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Abstract 
Building on the country using common building system which is non-industrial, has numerous 
quantitative and qualitative problems. In recent years urgent need to increase productivity in the 
construction sector has revealed this fact that the use of traditional systems in the construction 
does not meet the society needs and use of technology in this section is inevitable. It appears that 
Building systems with potential industrial and prefabricated can meet the quality and quantity 
needs of the construction industry. In this article a method of prefabricated concrete ceiling 
sandwich is provided, these ceiling is composed of prefabricated panels. These panels consists of 
three layers: A layer of high-strength reinforced concrete as the upper layer, A thick layer of the 
lightweight concrete as an intermediate layer or core and a thin flat  metal plate or congressional 
or a layer of reinforced concrete with a high steel percentage and resistant to stretching is as the 
lower layers. In order to make the construction lighter, at first eighth model of unilateral and 
bilateral sandwich panel prefabricated concrete core concrete with the ABQUS software was 
modeled and in terms of structural performance, ease of implementation and economic 
performance have been studied to select the optimal model. The results of finite element models 
in the ABQUS software panel will give rational behavior of the load curve- location change. And 
comparing of structural behavior and lighting of this Ceiling type shows its superiority to other 
roofs such as Block joists and concrete slab from flat plates kind and it seems that it can be an 
appropriate alternative for these types of roofs in the apartment buildings with the ability to and 
prefabricated slab and their manufacturing plant, a lot of time saving on making and sublimation 
of work quality will be obtained. 
 Keywords: sandwich panel, light construction, pre-fabricated, finite element software, flat slab 
1-Introduction:  
Due to increasing Country's need for housing and high construction costs in the traditional way 
which waste materials, are Labor and capital. benefiting from  new technologies in the 
construction and to look beyond industrial building construction methods makes optimal use of 
the materials, manpower and time will be executed that subsequently acquired reducing the cost 
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of construction, reduction of dead loads on the structure, buildings risk against earthquakes and 
increase the longevity of buildings. 
 
Main structural load is concentrated on the roof, behavior of inside and outside the plate's roof is 
very important in the modeling and gravity and seismic loads distribution. 
Compared to all the ceilings, concrete slab due to plastic behavior and went-back, has functional 
in structure stability against fluctuations of the earthquake. Signifiers (slabs)as the first members 
to withstand gravity loads and lateral loads as well as the task of creating the floor rigid and 
transfer lateral forces to the bearing member is responsible for a significant portion of the overall 
weight of the structure itself that its share of the overall weight of evidence depends on the type 
of structure. Reinforced concrete slab due to advantages such as behavior, plasticity, the ease of 
implementation and proper thickness of the slab is used common and frequently. This implies a 
great flexibility and a huge slab of apertures to control their weight loads should rise against its 
rigidity increases with thickness increasing to ensure that the weight of the structural and non-
economic. The biggest drawback is that they are heavy concrete slab roof. One of the new 
technologies in line with the style of prefabricated sandwich roof structures, is implementing a 
concrete slab, which can be used commonly as a replacement for the slab of closed concrete  
  2 - The system of prefabricated concrete sandwiched slab  
The suggested sandwich slab primarily developed structures for use in whereas it can also be 
used in the construction requirements. Concrete sandwich panels, including a three-layer 
structure of different materials, a layer of concrete, and the upper strengthen layer, a thick layer 
of concrete with holes or without holes as central or core layer and a thin steel sheet or  congress 
or a layer of reinforced concrete and fire-resistant stretch as the substrate.  

3. The  finite element model characteristics 
On This study by using the idea of the proper application of hybrid structures, sandwich 
structures have been introduced. In order to make a buck style of quaternary structures ,two 
examples of unilateral and bilateral sandwich prefabricated concrete slab in accordance with the 
standards contained in the software ABAQUS was Modeled and analyzed. These 8 panels include 
four panels with dimensions of 200 x 120 m and 4 panels with dimensions of 200 * 75 cm. The 
panels are made in such a way that each of the composite slabs is treated roughly. Panels 2 * 
0.75 yards are greater than a smaller dimension of b which is equal to 2.67. It can be considered 
as a unilateral slab panels with dimensions 2 * 1.2 M with an aspect ratio  as a 

bilateral slab.  
4 – Studied prefabricated sandwich panels   
 
A) Prefabricated concrete sandwich slab with a three-layer of concrete:  
This model consists of two unilateral (P1-2) and bilateral panels (P2-2 ) that Consist of three 
layers: a layer of high resistance refractory concrete as the upper layer (compressed) with a 
thickness of 50 mm and Longitudinal and transverse reinforcing bars network of  reinforcement 
concrete with a diameter of 6 mm with a spring  of  10 0x 100 mm, concrete covering over rebar 
of 25 Mm, the middle layer consists of a thick concrete 8 0 Mm, the lower layer consists of a 
layer of reinforced concrete and fire-resistant traction thickness of 30 mm and a network of 
longitudinal and transverse reinforcement bars in concrete with a nominal diameter of 10 mm 
and the concrete covering  with 20 mm. two layers of reinforced concrete with steel truss shear 
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connectors up to 6 mm in diameter are formed and at the 250 Mm spaces from each other, 
connect to each other.  
 
 
Figure 1- consists of three layers of sandwich concrete panels  
 
 

 
 
 
 
 
 
 
 

 
 
Fig 2.-Network of three layers of rebar in concrete sandwich panels  

 
 
B) Prefabricated concrete sandwiched slab by two layers of concrete:  
This model includes two unilateral (P1- 1) and bilateral panels (P2- 1) that is similar to mode A, 
except that in this model, the refractory concrete of lower layer is removed that only cover the 
rebar and the minimum thickness and has no property since the light concrete of the middle layer 
can play the same role and we use the lighted concrete of middle layer.  

 
 
 
Fig 2- prefabricated concrete sandwich panels with two concrete layers  
C) Prefabricated concrete sandwiched slab by two layers of concrete and flat steel plate   

  
This model consists of two unilateral (P1-3) and bilateral  panels that (P2-3) consists of three 
layers: A high-resistance layer of reinforced concrete  as the upper layer (compressed) with a 
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thickness of 50 mm and a rebar’s network of longitudinal and transverse reinforcement concrete 
with a diameter of 6 mm with a spring 10 0 x 100 mm , concrete covering is used over rebar  25 
mm, the middle layer consists of a 110 mm thick concrete, and at the lower layer instead of 
concrete  a  galvanized flat steel sheet with a thickness of 5 mm. that  acts by Sectioning that are 
welded on the surface with the middle concrete layer as a composite.   
 
 

 
 
Fig 3- Prefabricated concrete sandwiched slab with two layers of concrete and a layer of flat steel 
sheet  
D) Prefabricated concrete sandwiched slab by two layers of concrete and, a congressional steel 
sheet:  
This model includes two unilateral (P1- 4) and bilateral panels (P2- 4) which are similar to cases 
on C, except that at the lower layers the Congressional Steel sheet is used.  
 

 
 
Figure 4- Sandwich panels with galvanized steel sheet  
1 -4 the mechanical properties of Layers panel studied:  
A) Upper layer:  

Ec=27386mp
a 

=0.2  
  

Fc=30mpa concrete  

Es=210000m
pa  

=0.3  Fy=300mpa           Steel   

 
B) Lower layer:  
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Ec=22913mp
a 

=0.2  
  

Fc=21mpa concrete  

Es=210000m
pa  

=0.3  Fy=400mpa           Steel   

 
     C) The middle layer (core):  
  In this layer, the pro- Autoclaved concrete B category. E-1.6 Is used, in accordance with Iran 
national standard of 8593.Millions of fans are bubbles in the porous structure. Sound and heat 
insulation, light weight, resistance to fire and decay of the unique properties of concrete is 
autoclaved fans.  
Raw consumed materials that are used in the preparation of this concrete are as follows:  
Silica, gypsum, cement, lime, aluminum powder  
The percentage of raw materials according to the specific gravity of the product is different.  

    
 

 
 Figure 5) autoclaved lightweight concrete (After the cooking process in the furnace) 
 
 

  

Ec=3000mpa =0.15  
  

Fc=7.5mpa Concrete  

Es=210000mp
a  

=0.3  Fy=300mpa   
Shear Steel  

 
5 - Modeling and analysis of nonlinear finite element ABAQUS software  
In this study, ABAQUS software is used Due to features such as "appropriate graphical 
environment, creating complex models, accuracy and high speed, ease of application and a 
change in the different  modules of program and the possibility to define compensation and very 
versatile output and ...". On the modeling it has been effort to minimize the Simplification and 
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geometric model and other characteristics are completely similar to the original and applicable 
model.  
While the loads are static, due to the crunchy and nonlinear material behavior ,the analysis by 
using the central difference method and using a dynamic explicit steps (Dynamic Explicit) is 
conducted that is a dynamic method that is the best option for changing large forms and complex 
contact problems. It has a top speed of solution, the above convergence in a smaller time period, 
automatic call detection, higher permeability of two pieces, the capability to easier analysis of 
very large forms deformation, better ability at non-linear cases.  
For modeling of concrete solid element and steel rebar’s of the wire element and plate used the 
Shell elements. That upper and lower network layers and the shear bar connecting two panels 
used in the Module Assembly are Linked together by using the Merge. At the all samples to 
determine the bearing capacity of the one spot (RF) Reference slab is considered in the center of 
it, to measure the maximum displacement of the span and the ability to draw different graphs. On 
the Mesh module by using a second-order equations for concrete layers in all samples the 
elements Hex (6 sided 20-node cubic elements) is used, and for steel plate using Hex Elements 
Not practical and Quad element is used. Mesh size in all samples due to the complexity of the 
model and the accuracy of the analysis is 5 cm.  
rebar’s network in concrete layer to bind Embedded region is bounded and with  considering the 
performance of composite sandwich panels, concrete layers were closed with Tie shackles 
together so  that  behavior is quite similar to the composite (Composite). The lower layer of steel 
congressional panel that is flat, the Tie constraint is used instead of cutting the sheet surface 
modeling that provides full composite action between the steel and the concrete.  
Optional modules in ABAQUS software systems: Length (m m), force (Newton, N), time 
(seconds, s) and other units are based on these units.  
6 - The behavioral model of the concrete 
To describe nonlinear behavior of concrete of Concrete Damaged Plastticit Behavioral model 
(Hybrid model for plastic - concrete damage) which is the most sophisticated and widely used 
behavioral model, will be used to simulate concrete. This model is able to simulate the cyclic 
behavior of concrete as well as much more.  
In this study one of the most famous models in the study of non-confined concrete behavior of the 
Park, Kent [2] is used. The relation of this model as follows:  

  
 
In this relation       are Compressive stress and strain, respectively,   and  are 
compressive strength of cylindrical specimens of non-Confined Concrete and its corresponding 
strain respectively. Paulay and Park [3] reported the value of about 0.002. In this study, the 
value of this parameter   is considered equal to 0. 002. This relation can make a parabola. 
Ofcourse, its behavior after reaching the compressive strength of concrete as a nonlinear and on 
continuing this line Cylindrical concrete specimens of Compressive Strength approximately 20 
percent will be continued and disconnect that This is not far from the reality given that High 
compressive strain of concrete Keeps approximately 20 percent of their strength. 
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Figure 6) comparison of the graphs of used Stress-strain concrete behavior in the sandwich 
panels 
 
 
7 - Unilateral and bilateral prefabricated concrete sandwich slab Models 
Sandwich panels with unilateral and bilateral performance under bending in the form of three-
dimensional are modeled. Unilateral panels at both ends have the joints fulcrum and bilaterally 
in all four bottom panels has the joints fulcrum. The implying load is obtained on the control a 
shift in the center of the slab. Since steel and concrete as the nonlinear material are presented; 
nonlinear analysis was performed. Assumptions that are considered at creating of models are as 
follows:  
   
  
1 -no relative slip between steel and concrete will happen.  
2 -slip between the longitudinal reinforcing bars and shear connectors is ignored.  
3 -steels longitudinal and shear connectors are not separated.  
Investigated panels in this study are quite similar in size and material components. Spread load 
of panels and displacement operations (mm20) are placed in the center. Ratios of 1.67 and 2.67 
are appearance of panels. Sandwich panels for prefabricated concrete slabs for unilateral 
behavior must be greater than 2. While the panel with an aspect ratio less than 2 behave as the 
bilateral slab. The first index (Pa-b) represents Unilateral or bilateral, while the second panel 
shows the number of panels.  

  
 
11. Unilateral prefabricated concrete slab sandwiched performance  
After analyzing each model using ABAQUS software the equal force to cause displacement at 
the slab center is achieved and Graph of force - displacement is plotted on Mid-span of panels. 
(Figure 8 and 7) 
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Figure 7) Energy diagrams - unilateral concrete sandwich panels under uniform load shift  

 
 
Figure 8) the force - displacement graphs of unilateral concrete sandwich panels with 20mm 

displacement operations in the center of the slab   
 

Figures 9 show examples of output contours Numerical analysis of nonlinear Abaqus software 
unilateral panel (P2). 

    

  
 
A) Sandwich panels with three layers of concrete ( 2 -1 P B)) sandwich panels with two layers of 
concrete ( 1 -1 P )  
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C) Sandwich panels with two layers of concrete and congress steel sheets (4 - 1 P) D) sandwich 
panels with two layers of concrete and flat steel sheets (3-1P) 
 
Figure 9) Three-dimensional view Of Abaqus deformation ( Ut-U33 ) of unilateral sandwich 
panels under uniform load  
11. Bilateral prefabricated concrete slab sandwiched Performance  
After analyzing each model using ABAQUS software the equal force to cause displacement at 
the slab center is achieved and Graph of force - displacement is plotted on Mid-span of panels. 
 
 
 
 
 
 
Figure 10) Energy diagrams - Bilateral concrete sandwich panels under uniform load shift  
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Figure 11) the force - displacement graphs of bilateral concrete sandwich panels with 20mm 
displacement operations In the center of the slab  
 
 
 
Figures 12 show examples of output contours Numerical analysis of nonlinear Abaqus software 
bilateral panel (P2).  
 
 
 
  
 
 

  

 
A) Sandwich panels with three layers of concrete (2-2 P) b) sandwich panels with two layers of 

concrete (1 -2P) 
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 C) sandwich panels with two layers of concrete and steel sheets congress (4 - 2P) 

D) sandwich panels with two layers of concrete and flat steel sheets (3-2P) 
Figure 12), three-dimensional view of the deformation Abaqus (Ut-U33) bilateral 
sandwich panels under uniform 

 
 Compare Panels weighs  

 

Comparison of panels weight  
  
 )m2/kg( the weights of sandwich panels  

With 
three 
layers of 
concrete  

With 
two 
layers 
of 
concrete  

Two layers of 
concrete and sheet  

Two layers of 
concrete and 
steel 
Congressional  

266  220  245  255  
12  

 

  

12) The results of analyzing 
Prefabricated concrete slab sandwiched by two layers of reinforced concrete has the best 
performance in a wide equal and centralized surrounding plain bearings, in one-way and two-
way of lighting. So it is selected as the optimal panel to use a prefabricated sandwich slabs. 
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Figures 13)-precast Concrete (prefabricated) sandwich panels with two layers (improvement 
slab) 
 
 
Results:  

1. The existence of autoclaved lightweight concrete (porous) on concrete core sandwiched 
slab reduces roof weight compared to conventional concrete slab   about by 44% and the 
structural load on other components such as columns, beams and the foundation.  

2. Load shift in the center of the slab, the lower layer of steel panels in Congress sided with 
the final load is about 40% more than the reciprocal due to the two-way is the steel plate 
in the steel plate in Congress is a single longitudinal and perpendicular to the tensile and 
compressive forces in Congress against a weakening and ultimate load is less disruptive.  

3 -Structurally the roof that could be a conflict with the skeleton structure, the seismic 
oscillations provide structural stability, are useable. Thus concrete slab of concrete roofs 
absolutely have good performance. The biggest drawback is that they use a heavy concrete 
slab roof sandwich roof can reduce the weight of the concrete slab.  
4-the use of industrial and construction materials with new properties such as style, 
functionality back into the building life cycle, low heat transfer coefficient, is unavoidable in 
today's construction industry. Tess of the ties created by the government in order to enter or 
expand manufacturing technology and performance of the building will be a major step 
forward in building materials.  
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