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1 Introduction 

1.1 This Design Guidelines Manual provides guidance for assessment, design and detailing 

of the CUPOLEX System within Australia and New Zealand. 

1.2 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. 

1.3 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 AS2870, �FDesign by Engineering Principles�G, 

with variances as noted within this manual. 

1.4 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). 

1.5 The design charts in chapter 4 are developed utilizing CUPA software. The CUPA 

software is a program to design Cupolex footings on expansive soils, created by SLOG. 

CUPA software uses engineering first principles explained by the Mitchell method, an 

acceptable method of design referenced in AS2870, chapter 4. For more details please 

refer to chapter 5 of this guideline. 

1.6 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 Strand7 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 Scope 

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 25 m. 

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. 

 

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

1. M (Metal) or T (Tiled) truss roof construction with maximum span 25m and 0.9m 

eaves overhanging with gyprock ceiling linings. 

2. CLAD/AMV �� �î���Ž�ƒ�†�� �‘�”�� ���”�–�‹�…�—�Ž�ƒ�–�‡�†�� ���ƒ�•�‘�•�”�›�� ���‡�•�‡�‡�”�ï�� �…�‘�•�•�–�”�—�…�–�‹�‘�•�� �‹�•�� �…�‘�•�’�Ž�‹�ƒ�•�…�‡ 

with BCA Volume 2 for double-storey eaves height = maximum 5.7m and single-

storey eaves height = 2.7 m. 

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

suspended slab. 

4. Light Weight timber Wall (LWW) is assumed in the load calculations as the 

internal walls with gyprock lining. 

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

Manual. 

6. Idealized building platform (IBD) consisting of firm natural uniform subgrade 

and/ or �î�…�‘�•�–�”�‘�Ž�Ž�‡�†�ï fill building platform, minimum safe bearing capacity 100kPa, 

in accordance with AS2870-2011. The provided soil heave (Ys) 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 Ys value is changed. 

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

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

 
8. 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) 

9. 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 m2, extra measures shall be taken to control shrinkage 

cracking). 

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

�‹�•�� �ƒ�…�…�‘�”�†�ƒ�•�…�‡�� �™�‹�–�Š�� �����t�z�y�r�ã�� �t�r�s�s�á�� ���‡�…�–�‹�‘�•�� �v�� �ò���‡�•�‹�‰�•�� �„�›�� ���•�‰�‹�•�‡�‡�”�‹�•�‰�� ���”�‹�•�…�‹�’�Ž�‡�•�ó.  

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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�ƒ�•�†�� �‡�š�–�‡�”�•�ƒ�Ž�� �„�‡�ƒ�•�•�á�� �™�Š�‡�”�‡�ƒ�•�� ���ƒ�ˆ�ˆ�Ž�‡�� ���‘�†�� �•�Ž�ƒ�„�•�� �Š�ƒ�˜�‡�� �ò�ˆ�—�Ž�Ž�� �†�‡�’�–�Š�ó�� �‹�•�–�‡�”�•�‡�†�‹�ƒte 

stiffening �:�‹�†�‡�•�–�‹�ˆ�‹�‡�†�� �ƒ�•�� �ò���–�‡�•�•�ó�� �‹�•��section 3.4.2) 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 Europe1 and by Finite Element Analysis by Strand 7 

Consulting2 in Australia. 

 

  

 
1 Report: �³�&�X�S�R�O�H�[��Floors: Static Behaviour A�Q�D�O�\�V�L�V�´, ISIB CNR Consiglio Nazionale delle Ricerche, Nov 2003. 
2 Report: Strand7 Consulting, Feb 2019 Rev 2 
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3 Design Procedure 

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

Design Footprint 

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 design footprint rectangle 

complies with these design footprint limitations. 

General 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. 

 

 

Figure 3.1. Corners definition 
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NOTES: 

1. Primary 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. 

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

of one (1) dome-cluster overlap towards centre 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. 

   

(a)                                                                                 (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 idealized 
building platforms only based on the nominated design parameters. 

9. It remains the design engineer�ï�•���•�‘�Ž�‡���”�‡�•�’�‘�•�•�‹�„�‹�Ž�‹�–�›���–�‘���‡�•�•�—�”�‡���–�Š�ƒ�–���ƒ�Ž�Ž���–�Š�‡���”�‡�Ž�‡�˜�ƒ�•�–��
specifications �ƒ�”�‡���•�‘�•�‹�•�ƒ�–�‡�†���‘�•���–�Š�‡���î���‘�•�•�–�”�—�…�–�‹�‘�•�ï���†�”�ƒ�™�‹�•�‰�•���–�‘���•�—�‹�–���–�Š�‡���—�•�‹�“�—�‡���•�‹�–�‡��
conditions and building structure. 

10. Samples of Cupolex designs are provided in Appendix E of this Manual. 
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4 Design charts 

Ys in the design charts is based on the actual footing layer movement on finished platform 

level. Soil classification, Ys and Ym (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. 

4.1 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. 

 

 

Figure 4.1. Hs values for different regions 
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4.2 Double Storey 

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 H350 domes. 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 
a Cupolex slab. The 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 kN 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 to engineering@cupolex.com.au) 

The concrete cover is about 50 mm above the steel mesh sitting 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, it 

can be inferred that large covers (e.g. 85 mm) will be able to satisfy shrinkage criteria. In 

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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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 CUPA Software 

5.1 Introducing CUPA 

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-raft. The 
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 CUPA 

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 [1], the analysis of non-
rectangular buildings is commonly on the basis of overlapping rectangles.  

 

Figure 5.1. Sample slab of a typical design 

 

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

 

Cupolex Dome Cupolex Beton stop 
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Table 5.1. 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 

���‡�ˆ�Ž�‡�…�–�‹�‘�•���”�ƒ�–�‹�‘�������� 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 

���‘�—�•�‰�ï�•���•�‘�†�—�Ž�‡���‘�ˆ���…�‘�•�…�”�‡�–�‡ 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 used in CUPA 

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)^ m 

 

�	�‘�”���ƒ���•�–�”�—�…�–�—�”�‡���‘�ˆ���Ž�‡�•�‰�–�Š���ò���ó���‹�•���•�á���ƒ�•�†���„�”�‡�ƒ�†�–�Š���ò���ó���‹�•���•�á���ƒ�•�†���ƒ�Ž�Ž�‘�™�ƒ�„�Ž�‡���†�‡�ˆ�Ž�‡�…�–�‹�‘�•���ò���ó���‹�•���•�•�á���‘�ˆ��

loading consisting of perimeter loads in long and short direction WL and WB (KN/m), a 

centre-line load in the respective directions TL and TB (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, 

Uniform pressure�ã���X��
L��W + 
�:�6�Û�[�P �Û�P�;�>�:�6�Û�[�F �Û�F�;�>�:�6�Û�X�P�Û�P�;�>�:�6�Û�X�F�Û�F�;

�P�Û�F
 

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

(a) Centre heave (for lift-off) 

Moment: M = Mo �� �=- * �X����������������2 /8  

Required stiffness: EI = (M * L2) / (12 * ���; 
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Then, �=- = 
�O�ä�]

�©
 * {Cm+2  * 

�k

�k�>�6
 �� C4 * 

�|

�6�Û�]
 } 

and C is the solution of  

Cm+1  �� C3 * 
�|

�]
 * 

�6

�7
 * 

�k�>�5

�k
  - 

�©

�O�ä�]
 * 

�k�>�5

�k
  = 0  

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

Moment: M = Mo �� �=+  * �X����������������2 /8  

Required stiffness: EI = (M * L2) / (12 * ���; 

Then, �=+  = �@
�O�ä�]

�©
�A {�@

�?�6

�k�>�6
�A (1-C)m+2  + C(1-C)m(C-2) + �@

�6

�k�>�6
�A + �@

�|

�]
�A [ �@

�5

�6
�A (1-C)4 �� C (1-

C)2(C-2) - 0.5]}        

and C is the solution of 

1 �� C (1-C)m (m+1) �� (1-C)m+1  + [ -1 + 3C (1-C)2 + (1-C)3] �@
�k�>�5

�7
�A �@

�|

�]
�A - �@

�©

�O�ä�]
�A (m+1) = 0  

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

5.4 CUPA inputs 

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* < ��  * Mu 

��  factor from Table 2.2.2 AS3600-2009 [2]: ��  = 0.8 
Mu/ M * > 1.25 

 

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

                               

Figure 5.3. Input data: Cupolex properties 
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5.5 CUPA outputs 

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. 

 

Figure 5.4. Output data: Required capacities 

                                      

Figure 5.5 Output data: Actual capacities 
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Figure 5.6 Long span �� center heave displacements 

 

Figure 5.7 Long span �� edge heave displacements 
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Figure 5.8 Short span �� center heave displacements 

 

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 AS2870. This 

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. It 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.  

 

Figure 6.1 slab geometry in Strand7 Model 

Large Corner 

Cluster analysed 
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6.2 Strand7 Inputs 

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

�U 
L �; �Û �:
�6���\

�P
��) ^ m 

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: 

 

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] 

Mound exponent: �• 
L
�5�ä�9���P

�H�a�p���?���H�c
 

Critical depth: Dcr = 
�L�q

�;
 + 

�]�k

�6�9
 

Dcr = (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) ^16.4} = 42 * {(X/10750) ^16.4} 

 

Figure 6.3. Edge heave soil movement in both directions 

 

For the centre heave case: 

 

Figure 6.4. centre heave soil movement [3] 

Short direction-centre heave: 

Y = 42 mm, L= 9790 mm, -4895<X<4895 mm, m=7.5 

y3 = - 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 

y4 = - 42 * {(2*X/21500) ^16.4} = - 42 * {(X/10750) ^16.4} 

 

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 y1 = 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 Strand7 Outputs 

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 soil 
bearing capacity in AS2870. 

 

Figure 6.6. Displacements �� centre heave 

 

Figure 6.7. Displacements �� edge heave 
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Figure 6.8. Bearing pressure �� centre heave 

 

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 piers. These 

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. 

 

Figure 7.1 Strand7 simplified model with pier 
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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: 

�ò���‡�•�‹�‰�•���ˆ�‘�”���•�‡�”�˜�‹�…�‡�ƒ�„�‹�Ž�‹�–�›���ƒ�•�†���•�ƒ�ˆ�‡�–�›���ƒ�‰�ƒ�‹�•�•�–���•�–�”�—�…�–�—�”�ƒ�Ž���ˆ�ƒ�‹�Ž�—�”�‡���‘�”���„�‡�ƒ�”�‹�•�‰���ˆ�ƒ�‹�Ž�—�”�‡���•�Š�ƒ�Ž�Ž��be based 

�‘�•���†�‡�•�‹�‰�•���ƒ�…�–�‹�‘�•�•���†�—�‡���–�‘���’�‡�”�•�‡�ƒ�•�–���ƒ�…�–�‹�‘�•���’�Ž�—�•���r�ä�w���‹�•�’�‘�•�‡�†���ƒ�…�–�‹�‘�•�ó�ä 

 

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 + 0.5 Q = 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 the 

linear spring coefficient in the Strand7. 

 

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 Standards 

8.1 The Cupolex documentation has been specifically prepared to ensure uniformity of 

design. 

8.2 The nominated drawing sheet formats are to be adopted. 

8.3 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. 

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

The concrete volume estimator is available in excel format. 

9 Standard Details 

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

available in .dwg format. 

10 Design Statement 

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

Volume 2. 

11 Design Responsibilit y 

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 Engineers 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 �� Sample Load calculations 

A sample load calculations for a single-storey house with Articulated Masonary Veneer (AMV) 

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

Below Architecture is assumed in the load calculations: 

 

Figure A.1. Roof top view 

 

Figure A.2. 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: 

�ò���‡�•�‹�‰�•���ˆ�‘�”���•�‡�”�˜�‹�…�‡�ƒ�„�‹�Ž�‹�–�›���ƒ�•�†���•�ƒ�ˆ�‡�–�›���ƒ�‰�ƒ�‹�•�•�–���•�–�”�—�…�–�—�”�ƒ�Ž���ˆ�ƒ�‹�Ž�—�”�‡���‘�”���„�‡�ƒ�”�‹�•�‰���ˆ�ƒ�‹�Ž�—�”�‡���•�Š�ƒ�Ž�Ž���„�‡���„�ƒ�•�‡�†��

�‘�•���†�‡�•�‹�‰�•���ƒ�…�–�‹�‘�•�•���†�—�‡���–�‘���’�‡�”�•�ƒ�•�‡�•�–���ƒ�…�–�‹�‘�•���’�Ž�—�•���r�ä�w���‹�•�’�‘�•�‡�†���ƒ�…�–�‹�‘�•�ä�ó 

�ò���‡�ƒ�…�–�‹�˜�‡���•�‘�‹�Ž���•�‘�˜�‡�•�‡�•�–�•���ƒ�•�†���•�‘�‹�Ž���•�‡�–�–�Ž�‡�•�‡�•�–�•���•�Š�ƒ�Ž�Ž���„�‡ determined from permanent action 

�’�Ž�—�•���r�ä�w���‹�•�’�‘�•�‡�†���ƒ�…�–�‹�‘�•�ä�ó 
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Loads on long 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 Figure 13.2. 

Roof dead load = 0.85 (kN/m2) * 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 short edge beams 

Roof dead load = 0.85 (kN/m2) * 2 (m)/ Cos22 = 1.83 kN/m 

Roof live load = 0.25 (kN/m2) * 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 = [1.83 + 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) = 0.17 kPa 

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

A.3.3. Internal wall loads: Internal wall length is assumed 30 m with height equal to 2.75 m. 

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

Internal wall loads = 0.4 (kN/m 2) * 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+0.11] + 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/Cos22 = 5.4 m 

Roof dead load = 0.85 (kN/m2) * 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 + 0.5 Q = [4.6 + 5.7] + 0.5 [1.35] = 11.0 kN/m 
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Appendix B �� Sample slab design 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 capacities 

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. 

 

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  

Dcr = (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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Figure B.2. Applied loads 

Edge loads (including the slab self-weight): 

WL = 7.86 (KN/m) + [0.3 (m) * 0.26 (m) * 24 (KN/m 3)] = 9.732 KN/m 

WB = 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): 

W = 0.96 �@
�O�R

�k�6
�A+  

�<�5�Û���B�4�ä�7���:�k �;�Û�4�ä�6�:���:�k �;�Û�6�8���@
�G�J
�c�/

�A�C���Û�6�5�ä�9���:�k �;�=�>�<�8�Û�B�4�ä�7���:�k �;�Û�4�ä�6�:���:�k �;�Û�6�8���@
�G�J
�c�/

�A�C�Û�=�ä�;�=���:�k�;�=��

�=�ä�;�=���:�k �;���Û�6�5�ä�9���:�k �;
 + 

0.06 (m) * 24 �@
�O�R

�k�7
�A = 2.94 KPa 

�X = 2.94 + 
�:�6�Û�=�ä�;�7�6�Û�6�5�ä�9�;�>�:�6�Û�<�ä�7�4�6�Û�=�ä�;�=�;

�=�ä�;�=�Û�6�5�ä�9
 = 5.70 KPa 

�9�ä�;

�5�4�4�4�Û�4�ä�4�8�6
 
L���r�ä�s�u�x��
Q����

�;�ä�9

�<�ä�9
 - 

�6

�7
 * 

�6�8�ä�8�;�9

�8�6
 = 0.494 

Hence,  

C8.5 �� C3 * 
�4�ä�4�6�8�8�;�9

�4�ä�4�8�6
 * 

�6

�7
 * 

�<�ä�9

�;�ä�9
  - 

�9�ä�;

�5�4�4�4�Û�4�ä�4�8�6
 * 

�<�ä�9

�;�ä�9
  = 0                                 C = 0.9214 

�=- = 
�5�4�4�4�Û�4�ä�4�8�6

�9�ä�;
 * {0.92149.5 * 

�;�ä�9

�=�ä�9
 �� 0.92144 * 

�4�ä�4�6�8�8�;�9

�6�Û�4�ä�4�8�6
 } = 1.1254 

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 

Mo1 = (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*9.792*21.5/8) = 327.7 KN.m                       M* = 15.2 KN.m/m   

ultimate negative moment = M*u = M*/ ��  

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

(Compare with CUPA results 18.7 KN.m/m from figure 5.4)   

 

Required stiffness: EI = (19.0*9.792) / (12 * 24.475) = 6.2 MNm2/m  

(Compare with CUPA results 6.3 MNm2/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.4. 

 

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 = ( �-AiYi)/ ( �-Ai) 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) 

Ig = I i + Ad2,  

Ig = (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*0.06 3/36) +70(0.5*0.06*0.275) (0.08-0.0744) 2 = 0.011954 m4 

Mcr = (1800*0.011954)/ (0.0744) = 289.2 KN.m                          Mcr = 13.5 KN.m/m 

(Compare with CUPA results 13.6 KN.m/m in Figure 5.5) 

Edge beam 
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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 (dn 
Q���t�x�r���•�•�;�á���Š�‡�•�…�‡�á���–�Š�‡���…�”�‘�•�•���•�‡�…�–�‹�‘�•���‘�ˆ��

concrete in compression is a rectangle, hence, dn and Mu can be calculated based on 

rectangular formulas according to Figure B.5. 

Area of steel on top 

Steel mesh SL82 top reinforcement, A = 227 mm2/m  

L = 21.5                          A1 = 4880.5 mm2 

Area top steel in beams: 

External beams: 1/N12 = 110 mm2 

Internal beams: 0 mm2 

A2 = 2 * 110 + (6-2) * 0 = 220 mm2 

Hence, 

Ast = 4880+220 = 5100 mm 2 

 

 

  

Figure B.5. Cross section and stress diagram for a typical rectangular beam 
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�Ã�	x = 0                       Cc = T 

�=��
L���s�ä�r���� �r�ä�r�r�u�������t�r��
L���r�ä�{�v���:�r�ä�x�y��
Q���=��
Q���r�ä�z�w�;������������������������������           �=��
L���r�ä�z�w 

�@��
L���s�ä�r�w���� �r�ä�r�r�y�������t�r��
L���r�ä�{�s���:�r�ä�x�y��
Q���@��
Q���r�ä�z�w�;�����������������������������������������������������������@��
L���r�ä�z�w 

dn
L���:�w�s�r�r�������w�r�r�;�����:�r�ä�z�w�������t�r�������r�ä�z�w�������s�z�r�r�;��
L���{�z�ä�r���•�•��
Q���t�x�r���•�•���:���‡�•�–�”�‘�‹�†���‹�•���„�‡�ƒ�•�����ä���ä�; 

Top concrete cover = 60 mm 

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

�Ã�� c = 0                     Mu = (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 5.5) 

Cracked section is shown in Figure B.6. 

 

Figure B.6. Cracked section 

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

Icr= (1.8*0.098 3/3) + (13.333*5100/1000 2) (0.26-0.098)2 = 0.002349 m4 

�O��
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Hence, 

Ief,max = Ig = 0.011954 m4 

Ie = 0.002349+ (0.011954 �� 0.002349) * ((13.5/15.2) ^3) = 0.009078 
Q����ef,max 

E = 15000 MPa, 

Actual stiffness E*Ie = 15000 * 0.009078= 136.2 MNm2 

L = 21.5                          E*Ie= 6.335 MNm2/m  

(Compare with CUPA 6.648 MNm2/m in Figure 5.5)  

Check the 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*< ��  * Mu                         Mu/M * > 1/.08 = 1.25 

 Long hand: Mu/M * = 25.9/15.2 = 1.70 > 1.25           PASS 

CUPA: Mu/M * = 1.73 > 1.25           PASS 

C) Check ductility: 

Based on Clause 4.4.i AS 2870 [1]: Mu > 1.2 Mcr                                        Mu/M cr > 1.2 

Long hand: Mu/M cr = 25.9/13.5 = 1.92 > 1.2            PASS 

CUPA: Mu/M cr =1.90 > 1.2            PASS 
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Appendix C �� CUPA report 

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 Footing Analysis by:  

Site: Strand 7 Slab 1 all loads 

Structure geometry 
 
Length of Structure  L: 21.5 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  : 30 mm 
Depth Footing not Embedded: m 
 
Soil Properties  
Soil Heave Ym: 42 mm 
Depth of suction change Hs:  2 m 
Mound stiffness k: 1000 kPa/m 1000 
 
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 
 
Cupolex Properties 
Cupolex Dome Size: 260 mm 
Number of Pontex in Long Direction: 
Number of Pontex in Short Direction: 
Pontex Top Bars Area: mm2 
Pontex Bottom Bars Area: mm2 
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 mm2/m 
Steel Grade fsy: 500 MPa 
Area Top Steel External Beam: 110 mm2 
Area Bottom Steel External Beam: 336 mm2 
Area Top Steel Internal Beam: mm2 
Area Bottom Steel Internal Beam: 336 mm2 
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 
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OUTPUT - Cupolex and Pontex Footing Analysis by:  

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: 3.8 MNm2/m 6.3 MNm2/m 

Edge Heave  

Ultimate Negative Moment: -0.1 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 MNm2/m 1.0 MNm2/m 

RAFT REQUIREMENTS 

 Sub-beams:           As Input     mm wide x                     320    mm deep   
                                  Slab:                 60        mm thick                        227   mm 2/m steel 
          Subbeam top bars: 110  mm 2  External                          mm 2 Internal  
   Subbeam bottom bars:                336        mm 2  External                 336   mm 2 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 mm2/beam As Input mm2/beam 
Ultimate Moment Mu: 27.4 kNm/m 25.8 kNm/m 
Cracking Moment Mcr: 14.1 kNm/m 13.6 kNm/m 

Mu/M* = 1.96  1.73  
Mu/Mcr = 1.94  1.90  

Stiffness: 8.872 MNm2/m 6.648 MNm2/m 

Edge Heave 
 
Sub-beam depth: 320 mm 320 mm 
Minimum bottom bars As Input mm2/beam As Input mm2/beam 
Ultimate Moment Mu: 13.8 kNm/m 12.6 kNm/m 
Cracking Moment Mcr: 6.5 kNm/m 6.0 kNm/m 

Mu/M* = 4.54  4.92  
Mu/Mcr = 2.12  2.09  
Stiffness: 8.872 MNm2/m 8.262 MNm2/m 
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CENTRE HEAVE - LONG SPAN 
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Long Span Centre Heave Bending Moments 
 

 

Long Span Centre Heave Shear Force  
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EDGE HEAVE - LONG SPAN 
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Long Span Edge Heave Bending Moments  
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CENTRE HEAVE - SHORT SPAN 
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Short Span Centre Bending Moments  
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EDGE HEAVE - SHORT SPAN 
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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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 Appendix E �� Samples of Cupolex slab designs and details 
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Appendix F �� Strand7 model with piers 
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Appendix G �� Design Charts, Single Storey, Hs= 2 
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Appendix H �� Design Charts, Single Storey, Hs= 3 
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Appendix I �� Design Charts, Double Storey, Hs= 2 
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Appendix J �� Design Charts, Double Storey, Hs= 3 
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