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Preface

The demand for sustainable construction has driven product manufacturers in Australia and
around the world to conduct research and development into innovative products which offer
improved environmental credentials. Given steel is already one of the most recycled materials in
construction, and certainly the highest in terms of value, the logical progression is to look further
up the waste hierarchy of — Reduce, Reuse and Recycle. The top of the hierarchy is obviously the
best and this is where InfraBuild Steel has a significant focus. InfraBuild Steel has conducted
extensive research and development in our own facilities and in collaboration with leading
Universities in Australia, to produce higher strength grades of steel designed to reduce the mass
of steel consumed, in the search for more sustainable construction solutions.

Changes to Australian Standards, that now recognise these higher strength grades, will facilitate
adoption in design and construction using these steels. In 2018 changes to AS 3600 — Concrete
structures and in 2019 changes to AS/NZS 4671 — Steel for the reinforcement of concrete,
provided the reinforced concrete industry the opportunity to explore the benefits offered by
higher strength, ductile reinforcing steels. Submissions have been made to Standards Australia
to revise AS 2870 — Residential slabs and footings, to include higher grades of steel. Howevenr, a
revision to an Australian Standard generally takes considerable time.

Significant sustainability benefits can be achieved using higher strength steels particularly
in reinforced concrete elements that are governed predominately by strength, rather than
serviceability. This publication was produced to assist designers to incorporate high strength
steels into footing designs in order to take advantage of the sustainability benefits they offer. This
publication is written to align with the current Australian Standard AS 2870 so that designers
familiar with the Standard will be familiar with how this document should be used.

Importantly, this publication contains the designs which have a current CodeMark Certificate
of Conformity. This means that the designs contained in this Guide are deemed-to-satisfy the
provisions of the BCA Volume 2 of the National Construction Code and should be used just the
same as the deemed-to-comply designs in AS 2870 Section 3.
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I. Scope

This Design Guide provides information on the use InfraBuild’s range of SENSE 600® TrenchMesh™
and bars in residential footings. The Trench Mesh is manufactured from SENSE 600® bar, a 600 MPa,
Ductility Class N (Normal Ductility) bar, meeting the requirements of AS/NZS 4671. It considers the
deemed-to-comply designs in Section 3 of AS 2780: 2011 and offers alternatives to the use of 500
MPa, Class L trench mesh and 500 MPa Class N bar, based on the National Construction Code’s
Performance Solution methodology. This means that the solutions presented with SENSE 600®
TrenchMesh™ and bars have an equivalent level of performance to those in AS 2870. A CodeMark
Certificate of Conformity from the Australian Building Code Board certified by Global-Mark
means that these alternate designs are deemed-to-comply with the BCA Volume 2 of the National
Construction Code.

The alternatives cover the following footing types:
Stiffened raft slabs
Footing slabs
Waffle rafts
Stiffened slab with deep edge beam
Strip footings

Site classification is not covered in this Design Guide. Designers should refer to AS 2870 for
guidance on the site classification.

Designers applying engineering principles to design footing should continue to refer to the guidance
provided by AS 2870, the Standards Australia Handbook SAA HB28 — The design of residential
slabs and footings, and any additional reference they would normally use. However, SENSE 600®
TrenchMesh™ should be considered for use in those designs given its superior sustainability
credentials and ductility.

Reference should also be made to AS 2870 for the detailing and construction requirements of
the footings. However, where they differ from those required for 500 MPa trench mesh, they are
specifically covered in this guide.



& SENSE 600

A full copy of the Certificate of Conformity for
SENSE 600° TrenchMesh™ and SENSE 600® Reinforcing Bar
for use in Residential Footings follows this page.

The Certificate of Conformity No. CM30155 RevO
can be accessed here
www.infrabuildsensesolutions.com
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2. SENSE 600° TrenchMesh™

SENSE 600° TrenchMesh™ is manufactured utilising SENSE 600® bar which has a yield strength of
600 MPa and is Ductility Class N (Agt =5%). The obvious benefits over 500L trench mesh are the
additional strength and the superior ductility. The additional strength means that a smaller area of
steel has the capacity to carry the same tensile load and the ductility means that there is greater
opportunity for the redistribution of loads in the footing.

The range of SENSE 600® TrenchMesh™ products are manufactured in equivalent load capacity
diameters with the same number of bars as the equivalent 500L trench mesh. The simplest way to
explain this is by way of example:

Consider a 3-LTMTM trench mesh, which has 3 x10.7 mm 500 MPa, Ductility Class L bars.
Each bar has a calculated tensile load capacity equal to:
m x10.72/ 4 x 500 x 10° = 45 kN

3 bars provide a total tensile load capacity of 135 kN.

Now consider a 3-S10TM, the equivalent SENSE 600® TrenchMesh™ which has 3 x 9.8 mm 600 MPa,
Ductility Class N bars.

Each bar has a calculated tensile load capacity equal to:
mx9.8%2/4x600x10%=45kN
3 bars provide a total tensile load capacity of 135 kN

Table 21 shows the details of the SENSE 600® TrenchMesh™ range compared to the standard
500L meshes and 500N (16 mm) bars.

12



500L (1"‘sy =500 MPa)

SENSE 600° (1"sy = 600MPa)

Trench mesh db Area Total Area Load Capacity TrenchMesh™ db Area Total Area Load Capacity

(mm) (mm%/bar) (mm?) (kN) (mm) (mm%/bar) (mm?) (kN)

3-LHMTM 270 135 3-S10TM 225 135

4-L1MTM 360 180 4-S10TM 300 180
10.7 89.9 9.8 74.9

5-LHT™M 450 225 5-S10TM 375 225

6-L11TM 540 270 6-S10TM 450 270

3-L12TM 330 167 3-S1TM 283 170

4-12TM 440 222 4-S1TM 377 226
1.9 M 1.0 94.2

5-112TM 550 278 5-STTM 471 283

6-L12TM 660 334 6-S1TM 565 339

3-L16TM 603 302 3-S15TM 503 302
16 201 14.6 168

4-116TM 804 402 4-S15TM 670 402

3N16 603 302 3515 5083 302
16 201 14.6 168

4N'16 804 402 4515 670 402

clb — bar diameter

500N (f,, = 500 MPa)

SENSE 600® (7"5y = 600MPa)

Designation ~ Diameter Area Load Capacity  Designation Diametenr Area Load Capacity
(mm) (mm?) (kN) (mm) (mm?d (kN)
N12 12 113 56.5 S 1.0 94.2 56.5
N16 16 201 101 S15 14.6 168 102

13
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3. How to use this Guide

The designs in this Guide have a CodeMark Certificate of Conformity which is evidence of suitability
recognised by the National Construction Code, specifically the Building Code of Australia, that the
product, and form of design is fit for their intended purpose to achieve the relevant requirements
of the NCC. Refer to Figure 3.1

A5G3

(a)
(b)
(c)

(d)

(e)

Evidence of suitability — Volumes One and Two (BCA)
[2019: A5.2]

(1) SubjecttoA5G5, A5GE, ASGT and A5G9, evidence to support that the use of a matenal, product, form of construction
or design meets a Performance Requirement or a Deemed-to-Satisfy Provision may be in the form of any one, or
any combination of the following:

A curreni CodeMark Australia or CodeMark Certificate of Conformity.
A current Certificate of Accreditation.

A current certificate, other than a certificate described in (a) and (b), issued by a certification body stating that
the properties and performance of a material, product, form of construction or design fulfil specific requirements
of the BCA.

A report issued by an Accredited Testing Laboratory that—
(i) demonstrates that a material, product or form of construction fulfils specific requirements of the BCA; and

(i) sets out the tests the material, product or form of construction has been subjected to and the results of
those tests and any other relevant information that has been relied upon to demonstrate it fulfils specific
requirements of the BCA.

A certificate or report from a professional engineer or other appropriately qualified person that—
(i) certifies that a material, product, form of construction or design fulfils specific requirements of the BCA; and

(i} sets out the basis on which it is given and the extent to which relevant standards, specifications, rules,
codes of practice or other publications have been relied upon to demonstrate it fulfils specific requirements
of the BCA.

Figure 3.1- Extract from NCC BCA Volume 2

The following design examples demonstrate how the CodeMark Certificate of Conformity designs in
Section 5 of this Guide can be used.

3.1 Design Example 1

Consider a single storey residential building with the following design criteria:

Footing Type: Waffle Raft
Site Class: Class M - D

Type of Construction: Articulated Masonnry Veneer

Design:

The appropriate design table is from Section 5 — Alternative SENSE 600® and Standard Design
Table 5.3 Waffle Raft Designs with SENSE 600® TrenchMesh™

14




Bottom Reinforcement Slab Mesh
Depth Edge Beam Internal Beam Slab Length
Site class Type of Construction [D] Alternatives Alternatives & ( e)ng
(mm) Bottom Top and Bottom =
500 MPa SENSE600® 500MPa SENSEGO00® <20 =20-<30
Articulated masonry veneer | 310 3-L1MTM 3-S10TM 1N12 1811 SL72 | SL92

Class M-D

Figure 3.1.1- Table 5.3 Extract for Design Example 1

Using Table 5.3 select Class M-D and then Articulated Masonry Veneer, then reading across gives the
CodeMark Certified design.

Depth of Waffle Raft: 310 mm

Reinforcement for External Beam: 3-S10TM

Reinforcement for Internal Ribs: Either 1N12 top and bottom or 1511 top and bottom.

15
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3.2 Example 2

Consider the same residential building as in Example 1. Howeven, in this case the waffle raft has
already been designed with 500 MPa using the deemed-to-comply designs from Section 3 of AS 2870.
That is, the design has:

Depth of Waffle Raft: 310 mm

Reinforcement for External Beam: 3-L11TM

Reinforcement for Internal Ribs: IN12 top

One way to execute the redesign is to use the same process as in Design Example 7

Alternatively as the original design used the deemed-to-comply designs from Section 3 of AS 2870
to specify the 500 MPa reinforcing steel, the SENSE 600® alternatives can be simply read from
Tables 271 and 2.2 as appropriate.

500L (f, = 500 MPa) SENSE 600° (f, = 600MPa)

Trench mesh/ d, Area  Total Area Load Capacity TrenchMesh™ d, Area Total Area Load Capacity

ar (mm) (mm%/bar)  (mm? (kN) (mm) (mm%/bar) (mm?) (kN)

3-LMT™M 270 135 3-S10TM 225 135

———————— 107 89.9 9.8 74.9

olb — bar diameter

Figure 3.2.1- Table 2.1 Extract for Design Example 2
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The 3-L11TM reinforcement for external beams can be substituted with SENSE 600® TrenchMesh™

3-S10TM.

Table 2.2 can be used if the design requires that the reinforcement for internal ribs also be
SENSE 600°®. This table shows that the N12 bar top and bottom for internal ribs can be substituted
with a SENSE 600® S11 bar top and bottom.

Designation

N12

Diameter

(mm)

12

500N (f,, = 500 MPa)

Area
(mm?)

M3

Load Capacity

(kN)

56.5

Designation

S

Diametenr

(mm)

1.0

SENSE 600® (7"sy = 600MPa)

Area
(mm?

94.2

Load Capacity

(kN)

56.5

Figure 3.2.2 - Table 2.2 Extract for Design Example 2
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4. Structural design

The design requirements for the footing systems in AS 2870 are generally consistent with those in
AS 3600. However, it is clearly noted in AS 2870 that the design provision of AS 2870 should take
precedence over AS 3600 where they are not consistent. The guidance in this document follows this
same principle.

The structural design aspects that are relevant when considering a change to the reinforcement of
a footing design are:

1) The ultimate moment capacity — M,
2) The ductility of the steel and the footing
3) The stiffness of the footing

Each of these factors were assessed to produce the alternate designs in Section 4 of this Guide.
The approach followed was to substitute the equivalent load capacity SENSE 600® TrenchMesh™
for the equivalent 500L trench mesh or 500N bar for the deemed-to-comply designs in AS 2870 and
determine what impact the substitution had on the 3 structural design aspects noted above.

4.1 Ultimate Strength of a Footing

The ultimate strength of a footing can be calculated using well known formulae found in most
textbooks as well as in SAA HB28 —1997 commonly known as the 1997 Commentary to AS 2870. The
Commentary indicates that the designs in AS 2870 consider the strip footings and stiffening beams
as singularly reinforced rather than doubly reinforced with compression and tension reinforcement,
so this simplifies the comparison even furthenr

Consider Figure 4:1 below for a sagging mode (or positive moment). The ultimate moment can be
determined using the formula:

M =Atxf x L
u s sy

T
L,
O

L l.7= Agtfey

st

Figure 4.1 - Ultimate Moment Capacity - M,

18



However, if equivalent load capacity SENSE 600® TrenchMesh™ is used in place of 500L trench
mesh then

Ast X fsy (SENSE 600%) = Ast X fsy (500L)

and the ultimate moment capacity (M,,) is essentially the same. The lever arm (L) is slightly longer for
the SENSE 600® TrenchMesh™ as the bar is smaller in diameter and hence the ultimate moment is
slightly higher. Appendix A contains detailed calculations for the generic case showing the moments
are essentially the same.

For a hogging mode (or negative moment) in a stiffened raft the mesh in the slab is in tension and the
trench mesh is ignored. The alternative deemed-to-comply solutions in Section 4 of this Guide leaves
the slab mesh unchanged from the designs in AS 2870 and therefore the negative moment capacity
remains the same.

For strip footings the top and bottom steel is the same and therefore the negative moment capacity
is the same as the positive moment capacity.

In summary, substituting SENSE 600® TrenchMesh™ for the 500L trench mesh in the deemed-to-
comply designs in AS 2870 does not have a negative impact on the ultimate strength of the footing.

4.2 Ductility

A ductile steel means that a load in a cracked zone has a greater capacity of being transferred to a
stiffer uncracked zone. Therefore, the performance of a beam is generally improved if a ductile steel
is used in place of a low ductility steel. SENSE 600® TrenchMesh™ is a Ductility Class N steel and
therefore has superior ductility to 500L trench mesh.

Member ductility is important when the cracking moment (M,.) of the section is exceeded, as the
reinforcement in the design should be sufficient to carry the load. The deemed-to-comply designs in
AS 2870 have ultimate moment (M) capacities that meet the ductility requirement, that is:

M,>12 M.,

It is clear from Section 3:1 the substitution of equivalent capacity SENSE 600® TrenchMesh™ for
500L trench mesh does not substantially change the ultimate moment, M,. If the dimensions of the
concrete section do not change then the gross section properties of the section do not change and
hence the M, does not change. Calculations demonstrating this are presented in Appendix A.

Therefore, the section ductility of a deemed-to-comply design in AS 2870 does not change when
equivalent capacity SENSE 600°® TrenchMesh™ is substituted for 500L trench mesh.

4.3 Footing System Stiffness

The stiffness of the performance solutions in Section 4 of this Guide were checked using a
combination of AS 2870, Section 4 — Design by engineering principles and the deemed-to-comply
solutions in Section 3.

HB28 acknowledges that the deflections of reinforced concrete flexural members, including an
allowance for creep and shrinkage warping, is a complex topic. AS 2870, Clause 44 (), simplifies this
by permitting the calculation of the deflection using an effective modulus of elasticity of 15,000 MPa
compared to the value in AS 3600 of 24,000 MPa for 20 MPa concrete. This Clause requires the value
|.#t0 be as defined in AS 3600.
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For consistency with AS 2870 and HB28, the effective moment of inertia values (/eﬁ) for stiffness
and deflection are calculated using Branson’s Formula which was included in AS 3600: 2009 -

/eFF = /cr' + (Ig - /cr) x (&)3 = Ig

ser

Where

lsn = Cracked transformed moment of inertia
I = Gross moment of inertia (uncracked)
M. = Maximum service moment

M.. = Cracking moment of section

AS 2870, Clause 14.2, requires that the design ultimate moment M* be calculated using the load
factors in AS/NZS 11701 — Structural design actions. Part 1. For dead loads this factor is 1.2 and
for live loads it is 1.5. Furthermore AS 2870, Clause 44 (f), requires

M < oM,
Where
%] = 0.8 from AS 3600 : 2009 (Consistent with the edition of the Standard when the
deemed-to-comply designs were produced)
M, = Calculated ultimate moment capacity of the section
Therefore

12M.,,, < M* < 0.8M,
M. <=0.8/12M,

That is
M., = 0.67M,

For each of the designs in AS 2870 Section 3 and Section 4 included in this Design Guide, the values
of Iy, I, and M., can be determined accurately by calculation. An upper-bound value of M,
can be determined using the relationship M., < 0.67M,. M. can be substituted into Branson’s
Formula to determine the effective moment of inertia (/eﬁ) for each pair of equivalent deemed-
to-comply designs. The comparisons tabulated in Appendix B, indicate that for the stiffened raft,
waffle raft and strip footing designs the difference in stiffness between the equivalent solutions
using a SENSE 600® TrenchMesh™ and a 500L trench mesh is generally less than five per cent
and in many cases the upper-bound service load value is less than the cracking moment and thus
there is no difference in stiffness between the two solutions. Where there was up to five percent
difference in stiffness it was considered not significant enough to require a more detailed analysis,
particularly since the M, value used was an upper-bound value and a lower value would have
reduced the difference even furthenr.

Where the difference in stiffness was in excess of five percent, software (CORD) was used to
check ten designs. The checks as detailed in Appendix C showed that the moment of inertia for the
required stiffness in all cases was below the calculated effective moment of inertia (/o).
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5. Alternative SENSE 600°
Standard designs

This section of the SENSE 600® Design Guide is analogous to Section 3 of AS 2870. All the Clauses
and their specific requirements apply and should be satisfied except that the SENSE 600°®
TrenchMesh™ options in the following Tables may be used as an alternative to the equivalent
500L trench mesh.

5.1 Stiffened Raft Slabs

A stiffened raft shall be specified in accordance with AS 2870, Clause 3.2. The concrete section
sizes, beam spacing and reinforcement requirements shall be as shown in Figure 4.1 and Table 4.1
which includes the SENSE 600® TrenchMesh™ alternatives.

Loadbearing
walls

T Other walls . m" Y
Slab
<1000 | Sk
100 ‘W\ 150
L J - A'- Il‘ B' ‘l Vv-A - ‘l.' -- "A ‘- rj

el e b w—— e
- s Edge beam | : Internal beam Slab thickening I. 7

300

i

300 300 500 ?150}
I

Alternative edge detail
(see Figure 3.3)

DIMENSIONS IN MILLIMETRES

Figure 5.1 - Stiffened raft slab designs: refer Table 5.1
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Reinforcement

. . Depth Edge Beam Alternatives . 2% Bfeam
Site class Type of Construction [D] Bottom Top Bar Alternatives Spacing
(mem) 500 MPa SENSE 600® 500 MPa SENSE 600° ™
Masonry veneer 300 3-LMTM 3-S10TM - - -
Class S Articulated full masonry 500 3-LMTM 3-S10TM 2N12 251 -
Full masonry 700 |2x3-L1MTM | 2x3-S10TM 2N16 2515 5
Clad frame 300 3-L1MTM 3-S10TM - = 6
Articulated masonry veneer | 400 3-LMTM 3-S10TM - - 6
Class M Masonry veneer 400 3-LMTM 3-S10TM - = 5
Articulated full masonry 625 3-L11TM 3-S10TM 2N12 2511 4
Full masonry 950 | 2x3-LHMTM | 2x3-S10TM 2N16 2815 4
Clad frame 400 3-LMT™M 3-S10TM - - 5
Articulated masonry veneer | 400 3-L11TM 3-S10TM IN12 1811 4
Class M-D | Masonry veneer 500 3-L12TM 3-SMTM 2N12 25711 4
Articulated full masonry 650 3-L12TM 3-STTM 2N16 2515 9
Full masonry 1050 | 2 x 3-LMTM | 2x3-S10TM 3N16 3515 4
Clad frame 400 3-L11T™M 3-S10TM IN12 1811 5
Articulated masonry veneer | 400 3-LMTM 3-S10TM 2N12 2511 4
Class H1 Masonry veneer 500 3-L11TM 3-S10TM 3N12 1815 4
Articulated full masonry 750 | 2x3-LHMTM | 2x3-S10TM 2N16 28715 4
Full masonry 1050 | 2x3-L12TM | 2x3-S11TM 3N16 3515 4
Clad frame 400 3-L11TM 3-S10TM INT2 - 4
Articulated masonry veneer | 500 3-LMTM 3-S10TM 3N1 1811 4
Class H1-D | Masonry veneer 650 |2x3-LMTM | 2x3-S10TM 3S1 4
Articulated full masonry 800 |2x3-LMTM | 2x3-S10TM 2515 4
Full masonry 1100 |2 x3-L12TM | 2x3-STTM 3515 4
Clad frame 550 3-LMT™M 3-S10TM 2N12 281 9
Articulated masonry veneer | 600 3-L12TM 3-STTM 2N12 251 4
Class H2 Masonry veneer 750 |2 x3-LMTM | 2x3-S10TM 2N16 2515 4
Articulated full masonry 1000 |2 x 3-L1MTM | 2x3-S10TM 2N16 2815 9
Full masonry - - = - = -
Clad frame 550 |2x3-LMTM | 2x3-S10TM 2N16 2815 4
Articulated masonry veneer | 700 |2 x 3-L1M1TM | 2x3-S10TM 2N16 28715 4
Class H2-D | Masonry veneer 750 |2x3-LMTM | 2x3-S10TM 2N16 2515 4
Articulated full masonry 1000 |2 x 3-LMTM | 2x3-S10TM 2N16 2815 4
Full masonry - - = - = -

Note: Slab reinforcement for all Site Classes shall be as noted in AS 2870 for Stiffened Raft Designs, specifically
(a) SL72, where slab length <18m

(b) SL82, where slab length =8m and <25

(c) SL92, where slab length =25m and <30
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5.2 Footing slabs

Footing slabs shall be specified in accordance with Figure 5.2 for Site Class S.
SENSE 600° TrenchMesh™ 3-S10TM may be used as an alternative to 3-L11TM.

Slab mesh
Concréla-lo-concrale
contact (150 min.} ¥ |

Loadbaaring wall |
/  Heon-loadbearing walls

.

e | :

ol 7
1 ?’
I:hap;rh in /'; ;f :j I de i : g
accar_u:ncn 4 s 0 ] s I —?f

wit By | |
Figurja 3a 21j|1:| ; ~T—R10 or N10 fitmants =///
: ' s eopers Continuous wall 4
2150 or angaged pier . .'4

{

=50
Single layer reinforcemant for
Class A 3-LATM Two layars of 1
Class 5 3-L11TM reinforcemant — 3

{a) Tied edge beam {b) Altarnative edge treatment

DIMENSIONS IN MILLIMETRES

Figure 5.2 - Footing slab for Class S sites for Clad frame, articulated masonry veneenr, articulated full
masonry or full masonry

5.3 Waffle Rafts

Waffle rafts shall be specified in accordance with AS 2870, Clause 34. The concrete section sizes,
beam spacing and reinforcement requirements for stiffened rafts shall be as shown in Figure 5.3
and Table 5.3 which includes the SENSE 600® TrenchMesh™ alternatives.

Loadbearing wall T™T

Masonry

.
\
7

Clad frame \

3
Slab mesh — Sy

I ¥ =3 b — T ¥, ¥ }-,—r‘—r_ 1
Beam . : . :
depth . o Formed void a BS _

|1su minef 2o d et 3 bars (bottom) " Formed void 7

150 “— 1 bar (bottom only)
Stem width
300 min. 1090 max. 110 1090 max. 10]
{in both directions) {in both directions)

DIMENSIONS IN MILLILMETRES

Figure 5.3 = Waffle raft designs: refer Table 4.3
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Bottom Reinforcement Slab Mesh
Site class Type of Construction DFDp;h lﬁggfnzizzs I%:;::;Ei?l::‘ et il
(mm) Bottom Top and Bottom =
500 MPa SENSEG600® 500 MPa SENSEG00® <20 =20-<30
Clad frame 310 3-LMTM 3-S10TM IN12 1811 SL72 | SL82
Articulated masonry veneer | 310 3-L1MTM 3-S10TM 1N12 1811 SL72 | SL82
Class M Masonry veneer 310 3-L1MTM 3-S10TM IN12 1811 SL72 | SL82
Articulated full masonry 610 | 2x3-LMTM | 2x3-S10TM IN12 1811 SL72 | SL82
Full masonry - - - - - - -
Clad frame 310 3-LMTM 3-S10TM IN12 1811 SL72 | SL92
Articulated masonry veneer | 310 3-LMT™M 3-S10TM IN12 1811 SL72 | SL92
Class M-D| Masonry veneenr 385 | 2x3-L11TM | 2x3-S10TM IN16 1815 SL72 | SL92
Articulated full masonry 610 | 2x3-L1MTM | 2x3-S10TM IN16 1815 SL72 | SL92
Full masonry - - = - = - -
Clad frame 310 3-L1MT™M 3-S10TM IN12 1811 SL82 | SL92
Articulated masonry veneer | 385 3-L1MTM 3-S10TM IN12 1811 SL82 | SL92
Class H1 | Masonry veneer 460 | 2x3-LMTM | 2x3-S10TM IN16 1815 SL82 | SL92
Articulated full masonry 610 | 2x3-LMTM | 2x3-S10TM IN16 1815 SL82 | SL92
Full masonry - - = - = - -
Clad frame 310 3-L11TM 3-S10TM INI2 1811 SL82 | SL92
Articulated masonry veneer 385 3-LMTM 3-S10TM IN12 1811 SL82 | SL92
Class H1-D| Masonry veneer 460 | 2x3-LMTM | 2x3-S10TM IN16 1515 SL82 | SL92
Articulated full masonry - - = - = - -
Full masonry - - - - - - -
Clad frame 310 3-L11TM 3-S10TM 2N12 1811 SL82 | SL92
Articulated masonry veneer | 385 | 2x3-LMTM | 2x3-S10TM 2N16 1815 SL82 | SL92
Class H2 | Masonry veneer - - - - - - -
Articulated full masonry - - - - - - -
Full masonry - - - - - - -
Clad frame 385 | 2x3-LMTM | 2x3-S10TM IN16 1815 SL82 | SL92
Articulated masonry veneer | 460 | 2x3-LMTM | 2x3-S10TM IN16 1815 SL82 | SL92
Class H2-D| Masonry veneer - - - - - - -
Articulated full masonry - - = - = - -
Full masonry - - - - - - -
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5.4 Stiffened slab with deep edge beam

A stiffened slab with a deep edge beam shall be specified in accordance with AS 2870 Clause 3.5.
SENSE 600° 3-S10TM TrenchMesh™ may be substituted for the 3-L11TM as shown in Figure 54.

275 grout |
or concrete |I 2 <1000

filled i
_\ y 100— —150 ||

Centre of edge beam Centre of internal beam
Internal beam spacing
|
All other internal walls Slab mesh ;
may be built directly SL72 for slab <18000 ‘
onto slab panel SL82 for slab 218000 and <25000
SLa2 for slab 225000 and <30000 !
. |

| Non-loadbearing walls |II Loadbearing ‘
Al || walls !
| |

|

|

% 11 p—— T - s 1T
- — B4 5.0 I PG b
: 'v/ = A N P .—-._‘-L_:r"-_'_—7—4f
o = 500ébdilab thickening S
1500 T
Finished 250"
ground e
level— Fill in accordance
: with Clause 6.4.2
— ik
e Depth and beam
- 4 2 E
e a'_‘_..,. -!..7'\ SL82 or N12 at 400 centres each way A St
min S . ~ 3_L41TM accordance with
400 B -.‘_HH& Figure 3.1
£y [ E LT
b — N12 at 400 centres embedded
E e 2 \ 300 into footing and wall

3-L11TM
Tied edge beam

DIMENSIONS IN MILLIMETRES

Figure 5.4 - Stiffened slab with deep edge beam for Masonry veneer and articulated masonry veneer
with SENSE 600° TrenchMesh™ option - Class M site
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5.5 Strip Footings

Strip footings shall be specified in accordance with AS 2870, Clause 3.6. The concrete section sizes,
beam spacing and reinforcement requirements for strip footings shall be as shown in Figure 5.5 and
Table 5.5 which includes the SENSE 600® TrenchMesh™ alternatives.

Cantre Cenltre Centre Cantre
e i Ly

L

SRS SN

il

=
T

- Compacted backfill - Stump pad size and | g |
for bracing stumps, thickness to AS 1684
se@ Appendix E series or Appendix E
(i} Masonry veneer or (i) Clad frame on {iii) Clad frame on base
articulated masonry stumps or piers or dwarf wall
aneer
v Df = D475

{a) Suspended floors {timber or concrete single-storey construction <4 kPa dead load)

-lmpervious Imparviou
?_/7 sas:lat?on strip 7 ssEarationsstrip
fill floor B
/ / ::eu Clausgaa4:|— / /—Slab mesh
AV = 4
Mortar_or ; ::: //," o
grout f|1ladm%:ﬁ///////)%////
TIASTIAN] / j: R o o o T ot P o 1 /] f’@
\ b

Fill in accordance
with Clause 6.4.2

=]

Ej"‘ f
F

I :E\‘

Di = D+75

(b} Infill floor Class A and Class S sites

*Slab mesh;
SL62, when slab length <18000
5L72, when slab length 218000 and <25000
SL82, when slab length 25000 and <30000

DIMENSIONS IN MILLIMETRES

Figure 5.5 - Strip footing systems: refer Table 5.4
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Depth Width  Reinforcement Alternatives D: L,
Site class Type of Construction [D] [B]
(mm) (mm) 500 MPa SENSE 600°® (mm) (mm)
Olass 8 Articulated masonry veneer 400 400 4-L1MTM 4-S10TM 400 -
Full masonry 500 400 4-L11TM 4-S10TM 400 -
Clad frame 400 300 3-LMT™M 3-S10TM 500 -
Articulated masonnry veneer 450 300 3-L1MTM 3-S10TM 500 -
Class M Masonry veneenr 500 300 3-L12TM 3-S1TM 500 -
Articulated full masonry 600 400 4-112TM 4-STMTM 500 -
Full masonry 900 400 4-112TM 4-STTM 500 -
Clad frame 500 300 3-LMT™M 3-S10TM 800 -
Olass M-D Articulated masonry veneer 550 300 3-L12TM 3-S10TM 800 -
Masonry veneer 700 300 3N16 3-S15TM 800 -
Articulated full masonry 1100 400 4N16 4-S15TM 800 -
Clad frame 500 300 3-L1MTM 3-S10TM 1000 | =2400
Articulated masonnry veneer 600 300 3-L12TM 3-S1TM 1000 =2400
Class H1 Masonry veneer 850 300 3N16 3-S15TM 1000 =2400
Articulated full masonry 1100 400 4N16 4-S15TM 1000 | =2400

3-S15TM may be substituted for three individual S15 bars

4-S15TM may be substituted for four individual S15 bars
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6. Appendix A - Strength and
ductility calculations

HB28 refers to the sagging mode which induces positive moments in footing systems and a
hogging mode which induces negative moments. This same convention is adopted for consistency.
Similarly, the HB28 nomenclature for the area of steel to reinforce the footing under sagging Ay
and area of steel to reinforce the footing under hogging A, is also adopted for consistency.

A1 Sagging Mode (M)

Consider Figure A1 below for the ultimate positive bending moment strength for stiffened raft
slabs, waffle raft slabs and strip footings. The ultimate moment can be determined using the
formula:

Mu+: Ast X fsy X L EQAJH

- c
-~

T =Aslfsy

st

STIFFENED RAFT SLAB / WAFFLE RAFT
STRIP FOOTING

Figure A.1.1 - Ultimate bending moment strength in sagging mode - Ma

For the deemed-to-comply designs in AS 2870
M 00y = Asuisooy X 500 x L Eq. A2

However, if equivalent load capacity SENSE 600® TrenchMesh™ is used in place of 500L trench
mesh or bar then

M sense s00) = Asgisense soos X 600 x L Eq. A13
However, from Table 2a

Ast(SENSE 600%) X 600 = Ast(500) x 500 Eq Al4
Substituting Eqg. A4 into Eq. A.3 gives

MLT(SENSE eoo®) = Ast(500) x 500 x L Eq. A5
And substituting Eq. A1.2 into Eq. A5 gives

Mlj-(SENSE 6000) = Mu(500) Eqg. A6
Therefore

MLT(Per'f“or'mance Solution) = Mu(deemed-to-comply) Ea. A7
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Thus, the ultimate positive moment capacity (I\/Iu) of a footing is essentially the same, and in some
cases higher, if the 500L trench mesh is replaced by equivalent capacity SENSE 600® TrenchMesh™.
It is noted that the lever arm (L) is slightly longer for the SENSE 600® TrenchMesh™ as the bar
is smaller in diameter and hence the ultimate sagging moment is slightly higher, however this
improvement is, at best 0.7 mm, which is significantly less than the accuracy with which the steel
can be fixed and therefore has been ignored.

A1.2 Hogging Mode (M,)

The ultimate negative bending moment strength for stiffened raft slabs, waffle raft slabs and
strip footings were treated separately as the reinforcing steel layout differs for each, unlike the
reinforcing steel for sagging moments.

In a strip footing the calculation for the negative moment is identical to the sagging moment,
given the section is symmetrical about the horizontal axis. Therefore, the substitution of
SENSE 600® TrenchMesh™ for 500 MPa trench mesh or bar has the same performance in terms
of its ultimate bending moment strength.

The slab reinforcement, in the Performance Solutions for the waffle raft slabs, is changed therefore
the ultimate negative moment strength is not changed. Therefore, the Performance Solution is
equal to, if not better than the deemed-to-comply solution.

For the stiffened raft Performance Solutions where there are additional top bars, refer to
Figure A. 1. 2 the ultimate moment can be determined by the following formula.

Mu_ = Asc(mesh) x fsy(mesh) x L1 + Asc(bar‘) x 7L‘s_y(bar') x L2 Eq.A1.8
Asc(bar) Asc(mesh) Asc (mesh) A (mesh)
L /,/"/ | \\\‘ [ /,// ! _
-+ e — — \_L:L_’ — f-‘., = T= Asc(bar)f:v.y (bar)
‘ T i | T=A f.
l [ | . sc(mesh) sy (mesh)
~| 5
c
L1
STIFFENED RAFT SLAB / WAFFLE RAFT
STRIP FOOTING

Figure A.1.2 - Ultimate bending moment strength in hogging mode ( MJ )

For the deemed-to-comply designs in AS 2870
M (500)= Asc(mesny X 500 x Ly + Agso0) x 500 x L, Eq. A1.9

If equivalent load capacity SENSE 600® TrenchMesh™ or bar is used in place of 500 MPa trench
mesh or banr, then
M&SENSE 600%) = Asc (mesh) x 500 x LJ| + Asc(SENSE 600%) X 600 x L2 Eq A110

However, from Table 2a
Ascesense 500y X 800 = Agq(s00) x 500 Eq. A1M

Substituting Eqg. A1 into Eqg. A0 gives
MU_(SENSE 600°) = Asc (mesh) X 500 x L1 + Asc(SOO) x 500 x L2 Ea. A2

And substituting Eq. A1.9 into Eq. A112 gives
Mu_(SENSE 600%) = Mu_(soo) Eqg. A3
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Thus, the ultimate negative moment capacity (M) of a stiffened raft footing is essentially the same
or in some cases higher if the 500N bar is replaced by equivalent capacity SENSE 600® bar. The
lever arm (L) is slightly longer for the SENSE 600® as the bar is smaller in diameter and hence the
ultimate negative moment is slightly higher but has been ignored because of its insignificance as
discussed previously.

A.2 Footing Ductility

A ductile steel means that the load in a cracked zone has a greater capacity of being transferred to a
stiffer uncracked zone. Therefore, the performance of a beam is generally improved if a more ductile
steel is used in place of a low ductility steel. SENSE 600® TrenchMesh™ is a Ductility Class N steel
and has superior ductility to 500L trench mesh and therefore will provide improved performance.

Member ductility is important when the cracking moment (M,,) of the section is exceeded, as
the reinforcement is designed to carry the load. The deemed-to-comply designs in AS 2870 have
ultimate moment (MU) capacities that meet the ductility requirement, that is:

M,>1.2 M., Eq. A2

HB28 provides the following formulae to determine the section properties of a footing. Refer
to Figure A.2 for the notations. For an uncracked T or L footing beam section the depth to the
neutral axis is given by:

kd = [0+ (B92)] /[ (b - by )b + bup] Eq. A.2.2
Hence the gross moment of inertia (lg) of the footing beam is given by:
lg=[(b-b )t (kdl - £)* +-E] + [b,D (kd —?D)2 + (/ole%3 )] Eq.A23
Asc
- b
&)
— = I !
':Jq_ T L ¥ L ¥ L] w LJ _E |
— ]
® aq
L
®]
1
bw Ast

Figure A2 - Notation for T beam
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The section modulus for calculating the cracking moments is obtained from the uncracked moment
of inertia (/) as follows:

Z, = ly/kd (hogging) Eq.A24

Z, = I,/ (D-kd) (sagging) Eq.A25

HB28 indicates the cracking moments in deemed-to-comply designs were calculated using a
concrete stress of 2.7 MPa for cracking at the bottom of the section due to sagging and 1.8 MPa
at the top to allow for the restrained shrinkage in top slab panels. The calculated cracking
moments are:

M rhogging) = lo/kd x 1.8 Eq.A2.6

Mcr'(sagging) = lg/(D_kd) x 2.7 Eq.A.2.7

The cracking moment is a function of the overall concrete dimensions which are not changed in
the Performance Solutions. Given the uncracked section properties are not dependent on the
yield strength of the steel (f;,) nor the area of bottom steel (Ag,) or the top steel (Ay,), the
substitution of SENSE 600® TrenchMesh™ and SENSE 600% bar for 500L trench mesh and 500N
bar respectively, does not alter the uncracked section properties of the footing system. That is,

MCP(GOON) = Mcr'(deemed-to-comply) Eqg.A.2.8

It is clear from Section 3.1 the substitution of equivalent capacity SENSE 600® TrenchMesh™ for
500L trench mesh and SENSE 600® bar for 500N bar results in footing systems that have the
same performance in terms of the ultimate bending moment strength, both sagging and hogging.
If the dimensions of the concrete section do not change then the gross section properties of the
section do not change and hence the M. does not change. That is

M oon) = Mu(deemed—to—comply) Eqg. A.2.9
If

M @eemed-to-comply) > 1-2 X M gn(geemed-to-comply) Eq.A.2.9
Then

M 6oony > 1.2 x Mnsoon) Eq 3.2110

Therefore, the section ductility of the footings with SENSE 600® TrenchMesh™ or SENSE 600®
bar is equivalent in performance to a deemed-to-comply design in AS 2870.
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7. Appendix B - Stiffness

Calculations

This Appendix tabulates the results of stiffness calculations for each of the SENSE 600®
TrenchMesh™ and bar footing systems compared with its corresponding deemed-to-comply 500L
footing systems from AS 2870. The calculations follow the method described in Section 3.3 AS2870,
Footing System Stiffness.

Table No.

B1

B2

B3

B4

B5

32

Description

Stiffened raft slabs —
sagging mode

Stiffened raft slabs —
hogging mode

Waffle raft slab — edge
beamsagging mode

Waffle raft slab — internal
beam sagging mode

Strip footing — sagging
and hogging mode

Diagram

!

e

!

=

3

il

Comment

Stiffness for the edge beams only was
considered, as the smaller effective
width (compare to the internal beams)
gives the lowest comparative stiffness
when SENSE 600® TrenchMesh™ is used
in place of 500L trench mesh.

A slab reinforced with SL72 mesh was
considered the critical case in combina-
tion with additional top bars as this this
gives the lowest comparative stiffness
when SENSE 600® TrenchMesh™ is used
in place of 500N bars.

Only the sagging mode in waffle raft
slabs was considered, as the reinforcing
steel in the slab which impacts the
hogging mode is not changed in the
Performance Solution compared with
the deemed-to-comply designs.

The stiffness of the footing in the
sagging mode is the same as the
hogging mode as the footing is
symmetrical about the horizontal plane.
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8. Appendix C - Supplementary
Design Calculations

This Appendix details the calculations conducted to demonstrate from first principles that the
Performance Solutions shown in Tables C1 and C2 meet the Performance Requirements of AS 2870,
specifically that footing system stiffness results in deflections limited to those in Table 4:1 of AS 2870.

300mm and 110mm Edge Beam 110mm Internal Beam

Depth Reinforcement Reinforcement
. . i i
Site Class Type of Construction [D]
500L SENSE 600® ®
N e TeenchMesh™ 500N Bar  SENSE 600° Bar
Class M Articulated full masonry (S/S) 610 2x3-L1MTM 2x3-S10TM 1N16 1815
Masonry veneer 385 2x3-L1M1TM 2x3-S10TM IN16 1815
Class M-D
Articulated full masonry 610 2x3-L1MTM 2x3-S10TM IN16 1815
Class H1 Masonry veneer 460 2x3-L1MTM 2x3-S10TM 1N16 1815
Class H1-D | Masonry veneer 460 2x3-L11TM 2x3-S10TM IN16 1815
Class H2 Articulated masonry veneer 385 2x3-L1TM 2x3-S10TM IN16 1815
Clad Frame 385 2x3-L1MTM 2x3-S10TM 1N16 1815
Class H2-D
Articulated masonry veneer 460 2x3-L1MTM 2x3-S10TM 1N16 1815
Depth ~ Width Bottom Reinforcement Top Reinforcement
Site Class  Type of Construction [D] [B]
SENSE 600® SENSE 600®
(mm) (mm) <Halabe TrenchMesh™ =il TrenchMesh™
Class M-D Masonry veneer 700 300 3-N16 3-315 3-N16 3-315
Class H1 Masonry veneer 850 300 3-N16 3-S15 3-N16 3-S15




Each of the footing systems in Tables C1 and C2 were assessed prior to being analysed using
computer software CORD to determine their stiffness compared to the 500L trench mesh or 500N
bar deemed-to-comply designs. It is noted that the Class M — Articulated full masonry deemed-
to-comply design has the same solution as the Class M-D — Articulated full masonry deemed-to-
comply design. Therefore, only the later which has the more severe loading needs to be considered.
The same applies to the Class H1 - Masonry veneer deemed-to-comply design and the Class H1-D
- Masonry veneer deemed-to-comply design, so again only the latter was checked.

Each of the designs shown in Tables C1 and C2 were checked against the following four footing
system layouts which are considered to cover the range of typical residential structures that
would utilise the designed footing.

Table C3 provides the edge heave results of the CORD analysis for each of the Site Class/Types
of Construction combinations for the waffle rafts with each of the 4 footing layouts reinforced
with SENSE 600® bars. The required moment of inertia for the sagging mode is tabulated against
the actual inertia of the design footing element. It is noted that the concrete section and the
top reinforcing mesh is the same as the deemed-to-comply designs in AS 2870 and therefore the
hogging mode causing centre heave does not need to be considered in this performance solution.

Layout Long direction Short direction
Site Class Type of Construction Y 9
(m X m) I(required) I(actual) I(required) I(required)
24 x12 - 1.095 - 1.061
18 x 12 - 1.095 - 1.073
Masonry veneer
12x10 - 1168 - 1.095
9x7 - 1165 - 1168
Class M-D
24 x12 - 4.261 0.002 4138
18 x 12 - 4.261 - 4179
Articulated full masonry
12x10 - 4.530 - 4.261
9x7 0.001 4514 0.001 4.525
24 x12 0.368 1.867 - 1.805
18 x 12 0.364 1.862 - 1.824
Class H1-D | Masonry veneer
12 x10 0.551 1.984 0.346 1.862
9x7 0.764 0.944 0.311 1.982
24 x12 0.221 1.095 - 1.061
18 x 12 0.216 1.095 - 1.073
Class H2 Articulated masonry veneer
12x10 0.367 0.756 0.302 0.849
9x7 0499 0.659 0.245 1.358
24 x12 - 1.095 - 1.061
18 x 12 - 1.095 - 1.073
Clad Frame
12x10 - 1168 - 1.095
9x7 0.240 0.811 0159 1167
Class H2-D
24 x12 0.209 1.861 - 1.805
18 x 12 0.203 1.862 - 1.824
Articulated masonry veneer
12 x10 0.346 1.984 0.290 1.862
9x7 0.531 0.928 0.258 1.982
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Long direction Short direction
. . Layout
Site Class Type of Construction ( )

) 2 ] I(required) I(actual) I(r'equir'ed) I(actual)

24 x12 CH 0.5083 1128 0494 0.760

24 x12 EH 0.000 2.240 = 1.835

18 x12 CH 0409 1.373 0.500 0.905

18 x 12 EH 0.000 2.216 = 1.954

Class M-D Masonry veneer

12 x10 CH 0.502 2.283 0.784 0.853

12 x10 EH 0.000 2.631 = 2184

9x7CH 0.835 3121 0.642 1196

9x7EH 0.001 3.737 - 2.896

24 x12 CH 0.998 2162 1.065 1170

24 x12 EH 0.000 3.980 - 3.270

18 x12 CH 1101 2.024 1.082 1.378

18 x 12 EH 0.000 3.945 - 3483

Class H1 Masonry veneer

12 x10 CH 1148 3.265 1.205 1.298

12 x10 EH 0.000 4.692 0.898 3.898

9x7CH 1199 5175 0.840 2504

9x7EH 0425 6.672 0.256 5174

CH - Centre heave; EH — Edge heave

The CORD analysis confirm that centre heave typically controls the stiffness design. The
results in Table C3 indicate that the moment of inertia of the waffle rafts reinforced with
SENSE 600° equivalent capacity bars provide the required level of stiffness to resist edge heave. The
results in Table C4 indicate that the moment of inertia of the strip footing systems reinforced with
SENSE 600® equivalent capacity bars provide the required level of stiffness to resist both the
centre heave and the edge heave.
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