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Abstract  

The lateral cyclic behavior of composite concrete and double-skin 

steel tube columns is one of the construction methods used at the current 

time. The current study consists of two tubes outer and inner welded 

together perfectly and filled with two types of concrete: normal and high 

strength. Twelve composite columns represented the testing samples, six of 

them had square sections, and the other were circular. They were divided 

into six groups all subjected to cyclic lateral load: The first group consisted 

of two samples; circular and square. These samples were filled with normal 

concrete and subjected to cyclic lateral load only. The second group was the 

same construction as the previous group and was subjected to a scaled axial 

dead load of only about (40) kN. The third group also had the same 

construction and description as the 1st and 2nd groups and was subjected to 

an axial load (dead and live) scaled load of about (70) kN. The fourth group 

consists of two samples; circular and square. These samples were filled with 

high-strength concrete, and subjected to cyclic lateral load only. The fifth 

group was the same construction as the previous group and subjected to an 

axial dead load of only about (40) kN. The sixth group had the same 

construction and description as the 4th and 5th groups and was subjected to 

axial (dead plus live) loads of about (70) kN. The variables of experimental 

work and the numerical study included tube shape, type of concrete, and the 

value of axial load. The cyclic responses, including failure modes, the curves 

of lateral load –-displacement, the protocol of cyclic load with time, and 

validation between numerical study used (ABACUS program) and 

experimental work. The experimental and numerical study compared the 

effect of the type of concrete 
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that filled the composite columns and found that specimens filled with 

high–strength concrete(HSC) resisted the effects of lateral cyclic loading 

more than the same with normal concrete strength (NSC), for the circular 

section as a percentage of (6.68 %,9.20%,21.10%) respectively as the value 

of axial loads. For the square section, the resistance of lateral cyclic loading 

was increased as a percentage of (3.07%, 6.26%, and 9.53%) respectively 

according to the value of axial loads, compared with columns filled with 

normal concrete strength (NSC), which means the influence of high-strength 

concrete enhanced the performance of the resistance of composite columns 

to lateral cyclic loading. The shape's effect, also considered in this study, the 

results show that circular sections have a resistance of lateral cyclic loads 

greater than the square section at the same conditions both for normal and 

high-strength concrete. 
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 Chapter1 :Introduction 

1.1 Composite Columns 

1.1.1 General 

These days, among the many buildings we see, both large and small, 

present and ancient, the modern structures are the ones that catch our 

attention the most since they represent remarkable achievements in science 

and engineering. , now the goal has switched to designing safe structures 

while considering the project's economic implications in terms of towers and 

blocks. Another name for them might be "vertical cities" which consists of 

having more ground space available and the capacity to fit more people in a 

smaller area. As a result, it offers us advantages like a nice skyline, 

significant sites, and sustainable land use. The main purpose for these is to 

attain the stability, strength, and stiffness of the construction; to do so, 

innovation was introduced. "Composite Construction" The industry for non-

residential high-story structures is governed by composite construction. For 

more than twenty years, this has been the state. One way to sum up why 

composite construction is often so good is this: steel is good in tension, and 

concrete is good in compression. This allows for an increase in strength and 

stiffness with low material consumption. These two materials' structural 

complementarities can be combined to create a highly effective and 

lightweight design. Another advantage of composite systems is their ability 

to save building time. Reduced floor depths made possible by composite 

construction can also have a significant positive impact on service costs[1]. 

1.1.2 Composite Column's Type 

Concrete infill steel columns use the advantages of both steel and 

concrete. Usually, plain or reinforced concrete is filled with a steel hollow 
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section that is circular or rectangular. When a strong and effective structural 

system is required, it is usually used as beams in low-rise industrial 

structures and as columns in high-rise and multi-story buildings. Such 

structural solutions have a lot of benefits in terms of construction sequence 

as well as structural performance. The innate buckling issue in thin-walled 

steel tubes is either avoided or limited because of the concrete core. 

Furthermore, the steel shell's application of a confinement effect enhances 

the ability of the concrete in-fill. Another benefit, such as the cross-sectional 

material distribution, aids in the system's overall structural performance 

efficiency. Columns' behavior in tension and buckling is more effective 

because of the steel cover on the outside. Also provides the maximum 

stiffness since the material is located farthest from the centroid. The 

combination with the high modulus of elasticity of the steel investigated the 

high impact on the moment of inertia. On the other hand, the core of 

concrete has a high resistance of axial compression strength[1]. 

1.1.2.1 Concrete-filled sections 

 Circular concrete-filled steel tube. 

 Rectangular concrete-filled steel tube. 

 Square concrete-filled steel tube. 

1.1.2.2 Totally or partially encased sections 

 Totally encased concrete fill sections 

 Partially encased concrete fill sections 

The different cross-sectional forms of the composite members are shown in 

Figures 1-1, 1-2, and 1-3 The first type of composite columns represented by 

a partial encasement method, in which concrete is poured between the edges 

of the steel section, can be employed to reduce the need for temporary 
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formwork while maintaining the usage of the universal components of the 

composite elements see Figure 1-1, due to the concrete's adequate shielding, 

this steel web has very strong fire resistance. The steel section encased in 

concrete Figure 1-2, and 1-3 was the second and third form of a composite 

column, because of its low grade and requirement for resisting fire, this 

column is contained by concrete. Previous research has indicated that using 

high-strength concrete is better as it improves column durability and can also 

have fewer cross-sections. Currently, concrete-filled pipes are used more 

commonly than concrete-covered steel components because of their 

inappropriate appearance and the requirement for molds to pour concrete 

Figure 1-1. Also, using steel tubes as prefabricated molds speeds up a 

building, enhances appearance, and filling concrete provides high fire 

resistance. [1]. 

 

Figure 1-1 Concrete Filled Section[1] 

 

Figure 1-2 Totally Concrete Filled Section[1] 
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Figure 1-3 Partially  Encased Concrete Filled Section[1] 

1.1.3 Advantages of Composite Columns 

There are many advantages to using composite columns as follows: 

 To expand the availability of usable floor space for a given strength. 

 The concrete-encased columns, offer excellent resistance to corrosion 

and fire. 

 Its application offers financial benefits over the more traditional use of 

reinforced concrete or structural steel. 

 The columns' outside measurements remain constant throughout 

multiple stories, making architectural detailing and construction easier 

see Plate 1-1. 

 If the tubular sections are filled with concrete, there is no need to add 

more reinforcing steel. 

 Drying shrinkage and creep are significantly reduced in composite 

members than the other reinforced concrete [1]. 
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Plate  1-1 Application of Composite Columns Building 

1.2 Cyclic Load 

"Cyclic loading" means the continuous and repeated application of a 

load (variable stresses, strains, forces, etc.) on a structural element or a 

material that eventually results in fatigue and material degradation[2]. 

Materials that are subjected to cyclic loading tend to fatigue more quickly 

and at lower loads than they would normally. 

Fatigue is the gradual and localized damage of a material's molecular 

structure caused when the structure or material is exposed to cyclic loading, 

which ultimately leads the material to lose its strength. One of the reasons 

the load required for fatigue failure is far less than the material's ultimate 

tensile strength is the repeated stress, strain, tension, and tensile load acting 

in this kind of situation. The continuous and repeated application of a load in 

a horizontal direction, on an object or structural component, is known as 

lateral loading. As a result, lateral force may be a shear or bend in the 

direction of the force of the material, which could ultimately lead to material 

failure. Materials deteriorate due to shearing under lateral load.  
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Yield stress: is defined as a minimum stress in which a material begins to 

deform without a noticeable increase in load. In another way, the yield 

stress, which is a measurement of the material structure's strength, is the 

lowest stress necessary to cause a material to flow. The rate of deformation 

(strain rate) and, more significantly, the temperature at which the 

deformation occurs affect the stress yield occurs. Engineering materials can 

exhibit many types of cyclic plastic deformation, such as mean stress 

relaxation, ratcheting, and low cycle fatigue (LCF), as illustrated in Figure 

1-4. Mean stress relaxation happens during asymmetric strain cycling, 

ratcheting results from asymmetric stress cycling, and LCF typically occurs 

during symmetric strain cycling[3]. 

 

Figure 1-4 Different Types of Cyclic Load and Material Response 
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1.3 Types of Concrete 

Concrete is a building material that is composed of cement, sand, and 

coarse aggregates- mixed with water that hardens in time. Concrete works 

employ a variety of cement types, each with different characteristics and 

uses. Portland Pozzolana Cement (PPC), rapid hardening cement, sulfate-

resistant cement, and other types. The ratio of water to cement is a 

significant factor that affects different features, including workability, 

strength, and durability. The water-cement ratio must be required to produce 

concrete workability. The hydration reaction begins when cement combined 

with water reacts with it. Concrete is used to build a variety of structural 

components, including footings, lintels, beams, slabs, and columns, 

according to  ACI 301 Specifications for Structural Concrete and ACI 318 

Building code requirements for structural concrete. Nowadays, several kinds 

of concrete are produced to be used in the construction of buildings and 

other structures. These have specific characteristics and properties that raise 

the standard of construction to meet specifications. Based on its compressive 

strength, concrete is divided into two types for use in construction: normal 

concrete and high-strength concrete. Normal concrete has a compressive 

strength that lies between 15 to 45 MPa .[4]. The strength of the high-

strength concrete will be greater than 55 MPa [5].The characteristics that 

once distinguished normal concrete from high-strength concrete have also 

improved. Compared to high-strength concrete, normal-strength concrete is 

more commonly employed in applications. Using high-strength concrete 

serves its main purpose of reducing weight, preventing creep or 

permeability, enhancing the structure's durability, and taking into account 

special architectural requirements that call for components to support larger 

loads. 
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1.4 Differences between Normal and high-strength concrete 

properties[4]:  

 The workability factors of concrete with normal and high strengths 

It is well-known that the workability factor indicates how easy it is to 

concrete placed, compact, and finish while it is still fresh. Normal-strength 

concrete has acceptable workability. High-strength concrete mix is 

frequently sticky and challenging to handle. 

 Bleeding Elements Concrete with Normal and High Strength 

Bleeding is the term for the formation of a layer of water on top of the fresh 

concrete condition, which is caused by the settlement of cement and 

aggregate particles in the fresh concrete mix settling. The high-strength 

concrete does not bleed in contrast to the normal-strength concrete. This is a 

result of the increased cementitious material content and lower water content 

of the high-strength concrete. 

 Concrete's Permeability in Normal and High Strengths 

The permeability of the concrete directly affects all durability issues, 

including resistance to corrosion, chemical assaults, and creep. Damage only 

happens when a foreign particle enters the concrete. Concrete's permeability 

is determined by the permeability characteristics of the paste and aggregates 

that are mixed into the concrete. 

Reduction in permeability contributes to:  

• Increasing resistance to chemical and sulfate attacks 

• Resistance to the entry of chlorides; 

• Resistance to corrosion 
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1.5 Objectives of the Present Study 

The main goal of the research project is to study the behavior of different 

shapes of double-skin tubular columns filled with two types of concrete 

subjected to lateral cyclic loading. The most important points investigated 

wereas follows: 

1 . Experimental work to study the behavior ofdifferent shapes of double 

skin steel tubes filled with two types of concrete, normal and high-

strength concrete. 

2. Study the effect of different values of axial loads on the columns 

concurrently with the effect of lateral cyclic loading. 

4. Using the Finite Element program (ABAQUS), to analyze and discuss the 

results, and submit aparametric study case. 

1.6 Thesis Layout 

Six chapters in this research of this thesis were represented, as follows: 

Chapter One: Introduce the basic information and commonalty introduction 

considered composite columns, and cyclic loads. 

Chapter Two: A review of the literature is provided, which includes an 

overview of the applications, studies, and papers related to concrete-filled 

steel tubes. It also includes experimental and research investigations 

concerning normal and high strengths under cyclic loads. 

Chapter Three: This chapter included a summary of the materials and test 

findings used in the current study, the concrete mixing and casting 

techniques used in the concrete for the column, steel tube installation 

procedure,  instrumentation, and testing setup. 

Chapter Four: presents the experimental results and the influence of the 

study's chosen parameters on the failure mode, ultimate load, and deflection. 
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The European Code (EN 2014), the American Institute of Steel Construction 

(AISC), and the American Concrete Institute (ACI) design strengths were 

compared with the testing results of the maximum strength. After that, there 

is a discussion of how these parameters effect. 

Chapter Five: Include the numerical study of the load-displacement and 

find the results, compare it with experimental results, and submit a 

parametric study, by using ABAQUS program. 

Chapter Six: Includes the principal conclusions and overall research 

program findings. There are also suggestions made for future research. 
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 Chapter2 :  Literature Review 

2.1 Introduction  

The composite columns have low cost because of their low cross-section and 

ability to withstand high seismic and wind loads. Composite columns are 

widely used at current time because it has many advantages, such as the high 

tensile strength of steel and economic benefits, and the ability to resist high 

compression strength for concrete makes the two materials work together 

well.  

2.2 Composite Columns. 

Johansson and Gylltoft, (2002) [6] in this study 13 circular steel concrete 

composite columns specimens were tested experimentaly and analytically. 

This study explores the mechanical behavior of concrete-filled steel tube 

(CFST) columns, focusing on the bond strength between steel tubes and 

concrete cores and the enhanced compressive strength due to confinement. 

The research aims to improve the use of high-strength concrete and enhance 

its mechanical properties. Figure 2-1 ,and Plate 2-1 shows different modes of 

failure according to the type of specimens. For the concrete filled columns, 

buckling mode type at failure varied according to how the load was applied 

to the column section.In stub columns with the load applied to the entire 

section or the concrete section, the concrete core exhibited greater 

compressive stresses than predicted. The efficiency of the steel tube in 

confining the concrete core was greater when the load was applied only to 

the concrete section. 
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Figure 2-1 Three types of load application. Load applied to (a) the Concrete section, (b) 

the steel section, and (c) the entire section, (d) The section of the columns 

 

 

Plate 2-1 Failure Mode of Specimens (SFE) Entire Section, (SFS) Section with 

Steel,(SFC) Section with Concrete,(SES) Empty Steel Tube. 

J. Pan, and Chen,(2017) [7] nine scaled columns were presented ,The 

damages that happen in reinforced concrete (RC) frame structures as a result 

of earthquakes appear in columns more than other structures even some RC 

frames are damaged because of column failure. The columns must have 

adequate inelastic deformation and energy dissipation capabilities to avoid 
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collapsing. Due to the low ductility of concrete, concrete covers on columns 

can also split apart during earthquakes, further reducing the column's 

stiffness. The results indicate that Engineered cementitious composite ECC 

and Reinforced Engineered cementitious composite ECC/RC have better 

ductility, better energy dissipation capacity, and slower stiffness degradation 

than RC columns, also indicate that the number of stirrups can be properly 

reduced in ECC and ECC/RC composite columns because of the high-shear 

strength of ECC. Vernardos and Gantes, (2019) [8] examined the 

compressive behavior of stub "Concrete-filled double-skin Steel Tubular" 

CFDST components using extensive analysis of several experimental 

projects conducted over 20 years. The CFDST concept's efficiency is 

measured by contrasting the final strength and energy absorption of CFDST 

members with those of their components functioning in isolation. (CFDST) 

members, also known as "steel-concrete-steel sandwich tubular" ones, are 

composed of two concentric steel tubes with varying diameters and an 

intermediate concrete core, the details of (CFDST) appear in Figure 2-2.  

 

Figure 2-2 Concrete -Filled Double -Skin Steel Tube (CFDST) Details 
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Concrete-filled double-skin Steel Tubular (CFDST) members have 

significantly covered the necessary improvement space. Since a significant 

portion of the concrete in CFST members is replaced by a relatively thin 

steel tube, CFDST members typically have lower weights and noticeably 

higher strength-to-weight ratios. The steel tubes can be used as forms for 

pouring concrete, just like the outer tube of a CFST member, and, on the 

other hand, because the inner tube may act as longitudinal reinforcement. 

The legs of deep-water platforms, pressure pipes, and high-rise bridges are 

just a few structural applications that have already made use of these 

benefits. 

Behnamnia and Barati, (2019) [9] saw that one of the main benefits of using 

the concrete-filled steel tube (CFST) was the decrease in steel usage 

consequently the cost of the project was reduced. Using steel with concrete 

led to the enhancement of seismic performance by increasing the strength of 

columns while reducing the dimensions of structural members. In this 

research, cyclic seismic loads were applied to eight steel specimens with 

identical concrete-filled circular sections and concrete grades of 30 Mpa, 

both with and without reinforcing. The results were compared. The 

displacement, stress, damage parameter, and plastic strain values of the 

composite column for each specimens modeled in the current investigation 

are summarized in Table 2-1 below. The results indicate that the composite 

column reduced displacement and damage when the thickness was 

increased. Furthermore, throughout the whole area, with the increased 

thickness, the plastic strain has considerably decreased. Consequently, it 

follows that using composite columns with a suitable steel layer thickness 

may greatly improve the concrete column's strength under the lateral cyclic 

load. 
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Table 2-1 The Results of Composite Columns with Various Steel Layer Thickness 

Sample 
Damage 

Parameter 

Strain of 

composite 

section 

Stress of 

composite section 

Stress of steel 

jacket (MPa) 

 

Displacement 

(mm) 

1 3.45 0.0594 370 370 68 

2 2.89 0.0435 360 320 59 

3 1.318 0.02752 349 283 55 

4 1.02 0.0185 328 223 47 

The study found that increasing the steel layer thickness to 20 mm increased 

the steel's effectiveness in controlling column behavior, reducing 

displacement, and enhancing lateral loading resistance.  

Fa-xing Ding, Yi-fan Chen (2020) [10] rectangular concrete-filled steel 

tubes, or RCFSTs, are extensively used in many engineering domains, 

including the construction of bridges and buildings. In this study, the 

researchers enhanced 3-dimensional finite element simulations to 

comprehensively investigate the composite action of RCFST columns under 

lateral shear forces. as shown in Figure 2-3. The models included the 

enhanced material constitutive models and provided full information on the 

interactions between the concrete core and the encased steel tube. 

Investigations were shown into the composite effect and interactions 

between the concrete core and encased steel tube under various 

configurational dimensions and loading states. 
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Figure 2-3 Boundary Condition Diagram and Finite Element Model. (a) Boundary 

Condition Diagram; (b) Cross-Section Details; (c) Finite Element Model; (d) Core 

Concrete Model (e) Steel Tube Mode 

When the suggested estimates were compared to the design regulations that 

were in place in various nations, the results were found to be more accurate 

than the others. İpek and Mete ( 2020) [11] were modeled 72 specimens 

using Finite Element method to simulate the behavior of the concrete-filled 

double skin steel tubular (CFDST). Considering different outer and inner 

steel tube diameters, different outer and inner steel tube thicknesses, and two 

different concrete strengths.Figure 2-4 show some CFDST member types. D, 

Do, Di, B, Bo, and, Bi in the figures means, the outside and inner dimensions 

of a square and a circular steel tube, where to and ti represent the inner and 

outer steel thickness of tubes, consequently in that order. The hollow circular 

had been studied in the CFDST members' performance. The confirmed FEM 

model showed that the concrete compressive strength and the diameters and 

thicknesses of the inner and outer steel tubes had an impact on the ultimate 

axial strengths of the CFDST columns. The FEM model indicated that the 

ultimate axial strength increased when the outer steel tube's diameter and 

thickness increased. Additionally, the results of the FEM model 
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demonstrated that the CFDST columns' ability to carry more weight was 

enhanced when the concrete's compressive strength was raised.. 

 

Figure 2-4 Details of Different Types of CFDST 

Alsamawi1 and Boumechra (2021) [12] the responses of composite columns 

to different axial loads and horizontal cyclic loads are presented in this 

research. The main aim of this research was to analyze and compare the 

reactions (load displacement) of various composite column types under 

cyclic loads. To do this, a finite element model was created for each column, 

and the ANSYS code is used to perform the finite element analysis of 

composite columns. The non-linearity of contact friction and the 

elastoplasticity of materials are taken into account in the numerical model. 

The goal of this research was to examine enclosed composite columns 

subjected to cyclic loads with a focus on various steel section types. The 

impact of axial load levels, ductility, energy dissipation, the peak lateral 

load, and the skeleton curve were the parameters that are being examined. 

The lateral force-displacement curve that was implemented in this study is 

shown in Figure 2-5 below. 
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Figure 2-5 Numerical and Experimental Curves of Lateral Force-Displacement 

For the two studied specimens of fully encased composite columns, the 

better ductility and energy dissipation the axial load level should not exceed 

an upper-limit value of 0,6. Beyond this limit, the composite columns are not 

so efficient. Sahoo (2021)[13] the experimental and numerical study on 

structural steel-reinforced concrete (SRC) columns under combined axial 

and lateral cyclic loadings was presented in this research. Peak lateral 

strength, mode of failure, hysteretic response, stiffness degradation, and 

energy dissipation potential of SRC columns were the main parameters that 

were studied. The flexural capacity of the SRC columns under various axial 

load levels has been predicted parametrically using the finite element 

software ABAQUS. Additionally. The majority of the experimental and 

numerical data points in the tension damage regions fall inside or on top of 

the unfactored P-M envelopes of these two standards. In the compression 

damage zone, the data points were discovered to lie outside of the P-M 

envelopes as shown in Figure 2-6. The Eurocode 4 (2004) requirements 

show a more reliable forecast of the failure loads under the uniaxial bending 

situation for the SRC columns planned to fail in the compression damage. 

saw Figure 2-7. 
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Figure 2-6 P-M Interaction Curve of SRC Column As Per Eurocode 4 

 

Figure 2-7 (a) Test Set-up Schematic (b) Test Specimens (c) LVDT Position  

The study found that lateral drifts and flexure-dominated failures were more 

common in SRC specimens with larger stirrup ratios and encased steel cross-

sections. Alsamawi (2022) [14]used a finite element program (ANSYS)to 

study the effect of increasing the strength and performance of the composite 

column, research should be done on the influence of the steel-concrete 

coefficient of friction and the cover concrete on the behavior (strength, 

ductility, stiffness, and energy dissipation) of composite columns subjected 
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to combined axial load and cyclically increasing lateral load. Eleven 

columns were built to investigate the coefficient of friction effect in the 

dynamic behavior of the cyclic load, while eight columns were constructed 

to investigate the cover concrete effect. The dimensions of specimens and 

boundary conditions are shown in Figure 2-8. The researcher used in this 

study had a constant axial load of P=1333.8kN, which represented 20% of 

the composite cross-section's plastic resistance to compressive axial force at 

the top surface of the column. 

 

Figure 2-8 Composite Coulmns Boundary Conditions 

The history of horizontal displacement can be observed in Figure 2-9 as a 

sequence of displacement cycles that have been completely reversed. 

 

Figure 2-9 Protocol of Cycles with Displacement 
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Figure 2-10 shows numerically the failure mode, and the equivalent stress 

(Von-Mises) distribution specimens. It is clear that the columns reach the 

bottom to the plastic mode while the top is still in the elasticity  

 

Figure 2-10 Failure Mode for Specimens 

The findings illustrate that the cover concrete slightly affects, the composite 

columns in contrast to the effects of the coefficient of friction because of the 

composite work between the steel section and the concrete, For the 

composite column to have better friction and a higher dynamic dissipative 

capacity, it is necessary to use the sandblasting method in the steel. 

 Prasanta (2023) [15] investigated the hysteretic behavior, ultimate lateral 

strength, energy dissipation capacity, and ductility of partially confined 

concrete-filled steel tubular (PCCFST) square columns under combined 

axial and cyclic lateral loadings. The findings showed that the height and 

diameter of the inner CHS impact the column's cyclic performance, with 

maximum lateral force and vitality increasing up to 1.5D the details of the 

lateral test are shown in Plate 2-2 below. 
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Plate 2-2 Lateral Cyclic Load Test 

Chang-Geun (2012)[16] attempted a new technique for seismically 

strengthened reinforced concrete composite columns by applying High-

Performance fiber-reinforced cementitious composites (HPFRCs) instead of 

concrete locally in the column's plastic hinge region. The goal was to 

increase the seismic strength and performance of reinforced concrete 

columns. With sustaining the tensile stress after cracking and exhibiting 

various micro-cracking behaviors, HPFRC exhibits high ductile tensile 

stresses of approximately 2-3%. Several column tests with a constant axial 

load and a cyclic lateral load were conducted. One typical reinforced 

concrete column and three specimens of reinforced concrete composite 

cantilever columns were planned and produced. The HPFRC was applied 

locally in the column plastic hinge zone in place of concrete. It was 

determined from the studies that the developed HPFRC-applied reinforced 

concrete columns reduced bending and shear fractures in the flexural critical 



Chapter Two…………………………………………...…..Literature Review 

23 

 

zone of the reinforced concrete columns in addition to improve cyclic lateral 

load and deformation capacities. Figure 2-11 shows the lateral load–top 

displacement hysteretic behavior of each column. 

 

Figure 2-11 Cyclic Lateral Load -Displacement Curve 

Duarte (2015) [17] studied the cyclic behavior of short steel tubes filled with 

Rubberized Concrete (RuC), a composite material that combines concrete 

and rubber particles. The three cross-sectional shapes of the tested 

specimens—square, rectangular, and circular—were described. , three steel 

grades (S235, S275, S355), three concrete mixtures (0%, 5%, 15% of rubber 

particle content), with two levels of axial load (10%, and 20% from the 

plastic axial load). The loading protocol, test rig, and experimental process 

were then thoroughly explained. The experimental results are thoroughly 

reviewed, with particular attention paid to the energy-based ductility factors, 

failure modes, hysteretic and envelope curves, and column cyclic strength. 

as shown in Figure 2-12. 
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Figure 2-12 The Details of Lateral Displacement Curve and Failure Mode 

The main achievement is that a concrete mix containing only 5% rubber 

particles simultaneously results in the lowest cyclic strength decrease (5%) 

and the highest ductility increase (52%). This makes this mix the best choice 

for use in seismic areas where energy dissipation and ductility requirements 

are essential.  Teng, ( 2016) [18] five large-scale columns were prepared and 

tested; two of the columns were tested under a combination of axial 

compression and monotonic lateral loading, and the remaining three under a 

combination of axial compression and cyclic lateral loading. Each of the five 

columns had a circular section with a diameter of 318 mm, a height of 1625 

mm, and 3 mm thickness of the steel tubes. For the three specimens, an FRP 

jacket was applied to provide additional confinement to the potential plastic 

hinge region which was assumed to be 500mm from the column footing. 

They found that the FRP jacket can effectively delay or even prevent the 

foot local buckling failure at the end of a cantilevered CFT column subjected 

to both cyclic lateral loading and constant axial compression  . The buckling 

deformations in columns with a thick FRP jacket may be forced and appear 
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above the FRP jacketed zone. Pedro Faustino (2016) [19]presented a six 

reinforced concrete (RC) columns were subjected to cyclic lateral and axial 

loading under a variety of strengthening methods and situations. Carbon-

fiber-reinforced polymer (CFRP) sheets were used for confinement 

strengthening; CFRP laminates and CFRP confining jackets for longitudinal 

strengthening; stainless steel bars and CFRP jackets for longitudinal 

strengthening; tested columns until reinforcing steel failure; CFRP confining 

jacket repair; and longitudinal strengthening with stainless steel bars. After 

analyzing the test results regarding energy dissipation and the load-

displacement relationship, it was determined that using CFRP confinement 

in conjunction with external longitudinal strengthening is a practical and 

effective method for performance retrofitting and upgrading, with good 

ductile behavior, the load capacity increase resulting from strengthening 

reached 36–46%. Chahmi Oucif1 (2017)[20] conducted numerical analyses 

on square-reinforced concrete columns. A comparison of experimental tests 

and numerical modeling of reinforced concrete columns reinforced with 

fiber-reinforced polymer (GFRP) and steel bars was presented in the first 

section. The study found that numerical models for reinforced concrete 

columns reinforced with GFRP and steel bars replicated experimental 

behavior, providing confidence for researchers and engineers in assessing 

cyclic behavior. Comparative analysis showed that adding more GFRP 

layers reduced residual displacement and limited crack breadth, 

demonstrating the effectiveness of using more layers to strengthen square 

RC columns. Fang Yuan (2019) [21]. suggested a novel method for 

enhancing the plastic hinge zone's seismic behavior of such components by 

using high-ductility engineered cementitious composites (ECCs), see Plate 

2-3. Under reversed cyclic loads, several hybrid FRP–steel-reinforced ECC–
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-concrete columns were investigated. A thorough investigation was 

conducted into how the columns' failure mode, crack pattern, load-carrying 

capacity, residual deformation, ductility, and energy-dissipation capacity 

were affected by the types of reinforcement, axial force ratios, and 

reinforcement ratios. The local buckling of the FRP bars was effectively 

eliminated and the seismic performance was much enhanced by the 

replacement of concrete with ECC in the plastic hinge zone. The hybrid-

reinforced composite column showed significantly lower residual 

deformation and higher post-yielding stiffness when compared to the steel-

reinforced ECC–concrete composite column, the ultimate strength increased 

and the deformation capacity decreased as the axial force ratio increased. 

 

Plate 2-3 The Failure Modes and Crack Patterns of (a) Hybrid-Reinforced Concrete 

Column, (b) Hybrid-Reinforced ECC–Concrete Composite Column    

Zhichao Huang (2019)[22] used sixteen hollow and composite columns 

casted  with high-strength steel plates under axial compression, the ultimate 

capacity, and the local buckling behavior were examined. An explicit 

numerical model was generated and cross-checked with the results of the 

experiment. In the current model, residual stresses and initial defects were 

also taken into account. Numerous parametric studies were conducted on 

steel and composite columns with different ratios of width to thickness (b/t). 
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Figure 2-13 showed different failure modes of numerical, and experimental 

cases of specimens  

 

Figure 2-13 Failure Modes for Experimental and Numerical  Specimens 

A numerical model was created to predict the local buckling and post-local 

buckling response of box and I-section columns. The model takes into 

account the effects of residual stresses and initial geometric flaws. The test 

results were used to validate this model. Numerical results were used to 

calculate yield slenderness limitations, which were then compared to current 

codes of practice for hollow steel and composite sections that included high-

strength steel plates. Yuhong Yan, (2019) [23], examined one square RC 

column and 14 square RC columns reinforced with circular steel tubes filled 

with Self-Compacting Concrete SCC under constant axial stress and lateral 

cyclic loading. Figure 2-14 shows the instrumentation architecture and 

loading system. A 2000 kN hydraulic jack provided the vertical constant 

axial load, which was observed using a force transducer. Between the 

distribution beam and the tested column, a slip device was inserted. An 

anchoring 600 kN horizontal jack was used to apply the low reversed cyclic 
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lateral loading against the reacting-force wall. To measure the lateral 

displacement, a linear variable differential transformer was mounted at the 

lateral load point. The column footing was secured in both vertical and 

horizontal directions at the bottom.  

 

Figure 2-14 Testing Setup 

The strengthened columns significantly improved seismic performance, as 

evidenced by an increase in the ultimate lateral load and energy dissipation 

capacity. Because of its improved plastic deformation capacity, the thickness 

of the steel tubes had a positive impact on envelope curves, ductility, 

stiffness, and energy dissipation capacity, as well as hysteresis behavior. It 

was also found that the axial load ratio affected seismic performance; a 

higher ratio led to an increase in ultimate lateral load and a lower energy 

dissipation capacity. Hasan Elci (2020) [24] examined six-column 

specimens and performed a total of 18 column tests throughout three test 

stages. The test columns were subjected to a cyclic lateral load pattern and 

the maximum axial load (Nd = 0.40Acfc)  in all tests. NSC was used to 

repair the severely damaged columns after the first and second test stages. 

Before the final test phase, though, more reinforcement using CFRP 
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confinement was put into place. The lateral strengths, drift ductility, energy 

dissipation capacities, and lateral stiffness obtained from each test were 

compared, and the evolution of damage for the test columns was reported. 

Figure 2-15 shows the details of test setup and failure mods of specimens. 

 

Figure 2-15 Test Setup and Failure Mode of Specimens 

This suggests that strengthening using CFRP confinement could enhance 

their seismic performance.  

F. C. Wang and H. Y. Zhao, (2020) [25] presented that concrete made with 

slag aggregate from blast furnaces, it showed that the usage of slag 

aggregate instead of normal aggregate was possible to increase the concrete's 

split tensile strength, flexural strength, and compressive strength. The 

findings suggested that adding furnace slag to concrete as a coarse aggregate 

could enhance the material's mechanical properties. The results showed that 

it was possible to alternate out coarse aggregate with waste glass or steel 

slag Figure 2-16 shows the details cross-section in CFDST. 
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Figure 2-16 Cross-Section of CFDST 

2.3 High-strength concrete filled (CFST). 

Ishvarbhai, (2014) [26] introduced a numerical model for nonlinear inelastic 

analysis of high-strength thin-walled rectangular CFST slender beam-

columns under constant axial and cyclically varying lateral loading. The 

model accounts for progressive cyclic local buckling of steel tube walls 

under stress gradients, providing a more accurate simulation of actual cyclic 

local and post-local buckling behavior than the modified stress-strain curve 

method. The model can be used to validate other numerical techniques and 

develop new composite design codes for high-strength CFST columns. Due 

to their superior structural performance, including high strength, high 

stiffness, high ductility, and energy absorption capacity, CFST slender beam 

columns have been employed more and more in composite structures and 

bridges in seismic regions. In seismic areas, thin-walled CFST slender beam 

columns may be subjected to both cyclically variable lateral loading from 

the earthquake and a constant axial load from upper levels. The strength and 

ductility of thin-walled CFST slender beam columns decreased by cyclic 

local buckling. To improve the cyclic performance of thin-walled CFST 

slender beam-columns under nonlinear analytical methodologies, cyclic 

local buckling effects must be taken into consideration  . Jianwei Zhang 
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(2019) [27] used six full-sized, high-strength concrete columns with high-

strength steel bars that were tested experimentally. Five steel tube-reinforced 

concrete STRC composite columns and one conventional RC column were 

subjected to cyclic horizontal loading. The effects of adding steel tubes, the 

inner steel tube's cross-sectional shape, and the strength corresponding to the 

outer and core concrete, as well as the steel fiber content of the outer 

concrete, were examined and compared. The details of the specimens are in 

Figure 2-17 below. 

 

Figure 2-17 Details  of Specimens 

Inner steel tubes, longitudinal steel bars, outer concrete, and core concrete, 

are the components of high-strength STRC composite columns. For strength 

design, circular steel tubes are advised because of their lower steel ratio and 

low cost-effectiveness. Using C90 and C70 grade core and exterior concrete 

can lead to improved cyclic behavior when there is reasonable strength 

matching. The addition of steel fibers to exterior concrete decreases damage 

degree, residual deformation, and crack width, and increases ductility and 

energy consumption. Binglin Lai (2019) [28] evaluated the axial 

compressive behavior of short columns composed of high-strength Concrete, 

and Encased Steel (CES). Under monotonic pure compression, six 
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specimens of high-strength concrete were evaluated. The study investigates 

the primary factors that impact the ultimate strength of these composite 

columns, such as the concrete's strength, the transverse reinforcement bars' 

spacing, and the addition of steel fibers in high-strength concrete, as showed 

in Plate 2-4, and Figure  2-18 respresented the dimension of test specimens. 

 

 

 

Figure 2-18 Dimension details of test specimens. 

The results of the experimental work indicated that the concrete cover 

spalling failure mode of CES columns with high concrete strength C120 

causes a sudden drop in compression capacity once peak resistance is 

Plate 2-4 Failure Mode View 
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reached; the test results also showed that the provision of 0.5% volume of 

steel fiber can prevent the concrete cover spalling, and hence the load 

carrying capacity. The maximum resistance of CES columns with concrete 

strengths greater than C90 MPa is overestimated by the code methods, 

however, they provide an excellent prediction of CES columns with normal 

strength steel and concrete grade up to C90. Jian-Tao Wang (2021) [29] 

investigated the bearing capacity and damage behavior of circular high-

strength concrete-filled thin-walled steel tubular (HCFTST) columns. The 

relation between moment and axial force was first examined using the finite 

element method. To create a workable design approach, the effects of 

important factors such as the peak strain of the concrete, material strengths, 

and diameter-to-thickness (D/t) ratios have been studied. Figure 2-19 shows 

the failure modes of specimens. 

 

Figure 2-19 Failure Mods for Specimens 



Chapter Two…………………………………………...…..Literature Review 

34 

 

According to the study, moment axial force curves can be pushed inward by 

reducing concrete strength, raising steel yield strength, and changing the D/t 

ratio. The tested bearing capacity and the suggested parabolic moment-axial 

force curve had been aligned. The restoring force model offers helpful 

guidelines for the design and analysis of HCFTST columns. 

2.4 Influence of (CFST) cross-sectional shape: 

Xiao and Zhang, (2007) [30], six circular columns, four square columns, and 

four diamond columns, are designed and investigated experimentally under 

low frequency cyclic lateral load with very high constant axial load level. 

Structural engineers frequently focus more on the seismic performance of 

RC columns during the seismic design of RC frame structures than on other 

components like beams. The numerical study showed that, in addition to the 

axial load level and shear span-to-depth ratio, shear deformation may have 

an important effect on the lateral load-displacement curves, particularly for 

diamond sections and short columns. For the same axial compressive stress 

ratio, shear span to depth ratio, and volumetric ratio of stirrups, the seismic 

performance of circular columns was the best, square and diamond columns 

come next. Shear load capacity increased as the axial compressive stress 

ratio increased, while deformation ability decreased at decreased conditions 

of column section shape, shear span to depth ratio, and stirrup volumetric 

ratio. Weiqing Zhu (2016) [31] presented an experimental study on the 

seismic behavior of steel-reinforced high-strength concrete (SRHC) 

columns. The axial load level, stirrup arrangement, structural steel details, 

and studs were the main experimental parameters for a total of 21 SRHC 

columns tested under simulated earthquake loading conditions. The details 
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of specimens at the end testing frame, are shown in Figure 2-20 and Plate 2-

5 respectively. 

 

Figure 2-20 Specimens  Details 

 

Plate 2-5 Testing Frame 

According to the study, high-rise structures in seismically active areas can 

benefit from using SRHC columns with multiple stirrups and structural steel 

ratios because of their excellent seismic performance. Stirrups had little 

effect on initial stiffness and lateral force, but they had a favorable impact on 

energy dissipation and deformation capacity. Farajpourbonab (2018) [32] 
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comparised between standard CFT and steel-reinforced concrete fiber (CFT) 

columns, as shown in Figure 2-21, the study examined the mechanical and 

hysteretic behavior. Under cyclic displacement history, cross-steel 

reinforcement for CFT columns results increased energy absorption.  

degradation happens at greater lateral drift ratios and the shear strength of 

SRCFT columns increased compared to CFT columns. The study also found 

that the performance of SRCFT columns under axial loading is highly 

influenced by the type of reinforcing steel section. Because of the 

confinement effect of the concrete and the higher moment inertia of the C-

Cross specimen, it performs better than the CB 200 and C 2 IPE. 

 

 

Figure 2-21 Different Cross SectioSectionsCFT 

Junchang (2021) [33] introduced a series of axial compression tests 

performed on a circular concrete-filled double steel tubular column 

(CFDST) with a square hollow section (SHS). Additionally, three-
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dimensional models used as a modified restricted concrete constitutive 

model for the core concrete are produced for such columns using the finite 

element (FE) program ABAQUS. By contrasted the FE model with the 

experimental data, the model's accuracy is confirmed as shown in Plate 2-6. 

Used the verified FE model, the impacts of different parameters on the load-

axial strain response of CFDST short columns are investigated. The 

proposed formulas for determining the bearing capacity of CFDST short 

columns are based on the confined concrete model.  

 

Plate 2-6 Experimental and Numerical Failure Mode of Composite Column 

2.5 Summary: 

1-The advantage of using Concrete-filled double-skin Steel 

Tubular(CFDST) instead of (CFST) members, since a significant portion of 

the concrete in CFST members is replaced by a relatively thin steel tube, 

CFDST members typically have lower weights and noticeably higher 

strength-to-weight-ratios. In terms of construction costs, they can be very 

effective. The steel tubes can be used as forms for pouring concrete, just like 

the outer tube of a CFST member, and, on the other hand, because the inner 

tube may act as longitudinal reinforcement 
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2- The efficiency of using the steel tube in confining the concrete core was 

greater when the load was applied only to the concrete section, composite 

columns have better ductility, better energy dissipation capacity, and slower 

stiffness degradation than RC columns. 

3-Adding some materials, like Rubberized Concrete (RuC), and fiber-

reinforced polymer (FRP), may enhance the performance of the composite 

columns. 

4- Increasing the thickness of the steel tubes had a positive impact on 

envelope curves, ductility, stiffness, and energy dissipation capacity, as well 

as hysteresis behavior, also the use of high-strength longitudinal and 

transverse reinforcements in confined concrete columns can improve bearing 

capacity and deformability. 

The studies that were covered in this chapter concluded that few earlier 

studies had been done to predict the behavior of cyclic loading on CFDST 

columns concerning the effect of the value of axial load with various types 

of concrete filled and different shapes of steel tubes. An experimental work 

and a numerical study investigation were conducted using multiple 

parameters, including the type of concrete filled and the shape of the steel 

tube section used for the cyclic loading instance.



 

 

 

 

 

CHAPTER 

THREE
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 Chapter3 : Experimental Work 

3.1 General 

The main focus of this research working is to study the behavior of 

composite columns (concrete-filled steel tubes) subjected to lateral cyclic 

load. Many main parameters have been studied and discussed in this 

research, such as the shape of the steel tube, the value of axial load, and the 

type of concrete filled. This chapter explains the concrete-filled double-skin 

portion, the properties of the materials used, different types of concrete 

mixtures, the material characteristics of concrete samples, and the concrete-

filled double-skin specimen testing procedure. All the tests and work had 

been implemented in the College of Engineering of the University of 

Karbala laboratories. Figure 3-1 shows the main details of the experimental 

work. 

Experimental test of composite columns 

Specimens’ industry 

Casting normal concrete specimens Casting high-strength concrete 

specimens 

Fresh and hardening concrete test 

Splitting tensile 

strength test 

Classification of specimens due to 

shapes and value of axial load  

 

Details and properties of specimens 

Slump test Compressive strength 

test 
Flexural tensile 

strength test 

Cyclic Loading protocol 
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3.2 Details of Specimens  

The present experimental program consisted of all the units tested in 

this study, such as samples of cylinders, and twelve concrete-filled double-

skin tabular columns (CFDST) specimens, which have been examined to 

represent all variables of the research plan. (CFDST) was made up of inner 

and outer tubes, as well as filled with concrete between them. Six of these 

specimens were cast with normal concrete while in other specimens six 

columns were filled with high-strength concrete. The selection of 

dimensions of the column depending on the scale factor with the value of 

(1:4) from the actual short columns with dimensions (400*400*3250) mm 

for square cross-section, and investigate the equivalent area of steel and 

concrete between circular and square cross-section as possible. The total 

length of specimens is  (800 mm), The side length of the outer and inner 

square tubes is equal to (100) mm, and (50) mm respectively. For circular 

tube ,the external and internal diameters of the cross-section are (115) mm 

and (61) mm respectively as shown in Figure 3-2. 

 

Figure 3-1 Cross Section in CFDST 
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 With consideration- as possible- the equivalent area of concrete ( ) and 

steel ( ) and moment of inertia ( ) between two shapes of composite 

columns (square and circular) with a constant thickness of steel tube for 

square and circular sections is (2.75) mm. The thickness of the steel tube had 

been satisfied The ACI-code 318M-14 (10.3.1.6)[34] the determinant of the 

thickness of the steel tube that encased a concrete core for composite 

columns shall be at least (a) or (b) as shown in Appendix B: 

(a)             for each face of width (square) 

(b)             for circular sections of diameter h 

Plate 3-1 shows the inner and outer steel tube detailing, and Table 3-1 shows 

the equivalent between square and circular sections about the area of 

concrete and steel and the moment of inertia, the calculations and details 

were cleared up in Appendix B.        

 

Plate 3-1 Inner and Outer Steel Section 
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Table 3-1 Details of Area and Moment of Inertia of Composite Columns 

All the specimens were divided depending on the type of concrete and the 

value of axial load with a constant length and thickness of tube for all 

specimens into six groups the details of the specimens as below: 

 First group: this group consists of two specimens; the first one is 

composed of two tubes of steel with a circular outer and inner section, 

while the other specimen consists of a square outer and inner tube. These 

specimens were filled with normal concrete and colored orange, with a 

total length of 800 mm for both specimens. This group was subjected to 

cyclic lateral load only without exposure to an axial load. This parameter 

studied the effect of the lateral cyclic load only without the effect of axial 

load as shown in Plate 3-2. 

 

Plate 3-2 CNS-C1 and CNS-S1 Details 

Square Composite Columns  Circular Composite Columns  

Ac =6430  Ac = 6494  

As = 1650  As = 1520  

      Ix = 7.8*10^6  Ix = 7.9*10^6  
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 Second group: this group consists of two specimens, the first one was 

composed of two tubes of steel with circular outer and inner sections, and 

the other specimen had a square outer and inner tube. These specimens 

were cast with normal concrete and colored orange, had a length of 800 

mm for both specimens subjected to cyclic lateral and an axial dead load 

only represented the effect of dead load only about (40) kN this value had 

been calculated as from actual construction section multiplied by a scale 

factor (1:4) the details of specimens in appendix B. See Plate 3-3. 

 

Plate 3-3 CNS-C2 and CNS-S2 Details 

 Third group: this group consists of two specimens, the first one was 

composed of two tubes of steel with circular outer and inner sections, and 

the other specimen had a square outer and inner tube. These specimens 
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were cast with normal concrete colored orange and a length of 800 mm 

for both specimens. This group subjected to cyclic lateral and axial (dead 

plus live) load is (70) kN approximately. This value had been calculated 

from the actual construction section multiplied by a scale factor (1:4). 

The details of dimensions and load cleared in Appendix B, show Plate 3-

4. 

 

Plate 3-4 CNS-C3 and CNS-S3 Details 

 Fourth group: this group consists of two specimens; the first one is 

composed of two tubes of steel with a circular outer and inner section, 

while the other specimen consists of a square outer and inner tube. These 

specimens were filled with high-strength concrete and colored yellow has 

a length of 800 mm for both specimens and were subjected to cyclic 
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lateral load only this parameter studied the effect of the lateral cyclic load 

only without the effect of axial load, as shown in Plate 3-5. 

 

Plate 3-5 CHS-C1 and CHS-S1 Details 

 Fifth group: this group consists of two specimens, the first one was 

composed of two tubes of steel with a circular outer and inner section, 

and the other specimen was with a square outer and inner tube. These 

specimens were filled with high-strength concrete colored yellow and a 

length of 800 mm for both specimens. This group subjected to cyclic 

lateral and axial dead load only is about (40) kN, this value had been 

calculated from the actual construction section multiplied by a scale 

factor (1:4) the details of dimensions and load cleared in Appendix B, see 

Plate 3-6. 
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Plate 3-6 CHS-C2 and CHS-S2 Details 

 Sixth group: this group consists of two specimens, the first one was 

composed of two tubes of steel with a circular outer and inner section, 

and the other specimen was with a square outer and inner tube. These 

specimens were filled with high-strength concrete colored yellow and a 

length of 800 mm for both specimens. Subjected to cyclic lateral and 

axial (dead plus live) load, is (70) kN approximately, this value had been 

calculated from the actual construction section multiplied by a scale 

factor (1:4) the details of dimensions and load cleared in Appendix B, as 

shown in Plate 3-7. 
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Plate 3-7 CHS-C3 and CHS-S3 Details 

All specimens with details of the type of concrete, names, and axial load 

parameters shown in Tables 3-2 and 3-3 respectively. 

Table 3-2 Details of concrete-filled circular double-skin columns. 

Type of concrete 

used in specimen 

Specimen 

designation 

Parameter of specimen 

 

Normal concrete 

CNS-C1 Lateral cyclic load only 

CNS-C2 Lateral cyclic load +Axial Dead load 

CNS-C3 Lateral cyclic load +Axial Dead and Live load 

 

High strength 

Concrete 

CHS-C1 Lateral cyclic load only 

CHS-C2 Lateral cyclic load +Axial Dead load 

CHS-C3 Lateral cyclic load +Axial Dead and Live load 
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Table 3-3 Details of concrete-filled square double skin column (CFSDS). 

Type of concrete 

used in specimen 

Name of 

specimen 

Parameter of specimen 

 

Normal concrete 

CNS -S1 Lateral cyclic load only 

CNS -S2 Lateral cyclic load +Axial Dead load 

CNS -S3 Lateral cyclic load +Axial Dead and Live load 

 

High Strength    

Concrete 

CHS -S1 Lateral cyclic load only 

CHS -S2 Lateral cyclic load +Axial Dead load 

CHS -S3 Lateral cyclic load +Axial Dead and Live load 

3.3 Materials 

Some structural materials used in this study to complete its requisites as 

itemized lower:  

3.3.1 Cement 

In the local market, there are several commercial cement products. 

KARASTA as Portland-limestone cement was the type of cement used for 

this research it is traditional cement form CEM II/A-L, which is industrial by 

LAFARGE HOLCIM, Karbala Cement Manufacturing Limited, KCML, this 

type of cement is shown in  Plate 3-8. Both HSC and NSC mixtures in the 

experimental work, this type of cement been used in it. To prevent moisture 

exposure cement was kept in a dry place. The physical characteristics and 

chemical construct of this type of cement are shown in Tables 3-4 and 3-5  

respectively. The results of this test show that the cement satisfied Iraqi 

Specification No.5/1984[35].  
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Table 3-4 Physical characteristics of The Cement 

Physical Properties Test Result Iraqi specification  

 

Initial setting (min) 

Final setting (hr.) 

 

150 

 

240 

 

More than 45 min 

 

Less than 600 min. 

Compressive strength  

    for cement               

at  2 days of age  

 at 28 days of age  

 

 

 

      15 MPa 

      35 MPa 

 

 

 

 Not less than 10 MPa 

 Not less than 32.5  MPa 

 

 

Plate 3-8 Cement Used in this study 
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Table 3-5 Chemical Construction of Cement 

Compound Composition Chemical 

Composition 

Weight   (%) Iraqi specification  

% 

Lime CaO 63.00 - 

Silica SiO2 21.46 - 

  Alumina Al2O3 4.28 - 

  Iron oxide Fe2O3 5.20 - 

  Magnesia MgO 2.28 5 % max 

  Sulfate SO3 2.12 2.5 % max 

Loss on ignition L.O. I 1.34 4% max 

Insoluble residue I.R 0.9 1.5% max 

Lime saturation Factor L.S. F 0.90 0.66-1.02 

  Tri Calcium  

Aluminates 

C3A 2.54 - 

  Tri Calcium  Silicate C3S 46.13 - 

  Dia Calcium  Silicate          C2S 26.73 - 

Tetra calcium alumina 

ferrite 

C4AF 15.82 - 

Physical ,and Chemical tests were implemented in the College of 

Engineering / Karbala University's Materials Laboratory as shown in Plate 

3-9. 

 

Plate 3-9 Chemical and Physical Test for Cement 
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3.3.2 Fine aggregate (sand) 

 Al-Akhaidher normal sand with the optimum particle size (4.75 mm) was 

used in this study for a traditional concrete mixture see Plate 3-10. The grade 

and chemical characteristics of this type of sand are shown in Tables 3-6 and 

3-7 consequently. This type of sand was fitting under Iraqi Specification 

No.45/1984[36]. These tests were implemented in the Laboratory of 

Materials in the Engineering College / University of Karbala. 

 

Plate 3-10 Sieve Analyses for Fine Aggregate 

Table 3-6 Gradation of Sand 

 

Sieve size (mm) 

Passing 

accumulative % 

Specification limits %Iraqi specification 

Zone No. 

10 100 100 

4.75 94.5 100-90 

2.36 79.8 100-75 

1.18 65.9 90-55 

0.6 44.6 59-35 

0.3 11.4 30-8 

0.15 0.2 10-0 
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Table 3-7 The Chemical Composition of Sand 

      Property  Test result  Specification limits %  

Iraqi specification  

Material Passing 75 µm 

Sieve 

3.6 %            < 5 % 

Sulfate content (SO3) 0.4 %           ≤ 0.5 % 

Figure 3-3 shows that the grade of the sand used in this study is within the 

acceptable range compared with the upper and lower limits of grading. 

 

 

Figure 3-2 Sieve Analysis Chart for Sand 

3.3.3 Coarse Aggregate (Gravel) 

One of the materials that was entered in the concrete mixture is a 

coarse aggregate made from crushed river gravel gained from Al-Akhaidher 

with a maximum size particle of (9.5) mm. It had been washed with a water 

weller to clean it from flauts, and dry it by leaving it in the air before using it 

as clear in  Plate 3-11. 
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Plate 3-11 Coarse Aggregate 

The test consequences of coarse aggregate implemented to the Iraqi 

specification limits are shown in  Table 3-8 and 3-9 respectively. Test results 

of the coarse aggregate presented that this kind has been adequate according 

to the Iraqi specification No.45/1984 [36]. 

Table 3-8 Coarse Aggregate Grading Results 

Table 3-9 Chemical Characteristics  of Coarse Aggregate (Gravel) 

 

Sieve size (mm) Passing % 
Specification limits % Iraqi specification    

14 100 100 

10 100 85-100 

4.75 2.8 0-25 

2.36 0.6 0-5 

Properties Results of Test  Specification limits % Iraqi specification           

Passing Material from 

75 µm Sieve 

1.5% ≤ 3 % 

Content of (SO3) Sulfa 0.054 % ≤ 0.1 % 
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Figure 3-4 shows that the grade of the coarse aggregate used in this research 

is within the acceptable range compared with the upper and lower limits of 

grading. 

 

Figure 3-3 Sieve analysis chart for Coarse Aggregate 

3.3.4 Water  

All type of concrete mixtures used in this study was mixed and cured 

with water. 

3.3.5 Silica Fume 

(MasterRoc MS610) the type of silica fume that was used in the HSC 

mixtures of the experimental program as clarified in Appendix (A). This 

type was a high-quality silica fume powder for high-performance concretes, 

it changes the structures of concrete mixtures from porous and makes it 

more resistant to external effects. It helped to increase the strength 

considerably enhanced resistance to chemical and mechanical occurrence, 

disallowed bleeding and segregation in fresh concrete, reduced accelerator 

consumption, and its very thick layers of possible. Table 3-10 shows the 

physical and chemical characteristics of this type of silica fume. The results 
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show that it was agreeable with the standard specification of (ASTM C1240 

– 03a)[37]. In this study, the content of silica used in HSC mixtures was 12.7 

% of the weight of cement, as recommended in the datasheet[38]. Plate 3-12 

appear a silica fume. 

 

Plate 3-12 Silica Fume powder 

Table 3-10 Properties of Silica Fume 

Property Result from Data 

Sheet 

Limit of specification 

requirements ASTM C1240 – 03a 

 Color Grey powder --- 

Density(kg/m3) 600 (500-700) 

Chloride content 

 

<0.1%  
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3.3.6 Superplasticizer 

A high-performance concrete superplasticizer based on modified 

polycarboxylic was used in this experimental work for the HSC and NSC 

mixture as explained in Appendix (A)[39]. It was supplied by MBCC 

GROUP under the name of (Master Glenium 54), this type is suitable for 

making many types of concrete and is suitable to containing all Portland 

cement types and cementitious materials like Microsilica, Fly ash (PFA), 

and  Ground granulated blast furnace slag GGBS. The main advantage of it 

is to reduce the content of water in the mixture and it has also several 

benefits, increasing the compressive strength earlier, increasing the strength 

of flexural, the resistance of carbonation became better, decreasing 

permeability, reducing the creep and shrinkage, and increased the durability. 

Plate 3-13 shows the type of glinume that used in this study. The features of 

this type of superplasticizer are found in the datasheet in Appendix A, where 

it conforms to the requirements of superplasticizer according to ASTM-C 

494/C 494M – 04 [40].  

  

Plate 3-13 Master Glenium 54 
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3.3.7 Steel Tube 

The test was done on a steel tube to show the properties of the material, a 

tensile stress of coupon, elongation, and modulus of elasticity. The tensile 

coupon curve of samples taken out from manufactured tubes was the same 

by a similar procedure. The coupon and tensile test is implemented as seen 

in Plate 3-14. Three pieces of tensile coupon were tested to measure the 

average tensile strength and to measure stress in yield point (fy), the strength 

in ultimate (fu), and modules of elasticity  (Es) of steel were showed in 

Table 3-11. The sample formatting, geometric features, and dimensions of 

the steel coupon were superposed with ASTM-A370 requisites. Figure 3-5 

shows the details of the coupon as per ASTM-A 370 – 03a [41]. All samples 

were tested at Al Sebtayn company for specialized structural and chemical 

surveys and soil investigation. 

 

Plate 3-14 specimens of coupon 
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Figure 3-4 descriptions of dimension coupon as per ASTM-A370 

Table 3-11 properties of the steel coupon 

Plate3-15 shows the coupon inside the tensile testing machine in the 

laboratory where steel tubes tested 

.  

Plate 3-15 Tensile Testing Machine 

No .of    

coupon 

Yielding 

stress (Fy)     

Mpa 

Ultimate 

stress(Fu)     

Mpa 

Elongation 

at fracture 

% 

Modulus of 

elasticity(Es) 

(Mpa) 

Thickness  

(t) 

1 320 397 22.41 206985 2.75 

2 315 399 23.25 204884 2.75 

3 311 394 25.07 191820 2.75 

Average 315.33 386.66 23.57 201229 2.75 
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Plate 3-16 appear the coupons after tensile failure and the curve of stress 

failure in the computer. 

 

Plate 3-16 Coupons After Tensile Failure 

From computer data recorded in the test of steel, the relationship between 

stress and strain is seen in Figure 3-6. 

 

 

Figure 3-5 stress-strain curve 
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3.4 Concrete Mixing 

3.4.1 Normal Concrete (NSC) 

This type of concrete mixture essentially contains cement, sand, 

coarse aggregate, water, and a small amount of superplasticizer. In this form 

of mixture, the compressive strength ranged between (25-35 ) MPa. To 

attain the optimal mixing design, mixes were done in the laboratory to 

acquire final amounts ((1) cement: (1.8) fine sand:(2.6) coarse aggregate) 

and the water-to-cement ratio was 0.4.Table 3-12 shows produce quantities 

by weight of materials per cubic meter. mixing was done using a mechanical 

mixer as shown in Plate 3-17. The mixture procedure was done by admixture 

of dry materials like cement, fine sand, and coarse aggregate after mixing for 

two minutes. Then, water and superplasticizer were applied and mixed to get 

an alliterative mix for two minutes. 

Pl

ate 3-17 Mechanical Machine Supply Normal Concrete (NC) 
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Table 3-12 Amounts of the Materials measured by (kg)/ One Cubic Meter of Normal 

Concrete (NC) Mix. 

3.4.2 High Strength Concrete (HSC): 

This type of concrete mix essentially contains cement, fine sand, coarse 

aggregate, water, silica fume, and superplasticizer. In this type of mix, the 

compressive strength value ranges between (55-65) MPa. To reach the best-

mixture design, many trials of mixes were implemented in the laboratory to 

gain typical quantities being ((1) cement: (1.3) fine sand:(1.9) coarse 

aggregate) and the ratio of water to cement is( 0.27). Table 3-13 shows 

product amounts by weight of materials per cubic meter accept 

superplasticizer that measured by litter units. mixing was done using a 

mechanical mixer, the materials of the mixture and specimens of the 

concrete test are shown in Plate 3-18. The mixing process was done by 

combining dry materials like cement, fine sand, coarse aggregate, and silica 

fume then mixing for two minutes consequently. After that, water and 

superplasticizer were added and mixed to obtain a typical mixture for two 

minutes, this type of concrete was cured in water 

Elements  Amounts (kg/m3) 

Cement                                           400 

Coarse aggregate                                        1062 

Fine sand                                                    720 

Superplasticizer 6   (in litter units) 

Water                                                            160 
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Plate 3-18 High Strength Concrete Mixture 

Table 3-13 Amounts of the Materials by (kg) for One Cubic Meter of High Strength 

Concrete (HSC) Mix: 

Elements  Amounts (kg/m3) 

Cement                                           550 

Coarse aggregate                                        1060 

Fine sand                                                    720 

Silica fume 70 

Superplasticizer 16        (in litter units) 

Water                                                            155 

3.5 Fresh Concrete Test 

3.5.1 Slump Test  

One of the significant tests for the consistency and achievement of 

concrete mixes is the test of slump. This test was implemented typically to 

(ASTMC143)[42]. The test contains a truncated cone its dimensions is the 

height 300mm. The top diameter was 100 mm and the bottom diameter is  

200 mm. Three layers were achieved for the fresh concrete, every layer was 

compacted by a steel rod by stroking the fresh concrete layer 25 strokes 

uniformly and consistence method by the steel rod. After the three layers of 
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fresh concrete filled the cone, it was raised gradually, then the variance was 

measured between the top cone and the surface of the concrete from the 

upper as clear in plate 3-19 (a) The American code states that the amount of 

precipitation that is allowed in a column ranges between 25 and 100 mm 

according to (ACI 211.1-91). Plate 3-19 (b) shows the procedure of the 

slump test in the laboratory. The result of a normal concrete slump was 50 

mm, and the result of a high concrete slump is 123mm because the mixture 

contains a greater amount of superplasticizer that makes it like the self-

compact texture. 

 

Plate 3-19 Slump Test 

3.6  Hardened Concrete's Mechanical Characteristics  

Some of the concrete mix's characteristics have been considered in 

evaluating performance, and they are as follows: 

3.6.1 Compressive Strength 

The compressive strength test was conducted on a (100 * 200) mm 

cylinder according to ASTM C 39/C 39M – 03 [43] using a digital machine 

its a compressive capacity of 2000 kN as clear in Plate 3-20. The cylinders 

were tested after 28 days of submerging them in a basin of water to 

(a) (b) 
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investigate the curing procedure for each NSC and HSC. The average value 

of three samples was occupied to signify the compressive strength. 

  

Plate 3-20 Compressive Strength Machine 

3.6.2 Splitting Tensile Strength 

The splitting tensile strength was established using cylinders of 

(100*200) mm lie crosswise according to the ASTM C 496 M-04[44]. A 

digital machine with a capacity of 2000 kN was used to perform this test as 

shown in Plate 3-21. The test was done to the cylinders after age 28 days of 

curing in water. The mean of three specimens was used to display the tensile 

strength for both NSC and HSC. The splitting tensile strength can be 

calculated from the equation 3-1 as below: 

   ………………….... 
3-1 

 Where 

 fs: Tensile stress of splitting  (MPa) 

 P: Ultimate implemented load (N) 

 L: Length  of cylinder (mm),  

 D: Diameter of cylinder (mm) 
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Plate 3-21 Splitting Tensile Test 

3.6.3 Flexure tensile Strength 

The test of flexure tensile strength which is shown in Plate 3-22, was 

carried out according to ASTM C78 and ASTM C1609-12 [45] specification 

for NSC and HSC respectively. Simply supported prismatic samples 

measuring 100 x 100 x 500 mm were used to determine the flexure tensile 

strength under three-point loading as shown in Figure 3-7. The modulus of 

rupture (flexure tensile strength) was considered by the following equation 

numbering 3-2. 

             ……………………. 3-2 

         where: 

 = Flexural tensile strength( modulus of rupture )(MPa), 

ultimate value for the implemented load (N), 

= length of the prisms (mm). 

 = width of the prisms (mm), 

 = depth of prisms (mm). 
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Figure 3-6 Brisim Dimensions Details 

 

Plate 3-22 Flexure Tensile Test 

3.7 Constructing of Specimens 

The structure of the steel tube was made by the Turkish Toscelik 

Company, and the typical length of the steel tube was 6000 mm. After that, 

the tubes which length of 6000 mm were divided to obtain the needed length 

of the specimens. To investigate the alignment between the inner and outer 

tubes' centers, the inner tubes were accurately located at the center of the 

outer tubes in the test specimen setting process. To let the concrete be cast, 

the top hollow of the steel tube was left unlocked, and a plate with a 
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thickness of (10) mm had been welded to the tube's base. To achieve a 

uniformly distributed load transference about the cross-section throughout 

the test process, an angle grinder handled tool to ensure it is smooth and on 

the level on its upper face as shown in Plate 3-23. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In CFDST, during the process of casting the upper hollow of the inner tube 

had been covered carefully to avoid fresh concrete inflowing inside it, which 

is not required for the study. After the casting process is complete it can 

remove the cover and prepare the sample for test. After that, the specimens 

were protected from corrosion when the curing process was begun by 

cleaning them carefully and painting them with two layers of anti-corrosion 

paint as shown in Plate 3-24. 

 

 

Plate 3-23 Top Surface Preparation 
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The curing process started in the basin provided with heaters to keep the 

degree of concrete tempreture constant according to ASTM- C 511 – 03 

Standard [46], specimens were submerged in water for 28 days. 

3.8 Support industry  

To make the fixed support, the upper support consists of a square 

plate welded with a square ring like a cap has a thickness of (10) mm and 

welded with it six steel bullburn inside it a steel rod that the bullburn help 

the column to slide right and left easily. For the circular columns, the upper 

support consists of a circular plate welded with a circular ring that has a 

thickness of (10) mm and has the same details as the square columns, as 

shown in plate 3-25. 

Plate 3-24 Preparing and Casting Specimens 
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Plate 3-25 Upper Steel Caps (a) Square Cap (b) Circular Cap 

To achieve a uniform distribution of axial load an arm of steel had been 

fixed in the side of the steel girder that was placed between the upper 

support and the vertical hydraulic jack as shown in plate 3-26. 

 

Plate 3-26 Steel Arm 

Six Bullburn 

(b) 

(a) 

Steel Arm 
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To make the specimen able to move with the Lateral hydraulic jack right and 

left two plates with a thickness (of 10 mm)  were made and linked together 

with four bolts that joined with the lateral load cell with steel bolts to ensure 

the complete touch between the two steel plates and the specimens, for 

square specimens, the plate was square planer plate, and for circular 

specimens, a curve in the plate was made to prevent any lateral movement in 

the opposite side of the motion, so when the lateral jack pushed to the right 

the specimen moves to the right by this pincers and move to left when the 

hydraulic jack moves left the details of this plates and bolts can be shown in 

Plate 3-27. 

 

 

 

 

 

 

 

 

 

 

To achieve the fixation case in the lower support a square steel plate were  

provided with a thickness (of 10) mm and dimensions (of 220*220) mm, it 

has (12) holes and is linked with a base plate- that was fixed in the rigid 

girder -by heavy steel bolts and twelve nets fixed with steel washers to 

prevent the movement as possible and to support the column from bottom 

four steel stiffeners with triangle shape welded with the outer tube, Plate 3-

Plate 3-27 Steel Pencers (a) For Square Specimens (b) For Circular Specimens 

 

(a) (b) 
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28 showed the bottom plate and bolts distribution, and Figure 3-8, show 

details of stiffeners. 

 

Plate 3-28 Lower Support Details 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3-7 Details of Lower Support and Stiffeners. 
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The overall view of the test system and view used in the experimental work. 

After 28 days of the casting process of the HSC and NSC composite 

columns, the curing of specimens with water was finished, and the column 

specimens were removed from water basins. Then it is prepared by cleaning 

and painting to clarify the variables and show forms of failure. During the 

test process, steel caps were set on the upper of the column to distribute the 

axial load and fixed the column from the upper, while the column's lower 

support was fixed. To find out the change in lateral displacement of the 

column during the testing process, a linear Variation Displacement 

transducer (LVDT) was provided. The horizontal deflection was measured 

in the upper of the column. The machine hydraulic jack was provided and 

has a capacity of approximately 100kN. The test was performed on the 

columns up to failure. The load was recorded by two load cells (vertical and 

horizontal) linked to the computer as shown in Figure 3-9 and Plate 3-29. 

Excel program data representing the displacement history works 

automatically with positive and negative values of displacement was carried 

out in this test setup, all these details are shown in Plate 3-30.  
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Figure 3-8 Testing Machine  

 

Plate 3-29 Computer Program Test 
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Plate 3-30 Vertical and Horizontal Jack details 

3.9 Application of Axial Loads. 

axial load value in this study was represented in three cases: 

 The first case represented the effect of lateral load only without 

considering the effect of axial load (assume axial load zero) this case had 

been represented to study the effect of lateral load only in the 

construction stage. 

 The second case represented the effect of dead load only as a value of 

self-weight of a typical slab assumed to have a dimension (5000*5000) 

with (220) mm thickness and the finishing tiles over it (50) mm that 

Specimen in test 

LVDT 
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carried by a short column with dimensions of (400*400*3250) mm 

multiplied by a scale factor (1:4). The result of this calculations is about 

(40) kN as details in Appendix B. 

 The third case represented the effect of dead load plus live load as a value 

self-weight of a typical slab assumed to have a dimension (5000*5000) 

with (220) mm thickness and the finishing tiles over it (50) mm, and 

live load about (1-1.25) kN/m2 that carried by a short column with 

dimensions of (400*400*3250) mm multiplied by a scale factor (1:4). The 

result of this calculations is about (70) kN as details in Appendix B. 

3.10 Application of Cyclic Loading 

The testing process was: The cyclic lateral loading test began from (2,-2)mm 

displacement to( 42,-42) mm with two-cycle for each magnitude of 

displacement applied as an excel program worked automatically in the 

computer Figure 3-10, shows the cyclic protocol dependent on 

displacements. The Axial loading is divided into three types: The first group 

has four specimens with zero axial loads, the second group with an axial 

dead load of about (40kN) only, and the last group with axial dead and live 

load of approximately (70 kN). 

Figure 3-9 Displacement history of all specimens 
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 Chapter4 : Results and Discussion 

4.1 General 

           The main focus of this research is to study the behavior of concrete-

filled double-skin columns subjected to cyclic lateral load under different 

cases of axial load experimentally. The mechanical properties of normal 

concrete (NSC) and high-strength concrete (HSC) have been introduced first 

in this chapter. The result of an experimental test of the behavior of twelve 

concrete-filled double-skin columns is presented in this chapter. The tested 

composite columns were divided according to the type of mixture into two 

groups: columns filled with high-strength concrete and others with normal 

concrete. The experimental variables included the shape of the composite 

column by two types square and circular columns. The effect of these 

variables was studied and discussed, load-deflection behavior, and the 

modes of failure of the specimens. Figure 4-1 shows the flow chart of 

experimental columns test and analysis results and its discussion. 

 Figure 4-1 Flow Chart of Specimens Test 

Experimental work of composite 

columns 

Analyses the results 

Skeleton Curve 

 

Results and Discussion 

Load- displacement  curves 

 

Study the effect of  variable shape 

 

Study the effect of variable type of concrete  

 

Failure mode 
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4.2 Mechanical Properties of NSC and HSC 

 The mechanical properties of the samples of concrete that have been tested 

in this study contained compressive strength, tensile strength, and modulus 

of elasticity. The average values of three samples were recorded to represent 

each test of the mechanical properties. 

4.2.1 Compressive Strength Results  

One of the most essential characteristics of the hardened concrete is 

compressive strength. To determine how this feature affects the behavior of 

composite columns, two types of concrete --NSC and HSC-- have been used 

in this study. The compressive test results of the two mixtures are shown in 

Table 4-1. The average value of three-cylinder samples had been taken to 

represent the compressive strength.  

Table 4-1 Compressive Strength of Concrete Mixes 

 

No. of specimen 

Normal concrete 

NSC 

High-strength concrete   

HSC 

100*200 Cylinder 

(MPa) 

100*200 Cylinder 

(MPa) 

1 28.4 66.5 

2 30.9 66.9 

3 35.7 71.1 

average 31.66 68.16 

 

The results showed that the compressive strength of high-strength concrete 

samples larger than  the compressive strength of the normal concrete 

samples with a magnitude of 36.5 MPa. Plate 4-1 shows the failure modes of 

cylinders for each mixture . 
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Plate  4-1 Failure Mode of Samples (a) NSC samples (b) HSC samples. 

4.2.2 Splitting Tensile Strength Results  

An indirect method to assess the tensile of the concrete, in this test 

standard cylinder (100*200) mm, is used by laying horizontally and 

applying the force radially which causes a crack along the cylinder vertically 

as shown in Plate 4-2. 

(a) NSC 

(b) HSC 
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Plate  4-2 Failure Mode of Different Types of Concrete in Splitting Test (a) HSC 

(b) NSC 

Three cylinders were used in this test for each type of concrete, and the 

results of this test are shown in Table 4-2 and take the average.  

Table 4-2 Results of three cylinders of each type of concrete 

No. of 

         specimen 

Normal concrete 

(MPa) 

High strength concrete 

(MPa) 

1 3.4 5.3 

2 3.7 5.5 

3 3.9 6.1 

Average 3.67 5.63 

HSC Sample (a) 

NSC Sample (b) 
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The results of the splitting test indicate that the tensile strength of high-

strength concrete is more than normal concrete by approximately 2.0 MPa. 

4.2.3 Flexure tensile Strength (Modulus of Rupture (fr )) 

To obtain the modulus of rupture for NSC and HSC, three prism 

specimens with dimensions (100×100×500) mm were tested under one 

concentrated load as shown in Plate 4-3, and Table 4-3 clear the results of 

flexural tensile strength and their average of both type of concrete.  

 

Plate  4-3 Failure Mode of Flexural Strength of Different Types of Concrete       

(a) NSC sampels (b) HSC sampels . 

Table 4-3 Results of three prisms for each type of concrete and average. 

No. of 

          specimen 

Normal concrete 

(MPa) 

High strength concrete 

(MPa) 

1 3.74 4.96 

2 3.87 5.36 

3 4.58 5.98 

Average 4.06 5.43 

(b) HSC  (a) NSC  
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The experimental values for the modulus of rupture indicated that HSC 

flexural strength has a magnitude greater than the flexural strength of NSC 

by 1.37 MPa. 

4.2.4 Modulus of Elasticity  

The modulus of elasticity was calculated for each mix of NSC and 

HSC using equation 4-1, which represented the formula of modules of 

elasticity for normal concrete according to the ACI-318 formula [34]. 

……………… 4-1 

Equation 4-2 represented the formula of modules of elasticity for high 

strength of concrete according to the ACI 363R-23 [5]. 

…………… 4-2 

The value of the modulus of elasticity for each mixture is calculated by the 

previous equations represented in Table 4-4.  

Table 4-4 Average Modulus of  Elasticity. 

  

Through the calculations of the modulus of elasticity for High strength 

concrete, it was found an increase in the modulus of elasticity where the 

No. of 

specimen 

Modulus of elasticity (Ec) 

for High strength concrete 

(Mpa) 

Modulus of elasticity (Ec) 

for Normal Concrete 

(Mpa) 

1 33973 25047 

2 34000 26126 

3 34894 28082 

Average 34289 26418 
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average value of elasticity modulus in the mixture of high strength was 

34289 MPa and the average value of modules for normal concrete was 

26418 MPa . 

4.3 Nominal Axial Load: 

 The columns are generally known as compression members, and 

usually carry bending moment in one or two directions. The most common 

types of RC columns are: 

1- Columns have a longitudinal bar with lateral ties 

2- Columns have a longitudinal bar with continuous spirals. 

3- Composite members with steel pipe or tubing. 

 The nominal strength axial load can be evaluated by the equation 4-3 which 

is represented according to the ACI -318 code, recognizing the nonlinear 

response of steel and concrete materials. 

 

           

  

Where: 

:Nominal strength load 

: Specified compressive strength of concrete 

:Area of the concrete section 

:Specified yield strength for steel 

:Area of steel

………. 4-3 
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Figure 4-2 considered the factored maximum load combination linked with 

maximum axial force and maximum bending moment according to ACI 

code 440.11-22(R10.4.2)[47].   

 

 

Figure 4-2Critical column load combination[47] 

4.4 Failure Modes  

Generally, the shape of the steel tube and the type of concrete are important 

factors that affect and give an important indicator of the shape of the 

column's failure. The modes of failure of the CFDST circular and square 

columns are shown in Plate 4-4 to 4-15. 
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Plate  4-4 Failure Mode of CNS-C1 Specimen 

 

Plate  4-5 Failure Mode of CNS-C2 Specimen 
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Plate  4-7 Failure Mode of CNS-S1 Specimen 

Plate  4-6 Failure Mode of CNS-C3 Specimen 
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Plate  4-8 Failure Mode of CNS-S2 Specimen 

Plate  4-9 Failure Mode of CNS-S3 Specimen 
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Plate  4-10 Failure Mode of CHS-C1 Specimen 

 

Plate  4-11 Failure Mode of CHS-C2 Specimen 
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Plate  4-12 Failure Mode of CHS-C3 Specimen 

  

Plate  4-13 Failure Mode of CHS-S1 Specimen 
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Plate  4-14 Failure Mode of CHS-S2 Specimen 

 

Plate  4-15 Failure Mode of CHS-S3 Specimen 
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From the previous pictures of specimens, the failure mode for all 

specimens was noticed at the bottom of columns near the stiffeners which 

means that the specimens reached the plastic phase at the bottom, while the 

top of specimens were still in the elastic phase. At the beginning phases of 

the cyclic load test for columns, nothing is observed. There are clear fracture 

sounds when the load reaches its maximum load. Subsequently, the tubes 

began to yield. When a load increases, the tube bends as a result of the 

positive and negative lateral loads. The investigation of a concrete fracture 

followed by the steel's achievement of maximum stress under lateral loading 

conditions is one of the expected possible failure scenarios for short 

columns. Plates 4-16 show the cracks that happened in the concrete core 

after the failure.  

 

Plate  4-16 Cracks in Concrete after Failure 
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The failure mode of all specimens investigated near the bottom of the 

columns refers to the specimens reaching to plastic zone while the top of the 

columns were still  elastic, the following was obtained: 

1- All circular and square sections showed internal and external yield on the 

steel preceded by the occurrence of crushing concrete between the two 

tubes. All of the columns failed in the region near the lower support.  

2-As for the circular sections, The resistance of failure occurred larger 

degree than the square section, due to the better confining of concrete by the 

circular steel tube than the square.  

3- For specimens that have a high-strength concrete the failure happened 

decelerate than the others that have a normal concrete due to the high 

properties of high-strength concrete and its resistance to the high value of 

loads. 

4.5 Load-Displacement Behavior 

One LVDT was installed to record the displacement of each column 

in the region of lateral force action that acted by the lateral hydraulic jack. 

During the test, it observed that the steel started to bend and sometimes 

latitudinal cracks happened and a sound of concrete crushing was heard 

clearly before the yielding in steel happened. The load-deflection and the 

deflected shape of all of these columns are illustrated in Figures 4-4 to 4-15 
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Figure 4-3 Load Displacement Diagram for CNS-C1 Specimen 

 

Figure 4-4 Load Displacement Diagram for CNS-C2 Specimen 
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Figure 4-5 Load Displacement Diagram for CNS-C3 Specimen 

 

Figure 4-6 Load Displacement Diagram for CNS-S1 Specimen 
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Figure 4-7 Load Displacement Diagram for CNS-S2 Specimen 

 

Figure 4-8 Load Displacement Diagram for CNS-S3 Specimen 
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Figure 4-9 Load Displacement Diagram for CHS-C1 Specimen 

 

Figure 4-10 Load Displacement Diagram for CHS-C2 Specimen 



Chapter Four……………………………………….…Results and Discussion   

 

96 

 

Figure 4-11 Load Displacement Diagram for CHS-C3 Specimen 

 

Figure 4-12 Load Displacement Diagram for CHS-S1 Specimen 



Chapter Four……………………………………….…Results and Discussion   

 

97 

 

Figure 4-13 Load Displacement Diagram for CHS-S2 Specimen 

 

Figure 4-14 Load Displacement Diagram for CHS-S3 Specimen 

The details of the symbols' names, the value of the vertical load, the 

maximum value of lateral load in positive and negative directions, the 

absolute average value of maximum lateral load, and the maximum 

displacement are shown in Table 4-6 
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Table 4-5 The failure modes of the CFDST column 

No. 
Symbol of 

Column 

Max. Vertical 

Load                   

(load cell1) 

(kN) 

Max. Lateral 

Cyclic Load   

(load cell2) 

(kN) 

Average 

Absolute 

Load 

(kN) 

Displacement 

at max. lateral 

cyclic load 

(mm) 

1 CNS-C1 0 
31.65 

31.48 
22 

-31.31 -22 

2 CNS-C2 38.42 
32.50 

32.49 
24 

-32.48 -24 

3 CNS-C3 71.99 
33.49 

33.27 
26 

-33.05 -26 

4 CNS-S1 0 
29.36 

29.62 
20 

-29.88 -20 

5 CNS-S2 38.34 
31.39 

31.42 
22 

-31.45 -22 

6 CNS-S3 65.49 
32.42 

32.51 
24 

-32.6 -24 

     7 CHS-C1 0 
33.88 

33.58 
24 

-33.29 -24 

    8 CHS-C2 47.3 
35.6 

35.48 
26 

-35.37 -26 

   9 CHS-C3 72.86 
39.87 

40.08 
28 

-40.30 -28 

  10 CHS-S1 0 
30.44 

30.53 
22 

-30.62 -22 

   11 CHS-S2 41.5 
33.91 

33.39 
24 

-32.87 -24 

   12 CHS-S3 70.8 
35.94 

35.61 
26 

-35.28 -26 
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4.6 Skeletons Curve. 

It can be gained by linking the peak points of the lateral load-

displacement curve in each first cycle of cycles protocol,  to create a 

skeleton curve. A skeleton curve is an important index for understanding 

inelastic seismic behavior and is used for measuring the ductility, strength, 

and deformation capacity of specimens. When the steel is subjected to 

tension in skeleton curve analysis, the loading direction is defined as 

positive, and the loading direction is defined to be negative when exposed to 

compression[12]. The skeleton curves are shown in Fig.4-15  
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Figure 4-15 Skeleton Curve for All Specimens 



Chapter Four……………………………………….…Results and Discussion   

 

100 

4.7 Parameters Influence. 

4.7.1 Influence of type of concrete: 

High-strength concrete mixtures (HSC) were designed with a 

compressive strength of about (68) MPa, and normal-strength concrete 

mixtures were designed with a compressive strength of about (31) MPa. The 

result of the comparison between every type of axial load value with a 

difference of concrete type as described below: 

4.7.1.1 Square Section  

 The lateral load of the specimen named CHS-S1 was increased than the 

specimen named CNS-S1 as a percentage of 3.07 % see Figure 4-16. 

 

Figure 4-16 Skeleton Curve of CHS-S1 and CNS-S1 

 The value of a lateral load of a specimen named CHS-S2 was increased 

than the specimen named CNS-S2 as a percentage of 6.26 % see Figure 

4-17.  

 

Figure 4-17 Skeleton Curve of CHS-S2 and CNS-S2 
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 The value of a lateral load of the specimen named CHS-S3 was 

increased than the specimen named CNS-S3 as a percentage of 9.53 % 

see Figure 4-18.  

 

Figure 4-18 Skeleton Curve of CHS-S3 and CNS-S3 

4.7.1.2 Circular Section  

 The lateral load of the specimen named CHS-C1 was increased than 

the specimen named CNS-C1 as a percentage of 6.68 % see Figure 4-

19. 

 

Figure 4-19 Skeleton Curve of CHS-C1 and CNS-C1 

 The lateral load of the specimen named CHS-C2 was increased than 

the specimen named CNS-C2 as a percentage of 9.20 % see Figure 4-

20.  
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Figure 4-20 Skeleton Curve of CHS-C2 and CNS-C2 

 The lateral load of the specimen named CHS-C3 was increased than 

the specimen named CNS-C3 as a percentage of 21.10 % see Figure 4-

21.  

 

Figure 4-21 Skeleton Curve of CHS-C3 and CNS-C3 

The results above proved that the influence of the high strength of concrete 

enhanced the performance of the resistance of composite columns to lateral 

loads clearly and this influence was increased whenever the value of axial 

load was increased.
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4.7.2 Influence of Shape of Steel Tube Cross Section: 

4.7.2.1 High-Strength Concrete Specimens. 

 The lateral load of the specimen named CHS-C1 was increased than 

the specimen named CHS-S1 as a percentage of 10 % see Figure 4-22.  

Figure 4-22 Skeleton Curve of CHS-C1 and CHS-S1 

 The lateral load of the specimen named CHS-C2 was increased than 

the specimen named CHS-S2 as a percentage of 6.25 % see Figure 4-

23.  

 

Figure 4-23 Skeleton Curve of CHS-C2 and CHS-S2 
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 The lateral load of the specimen named CHS-C3 was increased than 

the specimen named CHS-S3 as a percentage of 12.55 % see Figure 4-

24.  

 

Figure 4-24 Skeleton Curve of CHS-C3 and CHS-S3 

4.7.2.2 Normal Strength Concrete Specimens. 

 The lateral load of the specimen named CNS-C1 was increased than the 

specimen named CNS-S1 as a percentage of 6.27 % see Figure 4-25.  

 

Figure 4-25 Skeleton Curve of CNS-C1 and CNS-S1 

 The lateral load of the specimen named CNS-C2 was increased than the 

specimen named CNS-S2 as a percentage of 3.40 % see Figure 4-26. 
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Figure 4-26 Skeleton Curve of CNS-C2 and CNS-S2 

 The lateral load of the specimen named CNS-C3 was increased than the 

specimen named CNS-S3 as a percentage of 2.330 % see Figure 4-27. 

Figure 4-27 Skeleton Curve of CNS-C3 and CNS-S3 

 In comparison to the precedent results to study the effect of the shape of 

the section of area between circular and square section area under the same 

conditions of the type of concrete and values of axial loads, the comparison 

results show that the circular section has a resistance of lateral cyclic loads 

greater than the square section at the same conditions that clear the circular 

section was more suitable than the square. 
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4.7.3 Influence of Value of Axial Loads: 

4.7.3.1 High-Strength Circular Specimens: 

 The lateral load of the specimen named CHS-C3 was increased than the 

specimen named CHS-C2 by a percentage of 12.96 % see Figure 4-28 

 

Figure 4-28 Skeleton Curve of CHS-C3 and CHS-C2 

 The lateral load of the specimen named CHS-C3 was increased than 

the specimen named CHS-C1 as a percentage of 19.35 % see Figure 

4-29.  

 

Figure 4-29 Skeleton Curve of CHS-C3 and CHS-C1 

 The lateral load of the specimen named CHS-C2 was increased than the 

specimen named CHS-C1 by a percentage of 5.65 % see Figure 4-30.  
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Figure 4-30 Skeleton Curve of CHS-C2 and CHS-C1 

4.7.3.2 High-Strength Square Specimens: 

 The lateral load of the specimen named CHS-S3 was increased than the 

specimen named CHS-S2 as a percentage of 6.64 % see Figure 4-31. 

 

Figure 4-31 Skeleton Curve of CHS-S3 and CHS-S2 

 The lateral load of the specimen named CHS-S3 was increased than the 

specimen named CHS-S1 as a percentage of 16.63 % see Figure 4-32. 
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Figure 4-32 Skeleton Curve of CHS-S3 and CHS-S1 

 The lateral load of the specimen named CHS-S2 was increased than the 

specimen named CHS-S1 as a percentage of 9.36 % see Figure 4-33. 

 

Figure 4-33 Skeleton Curve of CHS-S2 and CHS-S1 

4.7.3.3 Normal Strength Circular Specimens: 

 The lateral load of the specimen named CNS-C3 was increased than the 

specimen named CNS-C2 as a percentage of 2.40 % see Figure 4-34.  
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Figure 4-34 Skeleton Curve of CNS-C3 and CNS-C2 

 The lateral load of the specimen named CNS-C3 was increased than the 

specimen named CNS-C1 as a percentage of 5.68 % see Figure 4-35.  

 

Figure 4-35 Skeleton Curve of CNS-C3 and CNS-C1 

 The lateral load of the specimen named CNS-C2 was increased 

than the specimen named CNS-C1 as a percentage of 3.20 % see Figure 

4-36.  
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Figure 4-36 Skeleton Curve of CNS-C2 and CNS-C1 

4.7.3.4 Normal Strength Square Specimens: 

 The lateral load of the specimen named CNS-S3 was increased than the 

specimen named CNS-S2 as a percentage of 3.46 % see Figure 4-37.  

 

Figure 4-37 Skeleton Curve of CNS-S3 and CNS-S2 

 The lateral load of the specimen named CNS-S3 was increased 

than the specimen named CNS-S1 as a percentage of 9.75 % see Figure 

4-38.  
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Figure 4-38 Skeleton Curve of CNS-S3 and CNS-S1 

 The lateral load of the specimen named CNS-S2 was increased 

than the specimen named CNS-S1 as a percentage of 6.07 % see Figure 

4-39.  

 

Figure 4-39 Skeleton Curve of CNS-S2 and CNS-S1 

In general, the resistance of lateral load was increased significantly when the 

values of axial loads were increased at the same conditions of the type of 

concrete and shape of the cross-section area of specimens. 
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 Chapter5 : Finite Element Simulation 

5.1 General 

Large simulation models are frequently needed to obtain a thorough 

knowledge of design details as design complexity increases. The Finite 

element applications (FEA) system should allow the analyst to efficiently 

use available computing resources to run big problems. Abaqus uses the 

most recent high-performance features of General-purpose graphics 

processing units (GPGPUs), High-performance computing (HPC) 

architectures, and Central processing units (CPUs) to ensure that you rarely 

cannot achieve an adequate simulation due to model size limits. Because the 

code completes complex jobs on time, users value being able to stick to 

timelines. Realistic representations rapidly reveal how painstakingly the 

code designers attended to the intricacies. Large model needs from real life 

are met with resilience by Abaqus. In this chapter, the Abaqus program 

(version 2021) was used to represent and simulate the composite columns 

samples that were tested experimentally in the lap and ensure the accuracy 

of the results. 

5.2  Parts  of Model  

One of Abaqus's features provides a multipurpose modeling stage and 

it can import components from other programs, such as AutoCAD, using 

appropriate and varied file extensions. Generally, geometrical modeling was 

implemented in 3D elements. Additionally, depending on the simulation 

condition, some of the elements are deformable, while others are stiff. 

Geometrical modeling requires six parts in total for two models square and 

circular cross-section columns. They are as follows: Concrete column, outer 

steel tube, inner steel tube, stiffeners (four numbers), top and bottom plate. 
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Concrete columns, stiffeners, and top and bottom plates for two models were 

constructed by using 3D- Deformamable –Solid Element(C3D8R), and outer 

and inner steel tubes were constructed by using 3D- Deformamable –Shell 

Element  (S4R) as shown below in Figure 5-1and Figure 5-2. 

  

  

  
 

Figure 5-1 Part Modeling for Square Columns 

Outer steel tube Inner steel tube 

concrete 
Top plate 

stiffiner Bottom plate 
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Figure 5-2 Part Modeling for Circular Columns 

5.3 Materials Properties  

Abacus have different material properties that indicate their behaviors 

under various conditions, and types of materials used like concrete, and 

steel. 

Outer steel tube Inner steel tube 

concrete 
Top plate 

stiffiner Bottom plate 
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5.3.1 Concrete Material Representing.  

Elastic and plastic phases are employed to simulate concrete elements. 

The elastic phase is modeled for isotropic materials, presenting simple linear 

elasticity with the material constants being the Poisson ratio ( ) and the 

Young modulus of elasticity (Ec). The International Federation for 

Structural Concrete (FIB) model code indicates that Passion's ratio 

parameter ranges from 0.1 to 0.2. Numerous academics advise that the 

default value for concrete be set at 0.17 and Ec about 37658.9 MPa for high-

strength concrete and used  at 0.18 and Ec about 30588.56 MPa for 

normal concrete. In the plastic phase concrete damages plasticity because of 

its ability to predict the behavior of concrete under different conditions. The 

value of the parameters selected is shown in Table 5-1 below: 

Table 5-1 Concrete Damage Plasticity Value[48] 

parameter Delation 

angle (Ψ) 

Eccentricity 

(€) 

/  K Viscosity  

parameter (µ) 

High strength 40 0.1 1.16 0.667 0.001 

Normal strength  30 0.1 1.16 0.667 0.001 

 

The dilatation angle (Ψ) influences the degree of plastic deformation within 

the K volume. It varied between 20°–45° in values. Additional 

characteristics included, the plasticity number (K), which determines the 

yield surface's form and is the rate at which the tensile to compressive 

transition occurs. It can be acquired by utilizing the formulas listed in Table 

(5.1), where default values were chosen from the Abaqus user handbook. 

The shape of the plastic potential surface in the meridional plane is 

described by the eccentricity of the flow potential (€). The viscosity 
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parameter (µ) is employed to guarantee the proper convergence of the 

study[49]. In compressive behavior used curve in the plastic region 

represents the stress-strain curve as shown in Figure 5-3 

 

Figure 5-3 Compressive Stress-Strain Behavior 

In tensile behavior, the curve of stress-strain simulated in the plastic region 

has a detail as shown in Figure 5-4 
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Figure 5-4 Tensile Stress-Strain Behavior 

5.3.2  Steel Material Representing 

In this study, elastic and plastic properties of steel were implemented 

assuming Poison's ratio (   and modulus of elasticity Es for all steel is 0.3 
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and 201229 MPa respectively. With the plastic phase the yield stress fy for 

steel used in the tube assumed as 315 MPa was calculated from the steel test 

as mentioned in chapter three, and the yield stress fy for the top and bottom 

plate and stiffeners assumed 600 MP a higher than the same of steel tube to 

ensure that it is not collapsed firstly. 

5.3.3 Sections  

Generally, all materials in Abaqus require a section definition.  A section 

contains details about the parts. The characteristics of the chosen sections 

depend on the type of part being simulated. The section of concrete, top and 

bottom plate, and stiffeners had been assigned as a “solid homogeneous” and 

the outer and inner tube had been assigned as a “shell homogeneous” and the 

order( assigned section )used to connect the parts with materials. 

5.4 Assembly  

Assembly module means that every part of the model was collected in the 

coordinate system and made independent of the other parts in the model. 

The assembly parts of the models are shown in Figure 5-5 

 

Figure 5-5  Assembly for Square and Circular Models 
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5.5 Interaction 

In this study several types of interaction were used as the properties 

and requirements of the model, Coupling constraints were used in the region 

that the displacement effected, and (Tie interactions) were used between the 

vertical side of stiffeners (master surface) and the bottom part of outer steel 

tube (slave surface), Tie interaction was used between the bottom surface of 

stiffeners (master surface) and the bottom plate (slave surface), the other 

parts of the model interacted with surface to surface between concrete and 

steel tube, the formula of friction is Penalty, Isotropic, and the coefficient of 

friction is used 0.7. The reference point of the load (lateral and axial) had 

been interacted by coupling with the surface that it had been effected. Figure 

5-6 show the details of interactions. 

  

  

Figure 5-6 Models Interaction Simulations 
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5.6 Meshing 

The most important phase in finite element modeling is mesh size 

selection. An adequate pre-analysis of several mesh densities was carried out 

before the analysis to identify the optimal density that provides the required 

accuracy given the complexity of the analysis. A reasonable amount of 

elements divided into the model leads to an adequate convergence of the 

results. This is essentially observed when a small change in the mesh size 

affects the outcome. To determine the proper mesh size, a convergence study 

was performed on the columns model in the current FEM. Finding the ideal 

model mesh size with the fewest possible elements and maximum 

convergence with the experimental test findings is the primary goal of the 

convergence study. To do the convergence investigation, the model's 

element size was reduced from 25,20 and 10 mm. discovered that 20mm was 

more in line with the lab findings, and it was accepted as shown in Figure 5-

7 and Table (5-2) show the agreeable size of mesh. 

 

Figure 5-7 Typical Applied Meshing for Square and Circular Model 
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Table 5-2:Effect of Mesh Size on Ultimate Load and Deflection 

Mesh size (mm) Name Ultimate load (kN) Maximum deflection (mm) 

10 
Exp. 31.48 22 

Num. 40.55 29 

20 Exp. 31.48 22 

Num. 32.92 21.46 

25 
Exp. 31.48 22 

Num. 27.89 16.7 

5.7 Loading and boundary conditions 

In structural analysis, Abaqus offers an extensive number of methods 

and features for using mechanical, thermal, or a mix of the two. In general, 

forces, pressures, defined displacements, and inertia forces (such as gravity) 

can be used to characterize mechanical loading.in this process, initial 

mechanical displacement/rotation had been selected to investigate the fixed 

case at the support (bottom plate), and at step 1 at the first case that has no 

axial load, mechanical displacement/rotation had been also implemented to 

represent the displacement applied at (100) mm from the top of the column 

as experimental work implemented, to investigate the lateral cyclic case 

excel sheet with positive and negative value start with (2,-2) till(42,-42) mm 

had been input as an amplitude by define the lateral displacement (U1)and 

fixed other values, this mechanism of load made the numerical model looks 

like the same in experimental work. Many academics advise using the 

adopted method because it can solve the majority of disconvergent 

problems. Furthermore, Abaqus generated 6 degree of freedom for each 

node as shown in Figure 5-8 
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Figure 5-8 Displacement and Rotation Degree of Freedom  

 

 The simulation of boundary condition at the support and displacement 

control at step 1 shown in Figure 5-9 below represents case one that has 

lateral cyclic load only without axial loads as the same case in experimental 

work. 

 

Figure 5-9 Boundary Conditions and Lateral Displacement on Model 

The second case of simulation is that the specimens have an axial load in 

step 1 in addition to the lateral cyclic load with two types of value. The first 

value represents the implemented dead load only, and the other value of an 

axial load represents dead and live load together. An axial load entered in 

this step as a concentrated force that was calculated in Appendix B on the 
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surface area of the top plate of the column in step1 and it was entered as an 

amplitude represented time with load by making the axial load constant 

along the time of the step was 40 kN for dead load and 70 kN for dead and 

live load and implemented at the same time of projecting the lateral load as 

it has done in experimental work see Figure 5-10. 

 

Figure 5-10 Boundary Conditions, Lateral Displacement, and Axial Force on Model 

The Dynamic Implicit step analysis was implemented at step 1 to apply 

displacement and loads in this study, dynamic analysis can be done if the 

simulated system is dependent on time. During a dynamic step a time period 

was assigned to the analysis, because it is necessary for the amplitude 

options. Abaqus/Standard defaults to a time period selected as (1). 

Incrementation was assigned Automatic. The field output and history output 

were created to simulate forces, displacement, energy, stress, strain, and 

failure/fracture. 

5.8   Results and Analysis 

In this part, the numerical justification concerning the experimental 

study findings was completed in terms of the load–deflection curves for all 

of the specimens. The consequences of the finite element analysis were 
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assembled, arranged, and compared with the results that obtained from 

experimental work. The comparison was dependent significantly on the 

ultimate lateral load capacity relation with displacement, and failure mode. 

5.8.1 Validation of Numerical Study 

In this section, the load-deflection curves for each specimen were 

obtained, along with a numerical validation based on the experimental work 

findings. Concerning the ultimate deflection and load-carrying capacity of 

columns, all numerical calculations showed good and close agreement with 

experimental results. Figure 5-11 shows that the failure mode of the 

numerical model is the same as experimental. The numerical results of the 

specimens are presented together with their load-deflection behavior, Table 

5-3 represents the observed percentage of variance for the load capacity and 

the corresponding deflection.  

  

Figure 5-11 Failure Mode Validation between Experimental and F.E Work 
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Table 5-3 Validation of Lateral Load Value of Experimental and Numerical Results 

No. 
Symbol of 

Column 

Max. Lateral 

Cyclic Load 

in 

experimental 

work (kN) 

Average 

Absolute Load 

in experimental 

work(kN) 

Max. 

Lateral 

Cyclic in 

F.E (kN) 

Average 

Absolute 

Load in 

F.E(kN) 

P Lateral in 

F.E/P Lateral 

in experimental 

work 

1 CNS-C1 
31.65 

31.48 
32.98 

32.92 1.045 
-31.31 -32.87 

2 CNS-C2 
32.50 

32.49 
33.50 

33.56 1.032 
-32.48 -33.62 

3 CNS-C3 
33.49 

33.27 
35.56 

35.66 1.071 
-33.05 -35.76 

4 CNS-S1 
29.36 

29.62 
31.79 

31.64 1.068 
-29.88 -31.50 

5 CNS-S2 
31.39 

31.42 
32.40 

32.35 
1.029 

 -31.45 -32.30 

6 CNS-S3 
32.42 

32.51 
34.50 

34.36 1.056 
-32.6 -34.22 

7 CHS-C1 
33.88 

33.58 
35.50 

35.10 1.045 
-33.29 -34.69 

8 CHS-C2 
35.6 

35.48 
36.96 

37.00 1.042 
-35.37 -37.15 

9 CHS-C3 
39.87 

40.08 
40.44 

40.87 1.020 
-40.30 -41.31 

10 CHS-S1 
30.44 

30.53 
31.85 

31.87 1.043 
-30.62 -31.90 

11 CHS-S2 
33.91 

33.39 
34.50 

34.56 1.03 
-32.87 -34.62 

12 CHS-S3 
35.94 

35.61 
37.25 

37.10 1.04 
-35.28 -36.9 
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The validation between the numerical results and experimental findings 

shows little difference, in general, the numerical results appear more than the 

same in experimental with a maximum value of difference of about (1.071). 

This difference may be caused by the accuracy of using finite element 

programs more than that found in experimental work, like the application of 

boundary conditions and loads. The peak lateral displacement that the 

yielding failure reached was approximately the same between numerical 

models and the experimental work that has the same conditions, except for a 

few negligible differences. More details about the distribution of stresses for 

the concrete, steel tubes, and stiffeners are shown in Figures 5-12 to 5-15. 

 

 
(a) 
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Figure 5-12 Stresses in Model Group One CNS-C (a) Stresses in Concrete(b) Stresses in 

Steel Tube 

 

 
(a) 

(b) 
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Figure 5-13 Stresses in Model Group Two CHS-C (a) Stresses in Concrete(b) Stresses in 

Steel Tube 

  

 

(b) 

(a) 
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Figure 5-14 Stresses in Model Group Three CNS-S (a) Stresses in Concrete(b) Stresses in 

Steel Tube 

 

                                                             (a) 

(b) 
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Figure 5-15 Stresses in Model Group Four CHS-S (a) Stresses in Concrete(b) Stresses in 

Steel Tube 

The validation between load-deflection curves for the experimental work and 

the FEA models is shown in Figures 5-16 to 5-27 below.  

 

Figure 5-16 Load Displacement Diagram for CNS-C1 Specimen 

(b) 
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Figure 5-17 Load Displacement Diagram for CNS-C2 Specimen 

 

 
Figure 5-18 Load Displacement Diagram for CNS-C3 Specimen 

 

Figure 5-19 Load Displacement Diagram for CNS-S1 Specimen 
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Figure 5-20 Load Displacement Diagram for CNS-S2 Specimen 

 

Figure 5-21 Load Displacement Diagram for CNS-S3 Specimen 

 
 

Figure 5-22 Load Displacement Diagram for CHS-C1 Specimen 
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Figure 5-23 Load Displacement Diagram for CHS-C2 Specimen 

 

Figure 5-24 Load Displacement Diagram for CHS-C3 Specimen 

 

Figure 5-25 Load Displacement Diagram for CHS-S1 Specimen 
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Figure 5-26 Load Displacement Diagram for CHS-S2Specimen 

 

Figure 5-27 Load Displacement Diagram for CHS-S3Specimen 

 

From the results and stress figures, it can be observed that when the columns 

were still in the elastic zone at the top it reached the plastic mode at the 

bottom of the columns. Figure 5-28 shows the deformation in the shape of 

the composite column that represented the mode of failure. 
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Figure 5-28 The Deformed Shape of Composite Column Model 

 at the representation of the finite element model concrete crushing and steel 

yielding were the failure modes expected. The compressive yield strength in 

concrete precedes the yield stress of the steel tube at the bottom of the 

column. Maximum compressive stress had been found near the bottom of 

the column, this conclusion of failure mode was demonstrated by comparing 

the stresses of steel and the strength of concrete, clear that the concrete 

failed in compression and tension before the steel reached the yield stress. 

5.9 Parametric Study 

The selected techniques, material models, and analysis techniques 

used to simulate and validate the experimental work results were presented 

and shown in the previous section of this chapter. When compared to the 

outcomes of the experimental studies, the finite element method produced 

accurate results. For further parametric research, this item has adopted the 
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previous configuration that was provided. The parametric study requires the 

addition of longitudinal Reinforcement bars and stirrups to the specimens to 

study the increasing lateral cyclic load strength. 

5.9.1 Reinforcement specimens simulation 

Geometrical modeling requires seven parts in total for two models 

square and circular cross-section columns. They are as follows: Concrete 

column, outer steel tube, inner steel tube, stiffeners (four numbers), top and 

bottom plate. Concrete columns, stiffeners, and top and bottom plates for 

two models were constructed using 3D- Deformamable –Solid 

Element(C3D8R), outer and inner steel tubes were constructed using 3D- 

Deformamable –Shell Element  (S4R), and steel reinforcement(longitudinal 

and stirrups)  were constructed by using 3D- Deformamable-Wire Element 

(T3D2). Two specimens (square and circular) with high-strength concrete 

were used in this parametric study and the case of 70kN axial load was 

implemented this case represented the maximum value of lateral cyclic load 

from previous experimental and numerical study. All other details and 

boundary conditions from properties, assembly, interaction, mesh, loads, and 

boundary conditions are the same as in the previous study. 

5.9.2 Reinforcement Details 

Reinforcement steel bars consist of longitudinal steel bars with a 

diameter of  (6) mm and its number was four for square section specimens 

and six for circular section specimens. the stirrup diameter was (4)mm and 

distributed into three regions the two regions near the upper and lower 

supports were 50 mm, and the third region at the middle with distribution of 

100 mm. the details of reinforcement and dimensions are shown in Figure 5-

29 below. 
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5.9.3 Parametric Study Results and Analysis 

In this section, the numerical justification concerning the experimental 

study findings was completed in terms of the load–deflection curves for all 

of the specimens. The consequences of the finite element analysis were 

assembled, arranged, and compared with the results that obtained from 

previous numerical studies and experimental work. The comparison was 

dependent significantly on the ultimate lateral load capacity relation with 

displacement, and failure mode. 

5.9.3.1 Validation of parametric study 

In this section, the load-deflection curves for two specimens were 

obtained, along with a numerical validation based on the previous numerical 

study and experimental work findings. Concerning the ultimate deflection 

and load-carrying capacity of columns, the numerical calculations after 

strengthening the specimens with steel reinforcement showed a relative 

increase with previous numerical studies and experimental results. The 

numerical results of the specimens are presented together with their load-

Figure 5-29 Reinforcement Details for Specimens (a) Square Section Specimens (b) 

Circular Section Specimens 

(a) (b) 
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deflection behavior, Tables 5-3 represent the observed percentage of 

variance for the load capacity and the corresponding deflection. 

More details about the distribution of stresses for the concrete, steel tubes, 

and stiffeners are shown in Figures 5-30 and 5-31. 

Table 5-4 Validation between Lateral Load for The Model in F.E and Model Strengthen 

with Reinforcement Steel 

 

 

No. 

Symbol 

of 

Column 

Max. Lateral 

Cyclic in F.E 

(kN) 

Average 

Absolute 

Load in F.E 

(kN) 

Max. Lateral 

Cyclic in F.E 

after 

strengthening 

(kN) 

Average 

Absolute Load 

in F.E after 

strengthen 

(kN) 

P Lateral in F.E 

after strengthen/ 

P Lateral in  F.E   

1 CHS-C3 

40.44 

40.87 

 

45.56 
45.57 1.11 

-41.31 
 

-45.59 

2 CHS-S3 

37.25 

37.10 

 

37.94 
37.87 1.02 

-36.9 
 

37.81 

(a) 
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Figure 5-30 Stresses in Strengthen Circular Columns CHS-CR (a) Stresses in Concrete(b) 

Stresses in Steel Tube(c) Stresses in reinforcement steel  

(b) 

(c) 



Chapter Five…………………………………………………..Finite Element  

139 

 

 

 

 

(a) 

(b) 
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Figure 5-31 Stresses in Strengthen Square Columns CHS-SR (a) Stresses in Concrete(b) 

Stresses in Steel Tube(c) Stresses in reinforcement steel  

The validation between load-deflection curves for the numerical study 

without reinforcement steel and the model strengthened with reinforced steel 

for cases with high-strength concrete and 70 kN axial load for circular and 

square section specimens. as shown in Figures 5-32 and 5-33 below.  

 

Figure 5-32 Comparison of Load Displacement Diagram between CHS-C3 and CHS-CR 

Mode

(c) 



Chapter Five…………………………………………………..Finite Element  

141 

 
 

Figure 5-33 Comparison of Load Displacement Diagram between CHS-S3 and CHS-SR 

Model 

The result of comparison between the models with a circular section, high-

strength concrete, and the case with dead and live load (70 kN) with the 

model has the same condition of cross-section, type of concrete, and the 

value of axial load, in addition to use reinforcement steel to strength the 

model, found that the addition of steel bars and stirrups made noticeable 

enhancement in the lateral load resistance with an increasing percentage than 

the model without strengthen about 1.11, and the displacement that the 

model reached yield failure on it is 30 mm while it was 28mm with the 

model without strengthen, that made the addition of steel to the model is 

suitable and useful. The result of comparison between the models with a 

square section, high-strength concrete, and the case with dead and live load 

(70 kN) with the model has the same condition of cross-section, type of 

concrete, and the value of axial load, in addition to use reinforcement steel to 

strength the model, found that the addition of steel bars and stirrups made 

little enhancement in the lateral load resistance with an increasing 
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percentage than the model without strengthen about 1.02, and the 

displacement that the model reached yield failure on it is 28 mm while it was 

26 mm with the model without strengthen, that made the addition of steel to 

the model for square section has a high cost in comparison with its 

advantages. 
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 Chapter6 : Conclusions 

6.1 Introduction  

The effects of the type of concrete and shape of steel tube cross-

section under different axial loads subjected to lateral cyclic loads in double-

skin tabular columns are experimentally and numerically investigated and 

presented in this study. Twelve double-skin columns were manufactured and 

tested, six of them with circular cross-section and the other six columns 

having a square cross-section all samples were divided into normal and high 

concrete strength. The columns were split into three groups. Each column 

measured 800 mm in length and 115 mm (diameter) for the outer circular 

steel tube and 100 mm side length for the outer square steel tube. The 

current study brought to light several significant ideas in the philosophy of 

the effect of cyclic loads in composite columns with different parameters. 

The primary conclusions drawn from the composite column's experimental 

results are as follows. 

6.2 Conclusions 

1- The failure mode of all specimens where at the bottom of columns near 

the lower support and it represented yielding failure in the steel outer and 

inner tube preceded by crushing in concrete. 

2- As for the circular sections, the resistance of failure occurred to a larger 

degree than the square section, due the confining of concrete by the 

circular steel tube was better than the square. 

3- The ultimate resistance of lateral loads of composite columns filled with 

high–strength concrete(HSC) under the same conditions of axial load 

value: first group without axial load, the second group subjected to dead 

load only, and the third group subjected to dead and live loads, for 
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circular cross-section show an increase of (6.68 %,9.20%,20.19%) 

respectively compared with columns filled with normal concrete (NSC), 

and for square cross-section show an increase of (3.07%, 6.26%, 9.53%) 

respectively compared with columns filled with normal concrete (NSC), 

this difference means that the influence of high strength concrete 

enhanced the performance of the resistance of composite columns to 

lateral loads clearly, and the confining of concrete by the steel tube  

4- The ultimate resistance of lateral loads of composite columns that have a 

circular cross-section under the same conditions of axial load value: first 

group without axial load, the second group subjected to dead load only, 

and the third group subjected to dead and live loads, and filled with 

normal strength concrete show an increase of (6.27 %,3.30%,2.33%) 

respectively compared with columns that have a square cross-section, and 

for columns filled with high strength concrete a circular columns show an 

increase of (10 %, 6.25%, 12.29%) respectively compared with columns 

have a square cross-section, the previous results show that a circular 

section column has a resistance of lateral cyclic loads greater than the 

square section at the same conditions that clear the circular section was 

more suitable than the square. 

5- In general, under the same condition of column section shape, and type 

of concrete filled in steel tubes, the lateral load capacity increases with 

increasing axial compressive stress value.  

6- The external confining of concrete by steel tubes can enhance the 

performance of columns by reducing the brittle behavior of high-strength 

concrete, increase the strength of specimens, and the steel tubes can be 

used as forms for pouring concrete. 
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7- Numerical simulation of samples gives a good agreement with 

experimental results and a maximum difference between numerical 

results and the same with experimental work about (1.071), it can be 

observed that when the columns are still in the elastic mode at the top it 

reached the plastic mode at the bottom of the columns The compressive 

yield strength in concrete precede the yield stress of steel tube. Maximum 

compressive stress had been found near the bottom of the column this 

conclusion of failure mode was demonstrated by comparing the stresses 

of steel and the strength of concrete, clear that the concrete failed in 

compression and tension before the steel reached the yield stress. 

8- Parametric study was conducted ,by adding reinforced steel bars to the 

previous specimens for two samples ,the first has a circular cross –

section, and the other has a square cross – section, the two samples filled 

with a high –strength concrete and subjected to 70 kN axial load, the 

results showed that adding reinforced steel bars to the circular specimens 

may enhanced the resistance of lateral load about (1.11) than the 

numerical model without reinforced steel bars, but for the square there is 

negligible increasing in the lateral loads resistance.     

6.3  Recommendations  

1- Study the effect of other types of concrete like reactive powder (RPC) in 

composite columns with reinforced bars compared with composite 

columns filled with high-strength concrete (HSC).  

2- To change the failure mode position, strengthen the bottom of the tube by 

welded plates from inside the tubes, or use (an FRP) jacket from the 

outside of the tube. 
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3- Study the effects of different types of outer and inner steel tubes (use the 

outer square section with the circular inner tube and versa). 

4- In this study tried to strengthen the specimens, using reinforced steel bars 

with steel tubes, but it was difficult to fill them with concrete, because of 

the small free area between reinforced bars and steel tubes, and the 

samples had been neglected, but in case study in finite element this 

parameter was taken into consideration, so in the practical side with the 

same characteristics of the test, the cross-section of specimens must be 

larger than the current. 
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Superplasticzer (Glenium 54) 
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Appendix B 

Design of Axial and Lateral Load for( CFST ) Columns 

Axial load design ( ): 

The AISC 360-16 specification provides an approach for predicting 

the Nominal strength of CFST columns within the specified limitations 

(TABLE I1.1b). The compressive strength of CFST columns is determined 

by the CFST section classification for local buckling, as shown below: 

For square section  

=  =36.36 

where  

and   

    and less than  :. ok 

For a circular section 

  p = 0.09  

r  = 0.31   

=  =41.8 

where  

and     r   =     

  and less than    
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0.31*  198 :. ok 

The thickness of the steel tube has been satisfied The ACI-code 

318(10.3.1.6) shall be not less than  (a) or (b): 

            for each face of width (square) 

=2.29mm 

= 2.75 mm > 2.29mm :. ok 

(b)             for circular sections of diameter h 

115*  =1.6 

= 2.75 mm > 1.6 mm :. o.k 

Nominal Axial Load: 

 
 for high-strength concrete 

 for normal-strength concrete 

= 315.33  

For square tube: 

=64  

=1650  

For normal -strength  

 

For high-strength 
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For circular tube: 

=64  

=1520  

For normal -strength 

              

For high-strength  

 

Moment of Inertia:  

For square tube 

 

 

       =7.8*   

Total area of cross-section composite column =    

 =6430+1650=8080 mm2 

The radius of gyration = Rs =  

                             = 31 mm 

For circular tube 
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  = 7.9*  

The total area of the cross-section composite column = 6494+1520=8014   mm2  

The radius of gyration = Rs =  

                             = 31.4 mm 

Dead and Live Load scale calculations  

The effect of dead load plus live load as a self-weight of typical slab 

assumed to have a dimension (5000*5000) mm with (220 mm) thickness and 

the finishing tiles over it (50) mm, and live load about (1-1.25) kN/m2 that 

carried by a short column with dimensions of (400*400*3250) mm. The 

samples were selected by multiplying these loads and dimensions assuming 

a scale factor (1:4). as shown in Figure below. 

 

(a)                                                                          (b) 

Actual column details(a)section in slab (b)section in column 
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Slab dimensions =5000*5000=25*  

Thickness of slab=220 mm 

Self weight of slab=24*  =5.28 kN/  

Flooring Tiles =23*  =1.15 kN/  

Total dead load = 6.5 kN/  

D.L= (5*5) * 6.5 kN/ = 162 kN (dead load transferred to actual 

column). 

Scale factor =  =   

D.L of specimen =  = 40kN 

L.L assumed 1.25 kN/m2 

D.L+ L.L= 70 kN 
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 الخلاصة

هو أحد الأساليب المستخدمة في تحت تاثير الاحمال الجانبية الدورية لأعمدة المركبة اسلوك  يعد

على للخرسانة  العالية قوة الشد العالية للفولاذ، والفائدة الاقتصادية، والقدرةفان الوقت الحالي، 

ً بشكل جيد. جعل مقاومة قوة الضغط ،  الاعمدة المركبة :اسة درال وتشمل المادتين تعملان معا

ً  مثبتين من أنبوبين خارجي وداخلي المكونة  بنوعين من ملء الفراغ بينهما وبشكل جيد معا

عينات عدد  مثلي.واخرى ذات مقاومة اعتيادية عالية وخرسانة ذات مقاومة الخرسانة: 

إلى تم تقسيمها قد ، والأخرى دائرية. والمقطع  عموداً مركباً ، ستة منها مربعة 12 الاختبارالعملي

تتألف المجموعة الأولى من  دورية: جميعها معرضة الى قوة جانبية ست مجموعات 

مربع. وقد ملئت هذه العينات بخرسانة الاخرى ذات مقطع دائري و احدهما ذات مقطع عينّتين؛

وعة المجم بنفس مواصفاتالمجموعة الثانية هي  اماادية وخضعت فقط للحمل الجانبي الدوري. تيعا

 40)مايعادل  بالاضافة الى تعرضها الى حمل محوري )عمودي( يمثل الحمل الميت فقط السابقة،

المجموعتان الأولى والثانية، وتعرضت  مواصفات(. وكان للمجموعة الثالثة أيضا نفس نيوتنكيلو 

 ( كيلو نيوتن. وتتألف المجموعة الرابعة من70محورية )ميتة وحيةّ( تبلغ حوالي ) لاحملا

مربع. وكانت هذه العينات مملوءة بخرسانة الاخرى ذات مقطع دائري و احدهما ذات مقطععينّتين،

بنفس ، وخضعت فقط للحمل الجانبي الدوري. وكانت المجموعة الخامسة هي المقاومة  عالية

 (يوتنكيلو ن 40حوالي ) لحمل محوري )عمودي( يبلغ، وتعرضت الرابعةمجموعة مواصفات ال

ن الرابعة يلمجموعتلنفس الوصف بفهي ايضا المجموعة السادسة  اما. الميت فقط يمثل الحمل

( كيلو نيوتن. وتشمل 70( تبلغ حوالي )ةحي و ةمحورية )ميت لاحمخضعت لاقد والخامسة، و

وتمثل المحوري. للأنبوب، ونوع الخرسانة، وقيمة الحمل المقطع العرضي  متغيرات العمل ، شكل

، حمل الدوري الجانبيال – ةالجانبي زاحةالا العلاقة بين ية، أنماط الفشل، منحنياتالديناميك التاثيرات

ة المستخرجة عدديمع النتائج ال العملية مقارنة النتائجمع الوقت، و الجانبية ةيبروتوكول القوة الدور

دة عمللأ المالئةنوع الخرسانة تاثيردراسة  تم. و(ABACUS) التحليل العددي استخدام برنامج ب

الخرسانة  نزادت عن نفس المقدار م (HSC) الخرسانة العالية  العينات ذاتالمركبة ووجد أن 

بالنسبة ( %21.10، %9.20، %6.68الدائري كنسبة مئوية )مقطع ، بالنسبة لل (NSC) العادية

، % 3.37دت النسبة المئوية )االمربع، ز مقطعوفيما يتعلق باللتغير قيمة القوة المحورية )العمودية( 

، وهذا (NSC) ( على التوالي بالمقارنة مع الأعمدة المملوءة بالخرسانة العادية% 9.53، % 6.26

العالية عزز أداء مقاومة الأعمدة المركبة للأحمال الجانبية مقاومة يعني أن تأثير الخرسانة ذات ال



 

2 

 

 حماللالائري لديها مقاومة الد لعينات ذات المقطعبوضوح. وبالنسبة لتأثير الشكل، تبين النتائج أن ا

 .القوة المحورية )العمودية( تاثيرقيم تحت نفس المربع  العينات ذات المقطعفقية أكبر من الدورية الأ
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