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Abstract— Prefabricated Cage System (PCS) can be used as 

an alternative to the traditional rebar system.PCS is a 

prefabricated reinforcement that enables easier, faster and 

more reliable construction. PCS reinforcement is 

prefabricated off site and then placed inside the formwork 

eliminating the time consuming and costly labour associated 

with cutting, bending and tying steel bar in traditional rebar 

construction. Behaviour of column specimens reinforced 

with a Prefabricated Cage System (PCS) is investigated. A 

total of 3 Prefabricated Cage Columns is selected and it is 

subjected to both seismic loading horizontally. The stress-

deformation results are evaluated in ANSYS. The effect of 

different parameters, such as the tube thickness, perforation 

pattern are also investigated analytically. 
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I. INTRODUCTION 

Prefabricated Cage Structures (PCS) is an alternative to the 

traditional rebar cage used in traditional reinforced concrete 

for faster, easier, and more reliable construction. . PCS is 

fabricated by perforating hollow steel tubes or steel plates. 

The openings can be provided on steel plates or tubes either 

by punching or using cutting methods such as laser cutting, 

plasma cutting, flame cutting, milling, or abrasive jet cutting. 

The resulting PCS acts as transverse and longitudinal 

reinforcing steel, working compositely with the surrounding 

concrete to resist applied loads. PCS reinforcement is 

prefabricated off-site and then placed inside the formwork 

eliminating the time consuming and costly labour associated 

with cutting, bending, and tying steel bars in traditional rebar 

construction 

A. Previous Studies 

Mohammad Shamsai conducted an experimental test on a 

total of 16 small-scale PCS and rebar reinforced column 

specimens with normal strength concrete. The experimental 

data indicate that the PCS reinforced specimens have better 

performance and are more ductile than the equivalent rebar 

specimens. The main parameters studied were the tube 

thickness, and crossties on the specimen’s strength and 

deformation capacity. Results of the study revealed that The 

PCS reinforced specimens with crossties have higher peak 

strength with higher residual strength section resulting in 

better ductile behaviour and higher energy absorption 

Crossties when used with PCS reinforcement helps to 

increase the concrete confinement, axial strength and 

displacement capacity. It can be seen that, on average, the 

PCS reinforced specimens absorb 80 percent higher amount 

of energy than rebar reinforced specimens. PCS reinforced 

specimens with thicker plate thicknesses absorb more energy 

than those with thinner plates. Test results indicate that PCS 

reinforcement with thicker tubes provide higher strength and 

better displacement capacity. Halil Sezen carried out 

laboratory tests on 15 small scale column specimen 

reinforced with PCS and rebar to find the axial strength, 

confinement and displacement capacity. Test results shows 

that axial load capacity of specimens reinforced with PCS is 

better than that of reinforced concrete specimens. The 

concept, behaviour and characteristics of a beam column joint 

having PCS is evaluated. By using PCS as column 

reinforcement with smaller openings in the joint region, the 

strength of the column in the joint region may be increased. 

This increase forces the plastic hinge to form in the beam, 

which is more desirable. The joint can connect a PCS 

reinforced column to beams reinforced by rebar or PCS. 

Several studies were conducted on PCS reinforced beam-

column joints in this paper Uusing PCS results in a 33.3% 

time savings over rebar for each column. Using PCS results 

in a 7.1% cost savings over rebar for each column. The results 

shows an average saving of 33.3% on total project cost, 

22.2% on total column cost,20.4% on total project time 

period and 33.3% on column construction time period. The 

conclusion was made that using PCS is much beneficial than 

using the conventional reinforcement system. Therefore, 

review on the previous works will give sufficient information 

for the present study. 

 
Fig. 1: PCS Reinforced Colummn with Rectangular Cross 

Section 

II. MATERIAL PROPERTIES 

 
Table 1: Material Property of Prefabricated Steel Cage 
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Table 2: Material Property of Concrete Column 

III. FINITE ELEMENT ANALYSIS 

The Finite Element Analysis (FEA) is the simulation of any 

given physical phenomenon using the numerical technique 

called Finite Element Method (FEM). Finite Element 

Analysis (FEA) is a computer based method of 

simulating/analysing the behaviour of engineering structures 

and components under a variety of conditions. It is an 

advanced engineering tool that is used in design and to 

augment/replace experimental testing. Engineers use it to 

reduce the number of physical prototypes and experiments 

and optimize components in their design phase to develop 

better products, faster. ANSYS is one of the largely 

acceptable computational FEM solver module available. In 

this study, the finite element model was solved using ANSYS 

18.1 static structural module 

IV. FINITE ELEMENT MODELLING 

ANSYS is a finite element analysis (FEA) code widely used 

in the computer-aided engineering (CAE) field. ANSYS 

software allows engineers to construct computer models of 

structures, machine components or systems; apply operating 

loads and other design criteria; and study physical responses, 

such as stress levels, temperature distributions, pressure, etc. 

It permits an evaluation of a design without having to build 

and destroy multiple prototypes in testing. 

 The ANSYS computer program is a general purpose 

Finite Element Modeling Package for numerically solving a 

variety of engineering problems. These problems include 

static and dynamic structural analysis (both linear and non-

linear), steady state and transient heat transfer problems, 

mode-frequency and buckling analyses, acoustic and 

electromagnetic problems and various types of field and 

coupled-field applications. The program contains many 

special features which allow nonlinearities to be included in 

the solution such as plasticity, large strain, hyper elasticity, 

creep, swelling, large deflections, contact, stress stiffening, 

temperature dependency, material anisotropy and radiation. 

 All users, from designers to advanced experts, have 

benefit from ANSYS structural analysis software. The 

reliability of result achieved through the wide variety of 

material model available, the quality of the element library, 

performance permanency of solution algorithms, and ability 

to model from every single parts to complex assemblies. 

 The ANSYS finite element program (ANSYS 18.1), 

operating on a window x64 system, was used in this study. 

Each program, however, has its own nomenclature and 

specialized elements and analysis procedure that need to be 

used properly. 

Major steps involved for analysis in ANSYS are: 

1) Pre-Processing 

This stage includes define field variables and required 

specification, choose proper element types, define material 

properties as per material type and required analysis as linear 

and nonlinear material properties, geometric properties are 

defined with modelling, assign element type before meshing 

and at last mesh with suitable element size. 

2) Solution Stage 

This stage involves define boundary conditions and loadings. 

Also, choose type of analysis and solve the problem. 

3) Post-Processing 

At this stage the results of analysis are obtained numerically 

(results of solutions are listed for the forces) and graphically 

(plotting of deformed shapes and graphs). 

A. Element Type & Characteristics for Finite Element 

Model 

1) Concrete 

Concrete generally exhibits large number of micro cracks, 

especially, at the interface between coarse aggregates and 

mortar, even before it is subjected to any load. The presence 

of these micro cracks has a great effect on the mechanical 

behaviour of concrete, since their propagation during loading 

contributes to the nonlinear behaviour at low stress levels and 

causes volume expansion near failure. 

2) Solid 65  

Solid 65 is used in modelling of concrete, This element has 

eight nodes with three degrees of freedom at each node 

translations in the nodal x, y, and z directions.Solid65 is used 

for the 3-D modelling of solids with or without reinforcing 

bars (rebar). The solid is capable of cracking in tension and 

crushing in compression. The concrete element is similar to a 

3-D structural solid but with the addition of special cracking 

and crushing capabilities. The most important aspect of this 

element is the treatment of nonlinear material properties. The 

concrete is capable of cracking (in three orthogonal 

directions), crushing, plastic deformation, and creep. The 

rebar are capable of tension and compression, but not shear. 

They are also capable of plastic deformation and creep. The 

solid capability of the element may be used to model the 

concrete while the rebar capability is available for modelling 

reinforcement behaviour. 

 
Fig. 2: SOLID 65 Element 

3) Steel Cage 

The reinforcement can be provided in two different ways 

either discrete or smeared. The discrete model uses bar or 
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beam elements that are connected to concrete mesh nodes. So 

the concrete and reinforcement share the same nodes. 

4) SHELL181  

SHELL181 is well-suited for linear, large rotation, and/or 

large strain nonlinear applications. Change in shell thickness 

is accounted for in nonlinear analyses. In the element domain, 

both full and reduced integration schemes are 

supported. SHELL181 accounts for follower (load stiffness) 

effects of distributed pressures 

 
Fig. 3: SHELL 181 Element 

 
Table 3: Dimensions of Prefabricated Cage 

 

 
Fig. 4: Modelled View of Prefabricated Cage Columns with 

Circular, Square & Rectangular Perforations 

 A loading plate is given at the top of the column to 

avoid local buckling. The meshing is the important step .This 

is the process of discretization of the structure to obtain 

accurate results. Finer the mesh size accuracy also increases. 

To obtain good results from the Solid 65 element, a fine mesh 

of 15mm is used and for the shell 181 element, a mesh of 

10mm is used. The top plate is given an automatic meshing. 

Therefore, the mesh is setup such that square or rectangular 

elements are created. This properly sets the width and length 

of elements in the concrete support and makes it consistent 

with the elements and nodes in the concrete portions of the 

model. 

 
Fig. 5: Meshed View of Concrete Column & Prefabricated 

Cage 

 Then bottom was given fixed support and monotonic 

loading was done at top loading plate. Loading plate was kept 

to avoid local buckling. 

 
Fig. 6: Loading & Boundary Conditions of Axial Loading 

 Cyclic loading is applied horizontally as per as per 

the specifications of ATC 24. The cyclic loading program 

adopted has 27 cycles 

 
Fig. 7: Cyclic Horizontal Loading History 

 
Fig. 7: Loading & Boundary Conditions of Cyclic Loading 
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V. RESULTS & ANALYSIS 

 

 
Fig. 7: Deformation Pattern of PC Columns with Circular, 

Square & Rectangular Perforations Subjected to Axial 

Loading 

 
Fig. 8: Comparative Load-Displacement Curve 

 
Table 4: Comparison of Results of Axial Loading 

 The analysis results shows that among the 3 patterns 

of perforation, circle shows the least deformation on applying 

the same load. Square perforations show the maximum value 

of deformation and the rectangular perforations show an 

intermediate value of deformation when an axial load of 1075 

kN is applied. 

 

 
Fig. 9: Deformation of PC Column with Circular, Square & 

Rectangular Perforation Subjected to Cyclic Loading 

 
Fig. 10: Comparative Hysteresis Loop under Cyclic Loading 

 
Table 5: Comparison of Results of Cyclic Loading 

 The analysis results shows that among the 3 patterns 

of perforation, rectangular perforations shows the least value 

of deflection whereas square perforations shows the highest 

values. The deformation shown by the circular perforations 

lies as an intermediate value. 

VI. CONCLUSIONS 

The strength behaviour of PCS under axial and cyclic loading 

was studied using numerical analysis by changing the 

perforation patterns. The influences of parameters such as 

spacing of steel cage, steel tube thickness were also noted. 

Interpretation of the results shows that among the 3 patterns 

of perforations, columns having circular perforations show 

the best results. From the studies, it can be concluded that 

 Performance of circular perforated PCS are very 

effective over square and rectangular perforated PCS 

under axial and cyclic loading. 

 Thus the circular perforated PCS are well suited for 

seismic Regions than square and rectangular perforated 

PCS. 

 Circular perforated PCS are superior to square and 

rectangular perforated PCS. 

 Circular cross sections are more resistant to buckling 

as compared to the rectangular and square cross sections. A 

rectangular and square perforation has got 4 corners. Corners 

and folds acts as a point of weakness due to their stress 

concentration. A circular perforation doesn’t have any such 

corners and folds and thus load distribution becomes even. 

Furthermore, circular cross sections will have uniform torsion 
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characteristics. Thus the resistance to deflection of a circular 

cross section is higher than that of rectangular and square 

with the same area. Among the rectangular and square 

perforations, columns having the rectangular perforations 

possess greater strength. They have higher moment of inertia 

about one axis 
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