.0 106.0| 59.7 | 29.8 |186|14.4| 59
Fi4 ||100.0| 565 | 29.2|18.2|14.1| 5.8 135.0| 76.0 | 34.0 [21.2|16.4| B.7| 21
F17 1220 | 686 | 34.0|21.2|164| 6.7| 2.1 164.0| 923 | 39.7 (248|191 | 78| 25
F22 ||158.0 | BB.7 | 38.9 |24.3|188| 7.7| 2.4 170.0 |118.0 | 454 |28.3/21.9| 9.0| 28| 2.0
F27 |[170.0|111.0| 45.0|28.1]21.7| 89| 2.8| 2.0|(170.0 |128.0| 525 |32.7|25.3|10.4| 33| 2.3
19-14-9 F11 g91.8| 51.6| 28.8 |18.0|139| 57 8B | 500| 241 [150|11.6| 4.8
F14 |(117.0 | 657 | 32.9 |20.6|159| 6.5 21 113.0| 637 275 |17.2|13.3| 54
F17 |(|142.0| 798| 384 |240|185| 7.6| 2.4 137.0| 77.3| 321 |20.1(155] 64| 2.0
F22 ||168.0 |103.0| 439 |274|21.2| 87| 28 168.0|100.0 | 36.7 [229|17.7| 7.3| 2.3
F27 ||168.0 |126.0 | 50.8 [31.7 |245|10.0| 3.2| 2.2||168.0 |125.0 | 425 [26.5(205| 84| 27
19-16-7 F11 846 | 476 | 26.5|165|128| 5.2 904 | 508 | 241 |150|116| 48
F14 108.0| 606 | 30.2 (18.9|14.6| B.O 1150 | 64.7| 275 |17.2|13.3| 654
F17 ||131.0| 736 | 353 (220(17.0| 70| 2.2 140.0 | 785 | 321 |20.1155| 64| 20
F22 |168.0| 952 | 40.3 |25.2(19.4| 8.0| 25 168.0 |102.0| 36.7 |229[|17.7| 7.3| 2.3
F27 ||168.0|119.0| 46.6 [29.1|225| 8.2| 29| 2.0|168.0 |126.0 | 425 |26.5(20.5| 8.4| 2.7
19-25-7 F11 108.0 ( 61.3| 34.0 |21.2|164| 6.7 21 76.0| 428 | 18.0|11.2| B.7| 36
Fi4 |(139.0| 78.0| 389 |24.3|188| 7.7| 2.4 896.7| 544 | 205 |128| 9.9| 4.1
F17 ||167.0 | 948 | 454 |28.3|21.9| 9.0| 28| 2.0|117.0| 66.1 | 239 |15.0|11.6| 4.7
F22 ||167.0 (123.0( 51.8 [324|25.0/10.2| 3.2| 2.3|[152.0| 855| 27.4 [17.1|13.2| 54
) F27 ||167.0|125.0 | 59.9 [37.4|289/|11.8| 38| 26| 167.0 (1000 | 31.6(19.8(156.3| 6.3| 2.0
25-10-11 F11 162.0| 91.2| 51.3 |40.5|34.2(14.0| 44| 3.1||166.0| 936 | 526 |41.6(|326|13.4| 42| 29
F14 206.0 |116.0 | 653 [50.6(39.1|16.0| 5.1| 3.5(/207.0 |119.0 | 67.0 |[48.2(37.2(153| 48| 3.4
F17 |/232.0|141.0 | 79.2 |59.0|456(18.7| 59| 4.1|/232.0 | 145.0| 81.4 |56.2(435(17.8| 56| 3.9
F22 232.0 |174.0 [103.0 [67.4|52.1|21.3| 6.8| 4.7|/232.0 | 174.0 | 103.0 |64.3 |49.7 |20.3| 6.4| 4.5
Fa27 232.0 (174.0 |125.0 [7B.0|60.2|24.7| 7.8| 54| 232.0 |174.0 [119.0 [743|57.4|235| 7.4| 52
25-13-9 Fi1 149.0| 839 | 47.2|37.3|30.5|125| 40| 27|/163.0| 920 | 51.7 |389|30.1 [12.3| 39| 2.7
F14 |/190.0 |107.0 | 60.1 |45.2|34.9|14.3| 4.5( 3.1||200.0 |117.0| 658 |44.5(34.4 [14.1| 4.5| 3.1
F17 |[224.0|130.0 | 729 |52.7 |40.7 [16.7| 5.3| 3.7|/224.0 | 1420 | 79.9 |51.9|40.1 |16.4| 5.2| 3.6
F22 ||224.0 |168.0| 94.4 |60.2|46.5|18.1| 6.0| 4.2|224.0 |168.0| 950 |59.3|45.8|18.8| 59| 4.1
F27 |/224.0 |168.0(112.0 |69.6|53.8|22.0| 7.0| 4.8|224.0 |168.0 | 110.0 |68.6|53.0|21.7| 69| 4.8
25-16-9 F11 148.0 | B3.1 | 46.7 [36.9/20.2(12.0| 3.8| 26| 151.0| 847 | 476 |339|26.2|10.7| 3.4| 2.4
F14 |188.0 |106.0 | 59.5|43.2/33.3(13.7| 4.3| 3.0/182.0 |108.0 | 60.6 |38.8|30.0|12.3| 39| 2.7
F17 [218.0 |128.0 | 72.2|50.3|38.9(159| 5.0| 35(|218.0|131.0| 725 |452|34.9|14.3| 45| 3.1
F22 | 218.0 |163.0, 92.2 |57.5/44.4(18.2| 58| 4.0(|218.0 |163.0| 828 |51.7|39.8|16.4| 52| 36
F27 218.0}_1 63.0 1107.0 |66.5|51.4|21.1| 6.7| 4.6|/218.0 |163.0 | 957 |59.8|46.2 [18.9| 6.0| 4.2
26-25-11 Fi1 186.0 |119.0 | 67.2|53.1|45.1 [1B.5| 59| 4.1||148.0| 831 | 46.7 |34.8|26.9|11.0| 35| 24
F14 ||212,0(152.0| B55 |66.8|51.6(|21.1| 6.7| 4.6/ 188.0 |106.0 | 59.5 [39.8(30.7|126| 40| 28
F17 2387.0|178.0 |104.0 |77.9(60.2|24.6| 7.8| 54||228.0 |128.0 | 722 |46.4|358|147| 4.7| 3.2
Fa22 237.0 |178.0 | 134.0 |B9.0(68.8|28.2| 89| B.2|(|237.0 | 166.0 | 85.0 |53.0|41.0|168| 53| 3.7
F27_||237.0 [178.0 | 134.0 |103.[79.5(32.6|10.3| 7.2|(237.0 |178.0| 98.2 |61.3|47.4|194| 6.1| 4.3
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CHAPTER 4

CONSTRUCTION
CONSIDERATIONS

Formwork is an expensive part of the concrete
construction process. Its cost can be minimised if it is not
treated as an expendable item. Formwork is plant; even
though it is plant with a short life. As such it should be
construcled to suit its intended life and for best material
recovery at the end of that life. Formwork should be
designed for ease of handling, erection and stripping which
together with effective maintenance and cdreful storage will
assist in ensuring that it can provide the planned number of
uses.

The implications of these construction considerations will
be examined in this chapter. Most details and workmanship
standards will relate to achievement of colour control and
the higher quality concrete surfaces: Classes 1 and 2 1o
AS3610. Achievement of the less stringent concreie surface
classes of 3, 4 and 5 will not necessarily need all these
delails or such high quality workmanship. The formworker
must judge the changes that are appropriate in each
particular case.

The Formface

Formface considerations start with being realistic about
what can be achieved. Monks (34) states:

“Concrete can be made dimensionally accurate
within close limits, and the surface can be made
smooth and sensibly free of physical Irregularities,
but it is unrealistic to demand large smooth areas
of visual concrete. Because, even when other
blemishes are avoided, the surfaces are never
completely uniform in colour.”
and

*...a specification which calls for the formed
concrete to have a uniform colour is totally
unrealistic.”

Recommendations for the plywood surfacing and the face
veneers in relation to the quality of the concrete finish were
given in Chapter 1. The loads on the plywood were
calculated using the methods detailed in Chapter 2, and the
next step of selecting a plywood of suitable consiruction
and stress grade to carry these loads in Chapter 3. These
recommendations related to new plywood or plywood in 'as
new' condition. AS3610 requires that:

cl. 5.4.1.6 Formwork Surface. The formwork surface
shall be constructed in accordance with the formwork
documentation and shall be provided with a surface
material compatible with the achievement of the
specified surface class.
and

cl. 5351 General. All materials usad in formwork
componenis shall be in accordance with the relevant
Australian Standards. (See Clause 4.5.6) Previously
used materials shall have structural characteristics at
least equal to those of the specified materials.
Unidentified materials shall not be used.

The formworker must be aware that every use of the form
adds {o its deterioration. After repeated uses the time will
come when the formface is no longer capable of producing
the specified concrete surface quality. The formface must
then be replaced. The plywood for the initial and the
replacement formfaces must be carefully selected with the
repetitive use and concrete surface quality requirements in
mind,

Figure 4.1 Instaliation of Filler Tapes.
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Edge Sealing

In Chapter 1 it was stated that plywood formfaces far all
classes of concrete surfaces should have edges initially
sealed and resealed after cutting. This is to inhibit the entry
of moisture into the end grain of the plywood which would
result in swelling and delerioration. For Class 1 and 2
concrete surfaces this sealing is even more important.
Gould (20) recommends the use of a two coat polyurethane
sealer. For a lesser standard of surface the pretreatment of
edges with cement slurry (often called pre-ageing) can be
effective.

Joint Sealing

It must be remembered that plywood sheets are saw-cut
to size both in manufacture and on site. Panel edges
therefore are slightly rough as they are a sawn and not a
machined surface. Additionally, dimensional tolerances,
particularly with regard to edge straightness, occur both at
manufacture and during site cutting resulting in an imperfect
Jjoint at panel edges. As a result, moisture loss from the
concrete can occur between the adjacent plywood sheets.
At the worst this can cause loss of fines giving boney
concrete. At the least it leads to darker areas from hydration
staining which is unacceplable in higher guality colour
controlled concrete surfaces. For these cases special tapes
are installed at all plywood edges at joints.

The extreme imporiance of preventing moisture loss at
joints is not confined to smooth concrete surfaces. It applies
equally to surfaces that are to be trealed, e.g. sandblasting,
bush-hammering, or jackpicking. The hydration staining
from moisture loss and boney concrete from loss of fines is
not just skin-deep. While surface treatment can often hide
very minor hydration staining it can rarely remove the end
results of unsealed formwork joints.

The recommended tapes are 3mm thick closed cell
polyurethane foam with one adhesive face. The selected
width of the tape is best equal to the width of the absorbent
surface. At junctions between adjacent plywood sheets the
tape is adhered to the first sheet edge and then the cover
tape, which stops it being stretched, is removed. The second
sheet is then cramped up to the first compressing the tape
to a minimum thickness. The portion of the tape which
bulges is then cut flush. The compressed tapes, if properly
installed, have the capacity o fill any small voids at the
plywood edge and thus inhibit moisture loss.

-
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Surface tapes can also be used lo prevent moisture loss
at plywood sheet junctions but they have some problems,
{39). Firstly, where the formwork has had a prior application
of release agent adhesion of the tape will be difficult. This
can lead to the tape coming free during the pour and getting
embedded in the concrete.

Secondly, the tape will form a shallow but clearly visible
recess in the concrete face. This is acceptable for Classes 4
and 5 but may not be for Class 3. For plain surfaces for
Classes 1 and 2 it is unacceptable. It is only where there is
deep surface lreatment, such as jack picking or bush
hammering, that the groove will be removed and can
therefare be permitted.

SURFACE TAPE ON FORMFACE
PRt

PLYWOOD FORMWORK
Figure 4.2 Surface Tapes.

Finally, where colour contral is specified it will give strips
of a colour slightly different to the remainder of the formed
face. This is due 1o the tape usually having a different rate of
moisture absorption to the formface.

Face Steps

The fixing of both plywood sheets to the same framing
member ensures the best possible alignment of the
formfaces. However this alignment cannot always be exactly
flush. The tolerances for variations in the thickness of
plywood sheets is approximately 1 mm. As a result it is
possible to get a 1mm face step within the form, even in
Class 1 work. AS3610 permits this for 95% of the readings
of this deviation and 2 mm for the remainder.
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Figure 4.3 Face Step.
Use of Liners

Decorative patterns and texiures can be formed into the
finished concrete surfaces by the installation of liners on the
smooth plywood formwork. The materials used vary widely.
They can be plywood cut to shapes , heavy rope fixed to the
formface, or an Infinite variety of patterns moulded into the
face of thin (3mm to 8mm thick), flexible, thermoformed,
rubber or elastomeric sheets.

Where the liners cover the whole formface the
considerations of surface absorplion do not apply and
unsealed plywood can be used, (10). However, the more
common case consists of the liner only partially covering the
face and the remaining plain surface having to comply with
its specified Class.

An an::h.r:tec-:ruréf concrete sutface typifying the use afl
rope liners.

The procedure in achieving a rope finish is described in
reference (41). Shallow grooves are cut in the plywood
formwork face to locate the ropes. The selection of the
plywood must take into account the loss of strength that this
grooving causes.

A wide diversity of liners is available and in all cases a
suitable plywood type can be obtained to suit their
installation.

Assembly Techniques

The objectives of formwaork assembly technigues are the
production of a strong, rigid form that has ease of handling,
ereclion and stripping. Producing a form that can repeatedly
withstand the boisterous attentions of formworkers starts
with the formface fixings. The functions of the fixings are:

1. To hold the joints tightly together,

2. To fix the plywood to the framing so that the formwork
assembly becomes a cohesive structure for handling
and stripping,

3. To enable easy dismantling and maximum material
recovery.

In formwork, fixings such as nails and screws are not
normally used structurally.

In a soffit form the plywood carrying the concrele spans
between the joists which in turn are supported by the
bearers; the whole form structure then being carried by its
supports, props or frames. The nailing of the plywood, which
is usually confined lo nailing the plywood panels to the joists
on the perimeter of the form, is not involved in this load path.
Simply, its function is to hold the plywood surface and the
framing together.

Similarly, in wall forms the concrete pressure is resisted
by the plywood which spans between the studs, The studs
carry the loads to the walers. Tie rods, connecting the
walers, then carry the total effect of the concrete pressure.
The fixings holding the plywood to the studs and the studs
to the walers play no part in the resistance to the concrele
pressures. They are there to hold the form in shape while it
is being fabricated, erected and climbed on. They are not
usually even sufficient to resist the effects of crane hoisting.
Exira fixings are required to be designed for hoisting. Where
timber framed forms are intended for a number of re-uses,
more attention must be given to fixings.
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In both the cases of soffit and wall formwork the fixing
requiraments vary from case fo case. The frequency and
type of the fixings needed will depend on the proposed
erection, handling and use procedures, anticipated
environmental loads such as wind and site considerations.
This manual cannot cover this wide range of cases and will
be confined to describing the types of fixings and giving
some information on their use.

If fixings such as nails and screws are intended to be
used structurally, for example to achieve composite action in
tableforms or 1o strengthen a wall form for hoisting, then
information on their load capacity must be sought from the
manufacturer and the lype and spacing of the fixings
calculated by the formwork designer.

For plywood to timber connections in common formwork
applications where the normal fixing is non-structural and is
used simply to locate the formwork components, nailing is
the easiest and most cost effective fixing method. A
practical recommendation is to use nails of minimum 2.5
mm diameter and length 2.5 fimes the plywood thickness.

If the surface finish requirements permit, screw fixing
through the face can be used. The recommended screw is
of the ‘Bugle Batten’ type No.10, 50 mm lang, for 17 mm
plywood, with the longer 75mm for thicker plywoods. For
fixings through the face inlo cold formed metal framing
members, e.g. Zed or ‘C’ seclions, counlersunk screws of
the 'Rib Wing' type are recommended.

(@)

'C’ SECTION

F'\
COUNTERSUNK RIB
WING SCREW

(b)

o
BUGLE BATTEN SCREW
Figure 4.4 Screw Fixing Through the Form Face

In all cases where the fixing penetrates the formface there
is the strong possibility that the surface seal will be broken
and moisture loss to the formface will occur. Except for
formwork which has fibreglass faclng applied after
assembly, for Class 1 and 2 work, and where colour control
is specified for Class 3, this source of moisture loss would
have to be patched. The chosen patching material must be
able to bond to both the fixing and the plywood and be able
to be planed or sanded flush and smooth, When colour
control is specified, the colour effects due to possible
variations in moisture absorption between the sealed
formface and the patching to the fixings should be checked
for acceptability on the test panels.

Screw fixings from the backface must not come through
the plywood formface but must penetrate the plywood for at
least its thickness less 3mm. If a selecled standard length
screw does not give proper penetration of the plywood then
a longer one should be used with washers under the head
of the screw to reduce its penetration.

Figures 4.5(a) to (d) shows four common cases of screw
fixings from the back face of the plywood. For the fixing of
steel members hex head '‘Type 17' screws are recom-
mended. These are self drilling through thin metal cold rolled
sections but predrilling is required with thicker sections.
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For backfixing the plywood to timber formwork framing
skew screw fixing can be used, but the results rely on
consistently good workmanship. As shown in Figure 4.5(c},
minor changes in the angle of the screw can result in either
inadequate penetration of the plywood or the screw
breaking through the formface. Therefore, this method is not
recommended.

One effective method is to fix a small angle to the side of
the timber member, and then screw fix the angle to the back
of the plywood. Setting the angle with a small gap between
it and the plywood asslsts in gefting a tight fixing, and in
matching the screw length to the plywood thickness.

HEX HEAD TYPE 17 SCREW
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HEX HEAD TYPE
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~ tcommuous ANGLE
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\ HEX HEADTYPE 17 SCREW

TIGHTENING GAP

Figure 4.5 Screw Fixing from the Backface.



Joining Adjacent Forms

The technique of butling adjacent sheets to maintain a
well aligned and grout tight joint was covered earlier in this
chapter. This supporis the view that there can be some
misalignment, even though it may be quite small (39). Similar
resulls can be expected when joining adjacent formwork
assemblies. Like the joint within the form, the plywood
sheets both bear on the same framing member with the
concrele pressure assisting in keeping the joint grout-tight.
This enables a face alignment that is largely governed by the
plywood thickness tolerances. When required for architec-
tural concrete the foam tapes should be installed as
described previously. Careful sizing of the support
members, to which the plywood is fixed, is necessary to
ensure a tight seating of the overhanging plywood edge
onto the timber member of the other form assembly.

ADJACENT PLYWOOD PANEL
TIGHTENS ONTO THIS SEATING

ASSEMBLY

\ FOAM TAPE
(@) I ﬁf_ i

FOAM TAPE TO BE TRIMMED

(b)

Figure 4.6 Joining Adjacent Farms.

Corner Joint

Equal care is needed at corner joints. For external corner
joints the members must be arranged so that the tightening
action of the column clamps or wall ties acts at the junction of
the two plywood sheets and not between the frames. This is
achieved by allowing a gap, of at least 5 mm, between the
adjacent framing members. This permits the near total
compression of the foam tape plus some ‘take up' in the
plywood sheets. The column form in Figure 4.7(a) is shown
with vertical framing and the wall in Figure 4.7(b) with
horizontal joists.

TIGHTENING

COMPRESSED FOAM TAPE

TIGHTENING

Figure 4.7(a) External Column Joint Detail.

COMPRESSED FOAM TAPE\'

— e
GAP FOR TIGHTENING

Figure 4.7(b) External Wall Joint Detail.

The internal corner of a wall form is constructed in a
similar way. In the example in Figure 4.8 the framing is
shown as vertical studs. A gap, as shown, allows the
concrete pressure to assist In tightening the joint. In the
other direction there is no gap allowed so that the extended
plywood sheet overhang can be supported on the framing of
the other form assembly without deflecting.

\SEAL EDGE

—
1
| |
[ |

COMPRESSED FOAM TAPE

LN
FANLAY
GAP FOR TIGHTENING

Figure 4.8 Internal Wall Joint Detail,
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Construction Joints

Construction joints are needed to divide the total structure
into a number of portions, each of which can be practically
formed and poured in one operation. The location of these
joinis can have a significant effect on the structural behaviour
of the project. For this reason AS3610, cl. 2.3(f) directs the
Project Designer to give information on the:

“Location of any mandatory joints and special
procedures for locating other joints.”

However, construction joints can have more than
structural significance. Even if it were possible to make the
formwork for adjacent pours absclutely identical in
absorption and texture, other factors such as ambient
temperature, humidity or the uniformity of the concrete mix,
would lead to variations in colour across the joint. Where a
flush face across the joint is called for, the colour variations
are quite obvious. Also any misalignments or face sieps,
which for Class 1 are permitted to be up to 3mm, are very
obvious with flush faced construction joints.

To assist in making the colour and alignment variations
less obvious, the forming of grooves in the formface is
recommended, (18). As shown in Figure 4.9, stopping the
first pour near the top of the inner face can ofien place the
junction of the pours in shadow which helps in obscuring
any variations.

JOINT IN SHADOW

K~ .. CONSTRUCTION JOINT
1 in 12 minimum

Figure 4.9 Groove at Construction Joint.

The sides of the groove must be raked at 1:12 or steeper
to enable easy withdrawal. Formwark stripping is further
assisted if the groove form fixing is weak enough to permit
the groove form to remain behind when the main formface
assembly is stripped, (53). This reduces the possibility of
damaging the edges of the groove during stripping.

44

Construction joints in walls, like stopends, are subject to
concrete pressures greater than other parts of the wall. In
the body of the wall the energy from the vibrator reflecis
from the formfaces but dissipates along lhe wall, At the
stopends and construction joints the energy is also reflected
leading to an increase in pressure as shown in Figure 4.10.

ENERGY REFLECTS

ENERGY DISSIPATES
FORMFACE

FORMFACE VIBRATOR

FORMWORK FRAMING NOT SHOWN
Figure 4.10 Increase in Pressure al Slopends.

At the base of the form, at the junction to a kicker or the
wall below, this enhanced pressure will lead to a greater
than normal plywood deflection. If this deflection is not
prevented, for example by installing a botlom plate to the
form, as illustrated in Figure 4.11, there will be considerable

loss of water and fines.
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t

[&——WALL FORM

C.L. OF WALL TIE

KICKER OR
PREVIOUS POUR

WALER AND BOTTOM PLATE
STOP PLYWQOD DEFLECTION

Stiffening the bottom edge of the form,



For higher quality work, the closed-cell polyurelhane
tapes must be installed in the joint. These are always
adhered to the concrete face due to the release agent on the
form and the need for accuracy of placement as shown in
Figure 4.12. The examples given in Figure 4.12 ulilize the
existing tie from a previous pour o locate the form and
apply pressure to the foam tape.
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Figure 4.12 Form Base joint for Higher Quality Finish.

Where the wall forms lap onto the end of a previously
poured wall, as shown in Figure 4.13, a similar situation
occurs, Unless one of the studs exactly coincides with the
end of the existing wall, the deflection of the formface will
permit moisture and grout loss.
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Figure 4.13 Grout and Moisture Loss
at a Construction Joint.

Figure 4.14 shows that where there is no stud coinciding
with the end of the existing wall, an extra one must be
provided to prevent any perceplible plywood deflection.

PREVIOUS POUR

amis

EXTRA PACKING STUDS TO STOP PLYWOOD DEFLECTION

Figure 4.14 Wall Form to Wall Construction Joint.

Wall Ties for Architectural Concrete

The incorrect selection of wall ties can mar the surface of
architectural concrete wark due to moisture and fines loss.
Two examples of unacceptable types are snap ties, and she-
bolts.

Snap ties are a through-tie, in one piece from formwork
through the concrete to formwork, where the end protruding
from the concrete after the siripping of the formwork is
snapped off. Figure 4.15 shows three examples of snap ties.
They all cause grout loss during construction and result in
iregular chipping of the concrete face during the snapping
action. Snap ties are considered unsuitable for architectural
concrete.
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Figure 4.15 Snap Ties.
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She-bolts consist of a threaded tie rod, which remains
embedded in the wall, and plain shanked screwed bolls with
wingnuts at each end. The problem with these comes from
the loss of moisture and fines that occurs where the she-bolt
passes through the plywood. Further, these ties give no
effective control over the thickness of the wall. They hold the
forms together and resist the concrete pressure, but do not
prevent the forms moving inwards. Other devices are
needed for this.

| TAPERED END
WIN
GNUT TO SHE BOLT
TIE ROD
PLYWOOD FORM FACE
WASHER L

K
FORMWORK FRAMING

Figure 4.16 She Bolt.

Both bar-ties, which are a common type of thrdugh tie,
and he-bolts provide a removable cone at the formface
which effectively holds the the forms apart and can provide
a ftight joint that prevenis any losses. The bar-tie is both
strong and effective but has one potential problem. If the
plastic spacer tubes are not cut uniformly to lenglh then
some of the cones may not bear tighlly on the formface.
Moisture and grout losses may result.

PLASTIC CONE
WING NUT FITTED TO TUBE

W
PLASTIC TUBE
E: e et e ™S Sl e T
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THROUGH TUBE
WASHER d
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Figure 4.17 Bar Tie.

FORMWORK FRAMING
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l——PLYWOOD FORM FACE

The he-bolt assembly, as shown in Figure 4.18(a) consists
of female threaded cones that connect to the tie rod within
the wall and the he-bolts that penetrate through the plywood
formfaces and formwork framing. Like the bar tie they hold
the forms together and the correct distance apart. The
interface between a smooth plywood formface and the cone
can provide a grout and moisture tight joint. Overtightening
the he-bolt wing nut to improve the tightness of this joint can
cause two problems. Firslly the cone will crush into the
surface of the plywood which reduces the working life of the
form. Secondly, where the he-bolt is located approximately
midway between the studs of the formwork framing, the
overtightening can flex the plywood outwards and the
resullant shape causes quite pronounced dimpling of the
concrete surface as illustrated in Figure 4.18(b).

Where the grout and moisture tightness of this junction
has to be improved for higher guality concrete work the
installation of a closed cell polyurethane foam washer
between the cone and the formface is a most effective
method. The tightening of the he-bolt can then be limited o
that sufficient to compress the foam.

HE 20LT SCREWS 1] PLYWOOD FORM FACE
INTO CONE —
WING NUJ TIE ROD SCREWS
INTO CONE
el !
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TIE ROD
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Figure 4.18 He-boll,

Building Forms for Ease of Stripping

It has been suggested previously that formwork should be
regarded as plant as it represents a significant capital outlay.
Obviously you get the best out of your plant by proper
design fo perform a task and by looking affer it at all stages
of the formwork process. With many formwork assemblies
the grout penetrates the joints and grips the form making
stripping difficull. Damage due to stripping abuse often
results in the formwork plywood being prematurely rejected.
Care during siripping and design for ease of stripping can
significantly improve formwork reuse and economics.

Where foam tapes are not used between plywood sheets,
such as in most soffit forms, grout penetrates the small
gaps. This can effectively hold a large area of plywood
formwork up in place even when all the framing has been
lowered. It should be highlighted that this grout on the edge



of the sheels effeclively makes them ‘grow'. It is good
praclice fo remove this hardened slurry at each re-use, but,
often this is not done. As a result, at the next use, the sheets
occupy a slightly wider area.

Additionally, where an enclosed space is being formed,
for example a soffit between beams or a wall between
pilasters, the grip on the formwork is further increased by
concrete shrinkage.

Reasonable ease of slripping can be achieved in a
number of ways. For soffit forms one common solution
involves the fitting of a stripping band. The bulk of the area
of the soffit is formed with plywood panels of standard sizes
and the remaining width and length formed with a strip of
plywood cut to fit. Figure 4.19 illustrates the method. This
fitting of the strip, on each use, can accomodate any
variations in the total form dimensions due to deviations in
such matters as column centres and beam width,

STANDARD SIZE
PLYWQOD PANELS

PLYWOOD STRIPPING BAND
FITTED TO SUIT DIMENSIONS

W

Figure 4.19 Use of a Stripping Band.

These strips are usually located near the middle of the
formed area and the stripping of the formwork starts at
them, hence the term: stripping band. As is evident from
Figure 4.19, the removal of the stripping band will ease the
compression in the other plywood panels and they are
usually stripped quite easily. It is common for the stripping
band to be at least partially damaged during stripping.
However, it is usually narrow and hence its replacement cost
is low.

Another method, used by one large construction
company, ulllises disposable sheet metal cover strips as
shown in Figure 4.20. It caters for any compressive action
from concrete shrinkage, shest growth from grout
penetration as well as deviation in the position of the beams
or walls containing this form. The technique is satisfactory
for normal soffit forms where Class 3 or 4 concrete surfaces
have been specified, but, because of the face steps and the
prominent appearance of the strip, it is not usually
acceptable for Class 2. It is normally associated with
tableforms but can be readily applied to conventional forms.
Where the soffit area is wide a number of metal sirips can
be used.

METAL STRIP TOLERANGE GAP

LN
_— e

Figure 4.20 Metal Cover Strips.

Where backprops at predelermined locations are needed,
a plywood band with metal strips on both sides permits
unimpeded stripping. This technique is shown in Figure 4.21
for the case of table forms but is equally applicable to
conventional soffit forms.
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Figure 4.21 A Backpropping Band with Metal Strips.

By using two plywood strips, usually adjacent to each
other, the technique shown in Figure 4,19 can be adapted to
give control of the location of backprops. One strip is used
for the backprops and the other is the siripping band as
illustrated in Figure 4.22.
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Figure 4.22 Stripping Band and Backpropping Band
on Soffit Forms.
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Where it is inconvenient to use stripping bands or metal
strips in the middle of a span, for example when using a
large table form, the tolerance gap can be constructed at the
beam or wall face with a disposable sheetmetal angle or a
stripping band.
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Figure 4.23 Accommodating the Tolerances at the Beam Edge.

Formwork Release Agents

The primary purpose of a release agent is to allow release
of the form from the concrete face without damaging either.
If release agents are not used or if the correct release agent
is not properly applied to the formwork face, adhesion
between the form face and the concrete will result in
damage to the weaker face during stripping. With the
concrete as the weaker surface, scaling occurs with parts of
the concrete surface sticking to the form. Scabbing, with
parts of the form face sticking to the concrete, resulls when
the concrete strength exceeds that of the form face.

Additional important functions of the release agent include
preservation of the form face leading to maximising re-uses,
and assisting the development of formface impermeability
thereby minimising colour variations.

Common Types of Release Agents

Neat oils. Neat oils are usually mineral oils; they tend 1o
produce blowholes and are not generally recommended.

Neat oils with surfactant. Neat oils with the addition of a
small amount of surface activating or wetting agent minimise
blowholes and have good penetration and resistance to
climatic conditions.

Mould cream emulsions. Emulsions of water in oil tend
to be removed by rain but minimise blowholes and are good
general-purpose release agents,

Water-soluble emulsions. Emulsions of oil in water
produce a dark porous skin thal is not durable. They are not
recommended and are seldom used.

Chemical release agents. These are small amounis of
chemical suspended in a low viscosity oil distillate. The
chemical reacts with cement to produce a form of soap at
the interface. Recommended for all high-guality work. They
should be applied lightly by spray to avoid retardation.
Increased cost is compensated by better coverage.

Wax emulsions. A recent development uses a stable wax
suspension that acls as a release agent Advantages
claimed are that it dries off completely and is resistant to
removal by climatic conditions.
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It must be stressed that none of the available
recommended release agents have zero influence on the
colour of the concrete face. With careful selection and
correct application the influence can be minimised.

When while or coloured concrete is specified, particular
care must be taken to ascertain which chemical release
agent is the mosl suitable.(2} In all cases where colour
control is specified the release agent should be tested on
small lesl panels (laboratory samples) before work
commences on the specified test panels.

When applying release agents care must be exercised to
avoid contamination of the reinforcement or concrete faces.
Cleaning up contaminated areas, which in exlreme cases
may involve dismanlling the formwork and sand blasting,
can be extremely expensive. Application of too much release
agent is as bad as loo [itlle. When too much is applied the
release agent tends to run to low points in the formwork and
puddies. The excess is then dispersed through he concrete
during the pour and contaminating the concrete surface.

As the release agent is a thin layer formwork should not
stand for too long between application and the concrete
pour, Excessive exposure can result in the release agent
drying out, migrating down the form face or being washed
off by rain. The shorter the time between release agent
application and concrete placement, the betler.

Application to low-absorbent plywood surfaces such
as those provided by factory applied phenolic paper
overlays or pretreatment with surface coatings. Neat
oils with surface {wetting) agents, and chemical release
agents are most suited to these low-absorbent surfaces.
One coat should be applied as near as possible to the time
of first placement of concrete and prior to each subsequent
placement.

Application to absorbent plywood surfaces such as
non-overlaid raw plywood. The raw plywood should be
pretreated with one or more coats of neat oil with surface
(wetting) agent, mould cream emulsion or chemical release
agent. An additional coat should be applied as near as
possible to the first concrete placement and prior to each
subsequent placement.

References (8) and (15) give more detailed information on
the action of release agents.



Concrete Placing and its Influence on
the Surface Finish

As noled in the introduction, the concrete placing
technique Is an important, indeed crucial, part of the
successful production of high quality concrete surfaces. It is
not the purpose of this book to cover concrete placing in
detail, but it is relevant that its important aspecis be noted
so that the reader can understand their importance and their
effect on the plywood formwork.

The need for adequate casting and vibrating space was
discussed in Chapter 1. This enables ease of placement and
a placing rate exceeding 2m/hr. Also the vibrator can be
kept approximately 50mm from the formface. In addition to
assisting the minimisation of blowholes, this also reduces
the chance of accurrence of vibrator burns on the formface.

Most of the problems of concrete compaction and
blowhole elimination come from the quality of the vibrator
operalion, Ford (11) states:

“Vibration is a means to consolidation, and Is
probably the true art form in concrete work as it
has to be done by feel. Consolidation Is so
essential to good concrete work it is amazing how
the vibration chores are often passed from man
to man and usually these men are the lowest paid
of all the concrete crew.”

External form vibrators should not be attached to verlical
formfaces for the production of architectural concrete
surfaces. The forced vibration of the formface tends lo
break-up the film of release agent, leading 1o adhesion (24),
and the bubbles of entrapped air tend to move towards the
formface leading to an increase in blowholes,

Stripping the Formwork

Some suggestions on constructing formwork for ease of
siripping were given previously. This section covers an
outline of some basic rules of stripping.

The aim is to remove the formwork economically and with
the minimum of fuss in 2 manner that does not harm the
concrete and does the least damage fo the formwork.
Wherever possible formwork should be removed in a
direction at right angles to the concrete face. Usually this is
not physically possible and a peeling action of progressive
stripping is used. There should be no sliding or dropping
action. The resulting shearing action at the interface can
harm both form and concrete.

Despite the best effarts of the workers, some minor form
and concrete collision will occur during stripping. The
possibility of this demands that concrete reach an
acceptable minimum strength prior to stripping. Further, the
concrete element will have to be, to some extent, self
supporting. The minimum compressive strength of the
concrete should always be not less than 2 MPa and for
architectural concrete 5 MPa. Both of these values may well
need to be markedly increased if there are structural
requirements to be met. For this reason AS3610 calls for the
project documentation to give the “Minimum stripping
times and stripping procedures.” (cl. 2.3(a))

Handling, Cleaning and Storage

New plywood should be left bundled and strapped until
shortly before its use. Although usually bonded with exterior
Type A or B bonds, plywood for formwork should be stored
under cover. Between uses plywood sheets should be
cleaned of concrete, restacked in horizontal packs with a
minimum of three supports under each pack. Again, for best
results the plywood packs should be stored under cover.

With the aim of maximising reuses of formworlk
assemblies, care is needed lo avoid damage and
deterioration after stripping and betwesn uses. While small
forms can be readily manhandled crane movement is always
easier and safer. The forms can be easily moved away from
areas of intense site activity and the danger of damage
reduced.

Forms for crane movement should be designed and fitted
with at least two lifting lugs which are not simply bolted to
the top but must be extended down through the form to fix
to major members of the formwork frame. The form must be
designed to safely carry the loads applied during lifting.

As soon as possible after stripping the form should be
cleaned. This should be done with rags or stiff brushes, wire
brushes must not be used. Mortar droppings can be
scraped off with a wooden wedge, once again no metal
tools. Air cleaning is not recommended in a humid climate;
the condensate gives it a ‘blaster’ effect. Finally, the form
face should be given al least one application of release
agent.

Storage also requires care. If forms are to be stacked flat
they should have softwood packers belween with care
being taken to avoid distortion. Lack of care with this can
lead to forms developing a permanent set or twist. A better
method of storing fabricated forms is to stand the forms in
racks or between posts with support ledgers on the ground.
This permits ease of periodic inspection and maintenance
and also removal of any form for re-use without disturbing
the other forms.

FORMS LEAN ON POLES

MORTH

—

BEARER
L ™
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45 4L AL AR
v Y2 ¥ AN
TIMBER POLES SET IN GROUND

Figure 4.24 A Formwork Storage Rack.
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APPENDIX A: CALCULATION OF SECTION PROPERTIES

E

di "/// 1/ -"///'//’'7"£/"l _"lL N
dz e v
N ,'/ L 2 "
e —ad == 7
t dz :
di1 AT G
SECTION AA

Using the Theorem of Parallel Axes and parallel ply theory from AS 1720.1

I neutral axis (NA) (Stiffness)
parallel to face grain = 2 ]—2 bd13 + A1712) + 2 x oa( hd23 + A2722) + _f bd33

per width b.

where A1 = dib

A2 = d2b

and 0.03 = factur for plias running at rlght angles to span for | used in stiffness computations only

I (NA) (Strength) parallel = { hd1 +A1512) + ] 1 bd3® Neglecting cross directional veneers as required by AS 1720.
to face grain per width b

Z (NA) parallel to face grain = | NA (Strength)

y1

where y1 = distance from neulral axis (NA) which is the centreline of balanced plywood to the farthest
veneer which is parallel to the span.

Now for the same plywood used with face grain perpendicular to the span.

-

d1

dz

i AT AT 4
W 7‘_“:&

ds

t dz

|
r rad
P/// (/f el /1/

L d1

SECTION BB

| (NA) Stiffness

perpendicular to face

grain per width b

zxuuaﬂ |::;|13+;r:~11.c121+2(1 bd23+A2y22)+003— bdad

Again the 0.03 factor is used for those veneers at right angles to span

I (NA) Strength

perpendicular to face

grain per width b

Z (NA) perpendicular

to face grain

2 }.2 bd23 + A2y22)

| (NA) Strength perp.

y2

where y2

distance for neutral axis to farthest veneer parallel to the span.



EXAMPLE A1: Compute | and Z parallel and perpendicular to the face grain for standard 12-25-5 ply plywood as identified in

Chapter 3.

12-25-5 ply is a nominal 12mm thick plywood comprising 5 % 2.54mm veneers. Allowing approximately 69 for compression and
shrinkage the actual construction would be 5 x 2.4mm veneers with a total thickness of 12mm.

N E 2.4 mm _Tz?‘L 4.8 mm © mm x
rd 7 A mm
— E| 24mm T 0000 L b
o 2.4 mm ’F T
24mm 7 777 7 ]
| (NA) parallel for = 2(L x1x24%+24x1x48% +2x.03
1mm width (Stiffness) § 3 5
(13 X1X24° +24%1x24 }+}_2 X 1% 2.45
= 115mm4rmrn width
| (NA) parallel for = Neglecting cross directional veneers
1mm width (Strength)
= 2(L x1x24%+24x1x489+L x1x24°
12 4 - . . ﬁ 2
= 114mm /mm width
Z parallel = | (NA) paralle! {strength)
Yy
Yy = 6mm
- 114
6
= 19.0mm3!mm width
1 mm
md |
2.4 mm S > w7 7~
N E 24mm .7 S0 L 257 m 3.6 mm 4.8 mm
—— E 2.4 mm - : ;Ir——,r
o 7 ?
& 284mm ¥ LSS A7)
, 2.4 mm !

| (NA) perpendicular for =
1mm widlh (Stiffness)

| (NA) perpendicular for =
1mm widlh (Strength)

Z perpendicular =

2x.03(L; X1X24°4+424%x1%x48°%)+2

3

{1—2x1x2.4 +2.4x1x2.42}+.03x:—2x1x2.43

35mn14fmm width
Neglecting cross directional veneers

3

oL x1x24%424x1%x24%

12
3ﬂmm4:‘mm width
| (NA) perpendicular (strength)

Y.
2

3.6mm

30

36

B.Smmafmm width
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APPENDIX B.

CALCULATION OF ALLOWABLE CONCRETE PRESSURES

Formwork Plywood Continuously Supporied Over Three or More Spans

Bending Stiffness
y = wi 4
185 El
wherew = load per unit length (per unit width)

! = span orspacing
E = Modulus of Elasticity
| = Moment of Inertia (per unit width)
y = deflection
W - % load/unit length (per unit width)
Bending Strength
M(max) e WL
10
where! = span or spacing
M = bending moment
w = load per unit length

also M{max) = k1 819FbZ

where k1 = .65 duration of load factor far formwork
application AS 1720

g g ™= 1.0 plywood in bending AS 1720
Fp, = Basic working stress in bending AS 1720
Z = Section Modulus (per unit width)
10k 1819 FpZ

| 2

165 Fp Z

W - —— load/unit length (per unit widih)
i

52

Shear Strength

= Vimax)Q
Ib

maximum longitudinal shear stress

T max

where T (max)
V(max) = max.transverse load
Q
|

first moment of area (per unit width)

Moment of Inertia

b = width of section
alsol = ::—2 bd® for homogeneous cross section
and Q = é- bd® for homogeneous cross section

so for unit width b = 1

VX1 bd?
Tmax = T
P bd* b
av ;
e {per unit width)
for formply supported over three or more spans
Vimax) = 5 wi
8
thus Tmax = 15W oo nit width
16 d e )
AS 1720 maximum allowable longitudinal shear siress in
plywood
T{max) = k, X044 XFg
where k1 = 1.65 duration of load factor from AS 1720
04 = longitudinal shear factor from AS 1720
F; = basic allowable shear siress from
AS 1720
therefore |w = 07 Fg;d | load per unit length

7 | (per unit width)




Example B1:

Compule the allowable concrete pressure for 12-25-5 ply plywood continuously supported with face grain parallel to span of
300mm. The plywood stress grade is F14. The formwaork is to meet class 2 construction i.e., lesser of /270 or 3mm deflection.

Bending Stiffness

span

Maximum allowable deflection or 3mm whichever is lesser

i

270

300
270
1.11mm

wf'q

185El

12000 MPa

11 5rnrn4fmm width parallel fo span
I = 300mm

w{ﬂﬂﬂ]d
185 x 115 X 12000

w = .0350N/mm per mm width

y (max)

y (max)

From Table 3.1 E for Fi4
From Table 3.2 | for 12-25-5 ply

= 35.0kPa allowable pressure
Bending Strength

16.5 FpZ
12

From Table 3.1 Fy, for F14 14 MPa
From Table 3.2 Z for 12-25-5 ply 19.0mm3.fmm width, parallel to span
! = 300mm
16.5 % 14 X 18.0
3002
= .048B N/mm/mm width
= 48.8kPa allowable pressure

Il

W =

Shear Strength
07 F;d
I
From Table 3.1 F; for F14 = 2.05 MPa
d = 12mm
[ = 300mm
w = .0577 N/mm/mm width
= 57.7kPa allowable pressure

W o=

Since the allowable value for concrete pressure is the minimum of these values, stiffness is governing the design with an
allowable concrete pressure of 35.0kPa,



APPENDIX B.
CALCULATION OF ALLOWABLE CONCRETE PRESSURES (cont)

Formwork Plywood Simply Supported Over One Span

ol
&
<
2l
Bending Stiffness P
by 5 wil
vl = 3samE
W = E;%W— load/unit length (per unit width)
Bending Strength '2
-
M(max) = 5
and M (max) = k1 84gFbZ
8k 819 FnZ
thusw = J2—
132F, Z
w o= F load/unit length (per unit width)
Shear Strength
Tmax = Y(Max)Q
Ib
and for simple supporis
Vmax = F-{

2
therefore using the formula developed for three span plywood

3V
Fmex: = oa

3wl
= Htpﬂrunitwidlh}

also from AS 1720
Tmax = k_l X 04F;

w = 088Fsd | 1oaiiinit length (per unit width)
l
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THE PAA STAMP ENSURES QUALITY
CONTROLLED PLYWOOD
The PAA Tested mark is a guarantee that the plywood has been rigidly

guality controlled fo Australian Standards under the PAA National
Quality Control Programme.

This programme combines rigid in-mill process quality control and end
product testing with an independent audit carried out by qualified PAA

qw a technical staff. The audit involves inspection of mill quality control
‘_, procedures on a regular basis and end product testing of samples

sent from each mill in the programme from each production shift to the
PAA National Quality Control Laboratory. This laboratory is audited by
the National Association of Testing Authorities (NATA).

THE BENEFITS OF SPECIFYING PAA STAMPED PLYWOOD

B The PAA stamps ensure that the plywood has been M Availability of professional advice from qualified
manufactured under an industry wide total quality PAA technical staff.

control programme. ;
b B Defined physical and mechanical properties for
B Guaranteed compliance to relevant Australian structural use plywoods.

Standards.

: . B Readily available due fo local Australian production.
B Consistent quality product available Australia wide.

B Safety in structural applications due to reliable

B Durability of product for purpose. design data.

B Availability of technical data relating to product B Product acceptance by building and lending
applications. authorities.

B Compliance with SAA Codes of Practice, AS1684 B All PAA stamped plywood has the full backing of

Timber Framing Code, AS1720 Timber Structures the Plywood Association of Australia.
Code, and AS3610 Formwork for Concrete,

ADDITIONAL PAA LITERATURE

The following technical manuals and publications are available from the Plywood Association of Australia.
® Plywood in Residential Construction — 80 pages

Structural Plywood Wall Bracing — Design Manual 16 pages

Australian Standard Plywood Specification for PAA Stamped Plywood — 2 pages

T&G Structural Plywood for Residential and Industrial Applications — 24 pages

Structural Plywood — Design Manual — 8 pages

Plywood — Ideal for the Professional .or Home Handyman — 12 pages

Plywood — the Only Engineered Wood Panel — 4 pages

® Facls about Plywood — 36 pages

Design Guide for Plywood Webbed Beams — 16 pages
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