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ABSTRACT 

The use of composite systems comprising of concrete and hot-rolled steel 

(HRS) sections is well established as observed in current design codes. But, there is 

limited technical information available about the use of composite systems that 

incorporates the use of light gauge steel sections, despite the potentials of the system 

in residential and light industrial constructions. Therefore, this research work 

investigated the structural performance of cold-formed steel (CFS) section with Self-

Compacting Concrete (SCC) as a composite beam system, by means of shear 

connection mechanism of bolted shear connectors. The study comprised two 

components; experimental and theoretical works. The experimental work consisted of 

two phases; push-out and full-scale experimental tests. The push-out specimens were 

of the same dimension (800 mm x 600 mm x 75 mm). In push-out test, strength 

capability and ductility of the proposed bolted shear connectors were determined. 

Bolted shear connectors of M16, M14 and M12 of grade 8.8 were installed on the 

flanges of I-beam section of CFS using single nut and washer above and beneath 

through bolt holes of 17 mm, 15 mm and 13 mm diameters at a designated longitudinal 

interval of 150 mm, 250 mm and 300 mm respectively, and spaced laterally at 75 mm. 

The specimens were cast with SCC of grade 40 N/ mm2. Shear connector size and 

longitudinal spacing were the varied parameters, and their influence on the ultimate 

load capacity was investigated. The results showed that the size and the longitudinal 

spacing of the shear connectors had significantly influenced the ultimate load capacity. 

Ductility of the shear connectors was determined to be acceptable as an average 

characteristic slip capacity above 6 mm as recommended by Eurocode 4 was achieved 

by all shear connectors. Close agreement was recorded between experimental and 

theoretical values based on Eurocode 4 equations. In full-scale test program, 

longitudinal spacing employed was 250 mm and 300 mm excluding 150 mm spacing 

due to overlapping of stress fields as established in push-out test that led to strength 

reduction. The full-scale specimens were of the same dimension (4500 mm x 1500 mm 

x 75 mm) and were tested using a four-point bending test. The results showed that the 

ultimate load and ultimate moment capacities were influenced by the studied 

parameters as established in push-out test. Results of comparison between 

experimental and theoretical values revealed good agreement. In conclusion, the CFS-

SCC composite beam system can be employed in small and medium size buildings, 

and in light weight construction industry.  
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ABSTRAK 

Penggunaan sistem komposit yang terdiri daripada keluli konkrit dan keratan 

tergelek panas (HRS) telah mantap sepertimana yang dilihat didalam kod rekabentuk 

terkini. Bagaimanapun, terdapat maklumat teknikal yang terhad tentang penggunaan 

sistem komposit yang menggabungkan penggunaan keratan keluli tolok ringan, 

walaupun terdapat potensi dalam pembinaan industri perumahan dan pembinaan 

struktur ringan. Oleh itu, kerja-kerja penyelidikan ini mengkaji prestasi struktur keluli 

sejuk terbentuk (CFS) dengan pemadatan konkrit sendiri (SCC) sebagai sistem rasuk 

komposit, melalui cara yang inovatif dengan mekanisme sambungan ricih 

menggunakan penyambung bolt. Kajian ini terdiri daripada dua komponen; kerja-kerja 

uji kaji dan teori. Kerja-kerja eksperimen dibahagikan kepada dua fasa; menolak 

keluar dan ujian eksperimen skala penuh. Spesimen tolak keluar menggunakan 

dimensi yang sama (800 mm x 600 mm x 75 mm). Dalam ujian tolakan-keluar, 

keupayaan kekuatan dan kemuluran penyambung ricih diperketatkan yang 

dicadangkan telah ditentukan. Penyambung bolt ricihan dari M16, M14 dan M12 Gred 

8.8 telah dipasang pada bebibir atas dan bawah keratan I pada rasuk CFS menggunakan 

mur tunggal dan cincin penutup  melalui lubang bolt 17 mm, 15 mm dan 13 mm 

diameter pada ketetapan selang membujur 150 mm, 250 mm dan 300 mm masing-

masing dan jarak sisi pada 75 mm. Spesimen-specimens ini dituang bersama keratan 

CFS menggunakan SCC gred 40 N/ mm2.  Saiz penyambung ricih dan jarak membujur 

adalah parameter yang diubah, dan pengaruh mereka pada kapasiti beban muktamad 

telah dikaji. Keputusan, mendapati bahawa, saiz dan jarak membujur penyambung 

ricih yang dicadangkan telah dipengaruhi dengan ketara kapasiti beban muktamad 

penyambung ricih. Kemuluran penyambung ricih juga didapati tidak memuaskan 

kerana kapasiti tergelincir pada ciri di atas rata-rata 6 mm seperti yang disyorkan oleh 

Eurocode 4 telah dapat dicapai untuk semua spesimen. Persefahaman yang rapat dapat 

dicapai antara nilai-nilai eksperimen dan ramalan berdasarkan Eurocode 4 persamaan. 

Dalam program ujian berskala penuh, jarak tanaman membujur bekerja ialah 250 mm 

dan 300 mm tidak termasuk 150 mm jarak pertindihan pada lapangan tekanan 

sepertimana yang ditetapkan dalam ujian tolakan keluar yang membawa kepada 

pengurangan kekuatan. Panjang spesimen berskala penuh dengan ukuran yang sama  

(4500 mm, lebar 1500 mm dan ketebalan 75 mm)  dan telah diuji menggunakan ujian 

lenturan empat titik. Keputusan menunjukkan bahawa beban dan momen muktamad 

kapasiti muktamad bagi kedua-duanya dipengaruhi secara signifikan oleh parameter 

dikaji seperti yang disaksikan dalam ujian tolakan keluar. Keputusan perbandingan 

antara nilai-nilai eksperimen dan teori mendedahkan persefahaman yang baik. 

Kesimpulannya, CFS-SCC sistem rasuk komposit yang dicadangkan boleh digunakan 

dalam pembinaan bangunan-bangunan kecil dan sederhana, dan juga dalam  

pembinaan industri ringan. 
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CHAPTER 1 

1INTRODUCTION 

1.1 Introduction 

In steel and construction industry, hot-rolled steel (HRS) section and cold-

formed steel (CFS) section are two distinguished steel sections that are used. However, 

among the two steel sections, HRS is the most familiar among building contractors 

and engineers. The use and application of CFS sections started in the United States of 

America (USA) and Great Britain for decades, mainly for non-structural purposes 

only. Though, the use of CFS is expanding in the present era of building constructions 

(Irwan, 2010; Kibert, 2012). However, in the mid- 20th century, the structural use of 

CFS sections began especially for commercial and industrial building constructions 

(Hancock et al., 2001; Riley and Cotgrave, 2014). Recently, the use of CFS sections 

as an alternative material for roof structure keep increasing due to the quality assurance 

of steel structures (Yu, 2000). 

CFS sections are lightweight material produced by bending a flat steel sheet at 

room temperature (Hancock, et al., 2001; Lee et al., 2014) into a desired shape that 

can withstand more load than the flat sheet itself; and are suitable for building 

construction owing to their high structural performance (Yu and LaBoube, 2010). The 

most common sections of CFS are channel lipped C and Z sections (Figure 1.1), and 

the typical thickness ranged from 1.2 to 6.4 mm with a depth range of 51 mm to 305 

mm (Yu, 2000; Lee, et al., 2014).  
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Figure 1.1: Typical cold formed steel sections 

Composite construction using CFS section and concrete began in Europe in  

mid-1940s was used as floor system (Allen, 2006; Talal, 2014). Composite action is 

categorized by an interactive behaviour between structural steel and the concrete 

designed to utilize the best load resistance capability. An illustrative steel-concrete 

composite cross-section usually used in composite beam construction is depicted in 

Figure 1.2. For the components (i.e. steel-concrete) to act compositely, a mechanical 

means of shear connection must be provided (Prakash et al., 2012). The most generally 

used shear connectors are the headed studs shear connectors which are commonly 

provided at the interface between the concrete and the steel to resist the longitudinal 

shear (Kim et al., 2001). However, in composite structure, the key element for 

achieving the composite action is the effectiveness of the shear connectors. 
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Figure 1.2: Typical composite section 

Composite construction is the combination of steel and concrete to form a 

single unit (Nethercot, 2003). But the use of steel structures especially the CFS 

sections not compositely lead to a buckling problem which reduces the strength, 

especially when used as compression members. Therefore, steel beams without lateral 

restrain are subjected to lateral torsional buckling and twisting (Irwan et al., 2008; 

Irwan et al., 2009; Irwan et al., 2011). However, a quick development in technology, 

leads to the use of CFS section in the Industrialization of Building Systems (IBS) and 

it has become more popular and well accepted in developed and developing countries 

in the globe respectively. CFS sections are used with concrete as composite structural 

component and the resulting performances were found to be encouraging. Due to the 

thinness of the CFS section and its susceptibility to lateral torsional buckling, twisting 

and web crippling, significant number of research studies (Lau and Hancock, 1987; 

LaBoube, 1994; Rogers and Hancock, 1997; Wang and Li, 1999; Wilkinson and 

Hancock, 2000; Schafer, 2002; Holesapple and LaBoube, 2003; Stephens and 

LaBoube, 2003; Yu and Schafer, 2003; Young, 2004; Young and Ellobody, 2005; Yu 

and Schafer, 2006; Dubina, 2008; Ranawaka and Mahendran, 2009; Macdonald and 

Heiyantuduwa, 2012) were conducted to study the stability complications and to 

improve the performance of the CFS members.  

However, with the advantages demonstrated by CFS for use in composite 

construction, welding of the conventional headed shear studs is not feasible (Hanaor, 
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2000). Therefore, the development of feasible shear connector for use with the CFS 

and the concrete as a composite entity is of paramount significance, and hence, 

required further investigation in order to explore more of its advantages. CFS structural 

members have several benefits over their conventional counterpart HRS, such as 

lightness, reduced thickness, high strength and stiffness, accurate detailing, non-

shrinking and non-creeping at ambient temperature, non-combustibility, fast and easy 

erection, ease of fabrication and mass production and easy to install (Yu and LaBoube, 

2010). The use of CFS members in composite with concrete is still rarely reported; 

this could be due to the non-availability of standard specifications made for CFS 

sections as composite members.  

Therefore, this research investigated the structural performance of CFS with 

Self-Compacting Concrete (SCC) as a composite beam system. In the study, an 

innovative shear enhancement suitable for CFS section is proposed to accomplish the 

composite action between the concrete slab and the CFS section. The proposed system 

of shear connection provided was using bolted shear connectors instead of the 

conventional headed studs shear connectors as welding of the studs is not feasible with 

the CFS section. However, the study also proposed the use of SCC instead of the 

normal vibrated concrete (NVC) as lack of proper vibration leads to creation of air 

voids thus, leading to the weakening of the concrete slab. The proposed SCC does not 

require any external vibration thus, compaction is achieved by its own self weight and 

its homogeneity is maintained even in the presence of congested reinforcement. The 

findings from this study may magnify the use of CFS in the construction industries of 

developed and the developing countries. And may also promote the use of the proposed 

bolted shear connection enhancement as an alternative shear mechanism in composite 

construction, for small and medium size buildings as well as light weight industrial 

constructions.  

1.2 SCC Brief History 

The idea of ‘self-compaction’ largely antedates that of modern SCC.  In 

practical situations, there were important applications for concrete where compaction 
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is an issue or physically not feasible (Bartos, 2013). For instance, such applications 

could be found in construction works underwater, foundation works consisting of large 

diameter concrete piles, very deep concrete diaphragm walling etc. However, the 

concrete mix required for such kind of applications therefore had to be self-compacting 

(De Schutter et al., 2008).  

The development of present SCC was initiated in Japan in 1980s in which 

researchers were pursued for paving the way for the introduction of SCC as it is now 

known (Bartos and Cleland, 1993; Bartos et al., 2004; Bartos, 2013). In 1950s and 

1960s during the postwar reconstruction of Japan, it was noticed that the reinforced 

concrete structures constructed begins to deteriorate after a decade or two. As a result 

of that, a team of investigation was set up which was headed by Okamura of Tokyo 

University (De Schutter, et al., 2008). During the course of the investigations they 

found out that lack of insufficient compaction was the cause of the structural 

deteriorations. The team proposed a solution by suggesting on increasing the 

workability (flow) of the fresh concrete mix such that compaction was no longer an 

issue and the mix would be ‘self-compacting’ (Kuroiva et al., 1993). In the early 

1990s, demonstrations and full-scale trials were conducted and the SCC was first used 

in significant practical application in Japan (De Schutter, et al., 2008).  

Due to the advantages of SCC demonstrated since the time of its discovery to 

date therefore, in this study it’s proposed to be use in composite construction as this is 

yet to be explored. 

1.3 Problem Statement 

In steel industries, HRS is more versatile in use both by the engineers and the 

building contractors as compared with CFS. The use of CFS is limited in the 

construction industries in which its application is mainly in roof trusses and bridge 

rails. But, significant number of research studies (Abdullah et al., 1999; Hanaor, 2000; 

Nakamura, 2002; Hossain, 2003; Lakkavalli and Liu, 2006; Airil and Nethercot, 2007; 
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Wehbe et al., 2011; Bamaga and Tahir, 2013; Alenezi et al., 2013; Lee et al., 2013) 

carried out had pointed the potentials of using CFS as a structural member. But the 

main limiting feature of CFS is the thinness of the section that makes it susceptible to 

torsional, distortional, lateral-torsional, lateral-distortional and local buckling 

problems (Irwan, et al., 2011) and its inability to be weld. Therefore, orienting two 

CFS lipped channel sections back-to-back to form an I-section restores symmetricity 

and minimizes lateral-torsional and to a slighter extent, lateral-distortional buckling. 

These two advantages possesses by the system, promote the use of CFS sections in a 

wider range of structural applications (Irwan, et al., 2009; Irwan, et al., 2011). But, 

conventional method of using HRS sections with headed studs shear connectors to act 

as composite entity are adopted in the construction of small and medium size buildings, 

in which the practice leads to a tremendous costs of construction, labor and 

construction delay etc. But, the emergence of using CFS sections to replace HRS 

sections in the construction of small and medium rise buildings with an innovative way 

of shear enhancement of bolted shear connectors installed with a nut and washer, may 

lead to a significant reduction in construction cost, construction time and labor cost. 

Also ductility and strength capabilities could be better achieved when compared with 

the conventional method. On the other hand, the use of conventional NVC in 

composite construction may lead to an inadequate compaction and insufficient passage 

of the concrete to a desired position as the flow is controlled by vibration. Therefore, 

using innovative way of concreting with a flowable and cohesive concrete known as 

SCC will eliminate the inability of the concrete passage to a required position as it 

compacts by its own self weight while its homogeneity is maintained been a self-

compacting. 

Using CFS section with SCC to be integrated compositely is by providing such 

devices that could generate the composite action, increase strength capabilities and 

also meet the ductility requirements of the shear connection. Therefore, an innovative 

way of shear connection is devised in this research that will suitably fit with the CFS 

as a composite system. The shear connection proposed is of bolted shear connector 

with single nut and washer to be installed on CFS flanges and beneath, because of their 

ease of demounting and dismantling advantage. 
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1.4 Aim and Objectives of Study 

The aim of this research is to investigate the structural performance of CFS 

with SCC as composite beam system. Three specific objectives were considered in this 

study to achieve the above aim as follows:  

1) To propose a bolted type shear connector and evaluate its performance by 

push-out test. 

2) To study the structural behavior of the proposed CFS-SCC composite beam 

by integrating with bolted shear connectors. 

3) To validate the performance of the proposed CFS-SCC composite beam 

system by comparing with theoretical predictions based on Eurocode 4 

recommendations. 

1.5 Scope of Study 

The research focuses on investigating the structural performance of the 

proposed CFS-SCC composite beam and also the strength capacity and ductility of the 

proposed bolted shear connectors. A new technique of composite beam system 

comprising of CFS section with SCC and an innovative shear connection mechanism 

is proposed. The study is basically on experimental investigation which focuses on 

strength and ductility of the proposed shear connectors. The proposed connectors are 

then used in CFS-SCC composite beam system, to get a better understanding on the 

performance behavior. The scope of the study is designed in two phases. The first 

phase is designed to investigate the performance of the proposed bolted shear 

connectors. The second phase is designed to investigate the performance of the 

proposed CFS-SCC composite beam system. The CFS section is to be oriented back-

to-back to form an I-section beam for the proposed composite beam system. Proposed 

shear connection mechanism suitable for CFS-SCC composite beam is suggested. The 
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proposed shear connectors are M16, M14 and M12 bolts of grade 8.8 with height of 

75 mm are to be embedded 60 mm in the concrete slab of 75 mm thick. The push-out 

specimens comprised of two slabs; slab A and slab B of dimension 800 mm x 600 mm 

x 75 mm are attached to the CFS I-section. The full-scale composite beam system is a 

simply supported beam of 4500 mm length spanned 4200 mm between supports is to 

be tested using four-point loading bending test. This type of system of loading 

produces a constant region of pure bending moment between the point loads. 

Therefore, the ultimate flexural capacity of the proposed composite beam system can 

be determined. 

1.6 Significance of Study 

Composite beams are widely used in the construction industry due to their 

ability of being rigid, material savings and efficiency in strength (Nie et al., 2006; 

Tahir et al., 2009). However, the composite action that is achieved in composite 

construction between the steel beam and the concrete slab is by using of conventional 

headed stud shear connectors (Pallarés and Hajjar, 2010).  It was reported that, 

significant tripping effects on working surfaces at site are created with the use of 

headed stud shear connectors due to welding process  (Bamaga, 2013). Therefore, with 

this at stake, an alternative and innovative shear connection mechanism in composite 

construction with CFS section needs to be employed. The innovative shear connection 

to be adopted in this research is the use of bolted shear connectors with a single nut 

and single washer, because of their dismantling and demountable advantage (Pavlović 

et al., 2013; Moynihan and Allwood, 2014) which could provide the ease for structural 

repairs. 

On the other hand, CFS sections are designed as non-composite beams (Ghersi 

et al., 2002; Satpute and Varghese, 2012) which are used as floor beams and joists in 

light-weight commercial and residential edifice. Therefore, the possibility of such 

floor beams to fail due to lateral-torsional buckling need to be checked. However, as a 

result of that conventional large HRS steel sections, NVC and headed stud shear 

connectors are used in the construction of small and medium size buildings which 
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could resulted to; construction cost, labor cost, waste of materials, waste of space, and 

construction delay. 

Therefore, using CFS sections with bolted shear connectors in SCC as a 

composite beam system could significantly increase the strength and stiffness 

capacities required. 

1.7 Thesis Structure 

In this sub-section, the structure of the thesis is presented according to each 

chapter. 

Chapter 1 presents the general introduction, problem statement, aims and 

objectives of the study, scope of the study, methodology to be employed, significance 

of the research and the thesis structure are all described in this chapter. 

Chapter 2 presents a comprehensive review of literature survey on the subject 

of this study. 

Chapter 3 describes detailed methodology of this study on the specimens, test 

set-up and instrumentations used in the experimental works for push-out test and the 

full-scale flexural test of CFS-SCC composite beams. 

Chapter 4 presents and discusses the experimental results of materials 

properties test for the materials used in the study. Results of push-out test, load-slip 

responses of all push-out specimens are presented. Strength capacities and ductility of 

the specimens as well as their modes of failure are also discussed. Comparison between 

experimental, theoretical and other researches is also conducted.  
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Chapter 5 presents and discusses the results of the experimental full-scale 

flexural beam tests. Load-deflection responses of all composite beam test specimens 

and their modes of failure are also discussed. Theoretical calculations for the CFS 

section, validation analysis and calculations of the proposed CFS-SCC composite 

beams using current design codes and methods are presented. Comparison between the 

experimental and theoretical results is conducted. 

Chapter 6 provides summary, conclusions and recommendations for further 

works. 



193 

 

 

REFERENCES 

Abdullah, R., Tahir, M. M. and Osman, M. H. (1999). Performance of CFS of Box-

Section as Compsite Beam. Proceedings of the 1999 6th International 

Conference on Steel and Space Structures Singapore, 365-370. 

Ahn, J. H., Lee, C. G., Won, J. H. and Kim, S. H. (2010). Shear resistance of the 

perfobond-rib shear connector depending on concrete strength and rib 

arrangement. Journal of Constructional Steel Research. 66(10), 1295-1307. 

Airil, Y. M. Y. and Nethercot, D. A. (2007). Cross-sectional properties of complex 

composite beams. Engineering Structures. 29, 195-212. 

Alenezi, K., Alhajri, T., Tahir, M. M., Ragaee, M., Badr, K. and Bamaga, S. O. (2013). 

Strengthen of Cold-Formed Steel Column with Ferrocement Jacket: Push out 

Tests International Journal of Civil, Architectural Science and Engineering. 

7(11), 262-272. 

Alenezi, K., Tahir, M. M., Alhajri, T., Badr, M. R. K. and Mirza, J. (2015). Behavior 

of shear connectors in composite column of cold-formed steel with lipped C-

channel assembled with ferro-cement jacket. Construction and Building 

Materials. 84, 39-45. 

Allen, B. D. (2006). History of Cold-Formed Steel Structure Magazine, November, 

2006: 28-32. 

Ataei, A., Bradford, M. A. and Valipour, H. R. (2015). Experimental study of flush 

end plate beam-to-CFST column composite joints with deconstructable bolted 

shear connectors. Engineering Structures. 99, 616-630. 

Atan, M. N. and Awang, H. (2011). The Compressive and Flexural Strength of Self-

Compacting Concrete Using Raw Rice Husk Ash. Journal of Engineering 

Science and Technology. 6(6), 720-732. 

 



194 

 

Badie, S. S., Tadros, M. K., Kakish, H. F., Splittgerber, D. L. and Baishya, M. C. 

(2002). Large Shear Stud in Composite Action in Steel Bridge Girders. Journal 

of Bridge Engineering. 7(3), 195-203. 

Badogiannis, E. G., Sfikas, I. P., Voukia, D. V., Trezos, K. G. and Tsivilis, S. G. 

(2015). Durability of metakaolin Self-Compacting Concrete. Construction and 

Building Materials. 82, 133-141. 

Bamaga, S. O. (2013). Structural Behaviour of Cold-formed Steel as Composite Beam. 

Doctor of Philosophy, Universiti teknologi Malaysia. 

Bamaga, S. O. and Tahir, M. M. (2013). Towards Light-Weight Composite 

Construction: Innovative Shear Connector for Composite Beams. Applied 

Mechanics and Materials. 351-352, 427-433. 

Bamaga, S. O., Tahir, M. M. and Tan, C. S. (2012). Push tests on innovative shear 

connector for composite beam with cold-formed steel section. Proceedings of 

the 2012 21st International Specialty Conference on Cold-Formed Steel 

Structures - Recent Research and Developments in Cold-Formed Steel Design 

and Construction, 325-337. 

Bamaga, S. O., Tahir, M. M., Tan, T. C., Mohammad, S., Yahya, N., Saleh, A. L., 

Mustaffar, M., Osman, M. H. and Rahman, A. B. A. (2013). Feasibility of 

developing composite action between concrete and cold-formed steel beam. 

Journal of Central South University. 20(12), 3689-3696. 

Baran, E. and Topkaya, C. (2012). An experimental study on channel type shear 

connectors. Journal of Constructional Steel Research. 74(0), 108-117. 

Bartos, P. (2013). Fresh concrete: properties and tests.  (1st ed.). Amsterdam, the 

Netherlands: Elsevier Science. 

Bartos, P. J., Cleland, D. and Marrs, D. L. (2004). Production methods and workability 

of concrete.  (edited). London, UK: CRC Press. 

Bartos, P. J. M. and Cleland, D. J. (1993). Special Concrete: Workability and Mixing.  

(edited). London, UK: Spon Press. 

Baskar, K. and Shanmugam, N. E. (2003). Steel–concrete composite plate girders 

subject to combined shear and bending. Journal of Constructional Steel 

Research. 59(4), 531-557. 

Beushausen, H. and Dittmer, T. (2015). The influence of aggregate type on the strength 

and elastic modulus of high strength concrete. Construction and Building 

Materials. 74, 132-139. 



195 

 

BS EN206 (2010). Concrete-Part 9: Additional Rules for Self-compacting Concrete. 

London: British Standard Institution. 

BS EN12390 (2009). Testing hardened concrete-Part 3: Compressive strength  of test 

specimens. London: British Standard Institution. 

BS1881 (1983). Testing concrete-Part 121: Method for determination of static 

modulus of elasticity in compression. London: British Standard Institution. 

BS5400 (1979). Steel, concrete and composite bridges-Part 5: Code of practice for 

design for design of composite bridges. London: British Standard Institution. 

BS5950 (1990). Structural use of steelwork in building-Part 3: Design in composite 

construction-section 3.1 Code of practice for design of simple and continous 

composite beams. London: British Standard Institution. 

BS10002 (2001). Metallic materials-Tensile testing-Part 1: Method of test at ambient 

temperature. London: British Standard Institution. 

Calado, C., Camões, A., Monteiro, E., Helene, P. and Barkokébas, B., Jr. (2015). 

Durability indicators comparison for SCC and CC in tropical coastal 

environments. Materials. 8(4), 1459-1481. 

Cândido-Martins, J. P. S., Costa-Neves, L. F. and Vellasco, P. C. G. d. S. (2010). 

Experimental evaluation of the structural response of Perfobond shear 

connectors. Engineering Structures. 32(8), 1976-1985. 

Celik, K., Meral, C., Petek Gursel, A., Mehta, P. K., Horvath, A. and Monteiro, P. J. 

M. (2015). Mechanical properties, durability, and life-cycle assessment of self-

consolidating concrete mixtures made with blended portland cements 

containing fly ash and limestone powder. Cement and Concrete Composites. 

56, 59-72. 

Chen, L., Ranzi, G., Jiang, S., Tahmasebinia, F. and Li, G. (2015). An experimental 

study on the behaviour and design of shear connectors embedded in solid slabs 

at elevated temperatures. Journal of Constructional Steel Research. 106, 57-

66. 

Chen, Y. T., Zhao, Y., West, J. S. and Walbridge, S. (2014). Behaviour of steel–precast 

composite girders with through-bolt shear connectors under static loading. 

Journal of Constructional Steel Research. 103(0), 168-178. 

Costa-Neves, L. F., Figueiredo, J. P., Vellasco, P. C. G. d. S. and Vianna, J. d. C. 

(2013). Perforated shear connectors on composite girders under monotonic 

loading: An experimental approach. Engineering Structures. 56, 721-737. 



196 

 

Craeye, B., Van Itterbeeck, P., Desnerck, P., Boel, V. and De Schutter, G. (2014). 

Modulus of elasticity and tensile strength of self-compacting concrete: Survey 

of experimental data and structural design codes. Cement and Concrete 

Composites. 54, 53-61. 

Crisinel, M. (1990). Partial-Interaction Analysis of Composite Beams with profile 

Sheeting and Non-welded Shear connectors. Journal of Constructional Steel 

Research. 15, 65-98. 

De Schutter, G., Gibbs, J., Domone, P. and Bartos, P. J. (2008). Self-compacting 

concrete.  Scotland, UK: Whittles Publishing. 

Domone, P. L. (2007). A review of the hardened mechanical properties of self-

compacting concrete. Cement and Concrete Composites. 29(1), 1-12. 

Druta, C., Wang, L. and Stephen Lane, D. (2014). Tensile strength and paste–

aggregate bonding characteristics of self-consolidating concrete. Construction 

and Building Materials. 55, 89-96. 

Dubina, D. (2008). Structural analysis and design assisted by testing of cold-formed 

steel structures. Thin-Walled Structures. 46(7–9), 741-764. 

Easterling, W. S., Gibbings, D. R. and Murray, T. M. (1993). Strength of Shear Studs 

in Steel Deck on Composite Beams and Joists. Engineering Journal, American 

Institute of Steel Construction. Second Quater, 44-55. 

EFNARC (2002). Specification and Guidelines for Self-Compacting Concrete. United 

Kingdom: EFNARC Publishing. 

EN1992 (2004). Design of concrete structures-Part 1-1: General rules and rules for 

buildings. Brussels: European Committee for Standardization. 

EN1993 (2006). Design of steel structures-Part 1-3: General rules- Supplementary 

rules for cold-formed members and sheeting. Brussels: European Committee 

for Standardization. 

EN1993 (2006). Design of steel structures-Part 1-5: Plated structural elements. 

Brussels: European Committee for Stadardization. 

EN1993 (2005). Design of steel structures-Part 1-8: Design of joints. Brussels: 

European Committee for Standardization  

EN1994 (2004). Design of composite steel and concrete structures-Part 1-1: General 

rules and rules for buildings. Brussels: European Committee for 

Standardization. 



197 

 

Figueiras, H., Nunes, S., Coutinho, J. S. and Andrade, C. (2014). Linking fresh and 

durability properties of paste to SCC mortar. Cement and Concrete 

Composites. 45, 209-226. 

Fisher, J. W. (1970). Design of composite beams with formed metal deck. Engineering 

J, Am Inst Steel Constr. 7 (3). 

Frazão, C., Camões, A., Barros, J. and Gonçalves, D. (2015). Durability of steel fiber 

reinforced self-compacting concrete. Construction and Building Materials. 80, 

155-166. 

Gencel, O., Ozel, C., Brostow, W. and Martinez-Barrera, G. (2011). Mechanical 

properties of self-compacting concrete reinfored with polypropylene fibres. 

Materials Research Innovations. 15(3), 216-225. 

Ghersi, A., Landolfo, R. and Mazzolani, F. M. (2002). Design of Metallic Cold-

Formed Thin-Walled Members.  London: Spon Press. 

Goel, S., Singh, S. P. and Singh, P. (2012). Flexural fatigue strength and failure 

probability of Self Compacting Fibre Reinforced Concrete beams. Engineering 

Structures. 40, 131-140. 

Grant, J. A., Fisher, J. W. and Slutter, R. G. (1977). Composite beams with formed 

steel deck. Engineering Journal. 14(1), 24-43. 

Güneyisi, E., Gesoğlu, M., Booya, E. and Mermerdaş, K. (2015). Strength and 

permeability properties of self-compacting concrete with cold bonded fly ash 

lightweight aggregate. Construction and Building Materials. 74, 17-24. 

Han, Q., Wang, Y., Xu, J. and Xing, Y. (2015). Static behavior of stud shear connectors 

in elastic concrete–steel composite beams. Journal of Constructional Steel 

Research. 113(0), 115-126. 

Hanaor, A. (2000). Tests of composite beams with cold-formed sectionsJournal of 

Constructional Steel Research. Journal of Constructional Steel Research 54, 

245–264. 

Hancock, G. J., Murray, T. M. and Ellifritt, D. S. (2001). Cold-Formed Steel Structures 

to the AISI Specification.  New York: Marcel Dekker Inc. 

Hanswille, G., Porsch, M. and Ustundag, C. (2007). Resistance of headed studs 

subjected to fatigue loading: Part I: Experimental study. Journal of 

Constructional Steel Research. 63(4), 475-484. 



198 

 

He, J., Liu, Y., Chen, A., Wang, D. and Yoda, T. (2014). Bending behavior of concrete-

encased composite I-girder with corrugated steel web. Thin-Walled Structures. 

74, 70-84. 

Helincks, P., Boel, V., De Corte, W., De Schutter, G. and Desnerck, P. (2013). 

Structural behaviour of powder-type self-compacting concrete: Bond 

performance and shear capacity. Engineering Structures. 48(0), 121-132. 

Higginns, C. (2001). Behaviour of Composite Bridge Deck with Alternative Shear 

Connectors. Journal of Bridge Engineering. 6(1), 17-22. 

Holesapple, M. W. and LaBoube, R. A. (2003). Web crippling of cold-formed steel 

beams at end supports. Engineering Structures. 25(9), 1211-1216. 

Hosain, M. and Pashan, A. (2006). Channel shear connectors in composite beams: 

push-out tests. Proceedings of the 2006 Composite Construction in Steel and 

Concrete V: ASCE, 501-510. 

Hossain, K. M. A. (2003). Experimental and theoretical behavior of thin walled 

composite filled beams. Electronic Journal of Structural Engineering. 3(3), 

117-139. 

Hsu, H. L. and Chi, P. S. (2003). Flexural performance of symmetrical cold-formed 

thin-walled members under monotonic and cyclic loading. Thin-Walled 

Structures. 41(1), 47-67. 

Irwan, J. M. (2010). Development of Bent-up Triangular Tab Shear Transfer (BTTST) 

Enhancement in Cold-Formed Steel (CFS)-Concrete Composite Beams. 

Doctor of Philosophy, Universiti Teknologi Mara. 

Irwan, J. M., Hanizah, A. H. and Azmi, I. (2009). Test of shear transfer enhancement 

in symmetric cold-formed steel–concrete composite beams. Journal of 

Constructional Steel Research. 65(12), 2087-2098. 

Irwan, J. M., Hanizah, A. H., Azmi, I., Bambang, P., Koh, H. B. and Aruan, M. G. 

(2008). Shear Transfer Enhancement in Precast ccold-Formed Steel-Concrete 

Composite Beams: Effects of Bent-up Tabs Types and Angle Technology and 

Innovation for Sustainable Development Confernece. TISD2008, 56-61.  

Faculty of Engineering, Khon Kaen University, Thailand. 

Irwan, J. M., Hanizah, A. H., Azmi, I. and Koh, H. B. (2011). Large-scale test of 

symmetric cold-formed steel (CFS)–concrete composite beams with BTTST 

enhancement. Journal of Constructional Steel Research. 67(4), 720-726. 



199 

 

Jalal, M., Ramezanianpour, A. A. and Pool, M. K. (2013). Split tensile strength of 

binary blended self compacting concrete containing low volume fly ash and 

TiO2 nanoparticles. Composites Part B: Engineering. 55(0), 324-337. 

Jayas, B. and Hosain, M. (1988). Behaviour of headed studs in composite beams: push-

out tests. Canadian Journal of Civil Engineering. 15(2), 240-253. 

Jayas, B. and Hosain, M. (1989). Behaviour of headed studs in composite beams: full-

size tests. Canadian Journal of Civil Engineering. 16(5), 712-724. 

Johnson, R. P. and Anderson, D. (2004). Designers' Guide to EN1994-1-1, Eurocode 

4: Design of Composite Steel and Concrete Structures.  London: Thomas 

Telford Publishing. 

José Oliveira, M., Ribeiro, A. B. and Branco, F. G. (2014). Combined effect of 

expansive and shrinkage reducing admixtures to control autogenous shrinkage 

in self-compacting concrete. Construction and Building Materials. 52(0), 267-

275. 

Karatas, M. and Gunes, A. (2015). Engineering Properties of Self-Compacting 

Concrete Produced by Polypropylene and Steel Fibre. Periodica Polytechnica 

Civil Engineering. 59(2), 95-102. 

Kibert, C. J. (2012). Sustainable construction: green building design and delivery. (3rd 

ed.). John Wiley & Sons. 

Kim, B., Howard, D. W. and Cairns, R. (2001). The behaviour of through deck welded 

shear connectors: an experimental and numerical study. Journal of 

Constructional Steel Research. 57, 1359-1380. 

Kim, J. S., Kwark, J., Joh, C., Yoo, S. W. and Lee, K. C. (2015). Headed stud shear 

connector for thin ultrahigh-performance concrete bridge deck. Journal of 

Constructional Steel Research. 108(0), 23-30. 

Kim, S. H., Choi, J., Park, S. J., Ahn, J. H. and Jung, C. Y. (2014a). Behavior of 

composite girder with Y-type perfobond rib shear connectors. Journal of 

Constructional Steel Research. 103, 275-289. 

Kim, S. H., Choi, K. T., Park, S. J., Park, S. M. and Jung, C. Y. (2013). Experimental 

shear resistance evaluation of Y-type perfobond rib shear connector. Journal 

of Constructional Steel Research. 82, 1-18. 

Kim, S. H., Heo, W. H., Woo, K. S., Jung, C. Y. and Park, S. J. (2014b). End-bearing 

resistance of Y-type perfobond rib according to rib width–height ratio. Journal 

of Constructional Steel Research. 103, 101-116. 



200 

 

Kim, S. H., Park, S. J., Heo, W. H. and Jung, C. Y. (2015). Shear resistance 

characteristic and ductility of Y-type perfobond rib shear connector. Steel and 

Composite Structures. 18(2), 497-517. 

Klaiber, F. W. and Wipf, T. J. (2000). An Alternate Shear Connector For Composite 

Action. Proceedings of the 2000 Mid-continent Transportation Symposium 

Proceedings IOWA state University, USA.,  

Krishnapal, P., Yadav, R. K. and Rajeev, C. (2013). Strength Characteristics of Self 

Compacting Concrete Containing Flyash. Research Journal of Engineering 

Sciences. 2(6), 1-5. 

Kuroiva, S., Mastuoka, Y., Hayakawa, M. and Shindo, T. (1993). Application of 

Super-workable concrete to construction of a 20-storey building.  Detroit, MI, 

USA: American Concrete Institute. 

Kwon, G., Engelhardt, M. D. and Klingner, R. E. (2010). Behavior of post-installed 

shear connectors under static and fatigue loading. Journal of Constructional 

Steel Research. 66(4), 532-541. 

LaBoube, R. A. (1994). Simplified strength prediction for cold-formed C- and Z-

shapes. Journal of Structural Engineering (United States). 120(10), 3102-

3103. 

Lakkavalli, B. S. (2005). Experimental Investigation of Composite Action in Light 

Guage Cold-Formed Steel and Concrete. Doctor of Philosophy, Dalhousie 

University, Canada. 

Lakkavalli, B. S. and Liu, Y. (2006). Experimental study of composite cold-formed 

steel C-section floor joists. Journal of Constructional Steel Research. 62(10), 

995-1006. 

Lam, D. (2007). Capacities of headed stud shear connectors in composite steel beams 

with precast hollowcore slabs. Journal of Constructional Steel Research. 

63(9), 1160-1174. 

Lam, D. and El-Lobody, E. (2005). Behavior of Headed Stud Shear Connectors in 

Composite Beam. Journal of Structural Engineering. 131(1), 96-107. 

Lau, S. C. W. and Hancock, G. J. (1987). Distortional buckling formulas for channel 

columns. Journal of Structural Engineering. 113(5), 1063-1078. 

Lawson, R. M. and Chung, K. F. (1994). Composite Beam Design to Eurocode 4.  

Berkshire, UK: Steel Construction Institute. 



201 

 

Lee, J., Kim, S.-M., Park, H.-S. and Woo, B.-H. (2005). Optimum design of cold-

formed steel channel beams using micro Genetic Algorithm. Engineering 

Structures. 27(1), 17-24. 

Lee, L. H., Quek, S. T. and Ang, K. K. (2001). Negative moment behaviour of cold-

formed steel deck and concrete composite slabs. Journal of Constructional 

Steel Research. 57(2001), 401-415. 

Lee, Y. H., Tan, C. S., Lee, Y. L., Tahir, M. M., Mohammad, S. and Shek, P. N. (2013). 

Numerical Modelling of Stiffness and Strength Behaviour of Top-Seat Flange-

Cleat Connection for Cold-Formed Double Channel Section. Applied 

Mechanics and Materials. 284-287, 1426-1430. 

Lee, Y. H., Tan, C. S., Mohammad, S., Md Tahir, M. and Shek, P. N. (2014). Review 

on Cold-Formed Steel Connections. The Scientific World Journal. 2014, 11. 

Lee, Y. L., Tan, C. S., Lee, Y. H., Mohammad, S., Tahir, M. M. and Shek, P. N. (2013). 

Effective Steel Area of Fully Embedded Cold-Formed Steel Frame in 

Composite Slab System under Pure Bending. Applied Mechanics and 

Materials. 284-287, 1300-1304. 

Leemann, A., Nygaard, P. and Lura, P. (2014). Impact of admixtures on the plastic 

shrinkage cracking of self-compacting concrete. Cement and Concrete 

Composites. 46(0), 1-7. 

Li, Y. F., Jobe, O., Yu, C. C. and Chiu, Y. T. (2015). Experiment and analysis of bolted 

GFRP beam–beam connections. Composite Structures. 127, 480-493. 

Lin, Z., Liu, Y. and He, J. (2014). Behavior of stud connectors under combined shear 

and tension loads. Engineering Structures. 81, 362-376. 

Lorenc, W., Kożuch, M. and Rowiński, S. (2014). The behaviour of puzzle-shaped 

composite dowels — Part I: Experimental study. Journal of Constructional 

Steel Research. 101, 482-499. 

Macdonald, M. and Heiyantuduwa, M. A. (2012). A design rule for web crippling of 

cold-formed steel lipped channel beams based on nonlinear FEA. Thin-Walled 

Structures. 53, 123-130. 

Maia, L. and Figueiras, J. (2012). Early-age creep deformation of a high strength self-

compacting concrete. Construction and Building Materials. 34, 602-610. 

Maleki, S. and Bagheri, S. (2008). Behavior of channel shear connectors, Part I: 

Experimental study. Journal of Constructional Steel Research. 64(12), 1333-

1340. 



202 

 

Marcello, T. A. and Dezi, L. (1992). Creep effects in composite beams with flexible 

shear connectors. Journal of Structural Engineering. 118(8), 2063-2080. 

Marshall, W., Nelson, H. and Banerjee, H. (1971). An Experiment Study of the Use of 

High-Strength Friction Grip Bolts as Shear Connectors In Composite Beams. 

Structural Engineer. 49 (4), 171-178. 

Medberry, S. B. and Shahrooz, B. M. (2002). Perfobond Shear Connector For 

Composite Construction. AISC Engineering Journal. 1, 2-12. 

Moy, S. S. J. and Tayler, C. (1996). The  Effect  of  Precast  Concrete  Planks  on  

Shear Connector Strength. Journal of Constructional Steel Research. 36(3), 

201-213. 

Moynihan, M. C. and Allwood, J. M. (2014). Viability and performance of 

demountable composite connectors. Journal of Constructional Steel Research. 

99(0), 47-56. 

Nagaratnam, B. H., Faheem, A., Rahman, M. E., Mannan, M. A. and Leblouba, M. 

(2015). Mechanical and durability properties of medium strength self-

compacting concrete with high-volume fly ash and blended aggregates. 

Periodica Polytechnica: Civil Engineering. 59(2), 155-164. 

Nakamura, S.I. (2002). Bending Behavior of Composite Girders with Cold Formed 

Steel U Section. Journal oF Strutural Engineering. 128(9), 0733-9445. 

Narendra Kumar, B., Srinivasa Rao, P. and Surya Manisha, Y. (2015). Physical and 

chemical durability studies on high performance self compacting hybrid fibre 

reinforced concrete. Indian Concrete Journal. 89(4), 73-82. 

Nethercot, D. A. (2003). Composite Construction.  New York: Spon Press. 

Nguyen, R. P. (1991). Thin-walled, cold-formed steel composite beams. Journal of 

Structural Engineering. 117(10), 2936-2952. 

Nie, J. G., Cai, C. S., Wu, H. and Fan, J. S. (2006). Experimental and theoretical study 

of steel–concrete composite beams with openings in concrete flange. 

Engineering Structures. 28(7), 992-1000. 

Oehler, D. J. (1989). Splitting Induced By Shear Connectors in Composite Beams. 

Journal of Structural Engineering. 115(2), 341-362. 

Oehler, D. J. (1990). Behavior of headed studs in composite beams: Push-out tests: 

Discussion. Canadian Journal of Civil Engineering. 17(3), 341-362. 

Oehlers, D. J. and Bradford, M. A. (1995). Composite Steel and Concrete Structural 

Members.  Oxford, UK: Kidlington. 



203 

 

Oehlers, D. J. and Johnson, R. P. (1987). The strength of stud shear connections in 

composite beams. The Structural Engineer. 65(2), 44-48. 

Oguejiofor, E. and Hosain, M. (1992a). Behaviour of perfobond rib shear connectors 

in composite beams: full-size tests. Canadian Journal of Civil Engineering. 

19(2), 224-235. 

Oguejiofor, E. and Hosain, M. (1992b). Perfobond rib connectors for composite 

beams. Proceedings of Composite Construction in Steel and Concrete II: 

ASCE, 883-898. 

Oguejiofor, E. and Hosain, M. (1994). A parametric study of perfobond rib shear 

connectors. Canadian Journal of Civil Engineering. 21(4), 614-625. 

Oguejiofor, E. C. and Hosain, M. U. (1995). Tests of Full Size Beams With Perfobond 

Rib Connectors. Canadian Journal of Civil Engineering. 22, 80-92. 

Oguejiofor, E. C. and Hosain, M. U. (1997). Numerical analysis of push-out specimens 

with perfobond rib connectors. Computers & Structures. 62(4), 617-624. 

Ollgaard, J. G., Slutter, R. G. and Fisher, J. W. (1971). Shear strength of stud 

connectors in lightweight and normal weight concrete. AISC Engineering 

Journal. 1(1), 55-64. 

Pająk, M. and Ponikiewski, T. (2013). Flexural behavior of self-compacting concrete 

reinforced with different types of steel fibers. Construction and Building 

Materials. 47, 397-408. 

Pallarés, L. and Hajjar, J. F. (2010). Headed steel stud anchors in composite structures, 

Part I: Shear. Journal of Constructional Steel Research. 66(2), 198-212. 

Parra, C., Valcuende, M. and Gómez, F. (2011). Splitting tensile strength and modulus 

of elasticity of self-compacting concrete. Construction and Building Materials. 

25(1), 201-207. 

Pashan, A. and Hosain, M. (2009). New design equations for channel shear connectors 

in composite beams. Canadian Journal of Civil Engineering. 36(9), 1435-

1443. 

Pavlović, M., Marković, Z., Veljković, M. and Buđevac, D. (2013). Bolted shear 

connectors vs. headed studs behaviour in push-out tests. Journal of 

Constructional Steel Research. 88, 134-149. 

Prakash, A., Anandavalli, N., K. Madheswaran, C. and Lakshmanan, N. (2012). 

Modified Push-out Tests for Determining Shear Strength and Stiffness of HSS 



204 

 

Stud Connector-Experimental Study. International Journal of Composite 

Materials. 2(3), 22-31. 

Qureshi, J., Lam, D. and Ye, J. (2011). Effect of shear connector spacing and layout 

on the shear connector capacity in composite beams. Journal of Constructional 

Steel Research. 67(4), 706-719. 

Ranawaka, T. and Mahendran, M. (2009). Distortional buckling tests of cold-formed 

steel compression members at elevated temperatures. Journal of 

Constructional Steel Research. 65(2), 249-259. 

Richard, J. Y. Y., Yiching, L. and Lai, M. T. (1997). Composite beams subjected to 

static and fatigue loads. Journal of Structural Engineering. 123(6), 765-771. 

Riley, M. and Cotgrave, A. (2014). Construction technology 2: industrial and 

commercial building. Palgrave Macmillan. 

Roberts, T. M. and Al-Amery, R. I. M. (1991). Shear strength of composite plate 

girders with web cutouts. Journal of Structural Engineering. 117(7), 1897-

1910. 

Robinson, H. (1988). Multiple stud shear connections in deep ribbed metal deck. 

Canadian Journal of Civil Engineering. 15(4), 553-569. 

Rocha, J. D. B., , Arrizabalaga, E. M., Quevedo, R. L. and Morfa, C. A. R. (2012). 

Behavior and Strength of welded stud shear connectors in composite beam. 

Revista Facultad de Ingenieria Universidad de Antioquia. (63), 93-104. 

Rodrigues, J. P. C. and Laím, L. (2011). Behaviour of Perfobond shear connectors at 

high temperatures. Engineering Structures. 33(10), 2744-2753. 

Rodrigues, R., de Brito, J. and Sardinha, M. (2015). Mechanical properties of structural 

concrete containing very fine aggregates from marble cutting sludge. 

Construction and Building Materials. 77, 349-356. 

Rogers, C. A. and Hancock, G. J. (1997). Ductility of G550 sheet steels in tension. 

Journal of Structural Engineering. 123(12), 1586-1594. 

Rozière, E., Granger, S., Turcry, P. and Loukili, A. (2007). Influence of paste volume 

on shrinkage cracking and fracture properties of self-compacting concrete. 

Cement and Concrete Composites. 29(8), 626-636. 

Saggaff, A., Alhajri, T., Tahir, M. M., Alenezi, K., Tan, C. S., Sulaiman, A., Lawan, 

M. M. and Ragaee, M. (2015). Experimental and Analytical Study of Various 

Shear Connectors  Used for Cold-Formed Steel-Ferrocement Composite Beam. 

Applied Mechanics and Materials. 754-755, 315-319. 



205 

 

Satpute, R. S. and Varghese, V. (2012). Building Design Using Cold Formed Steel 

Section. International Refereed Journal of Engineering and Science. 1(2), 01-

06. 

Schafer, B. W. (2002). Local, distortional, and Euler buckling of thin-walled columns. 

Journal of Structural Engineering. 128(3), 289-299. 

Shim, C. S., Lee, P. G. and Chang, S. P. (2001). Design of shear connection in 

composite steel and concrete bridges with precast decks. Journal of 

Constructional Steel Research. 57, 203-219. 

Slutter, R. G. and Driscoll, G. C. (1965). Flexural strength of steel-concrete com-posite 

beams. Journal of structural division, ASCE. 91, 71-99. 

Smith, A. L. and Couchman, G. H. (2010). Strength and ductility of headed stud shear 

connectors in profiled steel sheeting. Journal of Constructional Steel Research. 

66(6), 748-754. 

Soleymani Ashtiani, M., Scott, A. N. and Dhakal, R. P. (2013). Mechanical and fresh 

properties of high-strength self-compacting concrete containing class C fly ash. 

Construction and Building Materials. 47, 1217-1224. 

Sonebi, M., Tamimi, A. K. and Bartos, P. J. M. (2003). Performance and cracking 

behaviour of reinforced beams cast with self-compacting concrete. ACI 

Materials Journal. 100(6), 492-500. 

Stephens, S. F. and LaBoube, R. A. (2003). Web crippling and combined bending and 

web crippling of cold-formed steel beam headers. Thin-Walled Structures. 

41(12), 1073-1087. 

Su, Q. T., Wang, W., Luan, H. W. and Yang, G. T. (2014). Experimental research on 

bearing mechanism of perfobond rib shear connectors. Journal of 

Constructional Steel Research. 95, 22-31. 

Tahir, M. M., Shek, P. N. and Tan, C. S. (2009). Push-off tests on pin-connected shear 

studs with composite steel–concrete beams. Construction and Building 

Materials. 23(9), 3024-3033. 

Talal, M. H. F. A. (2014). Structural Behaviour of an Innovative Precast Cold-Formed 

Steel Ferrocement as Composite Beam. . Doctor of philosophy, Universiti 

Teknologi Malaysia, Skudai. 

Thai, H. T. and Uy, B. (2015). Finite element modelling of blind bolted composite 

joints. Journal of Constructional Steel Research. 112, 339-353. 



206 

 

Turatsinze, A., Bonnet, S. and Granju, J. L. (2005). Mechanical characterisation of 

cement-based mortar incorporating rubber aggregates from recycled worn 

tyres. Building and Environment. 40(2), 221-226. 

Turatsinze, A. and Garros, M. (2008). On the modulus of elasticity and strain capacity 

of Self-Compacting Concrete incorporating rubber aggregates. Resources, 

Conservation and Recycling. 52(10), 1209-1215. 

Turk, K. (2012). Viscosity and hardened properties of self-compacting mortars with 

binary and ternary cementitious blends of fly ash and silica fume. Construction 

and Building Materials. 37, 326-334. 

Turk, K. and Karatas, M. (2011). Abrasion resistance and mechanical properties of 

self-compacting concrete with different dosages of fly ash/silica fumes. Indian 

Journal of Engineering & Materials Science. 18, 49-60. 

Valcuende, M., Benito, F., Parra, C. and Miñano, I. (2015). Shrinkage of self-

compacting concrete made with blast furnace slag as fine aggregate. 

Construction and Building Materials. 76, 1-9. 

Valente, I. and Cruz, P. J. S. (2004). Experimental analysis of Perfobond shear 

connection between steel and lightweight concrete. Journal of Constructional 

Steel Research. 60(3–5), 465-479. 

Valipour, H., Rajabi, A., Foster, S. J. and Bradford, M. A. (2015). Arching behaviour 

of precast concrete slabs in a deconstructable composite bridge deck. 

Construction and Building Materials. 87(0), 67-77. 

Veldanda, M. and Hosain, M. (1992). Behaviour of perfobond rib shear connectors: 

push-out tests. Canadian Journal of Civil Engineering. 19(1), 1-10. 

Verissimo, G. S., Valente, M. I. B., Paes, J. L. R., Cruz, P. J. S. and Fakury, R. H. 

(2006). Design and experimental analysis of a new shear connector for steel 

and concrete composite structures Proceedings of the 3rd International 

conference on bridge maintenance, safety and management. 

Vianna, J. d. C., Andrade, S. A. L., Vellasco, P. C. G. and Costa-Neves, L. F. (2013). 

Experimental study of Perfobond shear connectors in composite construction. 

Journal of Constructional Steel Research. 81, 62-75. 

Vianna, J. d. C., Costa-Neves, L. F., da S. Vellasco, P. C. G. and de Andrade, S. A. L. 

(2009). Experimental assessment of Perfobond and T-Perfobond shear 

connectors’ structural response. Journal of Constructional Steel Research. 

65(2), 408-421. 



207 

 

Vianna, J. d. C., Costa-Neves, L. F., Vellasco, P. C. G. d. S. and de Andrade, S. A. L. 

(2008). Structural behaviour of T-Perfobond shear connectors in composite 

girders: An experimental approach. Engineering Structures. 30(9), 2381-2391. 

Viest, I. M., Colaco, J. P., Furlong, R. W., Griffis, L. G., Leon, R. T. and Wyllie, L. 

A. J. (1997). Composite Construction.  New York: McGraw-Hill. 

Viest, I. M., Siess, C. P., Appleton, J. and Newmark, N. M. (1952). Studies of Slab 

and Beam Highway Bridges: Part IV. Full Scale Tests of Channel Shear 

Connectors and Composite T-Beams. University of Illinois Engineering 

Excerpt, Station Bulletin. 405. 

Wang, Q. and Li, W. Y. (1999). Spatial stability of thin-walled eccentric compressive 

members. Journal of Engineering Mechanics. 125(2), 197-204. 

Wehbe, N., Wehbe, A., Dayton, L. and Sigl, A. (2011). Development of Concrete Cold 

Formed Steel Composite Flexural Members. Structures Congress. 3099-3109. 

Wilkinson, T. and Hancock, G. J. (2000). Tests to examine plastic behavior of knee 

joints in cold-formed RHS. Journal of structural engineering New York, N.Y. 

126(3), 297-305. 

Wong, Y. C. (1998). Deflection of steel-concrete compositebeams with partial shear 

interaction. Journal of Constructional Steel Research. 124(10), 1159-1165. 

Xu, C. and Sugiura, K. (2013). Parametric push-out analysis on group studs shear 

connector under effect of bending-induced concrete cracks. Journal of 

Constructional Steel Research. 89, 86-97. 

Xu, C., Sugiura, K., Wu, C. and Su, Q. (2012). Parametrical static analysis on group 

studs with typical push-out tests. Journal of Constructional Steel Research. 72, 

84-96. 

Xue, W., Wang, H. and Luo, Z. (2008). Static behaviour and theoretical model of stud 

shear connectors. Journal of Bridge Engineering. 13(6), 623-634. 

Yatim, M. Y. M., Shanmugam, N. E. and Wan Badaruzzaman, W. H. (2015). Tests of 

partially connected composite plate girders. Thin-Walled Structures. 91, 13-28. 

Young, B. (2004). Tests and design of fixed-ended cold-formed steel plain angle 

columns. Journal of Structural Engineering. 130(12), 1931-1940. 

Young, B. and Ellobody, E. (2005). Buckling analysis of cold-formed steel lipped 

angle columns. Journal of Structural Engineering. 131(10), 1570-1579. 

Yu, C. and Schafer, B. W. (2003). Local buckling tests on cold-formed steel beams. 

Journal of Structural Engineering. 129(12), 1596-1606. 



208 

 

Yu, C. and Schafer, B. W. (2006). Distortional buckling tests on cold-formed steel 

beams. Journal of Structural Engineering. 132(4), 515-528. 

Yu, W. W. (1999). Cold-Formed Steel Structures.  Boca Raton: CRC Press. 

Yu, W. W. (2000). Cold-Formed Steel Design. (3rd ed.) United States of America: 

John Wiley Publishers. 

Yu, W. W. and LaBoube, R. A. (2010). Cold-Formed Steel Design. (4th ed.) New 

Jersy: John Wiley & Sons, Inc. 

Zhong, S. T. (2000). Steel Structures.  Beijing, China: China Construction Industry 

Publishing House. 

Zhu, W., Bartos, P. J. M. and Gibbs, J. C. (2001). Uniformity ofin-situ properties of 

self-compacting concrete. Cement and Concrete Composites. 23(1), 57-64. 

Zhu, W. and Gibbs, J. C. (2005). Use of different limestone and chalk powders in self-

compacting concrete. Cement and Concrete Research. 35(8), 1457-1460. 

  




