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Abstract. Profiled Steel Sheeting Dry Board (PSSDB) flooring system is lightweight composite system
composed of profiled steel sheeting and dry board, the basic structural components, connected by mechanical
fasteners, such as self-drilling and self-tapping screws. Review the literatures shows that avoiding the lateral
translation of the floor at boundaries paves the road for development of the arching action in the floor from
boundary to boundary. Benefiting from arching action enhances the rigidities and the flexural strength of the
PSSDB floor. The objective of this paper is to investigate effect of changing the material thickness on the
development of membrane action in the PSSDB flooring system. Verified finite element model with
previously conducted experimental work was employed in this study. The achieved results showed that
thickness reduction of the profiled steel sheeting made significant decrease of the floor’s load-carrying
capacity in various types of boundary conditions. Unnoticeable differences were observed for the load
carrying capacity of the floor when various dry board thicknesses were used that is of importance
economically.

Keywords: PSSDB System, Compressive Membrane Action, Arching Action, Thickness, Load Carrying
Capacity.

1. Introduction

Profiled Steel Sheeting Dry Board (PSSDB) system is (see Fig. 1). The empty space between profiled
steel sheeting and dry board can be filled by lightweight material to increase the sound insulation and
fire/heat resistance of the system. Although infill generally does not have a structural contribution to the
system, concrete infill has structural and non-structural functions. Several literatures have explored the
behaviour of PSSDB system [1]-[6].
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Fig. 1. Typical PSSDB panel
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Membrane action theory consists of two phases; compressive membrane action and tensile membrane
action. For instance, in simply supported one-way slab subjected to vertical loading, as the mid-span
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deflection increases, boundaries of the slab tends to move outward at first steps of loading and when the
central deflection exceeds the certain value, outward movement of the boundaries reduces to reach zero and
changes to the inward movement. In case of restricting the lateral movements of the slab ends, membrane
forces grow in the slab (see Fig. 2-a). At first steps of loading, membrane forces appears in form of the arch
from boundary to boundary known as compressive membrane action as demonstrated in Fig. 2-b (point A to
point B). The developed arch in floor enhances the load carrying capacity of slab. When load carrying
capacity of the slab approaches the highest amount (point B in figure), the developed arch in slab deforms
and the central deflection increases in a way to bring the slab into the second phase of membrane action
called tensile membrane action (point C to point D). In this phase, the external load is taken only by those
parts of the slab responsible to resist the tensile forces in the section. Therefore, the applied load increases
until the tensile forces in the slab approaches the tensile strength of the material. Apparently, last steps of
loading are accompanied by the high mid-span deflection in the slab.
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Fig. 2. Membrane action theory

The benefits of membrane action introduction into the structural behaviour of the PSSDB floor have
been investigated recently [6]-[8]. Effect of PSSDB material thickness on the development of the membrane
action in the floor is numerically explored in this paper. Verified finite element model with experimental
results is employed in this regard.

Table 1: Models with various thicknesses of components

Material thickness

Name of Model Dm(qﬁ]r;al)ons (mm) Boundary Condition
Profiled Steel Sheeting | Dry Board
P1D9RP 3000795 1.0 9 :
Pinned Roller
P1D9PP 3000795 1.0 9 Pomed P
P1D9FF 3000795 1.0 9 e e
P1D12RP 3000795 1.0 12 Pimed Rifler
P1D12PP 3000795 1.0 12 Poted Prmed
P1D12FF 3000795 1.0 12 Fived Fived
P1D16RP 3000795 1.0 16 :
Pinned Roller
P1D16PP 3000795 1.0 16 Poned Pomed
P1D16FF 3000795 1.0 16 Eed Eved
P0.8D12RP 3000795 0.8 12 Pied Boller
P0.8D12PP 3000795 0.8 12 : ‘
Pinned Pinned
P0.8D12FF 3000795 0.8 12 Foed Foved




2. Models

To study the effect of material thicknesses on the development of the membrane action in the PSSDB
floor, the available thicknesses of the PSSDB components in the market were considered for the parametric
studies. Various boundary conditions were also assigned to the models. More details about the considered
models are presented in Table 1.

3. Results and Discussions

The results obtained from analysis show that changing the dry board thickness has a minor effect on the
floor performance for the entire considered boundary conditions. In other words, replacement of the dry
board with the thicknesses of 9, 12, and 16 mm does not noticeably affect the results, whereas changing the
profiled steel sheeting’s thickness has a remarkable influence on the PSSDB floor’s behaviour. For
comparison purposes, the load-deflection curves of all models are demonstrated in Fig. 3.
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Fig. 3. Load-deflection curves for different thicknesses

As the figure shows, only the lessening of the profiled steel sheeting’s thickness reduces the rigidities
and load-carrying capacities of the PSSDB floor restrained with different boundary conditions. The
similarity in the behaviour of the floor with various thicknesses of the dry board may have economic
significance.

Table 2 presents the rigidities and the serviceability limit load for different models, in addition to the
improvement of the load capacity due to the compressive membrane action.

Table 2: Results of models with various thicknesses

Deflection Improvement Rigidi

Name of Models Limit Load (kN) s (kl\?/mr%
P1D9RP 4.35 N/A 0.51
P1D9PP 7.76 78.30 0.90
P1D9FF 16.28 274.16 1.90
P1D12RP 4.40 N/A 0.51
P1D12PP 7.93 79.97 0.92
P1D12FF 17.34 293.65 2.02
P1D16RP 4.40 N/A 0.51
P1D16PP 7.92 79.89 0.92
P1D16FF 16.46 273.57 1.92
P0.8D12RP 3.96 N/A 0.46
P0.8D12PP 7.23 82.61 0.84
P0.8D12FF 14.29 260.81 1.67

The analogous rigidities of the models with the same thickness of the profiled steel sheeting for the
correspondent boundary conditions proved the claim of insignificant effect of the dry board’s thicknesses on
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the results. The improvement of the load-carrying capacity due to the arching action for all of the considered
models was almost similar.

According to the table, the deflection limit load reductions due to a decrease in the steel sheeting’s
thickness are about 10%, 8.8%, and 17.60% for the PSSDB floor with various boundary conditions of simply
supported, pinned-pinned, and fixed-fixed. The reduction in the floor’s load capacity is almost the same for
the simply supported and pinned-pinned panel. The conclusion that the tensile strength of the steel sheeting
had a significant influence on the development of the compressive membrane action in the fixed-fixed panel
is a fair one. The reason for the higher reduction in the fixed-fixed panel is that the tensile strength of the
steel also contributes to the rotation’s restriction of the floor ends.

4. Conclusion

The aim of this research was to investigate the effect of various thicknesses of the PSSDB basic
components on the development of the membrane action in the PSSDB floor to enhance its load carrying
capacity. The main conclusion derived from this study is the considerable effect of thickness change in the
steel sheeting on the load carrying capacity of the floor in comparison with the thickness change of dry board.
Load-carrying capacity of the PSSDB floor was reduced to a significant extent due to the change in the
profiled steel sheeting’s thickness from 1.0 mm to 0.8 mm. This effect was observed for the various types of
boundary conditions. The highest reduction was in the fixed-fixed panel at about 17.60%. Varying the
thickness of the dry board did not have any tangible effect on the results.
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