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Abstract— The use of composite structures is increasingly 

present in civil construction works. Steel-concrete 
composite beams, particularly, are structures consisting of 

two materials, a steel section located mainly in the tension 

region and a concrete section, located in the compression 

cross-sectional area, both connected by metal devices 

known as shear connectors. Double steel-concrete composite 

continuous beam is a new structural system developed on 

the basis of single steel concrete one, in which there is also a 

bottom reinforced concrete slab connected to a steel profile 

in the negative moment regions through the head studs, 

therefore with two interfaces. Ansys 19.2 computer program 

has been used to develop a three-dimensional nonlinear 

finite element model in order to investigate the fracture 
behaviours of continuous double steel-concrete composite 

beams, with emphasis on the beam slab interface. Three 

beam models with varying number of the steel sheets in 

concrete beam have been addressed. The associated 

constitutive results such as the ultimate loads, the maximum 

deflections, the interface slip and slip strain values are 

presented. 

Keywords: Composite beams, Finite element modelling, 

double composite action, Ansys 

I. INTRODUCTION 

Steel-concrete composite beams, particularly, are structures 

consisting of two materials, a steel section located mainly in    

the tension region and a concrete section. Double steel-

concrete composite continuous beam is a new structural 

system developed on the basis of single steel concrete. A 

parametric study has been carried out in order to investigate 

the effect of some parameters on their fracture capabilities, 

such as steel beam height, lower slab thickness and length, 

stud’s diameter and arrangement method. 
The use of composite structures is increasingly 

present in civil construction works. Steel concrete composite 

beams, particularly, are structures consisting of two 

materials, a steel section located mainly in the tension 

region and a concrete section, located in the compression 

cross-sectional area, both connected by metal devices 

known as shear connectors. One type of these connectors is 

called head studs. The main functions of these studs are to 

allow for the joint behavior of the beam-slab, to restrict 

longitudinal slipping and uplifting at the elements interface 

and to take shear forces.  Steel-concrete composite beam is a 
new structural system developed on the basis of single steel 

concrete one, in which there is also a bottom reinforced 

concrete slab connected to a steel profile in the negative 

moment regions through the head studs, therefore with two 

interfaces. Comparing with the traditional single steel-

concrete composite continuous beam, its advantage is that 

effectively limits the crack width of the negative moment 

area, and also improves the stress state of section, so that it 

is suitable to the composite continuous beam with a larger 

span. The mechanical properties of the double composite 

beam obviously depend on their respective properties and 
interactions.  In the negative applied bending moment area, 

the concrete slab cracks under tension and then the interface 

slip occurs between steel profile and concrete slab, with 

non-linear features, it makes great impact on the structure of 

the internal forces and deformation. Therefore, it is 

necessary to present a finite element model to study the 

mechanical properties of the double steel-concrete 

composite beam in negative moment regions. Although 

many experimental and theoretical studies for the traditional 

single steel-concrete composite beam have been done, few 

research studies have been found in references to the double 

steel-concrete composite continuous beam. 

II. AIM AND OBJECTIVE OF THE STUDY 

The main aim of the study is to study the behavior of the 

connections and design of composite members used in 

composite sections for different configurations under 

varying loading conditions. 

 To Analyze The Structural Performance Of Steel – 

Concrete Composite Sections. 

 To Investigate The Failure Pattern Of The Members For 

Different Parameters.  

 To Study The Comparative Analysis Of The Steel – 

Concrete Composite Section And RCC Members Under 

Flexural Performance.   

III. CHOICE OF STUDY 

The study was carried on Finite element modeling of steel 
concrete beam considering double composite action, 

 A numerical proposed model based on the finite 

element theory can be used to examine the geometrical 

and mechanical characteristics in steel-concrete 

composite beam with double composite action 

 The comparison of the strength capacity values 

obtained by the proposed and experimental models. 

 Validation of the results for the obtained results like 

deflection values, ultimate load carrying capacities and 

slip failures for corresponding strain values will be 

investigated. 

IV. EXPERIMENTAL ANALYSIS 

In this study, the results of the analytical models are 

compared with experimental results obtained from casting of 

beam specimens with the same dimensions. Validation of 

the results for the obtained results like deflection values, 

ultimate load carrying capacities and slip failures for 

corresponding strain values will be investigated on any one 

specimen showing optimum performance from the 
analytical analysis.  
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V. ANALYTICAL ANALYSIS 

Finite Element Analysis (FEA) is an accurate and flexible 

technique to forecast the performance of a structure, 

mechanism or process under different loading conditions. A 

general finite element procedure with a particular emphasis 

on composite members using ANSYS finite element 

software package is presented here. FEA is now commonly 

used early in a design process to try out new concepts and 

optimize before any physical prototypes are made and 

tested. The three main stages in an FEA are: generation of 

the model, solving the model, and saving and reviewing the 
results. Finite element models of the structure were also 

developed results on compared to the data obtained from the 

tests. Based on the results of these analyses, 

recommendations for design are made that allow accurate 

determination of composite beam. As per previous study, 

there are many analytical studies in the published literature, 

however, there are very few studies based on laboratory 

tests. The consensus of published literature generally is that 

the behavior of a composite beam depends primarily on the 

behavior of the connection between the slab and beam. 

Along with theories to explain the behavior of the 
connection there are complex methods of exact analysis, 

simplified approximate analysis methods, and methods that 

use finite element analysis. 

VI. LITERATURE REVIEW 

 Pallavi Harish Wagh, S. K. Kulkarni, Vishwajeet 

Kadlag deals with the Comparative Study of the 

composite and concrete structure. The composite 

structure is more prominent over steel and concrete 
structure in relation to Strength, Costs, and Time Period 

requirements. There is no need for formwork because 

the steel beam is able to sustain its self-weight of steel 

and concrete, by itself or with the assistance of a few 

temporary props. This Paper also deals with the design 

of composite building structures with a fixed base. In 

this paper Seismic analysis of a multi-story residential 

building is made by using different construction 

materials like Concrete, Structural Steel and Composite 

of Structural Steel and Concrete.  

 Anargha.B.S, Mithulraj.M have made an attempt to 
study the behavior of reinforced concrete, steel and 

composite structure under the effect of seismic loading. 

Developing a sustainable construction in India, 

reinforced concrete structures are generally used for 

being most convenient & economical system for low-

rise buildings. Steel concrete composite construction is 

not adopted widely because of out of league analogy 

and involved complexity in its analysis and design. The 

combination of steel and reinforced concrete, thereby 

utilizing the unique characteristics of the two materials, 

generally results in structures of greater economy and 

safety than either material alone could achieve. Because 
of this, engineers have been continually interested in 

finding practical and effective ways of joining the 

materials, in developing new design concepts, and in 

establishing requirements for satisfactory performance.  

 R.Aparna Shetty , R.Master Praveen Kumar The present 

work seeks to research the seismic behavior of a high 

rise building with composite columns and building with 

shear walls & composite column and also with bracings 

and composite column, building with composite 
column, bracings, shear walls are examining the key 

style problems involved. The current study deals with 

unstable behavior of multi storied framed structure 

assessed through equivalent static technique of study as 

per IS: 1893-2002 for zone III & zone V in three soils 

(Soil-I soil-II soil-III) by using ETABS software (2016 

version). The analyses performed on a collection of two 

forms of standard moment resisting framed 3D area 

models with totally composite columns. The analysis is 

provided and therefore the results compared in terms of 

important earthquake response parameters like Base 

shear, storey displacements and lateral forces on 
building elevation. 

 Muhammed Sabith K, Dr. Sabeena M. V made an 

attempt to study the effect of stud shear connector in 

composite structures and is compared with the 

conventional RCC structure. RCC and steel 

constructions have made incredible developments in 

India for the last decades. These concrete and steel 

constructions may undergo certain deteriorations due to 

some defect in material properties, weaker bond 

strength or subjected to overloading if years pass by. 

Here is where the shear connectors play a major role in 
composite structures. This study is carried out on plan 

irregular structures with medium rise building of 10-

storey. Modelling and analysis has been done to 

estimate the behavior of shear connector in plan 

irregular structures and is compared with RCC 

structures. Its variation with respect to RCC structure is 

found to choose a best construction method. The 

parameters considered are storey displacement, base 

shear, storey drift, stiffness, axial force in columns, 

shear force in beams and mass of the structure. The 

provisions of IS-11384 1985 is considered. The seismic 
behavior of these structures is evaluated by Response 

spectrum analysis with the help ETABS V 16. The 

result shows that the composite structures have bright 

future in India in the area of construction of any plan 

irregular structures.  

 Rajendra R. Bhoir, Vinay Kamble2, Darshana 

Ghankute analyzed and designed. Two residential G+15 

storied Composite and RCC structure in ETAB 

software with two different story heights,3m and 4m. 

Composite structure is a structure made with steel and 

concrete where hot rolled steel sections are used as 

structural members. Now-a-days construction has 
gained wide acceptance worldwide as an alternative to 

pure steel and pure concrete construction. The use of 

steel in construction industry is very low in India 

compared to many developing countries. There is a 

great potential for increasing the volume of steel in 

construction, especially in the current development 

needs India and not using steel as an alternative 

construction material and not using it where it is 

economical is a heavy loss for the country. It is found 

that the depth of beams in composite structure is lesser 

than of RCC structure, which results to also reduce the 
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sizes of columns in composite structure. It is also seen 

that the concrete and steel consumption in composite 

structure is less but as we are using hot rolled sections 
the structural steel consumption is increased. 

 Bhavin H. Zaveri, Jasmin A. Gadhiya, Hitesh K. 

Dhameliya shows comparison of various aspects of 

building construction for steel, RCC as well as 

composite buildings considering various researches 

acted on this topic. In India concrete is very popular 

material of construction especially in case of medium 

and low rise buildings. And in case of high-rise 

buildings steel is generally used and the composite 

construction is not such popular but it is possible that 

composite construction can be more beneficial in case 

of medium and high-rise buildings. Steel concrete 
composite construction can be built in place of RCC 

structures to get maximum advantage of steel and 

concrete and to produce efficient and economic 

structures. It is the decision of contractor or owner that 

which type of properties they require in the field and 

according to those properties the type of material can be 

chosen.  

 Syed Fahad Ali1 S. A. Bhalchandra have performed 

comparison of seismic performance of G+5, G+10, 

G+15 buildings of continuous RCC frame and 

continuous composite frames and simply supported 
composite frames is presented situated in earthquake 

zone V with the help of different parameters like 

deflections, base shear, story drift, self-weight, cost. For 

high rise constructions RCC structures are more bulky 

and having more seismic weight and are less ductile in 

nature as compare to composite structures Equivalent 

static method is used for seismic analysis ETABS 2015 

software is used. Comparative study concludes that the 

continuous composite frames are more ductile as 

compare to RCC structures and having deflections 

within acceptable limits and are more economical as 
compare to RCC structures. 

 Varsha Patil, Shilpa Kewate in their study have 

mentionaed that Reinforced concrete and steel are the 

materials that are mostly used in the framing system for 

most of the building. Steel members have the 

advantages of high tensile strength and ductility, while 

concrete members have the advantages of high 

compressive strength and stiffness. Composite members 

combine steel and concrete, resulting in a member that 

has the beneficial qualities of both materials. The 

present study is based on structural behavior of 

Composite, RCC and Steel structure when subjected to 
earthquake. In the present work RCC, steel and 

composite materials are considered for comparative 

study of G+5 story commercial building which is 

situated in earthquake zone III, the provisions of 

IS:1893 (Part 1) is considered.  

 D. R. Panchal and P. M. Marathe studied Steel-concrete 

composite systems for buildings are formed by 

connecting the steel beam to the concrete slab or 

profiled deck slab with the help of mechanical shear 

connectors so that they act as a single unit. In the 

present work, steel concrete composite, steel and R.C.C. 

options are considered for comparative study of G+30 

storey commercial building which is situated in 

earthquake zone IV. Equivalent Static Method of 
Analysis is used. For modeling of Composite, Steel and 

R.C.C. structures, ETABS software is used and the 

results are compared; and it is found that composite 

structure is found to be more economical 

 Qing Quan Liang, M.ASCE Brian Uy, M.ASCE Mark 

A. Bradford, M.ASCE and Hamid R. Ronagh applied 

the finite element method to investigate the flexural and 

shear strengths of simply supported composite beams 

under combined bending and shear. A three-

dimensional finite element model has been developed to 

account for geometric and material nonlinear behavior 

of composite beams, and verified by experimental 
results. The verified finite element model is than 

employed to quantify the contributions of the concrete 

slab and composite action to the moment and shear 

capacities of composite beams. The effect of the degree 

of shear connection on the vertical shear strength of 

deep composite beams loaded in shear is studied. 

Design models for vertical shear strength including 

contributions from the concrete slab and composite 

action and for the ultimate moment–shear interaction 

are proposed for the design of simply supported 

composite beams in combined bending and shear. The 
proposed design models provide a consistent and 

economical design procedure for simply supported 

composite beams. In this paper, the ultimate flexural 

and shear strengths of simply supported composite 

beams in combined bending and shear are investigated 

by using the finite element analysis method. A three-

dimensional finite element model, which accounts for 

geo metric and material nonlinear behavior of 

composite beams, is described in detail. The finite 

element model is verified by corresponding 

experimental results. The verified finite element model 
is then used to study the interaction behavior of 

composite beams subjected to combined actions of 

bending and shear. The effects of shear connection on 

the vertical shear strength of composite beams are 

investigated. Based on the numerical results, design 

models for vertical shear strength and for moment-shear 

interactions are developed for the design of simply 

supported composite beams. 

 David Leaf and Jeffrey A Laman presents laboratory 

test results and analyzes the ultimate flexural strength of 

the tested composite beams using currently available 

methods and compares to observed behavior. 
Additionally, simplified finite element models of the 

composite beam were developed with results also 

compared to the data obtained from the tests. Based on 

the results of these analyses, recommendations for 

design are made that allow accurate determination of 

composite beam flexural strength. The primary 

objective of this study is to understand and more 

accurately predict the behavior of a concrete slab on 

steel composite beam. This includes an evaluation of 

the longitudinal slab cracking on the behavior of a 

composite beam and the interface slip to better 
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understand the degree of interaction between steel and 

concrete in a composite beam with headed shear studs. 

The concluding objective of the study is to develop a 
simple model and corresponding analytical method to 

predict flexural strength of a composite beam. 

 Ehab Ellobody and Ben Young presents an 

investigation on behaviour and design of composite 

beams with stiffened and unstiffened web openings. 

The composite beams were simply supported and had 

profiled steel sheeting oriented transversely to the steel 

beams. Nonlinear 3-D finite element models were 

developed to analyse the inelastic behavior of 

composite beam components comprising the steel 

beam, concrete slab, profiled steel sheeting, headed stud 

shear connectors, reinforcement bars as well as 
interfaces among these components.  In addition, the 

load-slip characteristic of the headed stud shear 

connectors in composite slabs with profiled steel 

sheeting were carefully incorporated into the finite 

element models. The finite element models of the 

composite beams have been validated against published 

experimental results. The composite beams had 

different moment-to-shear (M/V) ratios at the openings, 

stiffened and unstiffened web opening sizes, web 

opening locations, profiled steel sheeting, shear 

connections, beam lengths, concrete slab strengths and 
steel beam strengths. The ultimate loads of the 

composite beams, load-deflection relationships and 

modes of failure of the beams were predicted from the 

finite element analysis and compared well against the 

test results. Furthermore, the variables that influence the 

composite beam behaviour and ultimate load 

comprising different stiffened and unstiffened web 

opening sizes, M/V ratios at openings, web opening 

locations, beam lengths, concrete strengths and steel 

beam strengths, were also investigated in an extensive 

parametric study.  It is shown that the ultimate loads of 
composite beams with stiffened web openings with 

horizontal stiffeners located above and below the 

openings, having an opening height equal to 0.6 the 

steel beam depth, can be considerably increased 

compared with that of unstiffened openings. It is also 

shown that the increase in structural steel strength has a 

remarkable effect on the composite beam ultimate 

loads. In addition, the ultimate loads of the composite 

beams with stiffened and unstiffened web openings 

predicted from the finite element analysis were 

compared with the design ultimate loads calculated 

using the Eurocode 4 and technical report SCI P355 
published by the Steel Construction Institute for 

composite beams with profiled steel sheeting and 

rectangular stiffened and unstiffened web openings. 

Generally, it is shown that the design ultimate loads 

accurately predicted the ultimate loads of the composite 

beams within an average of 6% difference from the 

ultimate loads predicted using the finite element 

analysis. 

 Anju. T, Smitha. K .K, In this paper, four different 

types of shear connectors have been analyzed and the 

best connector for a particular composite beam has been 

evaluated based on its performance under static load 

keeping the loading and the amount of steel in the 

connector as a common aspect. This paper evaluates the 
performance of various types of shear connectors 

commonly used in composite beam construction by 

conducting a nonlinear static analysis and comparing 

the displacements using the commercially used finite 

element package Ansys. Finite element analysis of the 

different types of steel shear connectors in a composite 

beam has been carried out. The nodal displacements at a 

load of 155kN is applied in increments and the 

corresponding displacements has been compared. 

Considering the results obtained from the finite element 

analysis, it can be concluded that the channel type shear 

connector has less displacement compared to the other 
types and the perfobond type connector shows 

maximum displacement for the given load. 

 Li Xiayuan, Wan Shui, Zhang Jiandong , Liu Wenjuan, 

Zhang Fengping studied the behavior of steel-concrete 

beam with Hybrid Full Web and Truss system subjected 

to four-point loading mode. Steel-concrete composite 

beam with HFWT system was investigated both 

experimental and computational using finite element 

technic. In the finite element analysis, test specimens 

were modeled using finite element software ABAQUS 

and a non-linear analysis was performed. A large 
amount of Finite element models was built. The effects 

of the shear span ratio l; the anglea between lateral truss 

plane and vertical plane in cross section; the angle b 

between inclined truss and vertical plane in longitudinal 

plane were reported. A shear strength equation that 

considers the shear contribution of the concrete flange 

and the shear strength provided by the web of the steel 

beam and inclined truss system is proposed. This paper 

describes the investigation carried out on the shear 

behavior of steel-concrete composite beams with 

HFWT system. The aim of this study is to determine the 
effects of concrete slab, central I-shape beam and lateral 

trusses to the s composite beams’ shear capacity. 

Calibrated finite element methods were adopted for 

these purposes. Steel beams and steel beams with 

HFWT system were also built to develop the 

benchmark results. 

 Richard Frans, Herman Parung, Achmad Bakri 

Muhiddin, and Rita Irmawaty performed numerical 

studies of composite castellated beam on certain 

loading condition (monotonic quasi-static loading). the 

presence of holes can develop various local effects such 

as local buckling, lateral torsional buckling caused by 
compression force at the flange section of the steel 

beam. Many studies have investigated the failure 

mechanism of castellated beam and one technique 

which can prevent the beam fall into local failure is the 

use of reinforced concrete slab as lateral support on 

castellated beam, so called composite castellated beam. 

Besides of preventing the local failure of castellated 

beam, the concrete slab can increase the plasticity 

moment of the composite castellated beam section 

which can deliver into increasing the ultimate load of 

the beam. The aim of this numerical studies of 
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composite castellated beam on certain loading condition 

(monotonic quasi-static loading). ABAQUS was used 

for finite element modelling purpose and compared 
with the experimental test for checking the reliability of 

the model. The result shows that the ultimate load of the 

composite castellated beam reached 6.24 times than the 

ultimate load of the solid I beam and 1.2 times 

compared the composite beam. 

VII. STEEL CONCRETE BEAM 

Steel and concrete is investigated in the context of 

composite beam with high strength concrete. Steel–concrete 
composite structures have become increasingly 

commonplace in modern constructions. They combine the 

high strength of steel with the stiffness and the compressive 

strength of concrete to form a very economical system and 

the high-strength concrete is selected as bonding 

connections require sufficient tensile/shear strength.  

VIII. CONCRETE-STEEL COMPOSITE STRUCTURES 

Steel-concrete composite structures have been used 

extensively in bridge structures, both highway and railway 

bridges, due to the benefits of combining the two 

construction materials, their higher span-to-depth ratio, 

reduced deflections, and higher stiffness ratios than 

traditional steel or concrete beam structures. For simply 

supported composite beams, the concrete is in compression 

and the steel is in tension, the composite section is strong to 

sustain the external loads.  

A. Composite Sections 

1) Composite Beams: 

A structural member composed of two or more dissimilar 

materials joined together to act as a unit in which the 

resulting system is stronger than the sum of its parts. An 

example in civil structures is the steel-concrete composite 

beam in which a steel wide-flange shape (I or W shape) is 

attached to a concrete floor slab. 

2) Composite Columns: 
Composite columns can have high strength for a relatively 

small cross-sectional area, meaning that useable floor space 

can be maximized. There are several different types of 

composite column; the most common being a hollow section 

steel tube which is filled with concrete; or an open steel 

section encased in concrete. 

B. Built up Section  

 A built-up beam is also known as compound beam. 

 The built-up beams are used when the span, load and 

corresponding bending moment are of such magnitudes 

that rolled steel beam section becomes inadequate to 

provide required section modulus. 

 Built-up beams are also used when rolled steel beams 

are inadequate for limited depth. 

 In building construction, the depth of beam is limited by 

a space provided by the architect. 

 Drawing beam of small depth do not provide required 

section modulus. Therefore, plates are attached to the 

beams. 

 The strength of rolled steel beams is increased by 

adding plates to its flange which is one of the method 

forming built-in section. 

 The other method is to compound a number of rolled 

steel sections themselves. 

IX. DOUBLE COMPOSITE ACTION 

Double composite action defined as attaching additional 

concrete to steel bottom flange to improve local buckling 

strength can be a way to increase the sectional stiffness. It 

has many advantages for construction while disadvantages 

also exist. 

X. RCC MEMBERS 

 Slab: Slabs are horizontal slab elements in building 

floors and roof. They may carry gravity loads as well as 

lateral loads. The depth of the slab is usually very small 

relatively to its length and width. 

 Beams: Long horizontal or inclined members with 

limited width and height are called beams. Their main 
function is to transfer loads from the slab to the 

columns. 

 Column: Columns are vertical members that support 

loads from the beam or slabs. They may be subjected to 

axial loads or moments. 

 Frames: Frames are structural members that consists of 

combination of slab, beams and columns. 

XI. METHODOLOGY 

The project study involved two stages. The primary data 

was gathered through a Literature survey targeted by web 

searches and review of e books, manuals, codes and journal 

papers. After review the problem statement is defined and 3 

specimens are taken up for detail study and analysis 

purposes.   

A. Flow Chart for methodology 
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XII. RESEARCH GAP 

From the literature review it is noted that significant 

research has been done to analyze the factors design of 

composite members used in composite sections for different 

configurations under varying loading conditions. Orders to 

investigate the effect of some parameters on their fracture 

capabilities, such as steel beam height, lower slab thickness 

and length, studs diameter and arrangement method. These 

results will be compared with the available experimental 

data and the proposed model analysed as steel-concrete 

composite beams to an acceptable accuracy. 

XIII. CONCLUSIONS 

The earlier investigations indicate the advantages of cold 

formed steel decks sections and development of steel 

stiffened channel as part of side formwork as well 

reinforcement replacing conventional steel bars. Then came 

into picture profiled composite beam where steel profiled 

sheets as permanent form work to the sides and bottom of 
RCC beams. It was seen that the flexural and shear strength 

increases in this beams without loss of ductility and is not 

prone to shear bond failure at the profiled steel concrete 

interfaces. In Hossain’s30 work he studied the flexural 

strength and failure modes of TWC filled beams. In 

Thenmozhi’s48 work in addition to flexural strength of 

composite beams with plain cold formed sheet elements 

subjected to pure bending and deflection ductility aspects 

are studied.  

However no specific work has been done so far for 

the composite beam shuttered with plain cold formed steel 

sheeting subjected to pure torsion and combined bending 
and torsion. Experimental studies dealing with above 

characteristics are scant. And also no specific guidance for 

the design of confined steel concrete composite beams is 

available in Bureau of Indian Standards (BIS). Before a 

design procedure can be formulated, it is essential to obtain 

a better understanding for the behaviour of composite beam 

under pure bending, pure torsion, and combined bending 

and torsion. Tests on steel concrete composite beams were 

reported since early 19th century itself. Many aspects of 

composite structural interaction between steel beams and 

concrete have been studied and reported in Canada and 
elsewhere as early as 1922. analysed R.C.C. members and 

investigated the possibilities of performing non-linear finite 

element models in the analysis of R.C.C. structures using 

MSC/NASTRAN. Many authors found out that the 

difficulty in modelling the concrete behaviour was due to 

the strain-softening behaviour of concrete once it was 

yielded. They discussed briefly the modelling procedures for 

R.C.C. Shallow beams in MSC/NASTRAN. the authors also 

used finite 29 element code ANSYS, version 5.3. 

Hence an extensive experimental programme on 

the behaviour under combined loading is considered as 

research gap and it is hoped that this investigation will make 
a contribution to that end 
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