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Abstract: Sustainable development for the building industry, encompassing economic and 
environmental concerns, has grown increasingly important in determining the efficacy of construction 
solutions for various projects. New building materials and cutting-edge techniques have been developed 
and applied in recent years in an effort to reduce overall construction expenditures, which is one of the 
top priorities. There are many possible options to cut down on expenses, such as shortening the 
construction time or lowering the cost of labour and used materials. These factors have highlighted the 
global use of post-tensioned composite slabs (PTC) with profiled steel sheeting in construction practice 
due to a fast-track process without the formwork removal and the combined use of the post-tensioning 
method to reduce material costs and carbon emissions from cement production. Hence, to have a 
comprehensive assessment of these aspects of the PTC floor system, a comparative study is required 
to investigate how the selection of different concrete floors and reinforcing types influences the optimal 
cost and embodied carbon. The design optimization entails generating a parametric analysis that varies 
the column spacing and slab thicknesses to determine the effects of structural design variables on the 
prospective cost and carbon footprint. The results from this study highlight the benefits and drawbacks 
of the PTC floor frame from the viewpoint of sustainable design. 
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1. Introduction
Post-tensioned composite slab in recent years has gained its popularity as an economical and technical 
form of construction commonly used in Australia. This floor frame provides the combined use of 
galvanised steel decking to replace the conventional timber formwork and the post-tensioning method 
to strengthen the flexural behaviour of the slab structures. Many studies (Hedaoo et al., 2012); (Lim et 
al., 2021); (Hossain et al., 2019) state that this structural solution has the advantage of saving costs by 
removing formwork, reducing construction time, labour, and reducing the number of props needed to 
support the panel. Moreover, steel sheeting is acting as a bottom tensile reinforcement within the yield 
stress range of 550 MPa and Young’s modulus of 200-205 GPa. Due to the geometry of this deck, the 
only notable disadvantage of the steel decking is a major change in the two-way structural behaviour. 
Steel sheeting is proven to enhance the flexural strength along the direction of the sheeting ribs, 
whereas the other direction is extremely weak (Eldib et al., 2009). This finding explains why composite 
slab systems are normally designed for one-way action instead of two-way behaviour. For the buildability 
of the two-way slab structure, prestressed reinforcement is applied, especially the post-tensioning 
method, to enhance the weak spot in the bending stiffness of the steel sheeting as well as provide a 
slenderer section of concrete thickness and enlarge the span length for the building’s social benefits. 

Due to the certain structural and economic benefits that this kind of floor frame provides, it has been 
extensively employed in the construction sector and has become increasingly used as a two-way slab 
system in some projects. Nevertheless, there has been a little research and statistical data relating to 
this floor type. No published article or evidence yet emphasizes or discusses the effectiveness of this 
slab structure for sustainable development. Besides the obvious economic advantage, utilizing steel 
sheeting as a structural material or post-tensioning method may also potentially reduce floor thickness 
or steel bar consumption, which has effects on environmental impacts (Miller, 2014), (Miller et al., 
2015);(Tran et al., 2021). In response, this paper aims to investigate the cost performance and 
environmental assessment of the post-tensioned composite slab when compared to other conventional 
slab systems. 

2. Structure Behaviours and Flexural Bending Stiffness 
To investigate the two-way behaviour of post-tensioned composite slabs, a comparative study was 
conducted using the numerical approach to discuss the overall performance of this floor system. The 



modelling techniques are provided in the research of Dinh and Doh (2022) through the ABAQUS 
simulation. The original 3 × 3 m panels were used based on the existing experiments of Kim and Lee 
(2016) for the validation of the numerical methods.  According to the study of Dinh and Doh (2022), the 
nature of the steel sheeting, especially “Bondek,” used in their research enhances 30% to 35% the 
bending stiffness along a strong axis along the direction of the sheeting ribs. On the other hand, the 
weak span without the sheeting ribs experiences a reduction of 50% in flexural strength, which explains 
the tendency of deflection to be concentrated in the weaker direction (see Figure 1). In addition, the use 
of post-tensioning as the main reinforcement significantly improved the deflection and bending stiffness 
in both directions. Specifically, the weak span of the composite slab was enhanced to approximately 
65% of its bending strength, while the major span with the sheeting ribs was also increased by 50%.

These ratios were applied to the RAM Concept program as bending stiffness in the S axis (Kms) and 
bending stiffness in the R axis (Kmr) for the further structural design of this specific slab system. As 
there is no commercially available program for designing composite panels in a two-way action, the 
Ram Concept is the only appropriate software that allows the users to modify the flexural bending 
stiffness of slabs in the x and y axes to accurately illustrate the behaviour of structures. Hence, this 
allows for convenient acquisition of the bill of quantities for later cost performance and embodied energy 
assessment. 

a) RC panel b) RC-Bondek panel

c) RC-PT panel d) RC-PT Bondek panel

Figure 1: Numerical results of two-way flexural behaviour in post-tensioned and post-tensioned 
composite panels

3. Comparative Study of Cost Performance and Embodied Energy Assessment
To estimate the optimal cost and embodied energy emission, a detailed procedure was implemented 
covering the preliminary design based on the general arrangement plan. Various structural options were 
selected to perform a further comparative study, including three options to be used for this floor 
dimension with varying column layouts (see Figure 2). By modifying the column grid, the span length 
was increased, which allowed for an investigation of the span-length factor on the structural design, 
cost, and embodied energy. In each column grid, four different types of reinforcement are used: 
conventional RC, conventional PT, composite RC, and composite PT with a profiled steel deck. The 
thickness parameter of each floor also varied from 200 mm to 300 mm with a 25 mm increment.



a) Column grid 16 b) Column grid 12 c) Column grid 9

Figure 2: Various structural options of column layouts for given dimension in building.

The RAM Concept software was applied to generate the detailed parametric analysis of different floor 
options, which was then verified with a manual calculation. The flow chart is reproduced based on the 
methodology used in the study of Miller and Doh (2014) for incorporating the sustainable development 
in building design (see Figure 3). The design procedure strictly complied with the design criteria of AS 
3600-2018 to make the slab structures satisfy in both serviceability (deflection, cracking) and ultimate 
conditions (strengths, punching shear). Some assumptions were made at the beginning of the process 
since all real situations cannot be covered in this study. The bill of quantities, including concrete volume, 
steel quantity, formwork, and props based on the structural plan, were calculated to give a specific 
statistic. Hence, the building price was assessed based on the materials, labour, construction time delay 
of different slab options, and the embodied energy analysis mainly depended on the number of used 
materials.

Figure 3: Flow chart of methodology for design procedure and parametric analysis

Construction time difference among various slab types is calculated based on the time delay of 
structures. According to the study of Jayasinghe et al., (2021), cost of time difference is assumed as 2.1 
$/m2/day.

 One-way slab (with or without wide beam): delay by 2 days
 Two-way slab on beams delay by 3 days
 Flat plate slab as basis 0 delays 
 Flat slab with drop panel delay by 3 days
 Post-tensioned slab faster by 1 days
 Composite steel sheeting slab faster by 1 days

4. Results and Discussion
4.1 Parametric analysis of Cost-Environmental Factors in Different Floor Types



In general, the data analysis in column grid 16 shows that the lowest cost ranges from 450 to 500 $/m2 
per floor and belongs to the flat plate slab group. In which, the post-tensioned Bondek flat plate slab 
results in a lower cost performance with an approximately 5% reduction ($/m2) per floor compared to 
the conventional post-tensioned flat plate and roughly 10% lower compared to the conventional RC slab. 
The general trend is more obvious in grid 12, where the pricing gap between floor types is increasing. 
However, the PT and PT-Bondek flat plate slabs still cost the lowest prices, ranging from 500$ to 550$ 
per m2, while the RC and RC-Bondek structures fluctuate strongly at over 600$/m2. The removal of 
columns in grid 12 or grid 9 improves the utilization of plan space but requires slab structures with higher 
thicknesses and more steel installed, resulting in a significant rise in expenditures. Figure 6 shows that 
there are only a few types of floor systems that can satisfy the service criteria when the span length is 
up to 9.6 x 10m, with a 15% price increase per square meter. Most of the PT-Bondek slab solutions 
continue to have the lowest cost in the range of 525 $/m2 to 575 $/m2, followed by the PT floor systems, 
which have a 10% higher cost.  
For embodied energy, the general trend of grid 16 (see Figure 4) shows that the flat slabs using RC and 
PT contain the least amount of embodied energy when compared to other floor framings. The tendency 
starts changing in response to the column grids 12 and 9 when the reduction of columns in the floor 
structure makes the non-prestressed reinforcement lose its efficiency, requiring more steel and concrete 
volume. The PT and PT-composite (red and blue marks) have a lower E.E. ratio between 200 and 250 
kgCO2/m2. The PT flat plate floor still dominates in lowering environmental emissions since this 
construction saves the majority of the slab thickness while also using the least amount of steel bars. On 
the other hand, by employing galvanized steel sheets as a permanent structural element for the floor 
system, the PT Bondek slabs increased carbon emissions by 5% when compared to a conventional PT 
slab. 

Figure 4: Variation of cost and embodied energy with different structural options in column 
grid 16



Figure 5: Variation of cost and embodied energy with different structural options in column 
grid 12

Figure 6: Variation of cost and embodied energy with different structural options in column 
grid 9

4.2 Span-length and Thickness Parameters on the Cost and Embodied Energy of 
Composite Post-tensioned Slab. 

With a 300 mm to 200 mm range of floor thickness, the column grid 16 shows that all four structural 
options of PT composite flooring produce identical results, with the overall cost reduced by 6% per floor 
and E.E. falling by an average of 3.8%. The post-tensioning effectively controls the deflection of the floor 
system in span lengths from 6 to 8 meters. Therefore, when the floor thickness is reduced to 200 mm, 
a smaller volume of concrete and corresponding carbon emissions from cement are required.



In column grid 12, due to three columns being removed from the floor plan, the average price of floor 
systems increased by 7% to 10%, and E.E. climbed toward 4% to 13% depending on individual floors 
when compared to grid 16 systems. The largest span is 8m × 9.6m, which is more difficult to control in 
terms of deflection and punching shear in slab systems. As a result, the effective floor thickness for the 
one-way and flat plate slab is around 250 mm, which results in saving of roughly 4% in cost per floor 
and 6.3% in E.E. per floor when compared to the 300 mm floor thickness. While two-way and flat slabs 
remain at 200 mm, the cost is decreased by 6.7%, and the E.E. is reduced by 7.8% compared to 300 
mm thick floors.

The data in column grid 9 reveal that for the maximum span of 9.6 m x 10 m, the average price per floor 
increased by 8%-15% and E.E. rose by 7%-20%. The effective floor thickness of flat plate is 300 mm, 
with a 5% increase in price and a 3% increase in E.E. when the thickness is reduced to 250 mm. The 
flat plate slab cannot reach the floor thickness of 200 mm due to restrictions on deflection and punching 
shear. While the one-way floor shows optimum thickness at 275 mm, the two-way and flat slab is 250 
mm. These floors increase to 6-12% cost per floor and 2.2%-8% in embodied energy when the slab 
thickness was designed at 200 mm. 

4.3 Influence of Post-tensioning and Profiled Steel Sheeting on the Composite PT Slab 
System 

According to Figure 7, the use of the post-tensioning method as the primary reinforcement has 
significantly reduced the amount of material used, which was mostly rebar and concrete. Based on the 
comparative study of various composite slab structures with profiled steel sheeting, the post-tensioning 
method replaces nearly 70% of the steel required and decreases the volume of concrete from 9% to 
17% for the floor beam frames. Despite the additional difference in the price of the post-tensioning, the 
total cost for both steel and concrete material is still lowered by an average of 26-28 percent.  

On the other hand, for both flat slab and flat plate slab systems, the deflection and cracking controls are 
more challenging without the beam system. The difference in steel bars is still obvious, where the use 
of prestressed reinforcement can reduce 38%-40% of the required steel bars. The slab thickness as 
well as concrete volume dropped between 13% and 26%. The number of post-tensioning strands is also 
employed more in these two structures for deflection controls, the overall cost of material used is still 
lowered, although only by 13 to 15% for a floor. 

Figure 7: Cost of material required for various form of slab

As discussed in the previous part, the use of profiled steel sheeting brings an economic efficiency in 
reducing construction time when the formwork is not removed after installing, as well as reducing the 



number of props used because the steel sheet can withstand the initial loading stage. In this report, the 
comparative study (see Figure 8) highlights the role of steel decks when the cost of renting and using 
props is reduced by 52%. It is reasonable because the conventional timber formwork requires props to 
be spaced about 400 mm apart, but for Bondek or steel sheets, they can be installed up to 2 or 3 meters 
apart depending on the thickness of the floor. Furthermore, the shorter time spent dismantling the 
formwork also saved 20%-25% on the cost of the PT-composite floor when compared to other 
conventional slabs. The material price and payment for the workers are more expensive than usual at 
about 6%, which results in the total spending for these three categories being reduced by nearly 6% of 
the cost of one floor. 

Figure 8: Cost of material required and construction time difference for various form of slab.

5. Conclusion
According to the results of the preceding analysis, the combination of post-tensioned slabs with 
composite steel sheeting brings a significant impact on the cost of floor construction. When compared 
to other slab systems, composite PT slabs save around 6%-10% per floor on the total expenditure of 
materials, labour and building progress.  Much of the cost savings is based on the reduction in the 
material of the rebars when using the post-tensioning method, as well as the limited number of props 
used when casting concrete and the faster execution time when no dismantling of formwork is required. 
Installing formwork without any removal also helps reduce labour costs significantly and speeds up the 
building process. 

The use of steel sheeting as a permanent formwork, on the other hand, increases the total embodied 
energy of this floor system by around 5% compared to conventional PT slabs. However, when compared 
with the RC floor systems, the greater span length will bring more efficiency in reducing the carbon 
emission for the composite PT slabs, due to the decrease in the amount of concrete as well as the 
number of steel bars utilized.   

In the process of analysing and performing parametric analysis, the major benefit of using one-way and 
two-way beam slabs or flat slabs is their success in regulating deflection at a low level as well as limiting 
the potential of punching shear. However, the considerable amount of steel used for crack control and 
the substantial floor thickness render these systems ineffective in terms of both cost and environmental 
impacts as compared to the flat plate one. 
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