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Introduction

This Design Guidelines Manual provides guidance for assessment, design and detailing
of the CUPOLEX System within Australia and New Zealand.

This Manual has been prepared for the guidance only of chartered civil/structural
engineering as per requirements of Engineers Australia or Engineers New Zealand for
the assessment, design and detailing of the CUPOLEX System within Australia and New

Zealand.

This Manual is to be adapted in conjunction with AS2870-2011, Residential Slabs and
Footings. The design of residential slabs with the Cupolex construction system shall be
generally in accordance with Section 4 of AS287®; Design by Engineering Principless,

with variances as noted within this manual.

Compliance with the Scope of this Manual and the applicable provisions in AS2870 will
satisfy the provision of a performance solution, as defined by the Building Code of

Australia, Housing Provisions (the BCA volume)2

The design charts in chapter 4 are developed utilizing CUPA softwailehe CUPA
software is a program to design Cupolex footings on expansive soils, created by SLOG
CUPA software uses engineering first principles explainday the Mitchell method,an
acceptable method of design refereraxd in AS2870, chapted. For more details please

refer to chapter 5 of this guideline.

A typical slab for a single-storey building (with slab dimensions 21.5*9.8 m) has been
modelled by both Strand7 software and CUPA software. The Strand?7 finite element
model has been generated by Strand7 Consulting Pty Ltd, the results have correlation

with CUPA results. For more details please refer to chapter 6 of this guideline.
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2 Smpe

2.1 The Scope of construction currently applicable to this Manual is typical residential

dwellings up to double storey height with metal and/or tiled roofing.
2.2 The external facades currently applicable to this Manual are:

2.2.1. CLAD - Nonbrittle, lightweight construction with vertical articulation to suit

manufacturers specifications Applied loads are specified on each design table with
sample load calculation available in Appendix A.

2.2.2. AMV Articulated Masonry Veneer with vertical articulated joints in compliance
with the BCA and the NCC.

This Manual allows for a design footprint with a maximum single slab length of 2%.

Maximum and minimum width of the slab is assumed 12 m and 6 m respectively.

2.3 The general construction applicable for the Design Footprint is defined in Fig 2.1.

<6.0m <6.0m
1 | CLAD
I 1 AMV
<57m
3
27m LWW —LWF
) K0 oo a1 k oo

SDS 18D PPS

} %
<25m

Figure 2.1. The general construction applicable for the Design Footprint
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NOTES:

10.

M (Metal) or T (Tiled) truss roof construction with maximum span 25m and 0.9m
eaves overhanging with gyprock ceiling linings.

CLAD/AMV 1 Zft 7 7"—<..—Zf—=%t1 fo'e”> feft”i . tee_"—
with BCA Volume 2 for double-storey eaves height = maximum 5.7m and single-
storey eaves height = 2.7 m.

Light Weight timber Floor (LWF) is assumed in the load calculations as the
suspended slab.

Light Weight timber Wall (LWW) is assumed in the load calculations as the
internal walls with gyprock lining.

CUPOLEX system (SDS: Structural Dome system) designed in compliance with this
Manual.

Idealized building platform (IBD) consisting of firm natural uniform subgrade
and/ or 1...*s—""ZilFkuitding platform, minimum safe bearing capacity 100kPa,

in accordance with AS2870-2011. fie provided soil heave (¥ value for the
building platform must be for the finished platform level. Cut and fill may change
the Ys value and the slab should be re-designed if the Yalue is changed.

Piering and/or Piling Supports (PPS) to structural engineering consultant

specifications in accordance with clause 4.8 and Appendix G6 of AS2870.

Heating cables and pipes to structural engineering consultant specifications in
accordance with clause 5.3.6 of AS2870. (i.e. increase thickness and reinforcement
where hot water heating pipes are to be embedded in a slab)

Shrinkage cracking control to structural engineering consultant specifications in
accordance with clause 5.3.7 of AS2870. (i.e. where brittle floor are to be used over

an area greater than 16 A extra measures shall be taken to control shrinkage
cracking).

Design of residential slabs with the Cupolex construction system is to be generally

<o fo. ‘"t fe..t ™Mc—S tzyrd trssa f..—<e v 0 ftec%e ,>
Cupolex slabs are to be considered a hybrid of Waffle Pod slabs and Stiffened Raft

slabs. Stiffened Raft slabs have no intermediate stiffening between the internal
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fet $8—%1"efZ ,ffeed ™St ffe f°°ZF ‘'t oZf,o Sftet 0°-
stiffening i<t fe—<"<ft fe Osectien 8.43) at 1,100mm centres (in X & Y
axis). Cupolex slabs have partial depth Stems, providing intermediate stiffening at
540mm centres (in X & Y axis). The additional stiffening benefit provided by the
intermediate partial depth Stems in Cupolex slabs has been proven in University
backed research field trials in Europé and by Finite Element Analysis by Strand 7

Consulting? in Australia.

1 Report:3 & X S RF@t§ Static Behaviour AQ D O ) MBIB\CNR Consiglio Nazionale delle Ricerche, Nov 200
2 Report: Strand7 Consultingeb2019 Rev 2
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3 DesgnProcedue

The following procedures are recommended for the assessment, design and detailing.
Design Footpint

3.1. Verify that the total dwelling footprint complies with the limitations of the Design
Footprint, as defined by Clauses 2.2 and 2.3. Applied loads are specified on each design
table with sample load calculation available in Appendix

3.2. Where overlapping rectangles are adopted, ensure each desigootprint rectangle

complies with these design footprint limitations.
Gereral Construction

3.3. Confirm the elements of the dwelling comply with the requirements of Clause 2.4 and
Figure 2.1.

3.4. Verify the applicable Site Classification, Ys, Hs, planned landscaping and any other
abnormal site conditions, as defined by AS2870 section 2.

3.5. Define the primary, secondary and non-structural re-entrant corners of the total

dwelling footprint in accordance with Figure 3.1.

DOME CLUSTER (DC) — @ @ Extemal Footprint Corners (EFC)

&
®

|
® O &

Figure 3.1. Corners definition
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NOTES:

1. Pr

imary re-entrant corner is defined as the greater of the sum of the adjacent

internal edges e.g. (B+C) (E+F) (J+K).

2. Secondary re-entrant corners are the lesser of the primary re-entrant corner.

3. Place internal beams from the primary and first secondary re-entrant corners

across the full width of the dwelling footprint.

4.  Place additional internal beams as defined in the design charts, chapter4.

Discontinue internal beams, at intersecting internal beams, to provide a minimum

of

one (1) dome-cluster overlap towards cente of slab (refer Figure 3.1 and 3.2

6. Place additional stiffening beams, as required, to comply with the internal beam

spacings defined in chapter4.

N/

REMOVE S
R IRE|

KN
E N T=BAR BT
INTERNAL BTM CH LEG -CUT EG
TRENCH 3 ASREQUIRED
SHOWN F@R QUARTY TRENCH MESH OPR.CUT

T9 SUWIDTH. PLALE
CENTRALL

ADDITION TEEN(H

&

_ MESH Tf FIXED TO
UNDERSIDE OF FABRIC ADDITIONAL [RENCH
LONG MESHYOP FIYED T
\ RSIDE OF FABRIC
N12 L-BARS BYRY 150 END 600 BEYOND
LALRLEC L-BARBTM JUNCSION EAfH SIDI

e

SINGLE JUNCTION DOUBLE OFFSET JUNCTION

() (b)

Figure 3.2. (a) Single junction and (b) double junction intersecting beams

7. Assess the Cupolex design guide parameters by soil type nominated in accordance
with chapter 4 of this manual.

8. The design guide parameters nominated in Table 4.1 to Table 4.4 are for ideatize
building platforms only based on the nominated design parameters.

9. Itremains the design engineeiie «‘Z1 "fe'tesc «Z<—> —' tee—"F _Sf— f
specifications f "1 s‘scef—ft ‘o =St T ‘oo — | —c'oi T7f™Mco%oo
conditions and building structure.

10. Samples of Cupolex designs are provided in Appendix E of this Manual.
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4 Desdgn dharts

Ys in the design charts is based on the actual footing layer movement on finished platform
level. Soil classification, ¥Yand ¥n (Ym = 0.7 * Ys in the Mitchell method) are in compliance
with AS2870-2011. The charts are developed using CUPA (explained in chapter 5) and
Strand7 verification (explained in chapter 6). For design purposes, it is assumed a minimum

25 MPa concrete is used as standard for all Cupolex slabs.
41 Single storey

The design charts for single storey buildings are available in Appendix F and G.

The charts are separated based on Hs (soil suction change) values for different parts of
Australia specified in Tables 2.4 and 2.5 AS2870-2011 shown below.
TABLE 2.4

SOIL SUCTION CHANGE PROFILES FOR
CERTAIN LOCATIONS

Change in suction at | Depth of design soil
Location the soil surface suction change
(A4u) pF (H,) m
Adelaide 1.2 4.0
Albury/Wodonga 1.2 3.0
Brisbane/Ipswich 1.2 1.5-2.3 (see Note)
Gosford 1.2 1.5-1.8 (see Note)
Hobart 1.2 2.3-3.0 (sece Note)
Hunter Valley 1.2 1.8-3.0 (see Note)
Launceston 1.2 2.3-3.0 (see Note)
Melbourne 1.2 1.8-2.3 (see Note)
Newcastle | oo ) 1.5-1.8 (sece Note)
Perth 1.2 1.8
Sydney 1.2 1.5—-1.8 (see Note)
Toowoomba 1.2 1.8-2.3 (sece Note)
NOTE: The variation in //; depends largely on climatic variation.
TABLE 2.5

RELATIONSHIP BETWEEN TMI, DEPTH OF DESIGN SOIL

SUCTION CHANGE (H,) AND CLIMATIC ZONE

T™I Depth of des(i'g’:)‘s:'tlion change Climatic zone
=10 I.5m 1
2-5t0 10 1.8 m 2
=-15to =5 23m 3
=>-25to =15 30m R
=-40 0 =-25 40m 5
<40 >4.0m 6

Figure 4.1. Hs values for different regions
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42 Double Sorey

The design charts for double storey buildings are available in Appendix H and I. The charts
are separated based on Hs (soil suction change) values for different parts of Australia
specified in Table 2.4 AS2870-2011.

The Cupolex slab thickness is designed at 60 mm as detailed in the charts. For clarification
slab thickness of 60 mm is the thinnest part of the slab (from top of the dome to the surface),
however, the deepest part of the slab (constituting the internal stiffening ribs, between
Cupolex domes) is 120 mm for H200 and H260 domes and 180 mm for H350mdes. The
average concrete consumption is equivalent to an 80-90 mm thick raft slab. To ensure the
slab has enough stiffness, 60 mm slab thickness is considered in the calculations. To ensure
slab satisfies punching shear, a punching shear test was conducted in Auckland University on
aCupolex slabThe clause below is extracted from the test report conclusion:

X The floors tested responded elastically until a load of approximately 80kN was applied.

The results show the Cupolex slab can carry a point load of 80 kKN across a bearing plate of
300mm x 300mm dimensions, much higher than required point load of Garage areas in

accordance with AS1170. The Auckland University punching test document may be made
available upon request. (please send the enquires gngineering@cupolex.com.au

The concrete cover is about 50 mm above the steel meshtsiy on top of the domes.
Additional cover might be problematic in terms of shrinkage cracking. As it can be seen in
Table 5.4 AS2870-2011, large concrete covers are required for some cases. From this table,
can be inferred that large covers (e.g. 85 mm) will be able to satisfy shrinkage criterian |
addition, concrete cover is one factor contributing to shrinkage cracks. There are more

important factors (e.g. evaporation rate) need to be considered to prevent shrinkage cracks.


mailto:engineering@cupolex.com.au
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TABLE 5.4
MINIMUM REINFORCEMENT COVER FOR
CONCRETE
Exvosure Minimum Minimum cover in
| Ii)f' tich cover in saline soils* sulfate soilst
classificatio " (o)
Al See Clause 5.3.2 40
A2 45 50
B1 50 60
B2 55 65
Cl1 > 70
Cc2 b 85

Standard concreting practices are to be followed to ensure shrinkage cracking is either
avoided or the impact of which is minimised (eg suitable vibration of concrete & catering for
expected evaporation rates based upon prevailing weather & climate).
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5 CUPAXftware
5.1 Introducing QUPA

The SLOG program is a software to design shallow footings on expansive soils, created by Dr.
Peter Mitchell. This software uses the Mitchell method formulas (an acceptable method of
design in AS2870) to design three types of footing systems: Strip, Raft and waffle-rafhe
CUPA program is an extension to the SLOG program, which has been modified by Peter
Mitchell to specifically design Cupolex slabs.

5.2 Designing a typical slab with QUPA

The purpose of this section is to design a typical Cupolex slab on ground, based on acceptable
methods of design of shallow footings on expansive soils. The geometry of an idealized typical
design is available in Figure 5.1. According to Appendix F in AS 2870 [the analysis of non-
rectangular buildings is commonly on the basis of overlapping rectangles.

21500

B ! CupolexiDome Cupalex/Betonsstop '
} ;ti “\\ "V % gz NSNS @ o
) X . YN D XX X | ‘40’4)’ AN Y | X
K 1 KA xR0 KK ccocalmn
XX & ozozozai i
- 280 & AR
: X0 6 2 1o
g |k ] [ ]| 1
S 0 o
K B0 6 K| |
XD X[ X[ =
20 6 ol
3 a
N NINEINE N A T4 "AN AN A ' £ YR _.._lJ- N VA AN VAN VAN VAN AN A, = — g
L] Ll Ll Ll Ll "
300 3288 300 3288 300 3288 300 3548 300 6288 300

Figure 5.1. Sample slab of a typical design

Specifications of the ample slab are listed in Table 5.1 with the references.



Cupolex Pty Ltd

Date: Sep2019

Design Guidelines Manual Page: 12 of 112
Table5.1. The specifications of the sample slab
Parameter Value Reference

Slab dimensions

21.5%9.79 (m*m)

Figure 5.1. this report

Facade Articulated masonry veneer Architectural plans
T2 e V=< 400 Table 4.1 AS2870
Maximum deflection 30 (mm) Table 4.1 AS2870
Soil type H1 Geotechnical reports
Characteristic surface movement 60 (mm) Table 2.3. AS2870
Differential mound movement 42 (mm) Clause F2(a) AS2870
Depth of suction change 2 (m) Table 2.4. AS2870
Mound stiffness 1000 (kPa/m) Clause F2(c) AS2870
Edge load on west/east ends 7.86 (KN/m) Appendix A this report
Edge load on north/south ends 6.43 (KN/m) Appendix A this report
Uniform distributed load 0.96 (kPa) Appendix A this report
Concrete compressive strength 20 (MPa) Clause 4.4(f) AS2870
‘—eY%oiie o T—ZF C Lte.l. 15000 (MPa) Clause 4.4(f) AS2870
Concrete tensile strength hogging 1.8 (MPa) Clause 4.4(i) AS2870
Concrete tensile strength sagging 2.7 (MPa) Clause 4.4(i) AS2870
Mu/Mcr ratio hogging 1.2 Clause 4.4(i) AS2870
Mu/Mcr ratio sagging 1.2 Clause 4.4(i) AS2870

5.3 Formulas usedin QUPA

The CUPA software is based on the Mitchell method which is derived from various formulas
to design slab on ground with addressing required stiffness. Below part is extracted from
Mitchell method [3,4].

The Mitchell method considered a non-uniformly loaded beam on a Winkler spring
foundation, the beam being able to deflect to the permissible deflection ratio of the structure.
The beam equation was integrated to obtain analytical equations for the bending moment at
the footing center and the required stiffness for either center or edge heave. The shape of the

initial distorted soil surface was taken as convex for center heave and concave for edge heave.
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A mathematical derivation of these shapes was obtained by analytically solving the steady-
state soil suction diffusion equation. The results indicated that the soil shapes can be

approximated by below equation:

y =Y * (2X/L)Am

f e — L ——"F " ZFe% —-S 0 6 <o c& fot ,"FfT—-S 0 0 <o 4 fof f
loading consisting of perimeter loads in long and short direction Wand Ws (KN/m), a
centre-line load in the respective directions T and Ts (KN/m) and a uniform load W (KPa),
on a soil profile of swell stiffness K (KPa/m) undergoing a differential free soil swell of Y
(mm) then,

6P UP>:6F UF>:6 XA P>:6 RFAUF;

. I~ + —
Uniform pressurea X WL S OF

Moment: Mo = W * (B*L)/2 + T L * (L2)/8 + W L * (L2)/4 + W * (B*L 2)/8

(& Centre heave (for lift-off)

Moment: M=M, =* X 2/8

Required stiffness: EI = (M * B) / (12 *
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k
k>6 60

04
Then, == —©a’1 {Qn+2 *

and C is the solution of

| . 6, k=5 © , k>5
Qntl @*x—*x—* % -
] 7 k 0al k

(b) Edge heave (for lift-off at footing centre)

Moment: M=M, =* X 2/8

Required stiffness: EI = (M * ) / (12 *

Then, = = @*N @2 A1-Cym2 + cLCm(C2) + @ A éérDA{ @A1-cy C (-

CR(C-2) - 0.5])

and C is the solution of

1 CAC) (M+1) (1-Cy™i +[-1 + 3C (1-CP + (1-C)] @;—SA@A @a,]&(mﬂ) -0

A sample slab design hand calculation is available in Appendix B.

54 CQUPAinputs

The inputs of CUPA are available in Figure 5.2 and 5.3. Slab specifications are extracted from

table 5.1. To satisfy stiffness, bending capacity and ductility, a number of beams are required

in the short and long span to meet limiting factors. These factors are mentioned below:

1. Stiffness and deflection:

Based on clause 4.4(f) AS2870, the actual stiffness should be greater than the required

stiffness. It therefore follows from this that the deflections should be less than allowable

deflections based on AS2870 [1].
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2. Bending capacity:

Based on clause 4.4(f) AS2870, the design bending moment should be less than strength

reduction factor multiplies to ultimate bending moment:

M'<  * M
factor from Table 2.2.2 AS3600-2009 [2]: =0.8

Mu/ M* > 1.25
INPUT DATA - Cupolex and Pontex Footing Analysis by: CUPA
Site: Strand 7 Slab 1 all loads
Reference:
Date:
Structure geometry
Length of Structure L: 215 m
Breadth of Structure: 9.79 m
No. beams parallel to Long Span: 3
No. beams parallel to Short Span: 6
Deflection Ratio £./L: 400
Maximum Allowable Deflection 2.: 30 mm
Depth Footing not Embedded: m
Soil Properties
Soil Heave Ym: 42 mm
Depth of suction change Hs: 2m
Mound stiffness k: 1000 kPa/m
Structure loads
Edge Load on West End: 7.86 kN/m
Edge Load on East End: 7.86 kN/m
Edge Load on North Side: 6.43 kN/m
Edge Load on South Side: 6.43 kN/m
North-South Centre Load: 0 kN/m
East-West Centre Load: 0 kN/m
Uniform distributed load: 0.96 kPa

Figure 5.2. Input data: geometry, soil properties and structure loads

Cupolex Properties

Cupolex Dome Size: 260 mm
Number of Pontex in Long Direction:

Number of Pontex in Short Direction:

Pontex Top Bars Area: mm?
Pontex Bottom Bars Area: mm?
External Sub-Beam Width: 300 mm
Internal Sub-Beam Width: 300 mm
Top Concrete Cover: 60 mm
Bottom Concrete Cover: 50 mm
Slab Thickness: 60 mm
Area Slab Steel: 227 mm?/m
Steel Grade fsy: 500 MPa
Area Top Steel External Beam: 110 mm?
Area Bottom Steel External Beam: 336 mm?
Area Top Steel Internal Beam: mm?
Area Bottom Steel Internal Beam: 336 mm?®
Concrete Compressive Strength f'c: 20 MPa
Concrete Tensile Strength Hogging: 1.8 MPa
Concrete Tensile Strength Sagging: 2.7 MPa
Young's Modulus of Concrete: 15000 MPa
Requested Mu/Mcr Ratio Hogging: 1.2
Requested Mu/Mcr Ratio Sagging: 1.2
Additional Properties

Soil Edge Heave: 42 mm
Beam Side Friction: 0 kPa

Figure 5.3. Input data: Cupolex properties
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55 QUPAoutputs

CUPA outputs are available in Figures 5.4 to 5.9. As it can be seen, the slab has required

capacities to transfer the applied loads from the structure to the soil safely.

Other outputs of CUPA software are available in Appendix C.

OUTPUT - Cupolex and Pontex

Footing Analysis by: CUPA

Site: Strand 7 Slab 1 all loads
Reference:
Date:
Required Capacities

Long Span Short Span
Centre Heave
Ultimate Negative Moment: -17.4 kNm/m -18.7 kNm/m
Ultimate Positive Moment: 0.7 kNm/m 0.0 kNm/m
Max Shear: 9.7 kN/m 9.9 kN/m
Required Stiffness: 38 MNm?/m 6.3 MNm?/m
Edge Heave
Ultimate Negative Moment: -0.1 kNm/m -1.4 kNm/m
Ultimate Positive Moment: 38 kNm/m 3.2 kNm/m
Max Shear: 2.2 kN/m 3.1 kN/m
Required Stiffness: 1.0 MNm?%m 1.0 MNm%m

Figure 5.4. Output data: Required capacities

RAFT REQUIREMENTS

Sub-beams: As Input mm wide x 320 mm deep
Slab: 60 mm thick 227 mm?/m steel
Subbeam top bars: 110 mm? External mm? Internal
Subbeam bottom bars: 336 mm? External 336 mm? Internal
Concrete: 20 MPa
Cupolex Height: 260 mm
Actual Capacities
Long Span Short Span
Centre Heave
Sub-beam depth: 320 mm 320 mm
Minimum top bars Aslnput  mm%beam Aslnput  mm“beam
Uttimate Moment Mu: 274 kNm/m 258 kNm/m
Cracking Moment Mcr: 14.1 kNm/m 13.6 kNm/m
MuM* = 1.96 1.73
Mu/Mcr = 1.94 1.80
Stiffness: 8.872 MNm?/m 6.648 MNm?/m
Edge Heave
Sub-beam depth: 320 mm 320 mm
Minimum bottom bars Aslnput  mm°/beam Aslnput  mm°/beam
Ultimate Moment Mu: 13.8 kNm/m 126 kNm/m
Cracking Moment Mcr: 6.5 kNm/m 6.0 kNm/m
MuM* = 454 492
Mu/Mer = 212 2.09
Stiffness: 8.872 MNm?/m 8.262 MNm?*/m

Figure 5.5 Output data:

Actual capacities
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Long Span Centre Heave Displacements ' e S0l Hoav® |
— = Footing

5 10 15 20 25

Distance on Footing (m)

Figure 5.6 Long span center heave displacements
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Figure 5.7 Long span edge heave displacements
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— Soil Hoave
Short Span Centre Heave Displacements = = Fooling

45

4 6 8 10 12
Distance on Footing (m)

Figure 5.8 Short span center heave displacements

— SOI Heave
Short Span Edge Heave Displacements e = Footing

Distance on Footing (m)

Figure 5.9 Short span edge heave displacements
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6 Strand7 Model
6.1 Introduction

The slab defined in table 5.1, has been modelled in Strand7 software, which is a recognized
Australian finite element software. At first, a preliminary simple beam was modelled (Chapter
6 of Appendix D) to compare the Strand7 results with Mitchel results in his paper (Chapter

6.5). The results of the preliminary model show the accuracy of the Strand7 models.

To prove that un-equal span spacings can be used, the end span in the sample slab is much
longer than other spans in Strand7 model. Based on Clause 5.3.9 AS2870, at all external
corners the distance between the corner and the intersection of the first beam with the edge
beam shall be 4.0 (maximum) regardless of nominal beam spacing in Figure 3.1 AS2870sTh
clause is applicable for raft slab only in which there are no support between individual beams.

In Cupolex slabs, there are concrete support in Cupolex legs (every 0.55 m in both direction).
To exclude this clause in Cupolex slabs, a 5 m * 6.3 m cluster is used on the corner, as it can be
seen in Figure 6.1 (Highlighted in Red). The results show the differential deflection of the slab
for large corner cluster (approximately 6.3 m) is less than allowable deflection according to
AS2870.1t is recommend ed to place the first beam 6.3 m (maximum) away from the all

external corners if the nominal beam spacing is larger than 6.3 m in the Design Charts.
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Figure 6.1 slab geometry in Strand7 Model
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6.2 Strand7 Inputs

The soil movement equations are calculated as below, based on the Mitchell method:

UlL: DG_P\) AmM
In this formula:
y is the unknown (soil movement)
Y is the maximum soil movement
X is the horizontal distance from the center (-L/2 < X < L/2)
L is the slab length in the chosen direction
m is the mound shape in the chosen direction

For the edge heave case:

~ [ 7

Figure 1b. EDGE HEAVE

Figure 6.2. Edge heave soil movement [3]

Short direction-edge heave:
Y =0.7* 60 = 42 mm, L= 9790 mm, -4895<X<4895 mm,

Based on Clause F2(b) AS 2870 [1]

e 549 P
Mound exponent: » L a7 Tic
Critical depth: Dir = —+ %

Der = (2/7) + (42/25) = 1.9657

m = (1.5*9.79) / (1.9657-0) = 7.5
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y1 = 42 * {(2*X/9790) ~7.5} = 42 * {(X/4895) ~7.5}
Long direction-edge heave:

Y =42 mm, L= 21500 mm, -10750<X<10750 mm
m = (1.5*21.5) / (1.9657-0) = 16.4

y2 = 42 * {(2*X/21500) 716.4} = 42 * {(X/10750) ~16.4}

= A

edge heave

w74

y1l, short-edge

=> Y =42
y2, long-edge I n /

Figure 6.3. Edge heave soil movement in both directions

For the cente heave case:

TN

Figure 1a. CENTRE HEAVE

Figure 6.4. cente heave soil movement [3]
Short direction-centre heave:
Y =42 mm, L= 9790 mm, -4895<X<4895 mm, m=7.5

ys = - 42 * {(2*X/9790) 7.5} = - 42 * {(X/4895) 7.5}
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Long direction-centre heave:
Y =42 mm, L= 21500 mm, -10750<X<10750 mm, m=16.4

ya = - 42 * {(2*X/21500) 716.4} = - 42 * {(X/10750) ~16.4}

= A

Center heave

ww 74

f

y3, short-center

— 1\( =42 mm \
y4, Long-center

Figure 6.5. Center heave soil movement in both directions

Table 6.1. Summary table for soil profiles:

Profile Direction, length (m) Equation
Edge heave Long, 21.5 yl =42 *{(X/10750) ~16.4}
Short, 9.79 y2 = 42 * {(X/4895) 7.5}
Centre heave Long, 21.5 y3 =-42 * {(X/10750) "16.4}
Short, 9.79 y4 = -42 * {(X/4895) "7.5}

Other input parameters in Strand7 model (which are matching inputs of CUPA software) are

available in Appendix D.
6.3 Srand7 Qutputs

Figure 6.6 to 6.9 are extracted from Appendix D which show the outputs of the Strand7
Model. As it can be seen, the deflections are less than allowable deflections and the slab can

transfer the loads from the structure to the soil safely.

The non-symmetrical deflections are due to non-equal span lengths in Strand7 model to show
Cupolex slabs can be designed for non-equal spans.
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In addition, the slab bearing pressure is less than 100 kPa which complies with the saill
bearing capacity in AS2870.

Centre Heave Relative Displacement
20000,
E
£
c
2
/4 \
T 8
(=]
N/ \
T -0 -
>
-12
Span Position (mm)
Long Span Bottom Long Span Middle Long Span Top
Short Span 1 weShort Span 2 ==Short Span 3
~=Short Span 4 w=Short Span 5 -Short Span 6
Figure 6.6. Displacements centre heave
Edge Heave Relative Displacement
15000 2000
/
E
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°
:
g /
v
>
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Long Span Bottom w—LONg Span Middle Long Span Top
Short Span 1 Short Span 2 Short Span 3
w=Short Span 4 wShort Span 5 Short Span 6

Figure 6.7. Displacements edge heave
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Centre Heave Beam Bearing Pressure
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Figure 6.8. Bearing pressure centre heave
Edge Heave Beam Bearing Pressure
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Figure 6.9. Bearing pressure edge heave
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7 Pier requirements

If piering is required to be used in the slab (e.g. soil bearing capacity is less than 100 kPa,
Cut/Fill is applied, etc.) then the piers need to be designed based on the soil properties
available in the Geotech report. Piers provide extra support under the slab which leads to
smaller deflection. This effect is conservatively ignored in the Mitchell method (used to
develop the design charts) and the slab is designed as slab on ground. Acceptable pier spacing
adopted for Raft slab and Waffle slab is 2.4 m for external and 3.6 m for internal meiThese
spacings are also adopted in design of Cupolex slabs. A simplified cluster was modelled in
Strand7 as shown in Figure 7.1. In this model the soil support is completely removed, and the
slab is treated as a suspended slab supported by piers with locations shown in Figure 7.1 (2.4

m external and 3.6 m internal pier spacing) with no allowance for reinforcement.

| 7740 .
f# 7440 %
| ! | | |
o | |
@ D A |
a 00 |
4 “ é‘ + ’ T T T '
2 == m —4- -—— ? -_— +— —4- - ———— - $
i\ T' oo
o me' +- - N ;
s + | : Pier Diameter = 300 mm
o~ —d 4 e A4
| O, | O [ /
I -, |
Q l I
@ |If=b= 1 (NN T
N l - - . - . l
l , l
i e E=—————m————

Figure 7.1 Strand7 simplified model with pier
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—2N12 300 APART 3000 LONG

REMOVE DOMES OVER PIER AS NOTED — TOP BOTH WAYS OVER PIER

3TTZL2r0;%LNODS; REMAINING DOMES — SLAB FABRIC AS
NOTED ON PLAN

T = =
BENCH LEVEL | L\ |
T —. i LHIGH IMPACT RESISTANT 0.2mm POLYTHENE VAPOUR
erdbodiialy B BARRIER PLACED OVER NATURAL SUBGRADE OR FILL
INSTRUCTIONS > N MATERIAL IN ACCORDANCE WITH AS2870- 2011

Figure 7.2 Internal cluster pier detail

The loads of an Articulated Masonry Veneer (AMV) Single storey building were applied on the
slab which are calculated based on AS2870-2011 and AS1170.1 as follow:

Below load combination is used based on Clause 1.4.2, AS2870-2011:

Residential slab design loads =G + 0.5 Q

G being the dead load and Q being the live load

Some parts of Clause 1.4.2 AS2870-2011 are highlighted below:

O tecSoe "7 ek T L Ef,«Zc—> fot of "t—> f%ofcoe— o—"— . bebdsed "f <z
‘o TiecY%oo f..—c'oe T—F —* "Freffe f. —<'e’Z—e AW <o’ 'eFT f..—¢

Internal walls length assumed to be 15 m with 2.75 m height. Weight of internal wall assumed
0.3 kPa (light weight).

Internal wall dead load = 0.3 (kN/m2) * 15 (m) * 2.75 (m) = 12.375 kN

Distributed over the area = 12.375 (kN) / (7.5 m *7.5 m) = 0.22 kPa

Table 3.1, Page 9, AS1170.1: un-factored live load = 1.5 kPa

Total load =G +0.5Q =0.22 + 0.5*1.5 = 0.97 KPa
The number rounded up and 1 kPa is applied as Uniform Distributed Load (UDL) in Strand7
model. For edge beam loads, 10 kN/m is applied on all four edge beams to consider the dead

load of the brick walls and roof.
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Two extreme cases were considered as the stiffness of the pier as follow:

Case 1: A very strong pile with a very large stiffness to represent an extremely stiff support.
Case 2: A typical screw pile used in residentials embedded in typical material is considered.
The gradient of the initial portion of the load-settlement graph (30 kN/mm) is used for tke

linear spring coefficient in the Strand?.

The full report is available in Appendix F. The results are suggesting the relative displacement
is as little as 2 mm approximately. A point to note about this model is that this model is a
simplified model on a single cluster, in a real-world slab there would be an adjacent cluster on
some of the edge beams. This would affect the results by inhibiting the rotation of the slab
edges. This would then affect the vertical uplift at the edges and corners. However, the

settlement around the internal pier is expected to behave the same.
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8 Drawing Saindards

8.1

8.2

8.3

8.4

The Cupolex documentation has been specifically prepared to ensure uniformity of

design.
The nominated drawing sheet formats are to be adopted.

Drawing and site-specific notations have been provided for guidance only. It remains
the responsibility of the design engineer to provide the necessary notations to comply
with the site conditions, type of structure, local authority regulations and specific Client

requests.

Standard documentations are shown in Appendix E and are available in .dwg format.

The concrete volume estimator is available in excel format.

9 Standard Detais

9.1

The standard Cupolex details are presented in Appendix E of this Manual and are

available in .dwg format.

10 Design Satement

10.1 The design statement for compliance with a Performance Solution, as defined in NCC

Volume 2.

11 Design Resporsibility

As the system is a Performance Solution, it must be designed and verified by a
registered chartered engineer who has competent knowledge in understanding the
design principals in the fields of civil and structural engineering. The registration must

be held by Engineers Australia or Erigeers New Zealand.
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11.1 This Design Guidelines Manual provides guidance for the assessment, design and
detailing of the CUPOLEX Slab System within Australia and New Zealand.

11.2 This Manual has been prepared for the guidance only of chartered civil/structural
engineering as per requirements of Engineers Australia or Engineers New Zealand for
the assessment, design and detailing of the CUPOLEX System within Australia and New

Zealand.

11.3 It remains the sole responsibility of the nominated design engineer to ensure that the
final construction specifications are appropriate for each individual site and type of

structure.

11.4 The use of this Manual is not to be construed to represent any implied or direct liability
or responsibility, whatsoever, by CUPOLEX PTY LTD or other parties it has used in

formulating the manual.

12 Design Assistance

12.1 For all design assistance and for dwellings beyond the Scope of this Manual, we
welcome enquiries via email. For all Cupolex design assistance please forward emails to

engineering@cupolex.com.au
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Appendix A Sanple Load calculations
A sample load calculations for a single-storey house with Articulated Masonary Veneer (AMV)

facade and roof made of Tile is presented in this chapter.

Below Architecture is assumed in the load calculations:

25m
U 12m
g —=>
/

~3m

Figure A1l. Roof top view

6/Cos22 /
=6.5m /

12'm
Figure A2. Roof side view
Below load combination is based on Page 7, Clause 1.4.2, AS2870-2011:

Residential slab design loads =G + 0.5 Q

Some parts of Clause 1.4.2 AS2870-2011 are highlighted below:

N¢

O Tec%oe ~'7 ':l:HN(...:l:f,,(Z<—) fo"' of’\i—) f%of(oo_ o_"______”fz "f(
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Loads on bng edge beams
A.1.1. Roof dead load:
Roof is made of Tile with 0.85 kPa weight (assumed dead load).
Length of roof is 5.4 m based on Figurg3.2.

Roof dead load = 0.85 (kN/n?) * 6.5 (m) = 5.5 kN/m

A.1.2. Roof live load:
Based on Page 13, table 3.2., AS1170.1:
1.8/A+0.12 = 1.8/250+0.12 = 0.127 < 0.25 kPa

Roof live load = 0.25 (kN/m2) * 6.5 (m) = 1.6 KN/m

A.1.3. External wall dead load:

External wall is made of Brick veneer with 2.28 kPa weight. 2.5 m is assumed for the length of

the external walls.

External wall loads = 2.28 (kN/m2) * 2.5 (m) = 5.7 KN/m

Total load on long edge beam =G + 0.5 Q =[5.5 + 5.7] + 0.5 [1.6] = 12.0 KN/m
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Loads on shot edge beams

Roof dead load = 0.85 (kN/n#) * 2 (m)/ Cos22 = 1.83 kN/m

Roof live load = 0.25 (kN/m?2) * 2 (m)/ Cos22 = 0.54 KN/m

External wall loads = 2.28 (kN/m2) * 2.5 (m) = 5.7 kN/m

Total load on short edge beam = G + 0.5 Q = [83 + 5.7] + 0.5 [0.54] = 7.8 KN/m

Unifor m Distributed Load (UDL)

All the roof loads (including dead and live) already assumed to be transferred through edge

beams in parts 13.1 and 13.2 (truss roof), however, 20% of roof load is added to the UDL for
some cases we have cut on site roof. This load is extra load which means in these calculations
120% (100% on the edge loads and 20% on the UDL) of actual roof load is considered in the

calculations.

A.3.1. Roof dead load = 20 % * 0.85 (kPa) = D7 kPa

A.3.2. Roof live load = 20% * 0.25 (kPa) = 0.05 kPa

A.3.3. Internal wall loads: Internal wall length is assume80 m with height equal to 2.75 m.

Weight of internal wall assumed 0.4 kPa (light weight).

Internal wall loads = 0.4 (kN/m2) * 30 (m) * 2.75 (m) = 33 kN

Distributed over the area:33 (kN) / (25 m * 12 m) = 0.11 kPa

A.3.4. Ground level live load = 1.5 kPa

based on Page 9, Table 3.1, AS1170.1

Total loads UDL =G + 0.5 Q =[0.17+@1] + 0.5 [0.05+1.5] = 1.06 kPa

Table A.1. Summary table for loads on AMV, Single Storey, Tile roof

AMV Single Tile

Long edge beam

Short edge beam

Uniform distributed

Loads

12.0 kN/m

7.8 kN/m

1.06 kpa
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Loads for smaller footprints

When the footprint is smaller, wall loads are the same (as it is in KN/m). However, roof load is
smaller. When the dimensions are changed, loads on short edge beam and UDL assumed to
have same values (the change is negligible). However, loads on long edge beam (for example a

20 m * 10 m slab) is calculated as below.

A.4.1. Roof dead load:

Roof is made of Tile with 0.85 kPa weight (assumed dead load).
Length of roof is 5/C0s22 = 5.4 m

Roof dead load = 0.85 (kN/n?) * 5.4 (m) = 4.6 kN/m

A.4.2. Roof live load:
Based on Page 13, table 3.2., AS1170.1:
1.8/A+0.12 = 1.8/250+0.12 = 0.127 < 0.25 kPa

Roof live load = 0.25 (kN/m2) * 5.4 (m) = 1.35 kN/m

A.4.3. External wall dead load:

External wall is made of Brick veneer with 2.28 kPa weight. 2.5 m is assumed for the length of

the external walls.
External wall loads = 2.28 (kN/m2) * 2.5 (m) = 5.7 kN/m

Total load on long edge beam =G +0.5Q =[4.6 +5.7] + 0.5 @5] = 11.0 KN/m
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Appendix B Sanple slab desgn hand calculation

The sample hand calculation is done for the same slab discussed in chapter 5 with
specifications in table 5.1. The calculations are done for the worst case that governs the

design, short direction-center heave.
Required camacities

The cross section of the short span is illustrated in Figure B.1. The Cupolex domes are placed

in the hatched area. Fully detailed cross section is available in Figure B.4.

L =21500 mm

r 60 mm

)¢ ) ( L ( ) f
1L i 1L 1L 1L

bw =300 mm 300 300 300 300

Figure B.1. Cross section of the slab in short direction (6 beams parallel to short direction)

s = min {(9790/400), 30} = 24.475 mm = 0.024475 m
Ym =0.7 *60 =42 mm

or = (2/7) + (42/25) = 1.9657
m = (1.5*9.79) / (1.9657-0) = 7.5

K = 1000 KPa/m

Applied loads are shown in Figure B.2.
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- {'g

Figure B.2. Applied loads

Edge loads (including the slab self-weight):

Wi = 7.86 (KN/m) + [0.3 (m) * 0.26 (m) * 24 (KN/m 3)] = 9.732 KN/m
Ws = 6.43 (KN/m) + [0.3 (m) * 0.26 (m) * 24 (KN/m 3)] = 8.302 KN/m
Interior loads (including the slab self-weight):

<50 BKAaT B4 Kk ;EﬁB@’Aceagk = >< 8 0 Bl A5 K ;CBS@E]ACF,J:ak;:

R
W =0.96 A = +
@6 =a='k; B®m9k;
R
0.06 (m) * 24 @ A= 2.94 KPa
6 U765 >:6URLE =3
X=2.94 + — = 5.70 KPa
=a=bHE9
94; 149 6, 688:9
——— L ré x—(?— —* "= 0.494
5440 486 asUX247 86 0.49
Hence,

44688;96, <a9 94; <a9
G5 @+ i g S gu— g | — C=0.9214
4486 7 ;49 5449486 ;49

5440 486 ;a9
== 222510921495 ’—aa90.92144 *

444688;9
o . 43498821 1254

= 6U486

Moment around the center on Figure B.3 can be calculated based on below formula extracted

from Mitchell dissertation [4].
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Figure B.3. Moment of applied loads around the center

Mot = (9.732) (9.79*21.5/2) + (8.302) (9.79 2/4) + (2.94) (21.5*9.79 2/8) = 1980 KN.m

M-=1980 1.1254* (5.7*9.7%*21.5/8) = 327.7 KN.m ‘ M* =15.2 KN.m/m

ultimate negative moment = My = M*/

M*u = 15.2/0.8 = 19.0 KN.m/m

(Compare with CUPA results 18.7 KN.m/m from figure .8)

Required stiffness: EI = (19.0*9.79) / (12 * 24.475) = 6.2 MNmM?2/m

(Compare with CUPA results 6.3 MN#m from figure 5.4)
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Actual Capacities

The cross section of the short span is shown in Figure B.1. A small part of the cross section

with all details (including Cupolex domes) are shown in Figure B.

MM |iﬁ

| , Edgetheam

Figure B.4. A portion of the cross section with Cupolex domes

Sub-sections in the cross section:

A) Top concrete slab (highlighted in green in Figure B.4)

B) Beams (highlighted in yellow in Figure B.4)

C) Concrete between domes and top slab (highlighted in red in Figure B.4):

{L (Number of beams) (beam width)} / Dome width = (21500 6 * 300)/550 = 35.8
Hence,

Number of domes = 35, Number of red triangles = 70, dimensions: 275*60 mm
U= ( -AYi)/ ( -Aj) from top

U= {(21500*60) (60/2) +6(300*260) (260/2+60) +70(0.5*60*275) (60/3+60)}
{(21500*60) +6(300*260) +70(0.5*60*275)} = 74.4 mm = 0.0744 m (from top)

|g: li +Ad2,

lg = (21.5%0.063/12) +(21.5*0.06) (0.0744-0.03) 2 +6(0.3*0.263/12) +6(0.3*0.26) (0.19-
0.07443)2+70(0.275*0.063/36) +70(0.5*0.06*0.275) (0.08-0.0744) 2 = 0.011954

Mer = (1800%0.011954)/ (0.0744) = 289.2 KN.M e Mer = 13.5 KN.m/m

(Compare with CUPA results 13.6 KN.m/m in Figure.5)
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For hogging moment, top of the section is in tension and bottom in compression.

Assume that centroid remains in the bottom beam (@ Q txr s+:4 Ste...t4 —St

concrete in compression is a rectangle, hence,n&nd M, can be calculated based on

rectangular formulas according to Figure B.5.
Area of steel on top

Steel mesh SL82 top reinforcement, A = 227 m#fm
L=21.5 mmmmm) ; A4880.5 mny

Area top steel in beams:

External beams: 1/N12 = 110 mn?

Internal beams: 0 mn#

A2 =2*110 + (6-2) * 0 = 220 mm?

Hence,

Ast = 4880+220 = 5100 mm 2

of ¢

Ce

Y

Figure B.5. Cross section and stress diagram for a typical rectangular beam
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Ax=0 mmmm) €T
= L sararru tr L ra{v :raxy Q“ézzwl; razw
@ L sardwry tr L ra{s :raxy Q ompmpazw; @

dnL :wsrr wrr; :razw tr razw szrr; L {zar e¢ Q tXxr ee : Foe—-""'<

Top concrete cover = 60 mm

d=H Top concrete cover = 320-60 = 260 mm

A .= O- uM (5100 * 500) * (260 (0.85*98.0/2)) = 556.8 KN.m‘ Mu=
25.9 KN.m/m

(Compare with CUPA results 25.8 KN.m/m in Figure.5)

Cracked section is shown in Figure B.6.

NAg

Figure B.6. Cracked section

n= (200000)/ (15000) = 13.333,

ler= (1.8%0.098 3/3) + (13.333*5100/1000 2) (0.26-0.098)2 = 0.002349

OL wsrr :szrr txr; L rarsr{ R rarrw
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Hence,

lefmax=lg= 0.011954 nt

le= 0.002349+ (0.011954 0.002349) * ((13.5/15.2) 3) = 0.009078 Q efmax
E = 15000 MPa,

Actual stiffness E*t = 15000 * 0.009078= 136.2 MNn?

L=215 mmmmm)  £4%6.335 MNmZ/m

(Compare with CUPA 6.648 MN#&Im in Figure 5.5)

Checkthe adequacy of the section

A) Check stiffness:

Actual stiffness / Required stiffness > 1.0

Long hand: 6.335/6.2= 1.02 > 1.0 PASS

CUPA: 6.648/6.3= 1.05> 1.0 PASS

B) Check bending capacity:

Based on Clause 4.4.f AS 2870 [1*# *M, ) /M*>1/.08=1.25
Long hand: M/M* = 25.9/15.2 =1.70 > 1.25 PASS
CUPA:M/M*=1.73>1.25 PASS

C) Check ductility:

Based on Clause 4.4.i AS 2870 [1].uM 1.2 Mer — Mu/Mcr>1.2
Long hand: M/M ¢r = 25.9/13.5=1.92>1.2 PASS

CUPA: MM ¢r=1.90 > 1.2 PASS
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Appendix C CQUPAreport

In this part, the full report of CUPA software for the slab discussed in chapter 5 with

specifications in table 5.1 is attached.
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INPUT DATA - Cupolex and Pontex

Site:  Strand 7 Slab 1 all loads
Structure geometry

Length of Structure L:

Breadth of Structure:

No. beams parallel to Long Span:
No. beams parallel to Short Span:
Deflection Ratio  /L:

Maximum Allowable Deflection
Depth Footing not Embedded:

Soil Properties

Soil Heave Ym:

Depth of suction change Hs:
Mound stiffness k:

Structure loads

Edge Load on West End:
Edge Load on East End:
Edge Load on North Side:
Edge Load on South Side:
North-South Centre Load:
East-West Centre Load:
Uniform distributed load:

Cupolex Properties

Cupolex Dome Size:

Number of Pontex in Long Direction:
Number of Pontex in Short Direction:
Pontex Top Bars Area:

Pontex Bottom Bars Area:

External Sub-Beam Width:

Internal Sub-Beam Width:

Top Concrete Cover:

Bottom Concrete Cover:

Slab Thickness:

Area Slab Steel:

Steel Grade fsy:

Area Top Steel External Beam:
Area Bottom Steel External Beam:
Area Top Steel Internal Beam:
Area Bottom Steel Internal Beam:
Concrete Compressive Strength f'c:
Concrete Tensile Strength Hogging:
Concrete Tensile Strength Sagging:
Young's Modulus of Concrete:
Requested Mu/Mcr Ratio Hogging:
Requested Mu/Mcr Ratio Sagging:

Additional Properties
Soil Edge Heave:
Beam Side Friction:

21.5m
9.79 m

400
30 mm

42 mm
2m
1000 kPa/m

7.86 KN/m
7.86 kKN/m
6.43 kN/m
6.43 kN/m
0 kN/m
0 kN/m
0.96 kPa

260 mm

mm?2
mm?2
300 mm
300 mm
60 mm
50 mm
60 mm
227 mm3/m
500 MPa
110 mm?2
336 mm?
mm?2
336 mm?
20 MPa
1.8 MPa
2.7 MPa
15000 MPa
1.2
1.2

42 mm
0 kPa

Footing Analysis by:

CUPA




Cupolex Pty Ltd

Design Guidelines Manual

Date:

Sep2019

Page:

43 of 112

OUTPUT - Cupolex and Pontex Footing Analysis by: CUPRA
Site:  Strand 7 Slab 1 all loads Reference: Date:
Required Capacities
Long Span Short Span
Centre Heave
Ultimate Negative Moment: 17.4 KNm/m -18.7 KNm/m
Ultimate Positive Moment: 0.7 kNm/m 0.0 kKNm/m
Max Shear: 9.7 kN/m 9.9 KN/m
Required Stiffness: 3.8 MNmM?2/m 6.3 MNmM?2/m
Edge Heave
Ultimate Negative Moment: 01 kNm/m 1.4 kNm/m
Ultimate Positive Moment: 3.8 kNm/m 3.2 KNm/m
Max Shear: -2.2 kN/m 3.1 KN/m
Required Stiffness: 1.0 MNmM?2/m 1.0 MNmM?2/m
RAFT REQUIREMENTS
Sub-beams: As Input  mm wide X 320 mm deep
Slab: 60 mm thick 227 mm?/m steel
Subbeam top bars: 110 mm? External mm? Internal
Subbeam bottom bars: 336 mm? External 336 mm? Internal
Concrete: 20 MPa
Cupolex Height: 260 mm
Actual Capacities Long Span Short Span
Centre Heave
Sub-beam depth: 320 mm 320 mm
Minimum top bars As Input mm?2/beam As Input mm?2/beam
Ultimate Moment Mu: 27.4 kNm/m 25.8 kNm/m
Cracking Moment Mcr: 14.1 kKNm/m 13.6 kNm/m
Mu/M* = 1.96 1.73
Mu/Mcr = 1.94 1.90
Stiffness: 8.872 MNmM?2/m 6.648 MNmM?2/m
Edge Heave
Sub-beam depth: 320 mm 320 mm
Minimum bottom bars As Input mm?/beam As Input mm?/beam
Ultimate Moment Mu: 13.8 kNm/m 12.6 kKNm/m
Cracking Moment Mcr: 6.5 kKNm/m 6.0 kKNm/m
Mu/M* = 4.54 4,92
Mu/Mcr = 212 2.09
Stiffness: 8.872 MNmMZ2/m 8.262 MNmM2/m
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CENTRE HEAVE - LONG SPAN

Long Span Centre Heave Displacements

Soil Heave

= *Footing

10 15 20 25
Distance on Footing (m)
Long Span Centre Heave Soil Reaction Pressure
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12 1
10 1
g -
[\]
o
=
6 -
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5 -
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Long Span Centre Heave Bending Moments

kNm/m
%

-12 1

-16

Distance on Footing (m)

Long Span Centre Heave Shear Force

15

10 1

kN/m

-10 1

-15

Distance on Footing
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EDGE HEAVE - LONG SPAN

Long Span Edge Heave Displacements

Soil Heave

= *Footing
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20

Distance on Footing (m)

Long Span Edge Heave Soil Reaction Pressure
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Long Span Edge Heave Bending Moments
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CENTRE HEAVE - SHORT SPAN
Soil Heave
Short Span Centre Heave Displacements —— = Footing
45
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Short Span Centre Heave Soil Reaction Pressure
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EDGE HEAVE - SHORT SPAN
Soil Heave

Short Span Edge Heave Displacements

= *Footing

45

40

35 1

30 1

25 1
gzo-

15 1

10 1

5-\\ //

o1 , — : :

) 2 4 6 8 10 1

Distance on Footing (m)

Short Span Edge Heave Soil Reaction Pressure

6

N 4 ' Vs 10 1

Distance on Footing (m)
Short Span Edge Heave Bending Moments




Cupolex Pty Ltd

Date:

Sep2019

Design Guidelines Manual

Page:

51of112

kKNm/m
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Distance on Footing (m)

Short Span Edge Heave Shear Force
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Appendix D Strand7 report

In this part, the full report of Strand7 finite element software for the slab discussed in chapter
5 with specifications in table 5.1 is attached. More details of Strand7 inputs are available in

chapter 6.
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Executive Summary

This report summarises the analysis results of a Cupolex slab subject to soil heave conditions to determine
the in-service slab deflections and soil bearing pressure. Two soil heave conditions were analysed, an edge
heave case and a centre heave case, with soil and heave parameters specified for a H1 soil classification.

The slab was modelled using a Strand7 finite element model consisting of Hex8 brick elements. The soil
was modelled with a linear modulus of subgrade reaction using Strand7 face support attributes. The
analysis was performed as a staged analysis using the Strand7 nonlinear static solver. The staged analysis
is generally equivalent to the Mitchell Method as detailed in AS2870-2011.

The main purpose of this analysis was to determine the deflections in the slab. The calculation of stresses
in the slab was not part of the analysis brief, so stresses are not reported. Additionally, determining
whether the design is serviceable or meets design standards is outside the scope of this report.

The table below summarises the results for the maximum calculated slab movement and soil bearing
pressure. The centre heave case shows the larger total and relative deflections.

530f 112

Edge Heave
. Max Mound Max Initial Soil Max Ground +
Max Initial X . X
" Relative Bearing Mound Soil
Deflection ; _
Inim) Deflection Pressure Bearing
(mm) (kPa) Pressure (kPa)
4.49 3.12 53.79 48.93
Centre Heave
o Max Mound Max Initial Soil Max Ground +
Max Initial " : :
< Relative Bearing Mound Soil
Deflection 2 5
tm) Deflection Pressure Bearing
(mm) (kPa) Pressure (kPa)
4.49 12.37 53.79 59.75

Report Number
Client Name

[St7-Q485-004]
Ausblox Services

Page 3 of 26
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1 Introduction

The main purpose of this analysis was to determine the in-service deflections of a Cupolex slab employing
finite element (FE) analysis. The analysis performed is generally equivalent to the Mitchell Method as
detailed in AS2870-2011. As the Mitchell Method is limited to equivalent strip footing analysis, finite
element simulation was used to provide a detailed view of the three dimensional effects present in the
Cupolex slab.

2 Scope of Analysis

The analysis set out to determine the deflections in the slab subject to the specified load condition and two
different soil heave conditions, edge heave and centre heave. The soil bearing pressure under the slab was
also calculated. Stress calculation of the slab was outside the scope of this analysis.

3 The Strand7 FE Model

3.1 Analysis Method

The Mitchell Method calls for the application of a polynomial soil heave profile to the slab. To achieve this
in Strand7 the brick Face Support attribute, with the compression-only option, was employed. The
compression-only face support attribute models a subgrade reaction {distributed soil spring) that resists
compression but does not resist tension.

An additional feature of the Strand7 face support attribute is the gap parameter; this allows for an initial
gap to be modelled, meaning that the support does not activate until the gap distance has closed. Once
the gap has closed, the support (stiffness) becomes active. The gap parameter can also be negative, which
models the case where the brick has already “sunk” into the support such that the support will be in a state
of pre-compression at the commencement of the analysis.

With the combination of the compression-only option and the gap parameter, a staged analysis can be
performed to model the slab sitting on ground in equilibrium followed by a soil heave condition due to a
swelling mound. The staged analysis allows for the application of two sets of face support attributes: one
set models the soil and another models the mound.

To take into account the separate or coupled effects of the ground stiffness and mound stiffness on the
slab, the analysis is conducted using two stages. In the first stage, the slab rests on the ground and its
weight and loading produce an initial deformation profile. In the second stage, the mound support is
introduced into the model as an additional stiffness against slab. The mound has the required heave
profile and acts to lift the slab off the ground; the amount by which the slab will deflect due to the mound
depends on the mound stiffness, mound profile, slab stiffness and the applied loads.

3.2 Slab and Cupolex Geometry

The following idealised (major rectangle) slab design was used in the analysis. It comprised the H260
Cupolex dome illustrated below.

Report Number [St7-Q485-004] Page 5 of 26
Client Name Ausblox Services
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Figure 3-1. Idealised (major rectangle) of Boston slab.

Figure 3-2. H260 Cupolex dome.

3.3 Description of the Strand7 Model

The Strand7 model of the Cupolex slab is shown below. The mesh was created using the Strand7 inbuilt
meshing tools so that a high quality Hex8 mesh could be created. The mesh is comprised entirely of Hex8
bricks. The Hex8 brick element offers a good combination of bending performance, with the included
bubble function, as well as a relatively low bandwidth (i.e. solution time), so it is an efficient element for
linear material analysis.

Report Number [St7-Q485-004] Page 6 of 26
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Figure 3-3. Strand7 model (bottom view without mesh grid on).

Figure 3-4. Strand7 model (bottom view with mesh grid on).

3.3.1 Model Statistics

Number of nodes = 2.1 million
Number of solid (brick) elements = 1.63 million
Report Number [St7-Q485-004] Page 7 of 26
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3.4 Input / Output Units

The input and output units used in the FE models are summarised below:

Parameter Unit
Input

Length Millimetre (mm)

Modulus of Elasticity MPa

Force Newton (N)
Output

Displacement Millimetre (mm)

Bearing Stress MPa

3.5 Load Cases

To apply the live and dead loads to the slab, four primary load cases were used as described below. A
single load combination case (increment) was then defined in the staged analysis to include the load cases.

1. Gravity load for all the components that were modelled (i.e. the edge beams and floors).
2. Live load as specified by the client applied to the entire slab including the beams.
3. Dead load for the east/west beams as specified by the client excluding the self-weight considered

in the gravity load case.

4, Dead load for the north/south beams as specified by the client excluding the self-weight
considered in the gravity load case.

The following tables show the load factors applied to the finite element model for each stage/load case.
The dead loads, provided in units of kN/m by the client, were converted to the equivalent pressure based
on the width of the beam (as is required for the application of surface loads on 3D solid finite elements).
For all the live load and dead load cases, a 1 MPa pressure was applied to the model over the respective
area. The factors listed below then scale this pressure to produce the required loading in each case. For
example, in Beam 2, the dead load of 6.43 kN/m is equivalent to 0.021433 MPa for a beam width of 0.3 m.
In the analysis, the 1 MPa applied pressure is therefore scaled by the 0.021433 value in the following table.

W] o stage1

@ 2: Stage 2

@ 1: Stage 1

W] 2 stage2 |

Case Incude 1
Increment

1: Gravity v 1.0
2: Live Load v 0.00096
3: Dead Load Top and Bottom Beams v 0.0262
4: Dead Load Left and Right Beams v 0.021433
1: Mound
2: Ground v
Pseudo time (s)
Case __Indude 2

| | Increment
1: Gravity v 1.0
2: Live Load v 0.00096
3: Dead Load Top and Bottom Beams v 0.0262
4: Dead Load Left and Right Beams v 0.021433
1: Mound v
2: Ground v

Pseudo time (s)

Figure 3-5. Load increment tables for stage 1 and stage 2.
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The diagram and table below show the applied dead and live loads, as specified by the client. The live load
is applied uniformly over the entire slab whereas the dead load is applied only to the beams according to

the table.

1
XX
> XX
XD XX
X XXX
XD XDXPXD
XD XPXPXIX
X XIXIXIX X X
0 SRR OISO 0200
X XPXDXDX XXX & DXPDIXEXD
XD XIXIXIX XXX 1 XXX DX
XD XXX XXX | DXDXDXDXDXD
X XPXDXDK XXX OIXIXIXD
X > SN X XXX 1| XXX DX XD
XX XX XXX XDXDXDX] | DXDXDXEXDX
XD XIXIXD DXPXIXD XDXIXIX] T IXIXIXIXEX
= X XIXDXIXD DXIXDX] 1 XDXIXDXIX

Figure 3-6. Edge beam load cross reference diagram.

Load Table
Beam Internal/ Live Dead Load
Number External Load

(kPa) kN/m kPa
1 External 0.96 7.86 26.20
2 External 0.96 6.43 21.43
3 External 0.96 7.86 26.20
4 External 0.96 6.43 21.43

3.6 Freedom Cases (Boundary Conditions)

Nonlinear compression-only face support attributes were used to support the slab and to apply the soil
heave condition specified by the client (illustrated below).

To account for the slab initially sitting on the ground, prior to any heave condition, a face support attribute
with zero gap and stiffness of 12000 kPa/m was used to support the slab in stage 1; this stiffness is referred

to as the ground stiffness.

To account for the heave condition in stage 2, a second face support attribute with a negative gap (pre-
compression) value was applied to the model. The equations presented below were used to set the gap
value on each element to represent the required polynomial heave profile. The stiffness used for this
support was 1000 kPa/m; this stiffness is referred to as the mound stiffness.
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< <
" "
~ Center heave 8 edge heave
~N N
Y =42 mm Y = 42 mm
Figure 3-7. Centre heave soil profile. Figure 3-8. Edge heave soil profile.

Profile Edge Equation
Long |vy=-42*{(X/10750)"16.4}
Short | y=-42 * {(X/4895)A7.5}
Long | y=42*{(X/10750)*16.4}
Short | y=42* {(X/4895)*7.5}

Centre Heave

Edge Heave

The following contour plots illustrate the heave profiles that were applied via the gap parameter of the
face support attribute, as well as the ground support stiffness and the mound support stiffness. Although a
maximum heave of 42 mm is called for, due to the width of each brick element and the fact that the face
support is applied in a piecewise fashion at the centroid of each brick face, the maximum heave (gap) for
the edge heave case is shown as less than 42 mm.

Brick Support Gap [mm]
Max = 0.0

-5.66673
-11.3335
17.0002

-22.6669
-28.3336
-34.0004

Min = -39.6671

€

Figure 3-9. Edge heave support gap.

Report Number [St7-Q485-004] Page 10 of 26
Client Name Ausblox Services




Cupolex Pty Ltd ® Date:

Sep2019

Design Guidelines Manual C P L X Page:

61of112

=S’[rand7cc)nsu|l]-ng

Brick Support Gap [mm]

. -360

Min = -42.0

Brick Normal Support [MPa/mm]
Max = 0.012

Min = 0.0

Brick Normal Support lMPa/mrr!]
Max = 0.001

0.0005

Min = 0.0

Figure 3-12. Mound support stiffness.
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3.7 Material Properties

The following properties were assigned for the concrete, as specified by the client:

Modulus (MPa) Poisson's Ratio Density (t/mm?)
15000 0.2 2.40E-09

3.8 Finite Element Analysis Program

The structural system was modelled and analysed using the Strand7 Finite Element Analysis System. A
preview version of Strand7 Release 3 network version installed on a personal computer was used.

4 Analysis Results

The Strand7 nonlinear static solver was used for the analysis. This was required for various reasons.

The first was to ensure that any geometric nonlinear response of the slab was captured in the solution;
effects such as the transfer of bending to membrane action and associated stiffness changes can be
captured. The second was due to the compression-only face support attribute, which is inherently
nonlinear (i.e. it has different stiffness in compression as the slab bears against the soil, and in tension as
the slab lifts away from the soil). The third was the staged construction method of analysis.

As the deflections (displacements) of the slab under the given loads and boundary conditions were the
focus of the analysis, displacement contour plots are presented in this section. The initial deflection of the
slab into the ground support and the relative mound deflections due to the heave conditions are plotted
separately to highlight the reference for the relative mound induced movement. The term relative here
means movement that is attributable just to the effects of the mound.

The face support pressure contours are also presented. These represent the soil bearing pressure (i.e.
compressive pressure) placed on the soil (ground and/or mound) by the slab; where the slab lifts from the
ground and mound, no contour is shown. The results are summarised in tabular format by way of the
maximum value of bearing pressure anywhere on the slab. Additionally graphs of the bearing pressure
under each beam in both the long and short span are presented below. The results show that the bearing
pressure remains below 100 kPa for all cases.

4.1 Initial Displacement and Bearing Pressure
Brick Disp:D(Z) (mm)
Max = -1.88986

-2.21506
-2.54027

Min = -4.4915

Figure 4-1. Initial deformation.
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Brick Stress:Face Support (MPa)

Max = -0.022679

-0.025072
-0.027465
-0.029859
-0,032252
-0.034645
-0.037038
-0,039431
-0.041824
-0.044217
-0.04661
-0.049003
-0.051396
{

~, X
Min = -0.053789] 'A‘ +

e

D
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Figure 4-2. Initial bearing pressure.

4.2 Relative Displacement

Brick Disp:D(Z) (mm)

Max = 2.89518

2.5055
2.11582
1.72614
1.33646
0.946785
0.557106
0.167428

Min = -0.22225

Brick Disp:D(Z) (mm)

Max = 12.1219

10.5751
9.02822
7.48136
5.9345

4.38764
2.84079
1.29393

Min = -0.252934

Figure 4-3. Edge heave displacement relative to stage 1.

Figure 4-4. Centre heave displacement relative to stage 1.
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Appendix E Sanples of Cupolex slabdesgnsand details
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Appendix F  Srand7 model with piers
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Appendix G Design Charts, $ngle Sorey, Hs=2
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AppendixH Desgn Charts, $ngle Sorey, Hs=3
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Appendix |

Design Charts, Double Storey, Hs=2
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AppendixJ Design Charts, Double Storey, Hs=3
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