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Lightweight cold-formed steel beams are widely utilized in roofing 

systems.  Recently, engineers have increasingly used concrete-filled cold-

formed steel tube beams for flooring systems due to their sufficient 

structural performance. A system that uses cold-formed steel beam 

sections with dry-board profile steel sheet slab (CBPDS) system would 

cost less than the conventional I-steel beam-slab system, with less self-

weight, it is considered one of the types of sustainable buildings. This 

study numerically investigated the structural performance of the newly 

suggested composite beam-slab (CBPDS) system. It was found that the 

partially filled C-purlin beam can significantly affect the system in the 

elastic and plastic ranges for the specimens (CBPDS-DF, CBPDS-DS, and 

CBPDS-S). The bending capacity of the specimens with varied beam 

configurations (CBPDS-DF, CBPDS-DS, and CBPDS-S) was decreased 

by about 50% when using a partially filled specimen from Le to Le/5. This 

happens because there is less concrete in the area that is only partially 

filled to help resist bending forces, which in turn will accelerate its failure. 
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1. Introduction 

Constantly striving to develop new composite 

structural components that are less costly, durable, 

ecologically friendly, and simpler to manufacture 

than conventional elements is the building sector. 

Many studies over the past thirty years have 

concentrated on investigating the performance of 

cold-formed profile steel sheets (PSS) coated with 

dry board (DB) sheets in lightweight composite slab 

systems [1–4], Often referred to as the PSSDB or 

PDS slab system. A superior binding contact 

between components of the PSS and the DB has 

been established utilizing self-tapping screws, which 

have been thoroughly examined through multiple 

direct push-out tests [5–7] Recently, numerous 

researches have examined the structural 

performance of the PSS slab system [8–11] and wall 

system [12–14] when integrated with concrete 

materials. Moreover, Al-Shaikhli et al. [9,10] 

examined, using the two-way slab concept, the 

bending behaviour of concrete-filled PSSDB slabs. 

Nevertheless, PSSDB deck slabs concrete or not 

usually have a shallow cross-sectional depth, which 

increases their susceptibility to notable deflection 

failure under normal static loads, which means they 

can be only used over a limited spanning length. 

Therefore, to carry a heavier load and/or adapt to a 

long span, concrete-filled PSSDB slabs must be 

supported by a beam, similar to the I-steel beam–

slab concept [15–18]. Recently, Liejy et al.[19] 

investigated the effects of combining these two 

structural members in a single composite beam-slab 

system (CBPDS system), where they studied the 

influence of using normal concrete and recycled 

concrete as infill material with additional analytical 

and theoretical investigation for this type of 

composite system [19,20]. Therefore, this 

parametric study aims to examine the effects of 

different partially filled concrete (Le, Le/3, Le/4, 

and Le/5 of C-purlin beam lengths) on the behaviour 

of the CBPDS system using numerical modeling and 

compare it with experimental specimens in [19]. 

Based on that. Twelve (12) FE models of double-

filled, separate, and single specimens (CBPDS-DF, 

CBPDS-DS, and CBPDS-S) are developed and 

analyzed using ABAQOUS software to investigate 

further parameters that are not experimentally 

tested. 

 

Fig. 1. Specimens designation ID. 

 

 

 

 

 

a) Section A-A Double Fill beam (CBPDS-DF) 

 

 

 

 

 

b) Section A-A Double Separate Fill beam (CBPDS-DS) 

 

 

 

 

c) Section A-A Single Fill beam (CBPDS-S) 

Fig. 2. composite CBPDS Specimens (EX). 
 

2. Experimental Approcah  

Composite CBPDS specimens are prepared in 

this research that is mainly fabricated from cold-

formed-purlin beam (CB)and profile steel sheet-dry 

board (PSSB/PDS) deck slab, in which both parts of 

the beam and slab are filled with concrete material. 

For specimens, each C-purlin section is fabricated 

with 152 mm depth, 64 mm flange width, 16 mm lips 

length, and 2 mm thickness. The PSS section is 

fabricated with 1,000 mm width, 50 mm depth, and 

1 mm thickness which are named Peva 50 (in the 

local market), which are covered by a dry board 

(DB) cement sheet (type Primaflex) with 1,000 mm 

width and 18 mm thickness. For easy and fast 

preparation of the suggested composite CBPDS 

system, all parts (DB with PSS and PSS with CB) 

are connected by self-tapping steel screws.  
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Fig. 3. Flow chart presenting the procedure of the current research. 

 

The overall length of this specimens is equal to 

2,440mm and the effective length (Le) are equal is 

to 2,250 mm [19].  

Fig. 1 depicts the specimens designation ID. 

Fig. 2 present the detail of CBPDS specimens. The 

detail of specimens is presented in Table 1. Fig. 3 

Flow chart presenting the procedure of the current 

research. 

3. Finite Element Investigation 

 This paper reports the procedures of 

creating One nonlinear FE model based on the 

experimental specimen (double filled CBPDS-DF, 

DS, and S). ABAQUS/CAE FE software generated 

and analyses these FE models.  

 

 

Modelling the structural components of this 

specimen was discussed in detail, including their 

material properties, loading methods, boundary 

conditions, and surface interactions. Fig.3 explains a 

flow chart that presents the procedure of this 

research. Therefore, the symmetrical method 

implemented in the ABAQUS software was utilized 

to generate the three-dimensional half models, 

which enabled a streamlined analysis on the 

personal computer (PC) see Fig 4.  After verifying 

the suggested FE models with the existing 

experimental results, an additional 12 models were 

used in several parametric studies to further 

investigate the CBPDS-DF, CBPDS-DS, and 

CBPDS-S specimens' performance 
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Table 1. Physical properties of materials. 
Materials Dimensio

ns 

Mm 

Modulu

s of 

Elasticit

y 

(GPa) 

Yield 

Strengt

h 

(MPa) 

Ultima

te 

Strengt

h 

(MPa) 

Dry 

board 

(Primafle

x) 

1,000x18 8.03 - 22 

Profiled 

Steel 

Sheeting 

(Peva 50) 

1,000 x1 213 434 464 

C-purlin 152x64x

2 
210 492 536 

 

3.1. Element description  

 In order to obtain an accurate prediction of the 

behavior of the CBPDS system, it is critical to 

exercise great care in selecting the proper type for 

each component from the vast multitude of elements 

in the ABAQUS library. A shell element was chosen 

for the modeling of the PSS, DB, and C-purlin on 

account of their comparatively modest thickness 

when compared to other dimensions. ABAQUS 

provides two distinct varieties of shells, namely 

continuum shells and conventional shells.  

 The SR4 shell element, which is illustrated in 

Fig. 5, was selected for this research. This element 

has been effectively utilized by previous researchers 

[21–23] who have established their capacity to 

accurately predict the behavior of the PSS, C-purlin, 

and DB.  The first-order hexahedral element 

(C3D8R) was employed to represent the infill 

concrete in this investigation, incorporating reduced 

integration and hourglass control (see Figure 5). 

3.2. Material description 

 The materials included in the numerical analysis 

were steel (for the PSS, C-purlin, and DB) and 

concrete (for the infill). The properties of these 

materials were presented as follow:  

 The SR4 shell element, which is illustrated in 

Fig. 5, was selected for this research. This element 

has been effectively utilized by previous researchers 

[21–23] who have established their capacity to 

accurately predict the behavior of the PSS, C-purlin, 

and DB.  The first-order hexahedral element 

(C3D8R) was employed to represent the infill 

concrete in this investigation, incorporating reduced 

integration and hourglass control (see Figure 5).  

3.2.1. Concrete  
 

 Two different failure modes of concrete are 

crushing under compression and fracture under 

tension. The 'Concrete Damage Plasticity' function 

of the ABAQUS software is intended to characterize 

the 'Compressive Behaviour' and 'Tensile 

Behaviour' of concrete material in an independent 

manner.  

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. 3D-half CBPDS finite element models (DF, DS, 

S). 

 Recent Finite Element (FE) investigations that 

examined the behavior of reinforcement concrete 

have successfully utilized this methodology, as 

evidenced by the works of [24–26]. It is noteworthy 

that concrete demonstrates isotropic characteristics 

within the elastic region, which prompted the 

'Elastic-Isotropic' option to be chosen when 

computing Young's modulus and Poisson's ratio of 

the material. In order to account for the distinct 

strength and failure mechanisms in concrete under 

tension and compression, separate uniaxial stress-

strain equations were utilized for these two 

conditions. 
 

 

Fig. 5. Types of elements used in FE models. 

(a) S4R element (for 

steel and DB parts) 
(b) C3D8R (for 

concrete part) 
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Fig. 6. Stress-strain curve for the concrete in the FE 

model [23]. 

 Numerous equations have been put forth in past 

studies to represent these correlations, as described 

by [27–30] The constitutive uniaxial stress-strain 

curve for compressed concrete was employed in this 

study. The curve illustrated in Fig. 6 was obtained 

through the implementation of the numerical 

expression that (Bangash 1989) further refined after  

[27] work. This curve demonstrates linear elastic 

behavior for an estimated 30% of the ultimate 

compressive strength (fcu). After surpassing this 

threshold, the curve ascends progressively until it 

reaches the peak value (fcu), with this ascending 

segment being regarded as a parabola. Following its 

optimum value, the stress–strain curve promptly 

experiences a decline, which can be represented by 

a straight line. 

3.2.2. Steel (PSS and C-purlin) 

 C-purlins is isotropic material, thus, the elastic–

isotropic option was selected to identify. It has 

Young's modulus of 210 MPa and its Poisson’s ratio 

and yield strength are 0.3 and 492 MPa respectively, 

while the Peva 50 profiled steel sheeting (PSS) is 

produced by roll-forming a steel plate in a rolling 

mill. The material exhibits Young's modulus of 213 

MPa, Poisson's ratio of 0.3, and yield strength of 434 

MPa, in that order. Figure 7 shows the trilinear 

stress–strain model for the steel material which was 

adopted in the current study, where this model has 

been earlier suggested by (Byfield et al. 2005). 

 

Fig. 7. Stress-strain curve for the profile steel sheet 

PSS and C-purlin. 

4. Convergence Study 

Finite Element (FE) analyses provide a wide 

range of convergence definitions, which include but 

are not limited to the convergence of the nonlinear 

solution procedure, mesh convergence, time 

integration accuracy, and contact control accuracy. 

As a result, decreasing the quantity of the number of 

elements while maintaining the precision of the 

outcomes is the most effective strategy.  

Fig. 8 illustrates the convergence study on the 

relationship between the ultimate moment capacity 

(Mu) and the total number of elements used for the 

half FE models of the double filled, separate, and 

single specimens (DF, DS, S). 

 

 

 

5. Verifying the FE Models 

 The FE analysis results were validated using the 

experimental results of double, separate, and single 

specimens using the same material properties to 

verify the FE models. 

 
a) CBPDF-DF 

 
b) CBPDF-DS

 
c) CBPDF-S 

Fig. 8.   Comparison between the experimental 

and FE results of the CBPDS (DF, DS, S). 
 

No. Specimens’ 

designation 

Mu (kNm) 

MEX MFE MFE/MEX 

1 CBPDS-DF 51.5 53.4 1.037 

2 CBPDS-DS 46.5 49.0 1.053 

3 CBPDS-S 31.9 33.8 1.060 

   Mean 

value 

1.050 

   SD 0.012 

Table 2. Comparison between the results of the EX-

tests and FE analysis for specimens. 
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Fig. 9. 3D view of the CBPDS (DF, DS, S) model. 

 

 Table 2 presents the Mu values of the FE models 

subjected to two-point bending. The results were 

consistent with those of the experimental (EX) tests. 

Fig. 9 illustrates the load mid-span deflection curve 

of the double-filled, separate, and single specimens 

and the finite element model of the same specimens, 

and it is found that both are comparable in the elastic 

and plastic range with a minor discrepancy of 4%, 

5.4%, and 6% respectively in the ultimate moment 

capacity. The comparison will be done in the matter 

of performance and the moment value at the 

displacement of Le/50 (45mm) for all samples [31].  

Fig. 10 displays the Von Mises stress distribution of 

the double filled, separate, and single specimens, 

which shows that the maximum stress in the DB is 

around the load location which coincides with the 

failure mode of the experimental sample. And the 

maximum stress for the PSS lies and the C-purlin 

beam at the center under the load which also 

coincides with failure mode with an experimental 

specimen. Therefore, these models are considered 

accurate enough to predict the behaviour of the 

CBPDS (DF, DS, S) specimens. 

 

 
Fig. 10. Partially filled the C-purlin beams. 

 

6. Parametric Studies  

 After verifying the FE models, three parametric 

studies were employed with a total number of FE 

models equal to 12 to deeply investigate the 

structural performance of the suggested CBPDS 

system in this research.  
 

Table 3. Properties of the CBPDS-DF models with 

partially filled concrete. 

 

 

 This parametric study aims to examine the 

effects of different partially filled concrete (Le, 

Le/3, Le/4, and Le/5 of C-purlin beam lengths) on 

the behaviour of the CBPDS system (see Fig.11). 

The comparison will be presented and discussed in 

three parts: the first part for the CBPDS-DF models, 

the second part for the CBPDS-DS models, and then 

for the CBPDS-S models, respectively. 

 

 
Fig. 11. Moment-deflection curves for the CBPDS-DF 

models with partially filled concrete. 

6.1. Effect of partially filled double C-

Purlin beams 
  

 Four FE models were prepared for CBPDS-DF 

as shown in Table 3, where each one has a double C-

purlin face-to-face with different partial filling of the 

concrete (450, 562.5, 750, and 2250 mm). All of 

them have the same DB, PSS, and C-purlin. Also, it 

has the same screw spacing and boundary 

conditions.  

 

 
Fig. 12. Moment-deflection curves for the CBPDS-DS 

with partially filled concrete. 

 

Specimens 

Designation 

C-

purlin 

Thickn

ess 

(mm) 

PSS 

Thickn

ess 

(mm) 

DB 

Thickn

ess 

(mm) 

Partiall

y filled 

(mm) 

Ultima

te 

Mome

nt 

(kN.m) 

CBPDS-

DF-Le 

2 1 18 2250 53.4 

CBPDS-

DF-Le/3 

2 1 18 750.0 38.5 

CBPDS-

DF-Le/4 

2 1 18 562.5 28.8 

CBPDS-

DF-Le/5 

2 1 18 450.0 27.8 
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Table 4. Properties of the CBPDS-DS with partially filled 

concrete. 

Specimens 

Designation 

C-purlin 

Thickness 

(mm) 

PSS 

Thickn

ess 

(mm) 

DB 

Thickness 

(mm) 

Partially 

filled 

(mm) 

Ultimate 

Moment 

(kN.m) 

CBPDS-DS-

Le 

2 1 18 2250 49.0 

CBPDS-DS-

Le/3 

2 1 18 750.0 35.2 

CBPDS-DS-

Le/4 

2 1 18 562.5 27.9 

CBPDS-DS-

Le/5 

2 1 18 450.0 27.2 

 Figure 12 shows that partially filling the C-

purlin section significantly affects the CBPDS 

system. For the CBPDS-DF models, the specimen 

with a double filled C-purlins beam (Full infill) is 

considered a reference model (CBPDS-DF-Le). The 

moment capacity of this model is equal to 53.4 kN.m 

which was reduced to 38.5, 28.8, and 27.8 kN.m (-

28%, -46%, and -48%) respectively, when the same 

models used the CBPDS-DF-Le/3, CBPDS-DF-

Le/4, and CBPDS-DF-Le/5. Table 5.11 Properties of 

the CBPDS-DF models with partially filled 

concrete. 

 

Table 5. Properties of the CBPDS-S models with 

partially filled concrete. 

Specimens 

Designation 

C-

purlin 

Thickne

ss (mm) 

PSS 

Thick

ness 

(mm) 

DB 

Thick

ness 

(mm) 

Partia

lly 

filled 

(mm) 

Ultim

ate 

Mom

ent 

(kN.

m) 

CBPDS-S-

Le 

2 1 18 2250 33.8 

CBPDS-S-

Le/3 

2 1 18 750.0 19.6 

CBPDS-S-

Le/4 

2 1 18 562.5 16.2 

CBPDS-S-

Le/5 

2 1 18 450.0 15.6 

 

6.2. Effect of partially filled separate C-

Purlin beams 

 Four models were prepared for CBPDS-DS as 

shown in Table 4. All of them have the same DB, 

PSS, C-purlin, screw spacing, and the boundary 

conditions. However, each one has a double separate 

C-purlin with different partially filled with concrete 

(450, 562.5, 750, and 2250 mm). The results 

presented in Fig. 13 indicate that altering the various 

partially filled concrete components significantly 

impacts the CBPDS system, exhibiting behavior 

similar to that of the CBPDS-DF models. The 

specimen featuring double separate filled C-purlins 

beam (Fully filled) serves as the reference model for 

the CBPDS-DS models (CBPDS-DS-Le). The 

initial capacity of this model is 49 kN.m, which 

reduced to 35.2, 27.9, and 27.2 kN.m (-28.1%, -

43%, and -44%) respectively, when employing the 

CBPDS-DS-Le/3, CBPDS-DS-Le/4, and CBPDS-

DS-Le/5 models. Utilizing double separate C-

purlins beams (model CBPDS-DS-Le/3) resulted in 

an approximate 8.6% reduction in the specimen's 

bending capacity compared to the double filled C-

purlins beams (face-to-face connection) CBPDS-

DF-Le/3, as the separate C-sections were unable to 

sufficiently confine the concrete core, in contrast to 

their closed tubular configuration. 

 
Fig. 13. Moment-deflection curves for the CBPDS-S 

models with partially filled concrete. 

6.3. Effect of partially filled single C-

Purlin beams 

 Four FE models were prepared for CBPDS-S as 

shown in Table 5, where each one has a single C-

purlin with different partial filling of the concrete 

(450, 562.5, 750, and 2250 mm). All of them have 

the same DB, PSS, and C-purlin. Also, it has the 

same screw spacing and boundary conditions. The 

results presented in Fig. 14 have demonstrated that 

partially filling the concrete inside the C-purlin 

section has a significant effect on the CBPDS 

system, which is similar behaviour to CBPDS-DF 

and CBPDS-DS models.  For the CBPDS-S models, 

the model with a single C-purlins beam (Full infill) 

is considered a reference model (CBPDS-S-Le). The 

moment capacity of this specimen is 33.8 kN.m 

which was decreased to 19.6, 16.2, and 15.6 kN.m (-

42%, -45%, and -54%) respectively, when the same 

models used the CBPDS-S-Le/3, CBPDS-S-Le/4, 

and CBPDS-S-Le/5. Generally, regardless of the 

different configurations of the C-purlin, The C-

purlin beam's ultimate moment capacity can be 

dramatically impacted by partially filling the 

concrete inside the beam section. In contrast, 

partially filled double separate C-purlin beams are 

more susceptible to local buckling and may exhibit 

a more brittle failure mode, particularly if the steel 

section is thin or slender. The ultimate moment 

capacity of the C-purlin beam is often less than that 

of a completely filled C-purlin beam when the beam 

is partially filled with concrete. This decrease 

happens because there is less concrete in the area 

that is only partially filled to help resist bending 
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forces, which in turn will accelerate its failure. 

Furthermore, a partial filling may also result in a 

reduced shear capacity, potentially influencing the 

overall structural performance. 

 

7. Conclusion and 

Recommendations 
 

• The four CBPDS-DF FE models show that 

partially filling the C-purlin section with 

concrete significantly affects structural 

performance. As concrete infill declines, beam 

moment capacity decreases significantly. The 

completely filled model (CBPDS-DF-Le) had 

the highest moment capacity of 53.4 kN.m, 

while the models with lower infill had 28%, 

46%, and 48% reductions. Concrete infill is 

essential to the CBPDS-DF system's strength 

and stiffness. 

• Like CBPDS-DF models, concrete infill greatly 

impacts moment capacity. The completely 

filled model (CBPDS-DS-Le) had the largest 

moment capacity of 49 kN.m, while models 

with lower infill had 28.1%, 43%, and 44% 

decreases. The study also found that double-

separate C-purlins (CBPDS-DS-Le/3) have an 

8.6% lower bending capability than face-to-face 

connected ones. In contrast to the closed tube-

like design, which improves structural 

performance, individual C-sections cannot limit 

the concrete core. 

• The four FE models for CBPDS-S show that 

partially filling the C-purlin section with 

concrete significantly affects structural 

performance, similar to the CBPDS-DF and 

CBPDS-DS models. Fully filled models 

(CBPDS-S-Le) had the highest moment 

capacity of 33.8 kN.m, while lower infill 

models had 42%, 45%, and 54% decreases. The 

study shows that partially filling the beam 

section with concrete reduces ultimate moment 

capacity regardless of C-purlin design. If the 

steel section is thin or slender, partially filled 

double separate C-purlin beams are inclined to 

local buckling and brittle failure. Reduced 

concrete infill reduces beam bending resistance, 

increasing structural failure. The impact of 

using recycled materials, effects of dry board 

(DB) thickness, profile steel sheet (PSS), and C-

purlin thickness. could be studied in future 

studies. 

 

8. Abbreviations  

 
 Cold-formed beam (CB), dry board (DB), 

Profile steel sheet (PSS), PSS slab covered with DB 

(PSSDB/PDS), ultimate bending moment capacity 

(flexural strength capacity; Mu), yield tensile 

strength of steel (fy), steel C-section thickness (t), 

effective length (Le). 
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