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Abstract — Applying ABAQUS finite element software, we simulate prefabricated steel fiber reinforced concrete slab and the 
ordinary slab to analyze mechanical performance under the situation of surface load. By comparing the mechanical properties of 
different slabs, we aim to get the best one to provide a reference for prefabricated concrete composite slabs and applications of 
finite element analysis.  

Keywords - Steel fiber concrete; Foam ribbed composite slab; Finite element analysis 

 
 

I. INTRODUCTION 

A. Background and Significance  

 
The common shortcomings of traditional concrete floor 

force performance are heavy weight, poor insulation 
performance and poor soundproofing property. This paper 
presents a new steel fiber foam concrete ribbed composite 
floor system, combining steel fiber concrete with foam 
concrete, to get the new structure of the organic combination. 
Then by ABAQUS finite element analysis software, to 
analyze mechanical behavior of different slabs arrangement, 
under the same steel content, load and boundary conditions, 
analyze the mechanical parameters of steel fiber foam 
concrete ribbed compo-site floor system. 

B. Specimen Introduction 

 
The steel fiber volume of specimen B-1 is 1.5% and it is 

foam concrete ribbed composite slab, its dimensional 
drawings and reinforcement situation is shown in Figure 1, 
panels span L=3600mm, plate width b=1200mm, plate high 
h=120mm, 20mm thick layer of 1.5% volume of steel fiber 
reinforced concrete panels, steel inner fiber with steel mesh, 
steel mesh with a diameter of 6mm HPB300 steel, ribbed 
concrete slab using C30 concrete, rib height is 80 mm, rib 
width is 60mm, ribbed center rib bones frame, the force 
through long steel rib HRB400φ8mm of use, use 
HPB300φ6mm steel stirrups, stirrup spacing 300mm and fill 
the void between the ribbed 80mm thick density 200kg/m3 
foam concrete, the top layer is 20mm thick steel fiber 
reinforced concrete panels. 

There is no fiber in Specimen B-2 with foam concrete 
ribbed composite slab, its dimensional drawings and 
reinforcement situation is shown in Figure 2, panels span 
L=3600mm, plate width b=1200mm, plate high h=120mm, 
20mm bottom and top are set with steel mesh, the transverse 
reinforcement use HPB300φ6mm and longitudinal force use 

HPB300φ8mm, rein-forced ribs with through long steel 
HRB400φ8mm, stirrups use HPB300φ6mm, stirrup spacing 
300mm. Concrete strength are C30, pore-filling 80mm thick 
density 200kg/m3 foam concrete between the ribs. 

 

 
Figure 1.  The size and dimensions of specimen B-1 

The fiber volume rate of specimen B-3 is 2% and it is 
composite foam concrete ribbed floor, its size and 
reinforcement situation is shown in Figure 3, panels span 
L=3600mm, plate width b=1200mm, board height 
h=120mm, 20mm bottom and top 20mm are steel fiber 
reinforced concrete with 2% volume, non-steel mesh, rib 
muscle force through long steel is HRB400φ8mm and its 
stirrups use HPB300φ6mm, stirrup spacing 300mm. 
Concrete strength are C30, pore-filling 80mm thick density 
200kg/m3 foam concrete between the ribs. 
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Figure 2.  The size and dimensions of specimen B-2. 

 
    

 

Figure 3.  The size and dimensions of specimen B-3. 
 
 

II.  FINITE ELEMENT MODEL 

A. Basic assumptions and constitutive relations  

 
As the modal analysis does not consider the struc-ture 

with non-linear effects, so ignore steel fiber and concrete 
bonding between the slip. 

Basic assumption: 
The concrete comply with small deformation theory, 

without considering the impact of creep and shrinkage. 
The steel unit and concrete unit is attached on the 

deformed coordinated and ignore slip between steel and 
concrete, using the "Embedded" implant constraint. 

The steel fiber and poured concrete as a whole, 
coordinated the deformed steel fiber without considering the 
relative slippage. 

This model uses concrete damaged plasticity model. The 
expansion angle of the basic parameters of concrete damage 
plasticity takes 30°, eccentricity uses 0.1, the ratio of the 

initial biaxial compressive yield stress equivalent to the 
initial  compressive yield stress is taken 1.16, and by the 
tension Meridian pressure meridian constant stress ratio k is 
0.6667 and viscosity parameter takes 0.005[1,2]. The stress-
strain relationship is modified base on the Guo Zhenhai [3] 
and Wang Yuanqing [4] . 

For steel fiber reinforced concrete, because the paper 
using whole modeling, reinforced is diffused to the concrete, 
constitutive relation of steel fiber rein-forced concrete with 
its elastic modulus and other parameters is mainly through 
amendments concrete to reflect [5,6]. As the foam concrete 
is mianly used to fill, not the main force structure, based on 
the concrete plasticity damage model, only enter constitutive 
parameters. Reinforced stress-strain relationship using the 
formula bilinear ideal elastoplastic constitutive model: 

 
 

(1) 
 

B. Unit selection and meshing 

 
Concrete uses 8-node three-dimensional hexahedral 

reduced integration unit (C3D8R), reinforced uses 2-node 
three-dimensional truss element (T3D2), while reinforced 
units and concrete units using separate modeling. Using 
"Embedded" implant constraint to bond steel and concrete 
[7]. Because minimize ribbed composite slab geometry is 
more complex, more difficult to rule mesh. On the basis of 
three-dimensional model of the floor partition on the 
establishment of the geometric model, numbers of the 
contact surface interface between three-dimensional 
geometric entities and to meet the software division rule 
mesh structure requirements [8]. 

Meshing of finite element plays a key role, if mesh is 
coarse, the calculation will have inaccurate results, the grid is 
too dense, the stress concentration and softening damage will 
arise, so it is very important to determine the reasonable grid 
density [9]. Compression top shelf as the main surface, as 
shown in Figure 4, the size of its unit is 0.05, a ribbed 
structure from the surface, its unit size is 0.03, as shown in 
Figure 5.  

 
Figure 4.  Compression zone meshing of slab 

 

 
Figure 5.  Compression zone meshing of slab. 

 



YABO WANG et al: FINITE ELEMENT SIMULATION OF CONCRETE RIBBED SLABS: A COMPARITIVE … 

 

DOI 10.5013/IJSSST.a.17.45.22                                             22.3                            ISSN: 1473-804x online, 1473-8031 print 

 

III.   RESULTS OF THE FINITE ELEMENT ANALYSIS 

 
Boundary conditions of steel fiber-foam composite 

ribbed panels and ribbed concrete slabs are applied in both 
lateral plates, U1 = 0, U2 = 0, U3 = 0, the applied load of 
50KN/m2.   

As is shown in the Figure 6 and Figure 7, when the load 
is applied separately to 38KN and 40KN, ordinary ribbed 
plate and the test plate B-3 began to curve segments, 
indicating that the tension zone plate has cracked concrete, 
reinforced began mainly exposed bottom loads. When the  

 

 
Figure 6.  Load-stress curve. 

 

 
Figure 7.  Load-deformation diagram. 

 

test plate B-2 external load of 44KN, stress no longer 
increases linearly with the load growth, the growth rate 
accelerating rapidly began to bend straight into elastoplastic 
stage, this load is plate B-2 cracking load. When the load 
reaches 45.6KN, plate B-1 load-stress curve began to appear 
bending, at this time the tension zone of reinforced begin to 
take the stress, the board is cracking. When the load of 
reinforced ribs in test panels B-3 is 200KN, the stress no 
longer increases with load growth, which at this time steel 
has been yielded, the board has been destroyed. When the 
load of specimen plate B-2 and B-1 reached 208KN and 
232KN, steel ribs has yielded, which is the breaking load. By 
contrast it can see that test plate B-1, B-2 and B-3 than 
ordinary ribbed plate limit damage values were increased by 
25%, 12.4% and 8.1%. Furthermore, from the analysis of the 
mechanical characteristics of three test panels we can see that 
under the same load, compared to the test plate B-3, the 
curve of B-1 and B-2 rises relatively flat. Meanwhile, the test 
plates B-1 of 1.5% fiber volume fraction and the test plate B-
3 of 2% steel fiber volume fraction is are improved in 

cracking load than ordinary concrete ribbed slab. Observe 
the three board stress-strain curve it found at the beginning , 
the specimen are in elastic stage, the load borne by the 
matrix, toughening effect of steel fiber is not reflected, so 
three panels curves coincide. As the load increases, the 
interior material micro-cracks began to carry out, non-steel 
fibers B-2 plate occurs curves mutation within a period of 
time before the ultimate load. Test plate B-1 and B-3 due to 
the addition of steel fiber so that the curve trend slowed 
down, reflecting the effect of reinforcing steel fibers. 
Therefore, under reasonable conditions of rein-forced steel, 
fiber steel can improve the early crack strength and rigidity 
and its bearing capacity higher than ordinary concrete and it 
has a higher level of security. 
 

IV.  CONCLUSION 

 
Steel fiber foam concrete composite ribbed slab utilize 

steel fiber three-dimension distribution in concrete, which 
has enhanced and toughened in each direction. Meanwhile, 
steel fiber could hinder crack development in the concrete. 
Analyzed by finite element method properties of the steel 
fiber reinforced concrete ribbed composite board system 
performed, come to the conclusion that steel fiber ribbed 
composite have more slow crack progress better ductility 
under the premise of the same steel content and load, 
compared to ordinary concrete ribbed slab. Moreover, 1.5% 
steel fiber rate of steel fiber foam concrete ribbed steel plate 
has increased maximum the extreme load and ductility, 
compared with other different configurations described it as 
the most excellent steel configuration. In summary, the steel 
fiber ribbed composite board has the following advantages: 
Compared to ordinary concrete slab, it has better stiffness 
and ductility. Compared to ordinary concrete slab, it can save 
more steel, reduce project cost and increase housing clear 
height. Compared with ordinary concrete slabs, it can 
improve the ductility and enhance the mechanical 
performance. 
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