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EDITOR SPEECH 
 

 

 

International Conference on Business, technology and Innovation is the 5th 

international interdisciplinary peer reviewed conference which publishes works of the 

scientists as well as practitioners in the area where UBT is active in Education, 

Research and Development. 

 

The UBT aims to implement an integrated strategy to establish itself as an 

internationally competitive, research-intensive university, committed to the transfer of 

knowledge and the provision of a world-class education to the most talented students 

from all backgrounds. It is delivering different courses in science, management and 

technology. 

 

This year we celebrate the 15th Years Anniversary. 

 

The main perspective of the conference is to connect the scientists and practitioners 

from different disciplines in the same place and make them be aware of the recent 

advancements in different research fields, and provide them with a unique forum to 

share their experiences. 

 

It is also the place to support the new academic staff for doing research and publish 

their work in international standard level. 

 

This conference consists of sub conferences in different fields: 

 

- Management, Business and Economics 

- Humanities and Social Sciences (Law, Political Sciences, Media and 

Communications) 

- Computer Science and Information Systems 

- Mechatronics, Robotics, Energy and Systems Engineering 

- Architecture, Integrated Design, Spatial Planning, Civil Engineering and 

Infrastructure 

- Life Sciences and Technologies (Health and Food) 

 

This conference is the major scientific event of the University for Business and 

Technology. It is organizing annually and always in cooperation with the partner 

universities from the region and Europe. 
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In this case as partner universities are: University of Vlora, University of Tirana – 

Faculty of Economics and University of Durres. 

 

As professional partners in this conference are: Kosova Association for Control, 

Automation and Systems Engineering (KA – CASE), Kosova Association forModeling 

and Simulation (KA – SIM), Quality Kosova, Kosova Association for Management. 

This conference is sponsored by EUROSIM - The European Association of 

Simulation. 

 

We have to thank all Authors, partners, sponsors and also the conference organizing 

team making this event a real international scientific event. 

 

This year we have more application and publication than last year. Congratulation! 

Edmond Hajrizi, Chair 

 

University for Business and Technology 
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The Design of an Extradosed Bridge 
 

 

 

Drilon Rraci1, Milan Kuhta2 

 
1,2 University of Maribor, Faculty of Civil Engineering,Traffic Engineering and 

Architecture, Smetanova ulica 17, 2000 Maribor, Slovenia 

rracidrilon@gmail.com1, miso.kuhta@um.si2 
 

 

Abstract. Bridges are attractive structures consisting of great interest in both aspects: professional and 

the general public one. At the end of 19. and start of 20. century, one of the most relevant contributions 

to bridges engineering has been the introduction of prestressed technique, aiming to be a great solution 

to the need of controlling stress on elements in bridges. The purpose of this paper is to discuss and 

analyze the design model and structural behavior of an Extradosed bridge. The strategies and factors 

that must be considered in the design of an Extradosed bridge are included in this paper. The structural 

behavior, materials utilization and structural analysis were performed in accordance with the 

SOFiSTiK package. 

 

Keywords: extradosed bridge, prestressing, design, SOFiSTiK 

 

 

1. Introduction 

 

The First Extradosed Bridge in Slovenia designed by Ponting Consulting Engineers Ltd [1], in 2005, 

has been considered as a main reference in this paper. This bridge, named “Puch Bridge” after the 

famous Slovenian inventor, was opened to traffic in May 2007. A scholar project design example based 

on “Puch Bridge” is discussed and analyzed in this paper [7]. 

 

1.1. Brief history of Extradosed Bridges 

 

The first application of extradosed prestressing was Mathivat’s proposal for the Arrêt-Darré viaduct 

with precast box girder sections (Mathivat 1987), developed in 1982-1983 [2]. In 1988 Jacques 

Mathivat proposed the concept of extradosed cables that are external prestressed tendons allocated in 

the deck´s outer and upper side, which are diverted by low size masts [5]. Six years later the first 

prestressed extradosed bridge was built in Japan: Odawara Blueway Bridge [6]. Afterwards, it was 

found that the design of the extradosed bridge significantly saves 30 % of the material, in comparison 

to conventional free cantilever constructed as a girder segment bridge. The idea of Mathivat was to 

substitute the internal tendons in the top flange of a box girder for external cables above the running 

surface, deviated over the piers by stub columns and anchored inside the box girder, which he called 

‘extradosed cables’ [2]. Extradosed bridges are transitional between girders and cable-stayed bridges. 

Most such bridges are erected in balanced cantilever, and may be cast-in-situ or precast segmental. 

Virlogeux explains (1999) that the concept was partially motivated by a ‘distortion of code 

mailto:rracidrilon@gmail.com1
mailto:miso.kuhta@um.si2
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specifications’ to use stay cables more efficiently, since an allowable stress of 0.65 fpu could be used 

for design of the cables instead of the value of 0.45 fpu typically adopted for cable-stayed bridges [2].  

 

 

2. Design Concept  

 

2.1. Environmental Conditions and Other Restrictions  

 

In the event of designing a structure such as Extradosed Bridge, it is necessary to take environmental 

conditions into account in case of protecting the reinforcement and prestressing cables against 

corrosion. The thickness of the concrete covers of the individual elements shall be calculated on the 

basis of their exposure class. In this case the following conditions according to European Standard 

Eurocode 2 have been considered: 

- Exposure class XD3; 

- Design working life of 100 years; 

- Normal supervision during its implementation; 

- Normal inspections and maintenance during its construction and utilize phase; 

- The basic structural class of the structure S5.  

 

Furthermore, other significant restrictions and conditions such as road geometry, foundation conditions 

and surrounding terrain, that affects the technical design of the relevant bridge, must be taken into 

consideration. 

 

2.2. Structure description 

 

The road bridge is thought to be built over the existing road and watercourse in the vicinity of the city 

of Maribor. The conceptual geometry of the bridge is set out in accordance with its level course of the 

road and its characteristic profile. Its level represents the surface of the bridge elements aligned with 

the altitude of the carriageway. The width of the bridge is set out as result of its characteristic profile. 

Longitudinal profile of the carriageway consists of very small inclination, therefore it has been ignored 

in the overall structural analysis. Due to very difficult conditions of the valley, the design of an 

extradosed bridge, consists of longitudinal disposition with the spans of 56,0 + (2 x 97,0) + 56,0 = 

306,0 m has been proved as the most suitable solution for bridging the obstacles.  

Fig. 1. Longitudinal disposition of the structure. 
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A box girder has been chosen to provide the most efficient section for casting, with the overall width 

of 13,63 + 0,99= 14,62 m, and a constant height of 2,50 m. Box girder is at the supports of the deck 

rigidly embedded in the tower, as it is shown in Fig. 2. 

 

As the structure represents a newer technology in bridge building, it shall be noticed that the extradosed 

bridge girder could be more slender than a normal continuous girder, and the pylon could be lower than 

the pylon for cable-stayed systems. 

Fig. 2. Typical cross-section of extradosed part of the bridge. A typical box girder through the spans 

(left), and the supports (right) of the structure. 

 

The bridge consists of an overall length of 306,0 m with two abutments and three intermediate piers. 

The total width of the bridge is 14,62 m. The superstructure consists of three main elements: 

– box girder roadway structure; 

– low pylons; 

– inclined cables. 

 

The roadway structure consists of a trapezoidal prestressed RC box of structural height 2,50 m (Fig. 

2). The web thickness is 0, 50 m, while the upper slab is 13,63 m wide and the bottom slab 10,00 m. 

The slab thickness varies from 0,25 to 0,50 m. The cantilever is 1,25 m long, at the fixing point 0,50 

m thick and rebar reinforced. The box girder is made of concrete of compressive strength C35/45. 

The structure consists of bonded tendons (negative and positive) in the girder, vertical prestressing bars 

in pylons, and prestressed by extra reinforced cable-stayed (extrados cables) mounted at intermediate 

pylons. The cables consist of nominal diameter 0,62" and the section 150 mm2, with a very low 

relaxation (< 2.50% at the stress 0,7 fpu in the 1000 h test), and of quality fpy/fpu = 1600/1860 N/mm2 

selected as 15 x 0,62” with a nominal stressing force of 3038 kN (about. 0,70 fpu) in case of free length 
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in the upper part of the girder, and 22 x 0,62” with a nominal stressing force of 4572 kN (about. 0,70 

fpu) for positive tendons in the bottom part of the girder. 

Fig. 3. Scheme of prestressing cables. 

 

Fig. 4. Scheme of cable-stayed anchored to concrete webs. 

 

The structure in its design aspect as a mixed load bearing system represents the interface between the 

conventional deck with rigid - bearing lintel and cables inside its cross-section and suspension bridges, 

which are the main load-bearing elements of the backstay. 

The girder structure shall be constructed in accordance with the progressive technology–the balanced 

cantilever method. In this principle, movable scaffolding with segment length of 5 m shall be used for 

erection [1]. 

At the foundation area, the soil mechanics data as well as the execution feasibility, structure 

maintenance and the hydraulic consequences are taken into account. For the simplicity reasons we took 

the same characteristics of the soil for the whole structure into account. In the structural analysis the 

following values of soil reaction module 𝑐𝑣 has been considered  

-Clay to a depth of 20, 00 m: 𝑐𝑣=25000 kN/m3; 

-Soil type at the supporting base to a depth of 20, 00 m: 𝑐𝑣=150000-200000 kN/m3. 
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3. Computation Model 

 

The design of the structure was performed in accordance with the software package SOFiSTiK. 

Basically the longitudinal analysis of the structure, described in the sections above, is the primary task 

of this paper. Thus, the deck structure, its pylons and pilots are modeled as »BEAM« elements, while 

Cable-stayed has been modeled as »CABLE« elements.  

Fig. 5. Computation model of the structure set out in accordance with the software package 

SOFiSTiK. 

 

The ground type in which the piles were modeled, as elastic foundation using linearly elastic springs, 

also known as Winkler model [3], the flexibility of foundation was chosen basically in the appropriate 

way to the characteristics of the soil. Nominal values of material and geometric parameters of each 

element of the structure and the relevant static properties, are estimated by the designers and set out in 

accordance with the software package SOFiSTiK. The bridge deck is modelled based on the balanced 

cantilever method with the help of inclined extrados cables. In this case, the “extrados cables” shall be 

assembled near the bridge and then mounted as a whole through saddles in the pylon to anchorages. 

The pylons consist of a rectangular cross-section of about 1,50/2,00 m, while the strength of concrete 

in this case is partially used as C45/55 and partially as C60/75. Geometric parameters of the pylon are 

generally detailed in Fig. 2. All the supports are designed on deep foundation with piles of diameter 

Φ150 cm. Foundation on ten piles of diameter Φ150 cm is used in the event of designing the piers of 

the structure. 

Load cases of the whole structure are manually analyzed and set out in accordance with the relevant 

European Standard Eurocodes. Each relevant verification at Ultimate limit state and Serviceability limit 

state is set out in accordance with the software package, while in the same time their useful limitations 

are checked in accordance with the Eurocode 2. 
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Fig. 6. The balanced cantilever construction with the help of “extrados cables” [1]. 

 

Furthermore, based on this designing procedure the structural analysis of the construction stages of the 

structure has been set out with the help of SOFiSTiK software package. As an example of construction 

stage analysis, envelope of bending moments of the construction stages is shown in Fig. 7. 

Fig. 7. The envelope of bending moments of the construction stages of the structure. 

 
  



The Design of an Extradosed Bridge 

 

12 

 

 

Conclusion 

 

In the event of analyzing the structure as it has been described and discussed in this paper, the main 

domain has been on a longitudinal analysis of the structure as a general process. During the process of 

determining the comprehensive analysis of the structure, it was necessary to create a separation of 

spatial structural system into several in-plane sub-models [4], regardless to carry out the relevant 

analysis of the deck structure in its transverse direction. Therefore, a FEM model consisting of several 

planar finite elements has been modelled and set out in this case. Based on the results obtained from 

this task, it can be verified that, the live load causes only a small amount of stress variation in the cables 

placed in the structure, basically represents an essential difference between "extradosed" and "cable-

stayed" bridges. 
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CF sheet 
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Abstract. Fiber reinforced polymer (FRP) composites (the combination of two or more materials). 

Used more often in the defense and aerospace industries, advanced composites are beginning to play 

the role of conventional materials (commodities) used for load-bearing structural components for 

infrastructure applications. These unique materials are now being used worldwide for building new 

structures as well as for rehabilitating in-service structures.  

“FRP” is an acronym for fiber reinforced polymers, which some also call fiber reinforced plastics, so 

called because of the fiber content in a polyester, vinyl ester, or other matrix. Three are commonly used 

(among others): composite containing  glass fibers are called glass fiber reinforced polymers (GFRP): 

those containing carbon fibers are called carbon fiber reinforced polymers (CFRP) and those reinforced 

with aramid fibers are referred to as aramid fiber reinforced polymers (AFRP). This paper presents 

general concept for strengthening the reinforced concrete column a wrapping of CF sheet. 

 

Keywords: Composite, FRP, CF sheets, wrapping, strengthening. 

 
 

1. Introduction 

 

The design of concrete member reinforced with fibre reinforced polymer (FRP) has many different 

design considerations than a steel reinforced concrete member. Confinement of reinforced concrete 

columns significantly enhances the performance under axial load, bending and shear, because of the 

increase in concrete compressive strength, the increase in ductility, the increase in shear strength and 

the higher resistance against buckling of the steel reinforcement in compression. The confinement of 

columns is achieved by means of internal lateral reinforcement (hoop or closed stirrups) or by external 

reinforcement (steel or FRP jackets). 

A large number of investigations conducted in the laboratory and field applications in buildings and 

bridges established the viability of composites for improving the performance of axially loaded 

members. 

Rehabilitation and strengthening of structures with inadequate bearing capacity has reached a level of 

extended design alternatives. 
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2. General 

 

The repair and strengthening of reinforced concrete (RC) columns through FRP composites includes 

external FRP wrapping, FRP encasement, and FRP spraying. Confinement is generally applied to 

members in compression, with the aim of enhancing their load carrying capacity or, in cases of seismic 

upgrading, to increase their ductility. Numerous experimental studies involving concrete cylinders 

wrapped with CF sheets have revealed that the tensile strength ascertained in tests on strips of material 

are not achieved on the member. In Fig. 1.1 it can be seen that at a certain value of the normalized axial 

concrete strain, the steel reaches yielding and then, from that point on, it exerts a constant lateral 

(confining) pressure, while FRP exerts a continuously increasing confining action. In principle, the 

DAfStb guideline together with a corresponding system approval allows the following concrete 

member strengthening measures to be carried out: 

- Flexural strengthening with externally bonded (surface- mounted) CFRP strips, CF 

sheets and steel plates 

- Flexural strengthening with CFRP strips bonded in slots (near-surface -mounted 

reinforcement) 

- Shear strengthening with externally bonded CF sheets and steel plates 
Column strengthening with CF sheets as confining reinforcement. 

 

 

3. Principles and properties of  materials relevant to design 

 

The development of the principles for designing confined concrete members is attributed to the French 

engineer Armand Considére, who in 1902 patented a method for casting concrete elements with a high 

axial compressive strength. The carbon fibre sheets (CF sheeting) are unidirectionally aligned carbon 

fibres. The sheeting is characterised by the following properties:  

 tensile strength in the direction of fibres;  

 modulus of elasticity in the direction of fibres;  

 ultimate strain in the direction of fibres;  

 geometric dimensions and weight per area  

 calculated thickness (equals theoretical thickness)  

The selection of materials for different strengthening systems is a critical process. Every system is 

unique in the sense that the fibres and the binder components are designed to work together. Today 

there are several types of composite material strengthening systems, which are summarized below: 

- Wet lay-up systems 

- Systems based on prefabricated elements 

- Special systems, e.g. automated wrapping, prestressing, near-surface mounted bars, mechanically 

attached laminates 
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4. Effective lateral confining pressureg 

 

Depending on column shape and strengthening lay-out, a non-uniform confining stress distribution is 

obtained. Next, the following cases are examined: 1) Fully wrapped cylindrical specimens with fibres 

perpendicular to longitudinal axis, 2) Influence of partial wrapping, 3) Influence of fibre orientation, 

and, 4) Influence of column shape. 

  
                                    a)                                                            b)                                

Fig. 1.1 a) The effect of confining reinforcement, b) Schematic stress-strain behavior of unconfined 

and confined RC columns (Rocca et al. 2006). 

 

4.1. Fully wrapped cylindrical specimens with fibres 

 

For uniaxially loaded cylindrical concrete specimens, confined with either steel hoop or spiral 

reinforcement, the effective confining pressure, fl is calculated as a function of the transverse steel 

volumetric ratio ρst and its yield stress fy, as follows (Fig. 1.2): 

fl=
1

2
keρstfy                                                        (1) 

 

 
Fig. 1.2 Confining pressure exerted by the FRP. 

 

The lateral confining pressure σl can be expressed as a function of the current stress 𝜀l in the FRP jacket 

can be rewritten as: 
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σl=Kconf εl                                                         (2) 

 

Kconf=
1

2
ρjEj                                                        (3) 

Hence, the lateral confining pressure σl exerted by the FRP jacket is calculated based on its current 

stress σj=Ejεj≤fj. The maximum lateral confinement pressure fl is obtained as: 

 fl=
1

2
ρjEjεju                                                        (4) 

 

4.2. Influence of partial wrapping 

 

If the concrete is partially wrapped, less efficiency is obtained as both confined and unconfined zones 

exist (Fig. 1.3). In this case, the effective lateral confining pressure is obtained from eq. (5) by 

introducing a confinement effectiveness coefficient 

 ke ≤ 1. In between two subsequent FRP wraps, the area of effectively confined concrete core Ae is: 

Ae=
π

4
(D-

s'

2
)

2

                                              (5) 

ke=
(1-

s'

2D
)

2

1-ρsg
≈ (1-

s'

2D
)

2

                                 (6) 

 

 

 

  Fig. 1.3) FRP partially wrapped 

 

4.3. Influence of fibre orientation 

 

If the fibres are helically applied, the fibre alignment is less efficient to restrain the lateral expansion 

of the concrete. Assuming a uniform tension force Nf in the FRP, the confinement pressure exerted by 

the helical FRP wrapping reinforcement is given by: 

σl,h=
Nf

bfR
                                                                 (7) 

In a similar way, the confinement pressure per unit width exerted by circular FRP wrapping 

reinforcement is obtained as: 

σl,c=
Nf

bfr
                                                                 (8) 
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the confinement effectiveness  coefficient ke can be defined as: 

 ke=
σl,h

σl,c
= [1+ (

p

πD
)

2
]

-1

                                                (9) 

4.4. Influence of column shape 

 

For a square or rectangular section wrapped with FRP (Fig. 1.4) and with corners rounded with a radius 

rc, the parabolic arching action is again assumed for the concrete core where the confining pressure is 

fully developed 

 

 
Fig. 1.4 Effectively confined core for non-circular sections. 

 

Taking the sum of the different parabolas, the total plan area of unconfined concrete is obtained as: 

Au= ∑
(w'i)

2

6

4
i=1 =

b'2+d'2

3
                                       (10) 

the confinement effectiveness coefficient ke is given by: 

 ke=1-
b'2+d'2

3Ag(1-ρsg)
                                                  (11) 

the lateral confining pressures induced by the FRP wrapping  reinforcement on a square or rectangular 

cross-section are given as: 

σlx=Kconfx εju                                                     (12) 

σly=Kconfy εju                                                    (13) 

 

4.5. Use of confinement to increase ductility in seismic regions 

 

The ductility factor may be related to the shear capacity Vu of the member after retrofit, and to the 

moment capacity Mu of the member after retrofit, according to empirical equations of the type:  

μ∆=α+β(Vua Mu⁄ )≤10                                                      (14) 
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              a)                                                                      b)  

Fig. 1.5 Automated RC column wrapping. a) Schematic. b) Photograph of robot-wrapper. (fib 

bulletin 14) 

 

5. Load-carrying capacity of cross-section and member 

 

The strain in the CF sheet is determined from the creep-induced longitudinal deformation 𝜀𝑐𝑐 in 

simplified form for a constant Poisson’s ratio. The equation for determining the ultimate strain 

that may be assumed for a CF sheet is therefore 

εju=αr*αT*αF*αE*αZ*αLu-ϑ*εcc                                       (15) 

Various researchers have proposed criteria to guarantee an adequate confining effect 

2*tL*EL

D*fc
2 ≥0.2                                                          (16) 

In contrast to unconfined compression members with a doubly symmetric cross- section, the maximum 

moment capacity is not reached at 𝑁𝑏𝑎𝑙, but instead at lower axial loads.  

Nbal=0.8*fcc*A                                                        (17) 
 

The equations for determining the theoretically admissible axial load 𝑁𝑢 and the associated moment 

𝑀𝑢 according to Jiang are as follows:  

Nu=θ*α1*fcc*Ac* (1-
sin(2*π*θ)

2*π*θ
) +(θc-θt)*fy*As                      (18) 

Mu=Nu* (e1+ (
l0

π
)

2
*ξ1*ξ2*∅bal)=

2

3
*α1*fcc*Ac*

D

2
(

sin3(π*θ)

π
) +fy*As* 

D

2
(

sin(π*θc)+ sin(π*θt)

π
)              

(19) 

Figure 1.6 shows the relationships within the cross-section for a compression member with both types 

of confining reinforcement. 
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Fig. 1.6. Cross-section of the confined reinforced concrete column (1/2) 

 

 

6. Distribution of transverse compression 

 

The following factors take into account the non-uniform distribution of the transverse compression 

over the cross-section owing to the different areas of influence of the confining reinforcement made up 

of reinforcing steel and CF sheet. 

The factors for the non-uniform distribution of the transverse compression according to DAfStb 

guideline [1] part 1 Eq. (RV 6.90) and (RV 6.91): 

 

p1=
2*FL

D
=

2*tL*EL*εju

D
                                                   (20) 

p2=
2*(FL+FW)-p1*c

Dc+C
=

2*(tL*EL*εju+tW,eff*fwy)-p1*c

Dc+C
                                  (21) 

∆p=p1-
2*tL*EL*εju-(p1+p2)*c

Dc
                                            (22) 
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Fig. 1.7 Simplified stress–strain curve for design 

 

At the origin, the slope of the curve is given by the tangent modulus 𝐸𝑐 of the unconfined concrete (see 

Figure 1.7). The design approach is defined by the following equations: 

σc= {
Ec*εc-

(Ec-E2)2

4*fc
* *εc

2     for 0≤εc≤εt
*

fc
*+E2*εc                        for εt

*≤εc≤εcu

}                              (23) 

However, only the effect of the confining CF sheet is used when defining the longitudinal strain 𝜀𝑐𝑐 in 

the confined concrete upon failure of the fibre-reinforced material. 

 

 

7. Creep of confined concrete 

 

In order to consider the behavior with respect to time, the creep of the confined concrete must be 

calculated according to DAfStb guideline [1] part 1 Eq. (RV 6.74): 

εcc(∆t)=[k7]*βc(∆t)*β(fcm)*β0,k*
σcp

Ecm
                                     (24) 

 

 

8. Analysis at Ultimate Limit State (ULS) 

 

As the acting axial load is less than the axial load resistance of the column, the column load-carrying 

capacity is satisfactory, 

NRd≥NEd                                                      (25) 
       

                                   NRd=
1

γLG
*θ*α1*fcck*Ac* (1-

sin(2πθ)

2πθ
) +

1

γs
*(θc-θt)*fyk*As         (26) 

The maximum acting moment according to second-order theory taking into account creep deformations 

is calculated from the first part of Eq. (RV 6.63) according to the DAfStb guideline [1] 
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MRd=NRd* (etot+ (
l0

π
)

2
*ξ1*ξ2*∅bal*Kφ)                             (27) 

 

 

9. Analysis serviceability limit state (SLS) 

 

In order to avoid unacceptable damage to the concrete microstructure at the serviceability limit state, 

DAfStb guideline [1] part 1 section 7.2 (RV 15) specifies that the theoretical thickness of confining 

reinforcement necessary 𝑡𝐿 must comply with the following condition according to DAfStb guideline 

[1] part 1 Eq. (RV 7.5): 

. 

tL≤
D

2*EL*εjuk
*

1

[k0]
* [γLG* [γF*([k8]-[k9]*fck)* (αcc*fck+

As

A c
*|εc2|*Es) -

fyk

γs
+

As

A c
 ] -fck ]              (28) 

 

As the thickness of confining reinforcement used is less than the maximum permissible 

thickness according to DAfStb guideline [1] part 1 Eq. (RV 7.5), the design for serviceability is 

satisfactory.  

⟹   𝑡𝐿 ≤ 𝑡𝐿,𝑚𝑎𝑥                                                        (29) 

 

 

Conclusions 

 

- Understanding the properties and limits of FRP is very important step in developing the right design 

solution and utilizing it for the right application in the civil engineering. 

- From the review of the literature, it was also concluded there is a need to perform additional research 

on the FRP retrofit of columns subjected to impact loadings. With further investigations including 

ways to improve energy absorption capacity and ductility of the structural systems and composite 

materials, reduction in life cycle costs will outweigh the higher upfront cost of FRP retrofit over 

conventional retrofit techniques. 

- The FRP repair of corrosion damaged RC columns not only provides strength and ductility, but also 

could slow down the rate of the corrosion reaction. 

- The corners of the webs shall be curved at a minimum r ≥ 25 mm. The minimum column diameter 

complies with, D ≥120 mm 

- Intimate contact between FRP system and member is critical 

 

 

References 

 

1. DAfStb (German Committee for Reinforced Concrete) Guideline on the reinforcement of 

concrete parts with adhesive bonding - Part 1: Design and construction, 2012 

2. EN 1991-1-1:2002 Actions on structures. General actions. Densities, self-weight, imposed loads 

for buildings 



General concept for strengthening the reinforced concrete column a wrapping of CF sheet 

 

22 

 

 

3. EN 1992-1-1:2013 Design of concrete structure-Part 1-1: General rules and rules for buildings, 

European Committee for Standardization, Brussels,  

4. EN 1992-1-1:2013 Design of concrete structure-Part 1-1: General rules and rules for buildings, 

European Committee for Standardization, Brussels, National Annex 

5. Z. Sorić,T. Kišiček- Betonske Konstrukcije 1, Zagreb 2014 

6. K. Zilch, R. Niedermeier, W. Finckh-Strengthening of Concrete Structures with Adhesively 

Bonded Reinforcement_ Design and Dimensioning of CFRP Laminates and Steel Plates, Wiley 

2014 

7. ACI Committee 440, "Guide for the Design and Construction of Externally Bonded FRP 

Systems for Strengthening Concrete Structures ", 440.2R-02&08, American Concrete Institute, 

2002.  

8. Fib bulletin 14, "Externally Bonded FRP Reinforcement for RC Structures", July, 2001 

 



Book of Proceedings 

International Conference on Civil Engineering, Infrastructure and Environment 

 

23 

 

Strengthening the reinforced concrete column with CF sheet 
 

 

 

Florim Istrefi 
 

University of Zagreb, Faculty of Civil Engineering 

f_ing@hotmail.com 
 

 

Abstract. Fiber reinforced polymer (FRP) composites (the combination of two or more materials). The 

strengthening of concrete members means using constructional measures to restore or improve their 

load-carrying capacity, serviceability, durability or fatigue strength. 

The effects of strengthening measures can generally be described in quantitative terms and therefore 

analyzed numerically for reinforced concrete columns designed according to the earlier editions of  

DIN 1045, ACI Committee 440, 2002, there are some strengthening assignments that fall midway 

between redesign and sprayed concrete. It is for these projects that wrapping with fiber-reinforced 

materials is to be recommended. This method has already been used frequently in Europe and 

elsewhere, often on the basis of design codes or guides covering the subsequent strengthening of 

reinforced concrete compression members by means of wrapping with fiber-reinforced materials. 

This paper presents an example for strengthening the reinforced concrete column a wrapping of CF 

sheet externally. 

 

Keywords: Composite, CF sheets, reinforced concrete columns, wrapping, strengthening. 

 

 

1. Introduction 

 

Strengthening of concrete structural members like beams, slabs, columns may be   required on many 

cases such as deterioration of structure due to environmental effect, damage caused by accidents, 

upgraded loading requirements, revision in loading standard, bomb blasts and seismic retrofitting. The 

confinement of columns is achieved by means of internal lateral reinforcement (hoop or closed stirrups) 

or by external reinforcement (steel or FRP jackets). In the latter case, the confinement reinforcement 

can be provided either through external strengthening of existing columns, or as formwork that acts as 

structural reinforcement after construction of the columns. Confinement is generally applied to 

members in compression, with the aim of enhancing their load carrying capacity or, in cases of seismic 

upgrading, to increase their ductility. 

 

 

2. General 

 

The design of concrete member reinforced with fibre reinforced polymer (FRP) has many different 

design considerations than a steel reinforced concrete member. Confinement of reinforced concrete 

columns significantly enhances the performance under axial load, bending and shear, because of the 

increase in concrete compressive strength, the increase in ductility, the increase in shear strength and 
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the higher resistance against buckling of the steel reinforcement in compression. The confinement of 

columns is achieved by means of internal lateral reinforcement (hoop or closed stirrups) or by external 

reinforcement (steel or FRP jackets). 

A large number of investigations conducted in the laboratory and field applications in buildings and 

bridges established the viability of composites for improving the performance of axially loaded 

members. 

Rehabilitation and strengthening of structures with inadequate bearing capacity has reached a level of 

extended design alternatives. Use of fiber reinforced polymer (FRP) materials is growing, as they tend 

to replace conventional steel as external reinforcement in upgrading of existing structures. FRP 

materials turn to be more advantageous than steel. 

 

 

3. Example-column strengthening with CF sheets 

 

A reinforced concrete column in a business and residential building needs to be strengthened, a 

wrapping of CF sheet is to be used for strengthening the column.  

 

Fig. 1.1. Column system requiring strengthening, and layout of the existing reinforcement. 

 

3.1. Loading 

 

Three load cases will be investigated for ULS (ultimate limit state) design: 

Load case 3 governs for designing the strengthening measures. The load combination 

for the ULS and the load combination for the SLS under a quasi-permanent load combination are 

required for the analyses.  

𝑁𝐸𝑑 = 7200.00 𝑘𝑁                            (1) 

and the loading for the SLS under a quasi-permanent load combination is 
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𝑁𝐸𝑞𝑝 = 2900.0 kN                                                                                                                  (2) 

According to the project documents construction materials is: concrete class C 30/37, reinforcing steel 

is B500B, also after the test on the member to, the result was concrete class is C30/37. In the figure 1.1  

shows the structural system requiring strengthening, and layout of the existing reinforcement. 
 

Table 1.1. Construction materials and characteristic values. 

 

Construction materials characteristic values 

Concrete  class C 30/37 𝑓𝑐𝑚 = 38 𝑁/𝑚𝑚2  𝐸𝑐𝑚 = 33 𝑘𝑁/𝑚𝑚2 

Reinforcing steel B 500 B 𝑓𝑦𝑘 = 500 𝑁/𝑚𝑚2 𝐸𝑠 = 200 𝑘𝑁/𝑚𝑚2  

CF sheet 𝑡𝐿,𝑖 = 0.15𝑚𝑚 𝑓𝐿𝑢𝑘=3500 N/mm2 𝐸𝐿=230 000 N/mm2 

 

One layer of CF sheet has a nominal thickness 𝑡𝐿,𝑖 = 0.15𝑚𝑚. System coefficients, which for the 

system used here are listed in Table 1.2. according to DAfStb guideline [1] Annex RV K2. 

Table 1.2. System coefficients for columns. 

[k0] [k1] [k2] [k3] [k4] [k5] [k6] [k7] [k8] [k9] 

0.2  1/(N/mm2) 2 0.25 0.7 1 1 0.75 0.39 0.89 0.44 *10-2 

Table 1.3 Axial loads and bending moments for the relevant load combinations. 

Load combination N M 

----- kN kNm 

Load case 3; ULS 𝑁𝐸𝑑  =7200 57.6 

Load case 3; SLS, quasi-permanent 𝑁𝐸𝑞𝑝 =2900 23.20 

 

3.2. Determining the cross-sectional values 

 

𝛼𝑠, 𝐴𝑐, 𝐴𝑖 , 𝐼𝑐 , 𝐼𝑖, as can be seen from the equation, 𝑧𝑠
𝑗
 and 𝐴𝑠

𝑗
 must be determined. This is carried out 

below according to Figure 1.2. We must determine the positions of the bars, or rather the radi to the 

centres of the reinforcing bars first of all. This depends on the concrete cover and the diameter of the 

links 𝜙𝑠𝑤 and the bars 𝜙𝑠. 
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Fig. 1.2 Scheme for determining 𝐴𝑠
𝑗
 & 𝑧𝑠

𝑗
 

 

3.3. Boundary conditions 

 

The minimum column diameter complies with DAfStb guideline [1] part 1, RV 6.1.4.2, Eq. (RV 6.58): 

𝐷 ≥ 120 𝑚𝑚, 𝜆 ≤ 40; 𝑓𝑐𝑚 ≤ 58 N/mm2, and minimum thickness  

𝑡𝐿 ≥ 0.2 is necessary in order to activate the multi-axial stress state by way of a sufficient confining 

effect. 

𝑛𝐿 =
𝑡𝐿

𝑡𝐿,𝑖
                                                                   (3) 

A thickness 𝑡𝐿 = 0.75 𝑚𝑚 leads to a number of layers is 𝑛𝐿 = 0.75/0.15 = 5.0  

The wrapping will consist of 6 layers. The column may therefore be strengthened in accordance with 

the method given in the DAfStb guideline [1]. 

 

3.4. Verification of column load-carrying capacity 

 

A number of layers 𝑛𝐿=6 and the following fabric thickness are used in the analyses given below: 

𝑡𝐿 = 𝑛𝐿 ∗ 𝑡𝐿,𝑖 = 6 ∗ 0.15 = 0.9 𝑚𝑚                                        (4) 

 

3.5. Creep of confined concrete 

 

𝜀𝑐𝑐(∆𝑡) = [𝑘7] ∗ 𝛽𝑐(∆𝑡) ∗ 𝛽(𝑓𝑐𝑚) ∗ 𝛽0,𝑘 ∗
𝜎𝑐𝑝

𝐸𝑐𝑚
                              (5) 

 

Compressive stress relevant to creep under a quasi-permanent load combination. 
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𝜎𝑐𝑝 = |
𝑁𝐸𝑞𝑝

𝐴𝑖
| + |

𝑀0𝐸𝑞𝑝

𝐼𝑖
| = |

𝑁0,𝐸𝑞𝑝

𝐴𝑖
| + |

𝑀0,𝐸𝑞𝑝

𝐼𝑖∗
2

𝐷

| = 10.27       N/mm2   (6) 

𝛽𝑐(𝛥𝑡) = 1.0, It is also important to check whether non-linear creep needs to be considered. To do 

this, the degree of utilization under a quasi-permanent load must be calculated. As this is<0.45, it is not 

necessary to consider non-linear creep and therefore 𝛽0, 𝑘 = 1                                                                                       

𝑘𝜎 =
𝜎𝑐𝑝

𝑓𝑐𝑚
=

10.27

38
= 0.27 ≤ 0.45                                        (7) 

The influence of the concrete compressive strength at the time of strengthening must be considered 

  𝛽(𝑓𝑐𝑚) =
16.8

√𝑓𝑐𝑚
=

16.8

√38
= 2.73                                           (8) 

Now we can calculate the creep of the confined concrete  

𝜀𝑐𝑐(∆𝑡) = 0.39 ∗ 1 ∗ 2.73 ∗ 1 ∗
10.27

33000
= 0.33mm/m                        (9) 

Fig. 1.3 Stress-strain diagram (un-confined and FRP-confined concrete)* 

* Sika CarboDur softwar, CF Laminate-SikaWrap 301C - 60cm, the tensile strength of the concrete and 

confinement provided by any existing hoop steel is ignored by the software. 

 

3.6. Properties of the CF sheet 

 

The stiffness of the wrapping relative to the column diameter D is required for the next calculations, 

this relative stiffness is 
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𝐸𝑗𝑙 =
2∗𝐸𝑙∗𝑡𝑙

𝐷
=

2∗230000∗0.9

600
= 690  N/mm2                                (10) 

𝜀𝑗𝑢𝑘 = [𝑘2] ∗ [𝑘3] ∗ [𝑘4] ∗ [𝑘5] ∗ [𝑘6] ∗ 𝜀𝐿𝐾 + 𝛼𝑘 ∗ 𝜗 ∗ 𝜀𝑐𝑐(∆𝑡) = 2.3mm/m             (11) 

 

3.7. Distribution of transverse compression  

 

𝑡𝑤,𝑒𝑓𝑓 =
𝐴𝑠𝑤

2∗𝑠𝑤
=

6.32

2
= 0.316 𝑚𝑚                                         (12)    

𝐷𝑐 = 𝐷 − 2 ∗ 𝑐 − 2 ∗ 𝑡𝑤,𝑒𝑓𝑓 = 539.37mm                               (13) 

𝑝1 =
2∗𝑡𝐿∗𝐸𝐿∗𝜀𝑗𝑢𝑘

𝐷
= 𝐸𝑗𝐿 ∗ 𝜀𝑗𝑢𝑘 = 1.59                                    (14) 

𝑝2 =
2∗(𝑡𝐿∗𝐸𝐿∗𝜀𝑗𝑢𝑘+𝑡𝑤,𝑒𝑓𝑓∗𝑓𝑤𝑦𝑘)−𝑝1∗𝑐

𝐷𝑐+𝑐
= 2.14                              (15) 

∆𝑝 = 𝑝1 −
2∗𝑡𝐿∗𝐸𝐿∗𝜀𝑗𝑢𝑘−(𝑝1+𝑝1)∗𝑐

𝐷𝑐
= 0.032                               (16) 

 

3.8. Multi-axial stress state in concrete 

 

The characteristic compressive strength of the confined concrete is calculated using 

 

𝑓𝑐𝑐𝑘 = 34.62 N/mm2                                                   (17) 

𝜌𝑤𝑦 = 0.0031                                                         (18) 

The stress block geometry factor 𝛼1 is also required: 

 𝛼1 = 1.17 − 0.2 ∗
𝑓𝑐𝑐𝑘

𝑓𝑐𝑘
∗                                                   (19) 

𝑓𝑐𝑘
∗     point at which projected straight part of curve intersects stress axis. 

𝑓𝑐𝑘
∗ = 𝑓𝑐𝑘 + 𝑘1 ∗ [𝜌𝑤𝑦 ∗ 𝑓𝑤𝑦𝑘 − ∆𝑝] ∗ (

𝐷𝑐−
𝑠𝑤
2

𝐷
)

2

= 31.44  N/mm2                   (20)                          

𝛼1 = 1.17 − 0.2 ∗
34.62

31.44
= 0.949                                     (21) 

 

3.9. Calculation of column load-carrying capacity 

 

The calculation to establish the load-carrying capacity of the column is carried out according to DAfStb 

guideline [1, 2] part 1 section 6.1.4.2 (RV 5) and Eq. (RV 6.63). 

To do this, the relative angle θ must be determined iteratively with the following equations. 
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𝑁𝑅𝑑 =
1

𝛾𝐿𝐺
∗ 𝜃 ∗ 𝛼1 ∗ 𝑓𝑐𝑐𝑘 ∗ 𝐴𝑐 ∗ (1 −

sin(2𝜋𝜃)

2𝜋𝜃
) +

1

𝛾𝑠
∗ (𝜃𝑐 − 𝜃𝑡) ∗ 𝑓𝑦𝑘 ∗ 𝐴𝑠

                   (22) 

The relative angle θ is estimated as θ =0.815 for this example. 

𝑁𝑅𝑑 = 7458.1 Kn                                                  (23) 

𝑀𝑅𝑑 = 𝑁𝑅𝑑 ∗ (𝑒𝑡𝑜𝑡 + (
𝑙0

𝜋
)

2
∗ 𝜉1 ∗ 𝜉2 ∗ ∅𝑏𝑎𝑙 ∗ 𝐾𝜑)                    (24) 

𝜉1 =
𝑁𝑏𝑎𝑙

𝑁𝑅𝑘
=

0.8∗𝑓𝑐𝑐𝑘∗𝐴𝑐

𝑁𝑅𝑑∗𝛾𝐿𝐺
≤ 1 ⟹             𝜉1 = 0.783 < 1               (25) 

The strain coefficient 𝜌𝜀  according to DAfStb guideline [1] part 1 Eq. (RV 6.99) 

𝜌𝜀 =
𝜀𝑗𝑢

𝜀𝑐2
=

2.3 

2.0
= 1.15                                        (26) 

𝜉2 = 1.092 ≤ 1 ⟹    𝜉2 = 1                                   (27) 

 

Fig. 1.3 Interaction diagrams 𝑁𝑅𝑑 − 𝑀𝑅𝑑 (un-confined and FRP-confined concrete)*  

* Sika CarboDur softwar, CF Laminate-SikaWrap 301C - 60cm, the tensile strength of the concrete 

and confinement provided by any existing hoop steel is ignored by the software. 
 

The maximum curvature ∅𝑏𝑎𝑙 , of the confined cross-section is determined according to DAfStb 

guideline [1, 2] part 1 Eq. (RV 6.100), and after the calculate and using these variables 

𝜀𝑐𝑢,  𝜀𝑦𝑘, 𝐾𝜑, 𝛽, 𝜑𝑒𝑓 , 𝐾𝜑 , it is possible to calculate the maximum acting moment  

𝑀𝐸𝑑 = 150.56 𝑘𝑁𝑚                                                                                                  (28) 
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𝑀𝑅𝑑 = 150.48 𝑘𝑁𝑚                                                                                                  (29) 

𝑀𝐸𝐷 ≅ 𝑀𝑅𝑑
                                                                                          (30) 

 

As the acting axial load is less than the axial load resistance of the column, the column load-carrying 

capacity is satisfactory, 

𝑁𝑅𝑑 = 7458.1 𝑘𝑁 ≥ 𝑁𝐸𝑑 = 7200 𝑘𝑁                                       (31)                 

 

3.10. Serviceability limit state 

 

In order to avoid unacceptable damage to the concrete microstructure at the serviceability limit state, 

specifies that the theoretical thickness of confining reinforcement necessary tL must comply with the 

following condition:  

𝑡𝐿 ≤
𝐷

2∗𝐸𝐿∗𝜀𝑗𝑢𝑘
∗

1

[𝑘0]
∗ [𝛾𝐿𝐺 ∗ [𝛾𝐹 ∗ ([𝑘8] − [𝑘9] ∗ 𝑓𝑐𝑘) ∗ (𝛼𝑐𝑐 ∗ 𝑓𝑐𝑘 +

𝐴𝑠

𝐴 𝑐
∗ |𝜀𝑐2| ∗ 𝐸𝑠) −

𝑓𝑦𝑘

𝛾𝑠
+

𝐴𝑠

𝐴 𝑐
 ] −

𝑓𝑐𝑘  ]                                                                                 (32) 

𝛾𝐹 =
𝑁𝐸𝑑

𝐺𝑘+𝑄𝑘
=

7200

2000+3000
= 1.44                                  (33) 

 

Partial safety factor 𝛾𝐹 for actions was calculated according to the contributions of the permanent and 

variable actions for the governing combination of forces and moments at the ultimate limit state: 

𝑡𝐿 ≤ 𝑡𝐿,𝑚𝑎𝑥 = 2.16 𝑚𝑚                                      (34) 

As the thickness of confining reinforcement used is less than the maximum permissible 

Thickness, the design for serviceability is satisfactory.  

⟹   𝑡𝐿 = 0.9 𝑚𝑚 ≤ 𝑡𝐿,𝑚𝑎𝑥 = 2.16 𝑚𝑚                          (35) 

 

 

Conclusions 

 

• High-strength composites have been very effective in retrofitting columns to improve earthquake 

resistance. The composites are essentially used to confine the concrete, resulting in improvement 

of: compressive strength or axial force capacity, flexural and shear strength, flexural ductility and 

performance of lap splices.  

• The stress-strain models for concrete confined with composite CF sheets indicate significant 

increases in compressive strength and strain at failure when compared with the unconfined 

concrete. 

• The higher cost of FRP materials is soffset by reduced costs of labor, use of equipment, and 

downtime during installation 
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Abstract. In this paper, a mathematical equation based on the gene expression programming (GEP) 

model has been developed to predict the flexural strength (ffs) of steel fiber reinforced concretes 

(SFRCs) containing silica fume (SF) or fly ash (FA). In order to obtain a mathematical equation of this 

model, the training, testing and validation sets using the experimental results for 175 specimens 

produced with 118 different mixtures were gathered from different literatures. The data used in the 

input variables of GEP model are arranged in a format of eleven input parameters that cover the age of 

specimen, the amounts of concrete mixtures and the properties of steel fibers. According to these input 

parameters, the ffs values of SFRCs were predicted in the GEP model. The training, testing and 

validation results in the model have shown that the model has strong potential to predict the ffs values 

of SFRCs containing SF or FA. 

 

Keywords: Fiber reinforced concrete, Silica fume, Fly ash, Flexural strength 

 

 

1. Introduction 

 

The idea of adding steel fiber in concrete to enhance the mechanical properties of concrete is known 

for many decades. The addition of steel fiber in concrete can enhances many of the mechanical 

properties such as the ffs, compressive strength, splitting tensile strength, shear strength, fracture 

toughness, durability, fatigue loading and resistance to impact. The mechanical properties of steel fiber 

reinforced concretes depend on the aspect ratio (length/diameter), size of fiber, shape of fiber, surface 

structure of fiber, type of fiber, tensile strength of fiber and the content of fiber [1-3]. 

Moreover, adding of steel fiber in concrete increase the energy absorption capacity of concrete, and 

provide to be a more ductile structure of concrete [4,5]. The fundamental effect of steel fiber in concrete 

is revealed after the cement pasta cracking. Steel fibers added in concrete behave as the crack blockers 

by bridging mechanism, postpone the crack formation, and restrict the crack spread [6,7]. Steel fibers 

are helpful if a large amount of energy absorption capacity is necessary to decrease brittle failure. 

[5,8,9]. 
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Mineral admixtures such as FA, metakaolin, ground granulated blast-furnace slag and SF enhance the 

mechanical properties, impermeability, workability and durability of concrete when they are employed 

both the mineral additives and the partial cement replacements [10-12]. Especially, because the SF and 

FA which are the by-product of industrial plants causes environmental pollution and the cost of storage 

of their is very high, the employed of SF and FA in concrete mixtures, both in regard to environmental 

pollution and the positive influence on a country’s economy are beyond controversy [13]. The 

fundamental inclusions of the partial cement replacement by FA in cement matrix are pore filling 

influence, micro-structure enhancement and better workability of the mixture [14]. Due to an important 

improvements attained on interface zone of aggregate-cement paste, SF is known to enhance the early 

as well as the long-term strength and durability of concrete, and produce the high performance concrete 

and high strength concrete [13,15]. SF also plays a significant role on improving of the mechanical 

strengths of concrete due to having a pozzolonic activity. Filling influence of SF is more dominant than 

its pozzolonic influence [5]. Also, SF is usually employed together with the super plasticizer or hyper 

plasticizer to control the workability of concrete [16,17]. 

The fundamental aim of this study is to predict the ffs values of SFRCs containing SF or FA at the ages 

of 7, 28, 90 and 365 days by GEP. For this aim, the age of specimen (AS), and cement (C), SF, FA, 

water (W), maximum aggregate size (Dmax), aggregate (A), superplasticizer (SP), volume of fiber 

(Vf), length of fiber (Lf) and diameter of fiber (df) used in concrete mixtures were presented to the 

GEP model as input parameters. The data for training, testing and validation sets of the GEP model 

were obtained from different literatures [18-25]. The obtained results of the GEP model have been 

compared by experimental ones to evaluate the software power for predicting the ffs of SFRCs 

containing SF or FA. 

 

 

2. Gene Expression programming 

 

Gene expression programming (GEP) created first by Ferreira [26] is an extension to genetic algorithms 

(GA) and genetic programming (GP). GEP develops computer programs of different sizes and shapes 

encoded in linear chromosomes of fixed length [26,27]. In GEP, five fundamental elements are such 

as the terminal function sets, fitness function, control parameters, and start-stop condition which must 

be identified when employing GEP to solve a problem [28]. After the problem is determined for a 

suitable solution and the fitness function is selected, the algorithm randomly generates a first population 

of viable chromosomes (individuals) and then transforms each chromosome into an expression tree 

corresponding to a mathematical expression [29]. Afterwards, the results from mathematical expression 

are compared with the actual results according to the fitness score of each chromosome. If the predicted 

results are good enough, the program stops. However, if the predicted results are not good enough, 

some of the chromosomes are selected using roulette-wheel sampling. The new chromosomes will 

chance the old ones creating a new generation. This cycle is continued, until the desired fitness score 

is reached and afterwards, the chromosomes are decoded for the best solution of the problem [29,30]. 

The chromosomes of GEP are commonly composed of one or more open reading frames. The structure 

of chromosomes is designed to allow the generation of multiple genes, each encoding a sub-expression 

tree (Sub-ET). The genes are structurally composed of a head and a tail. The head has symbols that 

occur both terminals and functions, while the tail has only terminals. Hence, two different alphabets 

emerge in different regions of a gene. For any problem, the head length “h” and the set of terminals 

“n” are selected, while the tail length “t” is calculated as a function of h by the Eq. (1) [26,27]. 
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t = h (n-1) + 1         (1) 

 

Consider a gene composed of F={Q, ×, /, -, +, a, b} (Q=Sqrt/square root). The set of terminals are 

composed of T={a, b} and in this case, n=2. If the head length is selected as h=10, the tail length is 

calculated as t=11, and the length of the gene is determined as h+t=10+11=21. The chromosomes of 

one such gene (the tail is seen as bold) and the expression tree of this gene is shown in Fig. 1. In 

addition, the mathematical equation of this gene is given in Fig. 1. 
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Fig. 1. Expression of GEP gene as ET. 

 

2.1.  Gene Expression Programming Model Structure 

 

The aim of development of GEP model was to generate the mathematical equation to predict the ffs 

values of SFRCs containing SF or FA at the ages of 7, 28, 90 and 365 days. For this purpose, a model 

in the GEP technique was developed. This model is trained and tested with experimental results 

obtained from different literatures [18-25] to propose the mathematical equation. The number of 

experimental data obtained from five different experimental studies [18-22] randomly divided for 

training and testing in this model is 83 and 41, respectively. Besides, the mathematical equation is 

validated with 51 experimental data obtained from three different experimental studies [23-25], which 

not employed in training and testing sets of model. For the mathematical equation obtained from the 
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Mathematical equation  

 

Expression tree  
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GEP model, the first is to determine the fitness function as root mean square error (RMSE). For the 

predict of ffs, firstly, the fitness of a special program is analyzed by the Eq. (2). 

 

n
2

i i

i=1

1
RMSE = (t - o )

n
                            (2) 

Where “t” is the target value, “o” is the output value and “n” is total number of data. Secondly, the 

terminal set composes of the independent input parameters, i.e, ffs={AS, C, SF, FA, W, Dmax, A, SP, 

Vf, Lf and df}. For the connection of independent variable, three basic arithmetic operators (+, -, ×) 

and some basic functions (X2, Inv, Exp, Pow10, 5Rt, Add3, Sub3, Mul3, Cos, Tan,) are used as 

function set. Thirdly, the length of the head and the number of genes are determined. In this study, after 

several trials, the numbers of genes and length of head in the best performance for this mathematical 

model are determined as 7 and 10, respectively. Fourthly, the numbers of genes (Sub-ETs) are linked 

with addition. Finally, the genetic operators that give rise to variation and their rates are determined. 

The combinations of all genetic operators and the GEP parameters used in the mathematical equation 

are given in Table 1. 

The terminal set used in the GEP model to predict the ffs from the input parameters are given in the 

Eq. (3). Furthermore, the mathematical equation defined with the Sub-ETs seen in Fig. 2 are given in 

the Eq. (4). For the mathematical equation depend on the GEP model seen in the Sub-ETs of Fig. 2, 

the real parameters are d0=AS, d1=C, d2=SF, d3=FA, d4=W, d5=Dmax, d6=A, d7=SP, d8=Vf, d9=Lf 

and d10=df. The constants used in the Sub-ETs of the mathematical equation depend on the GEP model 

are given in Table 2. The mathematical expressions are X2=x to the power of 2, Inv=inverse, 

Exp=exponential, Pow10=10x, 5Rt= quantic root, Add3=addition with 3 inputs, Sub3=subtraction with 

3 inputs and Mul3=multiplication with 3 inputs seen in Fig. 2. Considering the above-mentioned input 

parameters and constants, the final mathematical equation obtained from the GEP model to predict the 

ffs of SFRCs containing SF or FA at the ages of 7, 28, 90 and 365 days are given in the Eq. (5). 
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Fig. 2. Expression trees of the mathematical equation depend on GEP. 

 

Table 1. Parameters used in the GEP model. 

Parameter Definitions GEP 

Function set 
+, -, ×,  X2,  Inv,  Exp,  Pow10, 5Rt, 

Add3, Sub3, Mul3, Sin, Cos 

Number of chromosomes 50 

Head size 10 

Number of genes 7 

Linking function Addition 

Mutation 0.00138 

Inversion 0.00546 

One and two-point recombination 0.00277 

Gene recombination 0.00277 

Gene transposition 0.00277 

Random chromosomes 0.0026 

Constants per gene 4 

 

Table 2. Constants used in the GEP model. 

Constants c0  c1  c2  c3  c4 

Sub-ET 1       9.15   

Sub-ET 2 -7.52   7.45  

Sub-ET 3 -2.04    -4.36 

Sub-ET 4  -0.25 4.75  -1.93 

Sub-ET 5 -4.57  6.75   

Sub-ET 6    -45.86  

Sub-ET 7  1.76 2.76  -4.47 
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ffs = f(AS, C, SF, FA, W, Dmax, A, SP, Vf, Lf, df)                      (3) 

 

ffs = [Cos(Tan(df×5Rt(109.15-2A)×(Cos(9.15)×Cos(df))))] 

     +[Vf-Cos(Cos(7.45)+df +56.55df)] 

     +[1/(Cos(Lf)+Exp(-2.04+SP)+Cos(-4.36Vf)))+ Vf] 

     +[Cos(Lf-((-1.19A×AS2)×(-1.93SP×FA)×(W-SP-A)))2] 

     +[Cos(Tan(Cos(Lf-2.18-Dmax
2-Vf-SF-C)))] 

     +[5Rt(SP2+((C-45.86+SF)×(SF+SP)-AS)+W)] 

     +[Cos(Cos(Dmax))-Cos(1.76AS)+(1.71×Cos(df)]         (4) 

      5 9.15

fs f ff = cos tan d × 10 -2A× cos 9.15 ×cos d 
  

      

      f f fV -Cos Cos(7.45)+d +56.55d     

  (-2.04+SP)

f f f) (-4.31/ Cos(L +e +Cos V6 ) +V 
 

    

  
2

2

f+ Cos L - -1.19A×AS × -1.93SP×FA ×(W-SP-A)( ) ( ) 
  

  

   2

f max f+ Cos Tan Cos L -2.18-D -V -SF-C 
  

   

  25 + C-45.86+SF)×(SF+SP -A+ SP ( S +W) 
  

              

   max fCos Cos(D -Cos(1.76AS)+ 1.71×C) )os(d              (5) 

 

 

3. Results and Discussion 

 

In this paper, the applicability of the mathematical equation obtained from the GEP model was 

researched to predict the ffs of SFRCs containing SF or FA. The results of mathematical equation 

obtained from the GEP model to predict the ffs of SFRCs containing SF and FA are able to indicate a 

very close trend to the experimental results as seen in Fig. 3. It is seen that all of the predicted results 

for training, testing and validation sets become between ±5% limits of the best fit line as shown in Fig. 

3. As seen in this figure, the predicted results, obtained from training, testing and validation of GEP 

model, are closer to the experimental results. This situation exhibits that the mathematical equation 

obtained from the GEP model can be employed for predicting ffs of SFRCs containing SF and FA. 
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Fig. 3. Scatter of the training, testing and validation sets within ±5% limits. 

 

The comparisons with the experimental results obtained from different literatures [18-25] and the 

prediction results of the mathematical equation obtained from the GEP model for the training, testing, 

and validation sets are given in Fig. 4. The training results in this figure shows that the process of the 

ffs prediction is learned very well by running GEP model. Besides, this figure exhibits that the testing 

and validation results attest the correctness in generalization of the mathematical equation proposed 

with GEP model to predict the ffs. 
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Fig. 4. Predicted ffs versus experimental ffs results for GEP model. 
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The results of statistical analyses obtained from the mathematical equation depend on the GEP model 

and the evaluation of the predictive ability of the mathematical equation were analyzed with some 

statistical parameters. The root mean square error (RMSE), R-square (R2) and mean absolute 

percentage error (MAPE) given in the Eqs. (2), (6) and (7) were used as statistical verification criteria 

between the predicted results with experimental results. 
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               (7) 

 

Where “t” is the target value, “o” is the output value and “n” is total number of data. 

 

The performance of the mathematical equation obtained from the GEP model is given in Table 3. While 

the minimum value of RMSE in the validation set is as 0.712, the maximum value of RMSE in the 

training set is as 0.985. Similarly, while the minimum value of MAPE in the validation set is as 7.780, 

the maximum value of MAPE in the testing set is as 8.933. While the highest value of R2 in the testing 

set is as 0.873, the values of R2 in the training and validation sets are equal as 0.873. All of the statistical 

parameters results in Table 3 reveal that the mathematical equation obtained from the GEP model are 

suitable and can predict the ffs of SFRCs containing SF or FA very close to the experimental results. 

 

Table 3. Results of statistical parameters. 

Statistical 

parameters 

GEP 

Training Testing Validation 

RMSE 0.985 0.904 0.712 

R2 0.866 0.873 0.866 

MAPE 8.277 8.933 7.780 

 

 

Conclusions 

 

This paper reports an efficient approach for a mathematical equation of the flexural strength values of 

SFRCs containing SF or FA using GEP. The mathematical equation to predict the ffs of SFRCs 

containing SF or FA without web reinforcement has been obtained by GEP technique. The 

experimental results, the age of specimen, the amounts of concrete mixtures and the properties of steel 
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fibers obtained from different literatures are used to build and validate the model. All of the results 

obtained from the mathematical equation show good agreement with experimental results. The 

statistical parameter values of RMSE R2 and MAPE have shown this situation. The mathematical 

equation obtained from the GEP model is so simple that they can be employed by anyone not enforcedly 

being familiar with GEP technique. The mathematical equation obtained from the GEP model also 

gives a convenient way for the prediction of ffs values of SFRCs containing SF or FA to obtain accurate 

results, and encourages the employ of GEP technique in the other ways of civil engineering studies. 
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 Abstract. A half-joint is a particular type of RC structure .When using precast beams in reinforced 

concrete frame structures, dapped beams ends are often required in the bearing area to keep the floor 

structure as thin as possible. The arrangement and detailing of the reinforcement is an important factor 

in the performance of a half-joint. For pre-tensioned members, the prestressing force and tendons 

should be ignored, but for post-tensioned members the prestressing force should be considered as an 

external force acting on the half-joint. This paper aims to calculate dapped beam ends according to the 

EN 1992-1-1. 

 

Keywords: Half-joint, Reinforcement, Strut-and-tie model, Tensile force 

 

 

1. Introduction 

 

When using precast beams in reinforced concrete frame structures, dapped beams ends are often 

required in the bearing area to keep the floor structure as thin as possible. Because anchorage of the 

diagonal tie Zs is difficult due to the geometrical conditions in strut-and-tie models with an inclined 

reinforcement portion of 100 %, a combined strut-and-tie model comprising perpendicular and inclined 

suspension reinforcement is selected under normal conditions. 

This paper aims to calculate dapped beam ends or a half-joint according to the  EN 1992-1-1.[1] 

 

 

2. Half-joint calculation in accordance with EN 1992-1-1 

 

The calculation is based on a strut-and-tie model combined of perpendicular and inclined suspension 

reinforcement in accordance with DAfStb1 Booklet 399.[2] 

The equilibrium in the strut and-tie model is determined by iterative addition of the required 

stirrups and the recalculation of the centres of gravity of the reinforcement. 

Strut-and-tie model consisting of inclined suspension reinforcement. 

The inclined model is always used in combination with the model of perpendicular suspension 

reinforcement to prevent shearing of the half joint along the inclined bars. This model is more suitable 

for mapping the actual load-bearing behaviour of higher beam corbels.  

                                                                 
1 German Committee for Reinforced Concrete 
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2.1. Tensile force in the inclined reinforcement: 

 

FZV = (Fed − F1ed) ∙   inclined reinforcement portion                                              (1) 

 

2.2. Strut-and-tie model consisting of perpendicular suspension reinforcement 

 

While the model of inclined suspension reinforcement results directly from the support geometry, the 

geometry of the model of perpendicular reinforcement is determined through the dimensioning of the 

nodes 1 and 2 of the inclined strut (D1), see Figure 2. 

 
Fig. 1. Strut-and-tie model a) and an alternative Strut-and-tie model b) 

 

It is assumed that the stress limit in node 2 (stress σcd2 depends on a4 ) is complied 

 

 σRdmax = k2 ∙ ν'∙ fcd                                               (2) 

 

with; k2 and v' are assumed in accordance with the selected National Annex (NA). 

 

- for Germany: k2 = 0.75, ν' = 1.1 - fck / 500 <= 1.0                        (3) 

 

                       - for Austria:     k2 = 0.9, ν' = 1.0 - fck / 250 <= 1.0                        (4) 

 

The exact compression strut position with the dimensions of the nodes 1 and 2 is determined in the 

above expressions and the given border conditions such as the concrete cover and the centre of gravity 

of the suspension reinforcement and the horizontal reinforcement.By defining unfavourable half joint 

dimensions and/or if a high number of reinforcement layers is required, an inclination of the 

compression strut below 30° can result. 

 

a) b) 
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Fig. 2. The geometry of the strut-and-tie model 

 

2.3. Tensile force in the vertical suspension reinforcement: 

 

FZV = (Fed − F1ed) ∙ (1 −  inclined reinforcement portion)               (5) 

Compression strut inclination: 

Φ1 = atan (
hC

lC
)                                                             (6) 

σcd2 =
FZH

(bk∙a4)
                                                                (7) 

bk =half-joint width; FZH = FZV ∙
lC

hC
                                            (8) 

Compressive strut force: FC = FZV/ sin(Φ1)                                                          (9) 

 

2.4. Horizontal forces due to the compressive strut geometry that are to be 

anchored: 

 

FZH = (FZV + F1ed) ∙ (
lC

hC
) + Hed                                        (10) 

 

2.5. Verification of the load-bearing capacity of the compressive concrete strut: 

 

Compliance with the following condition must be verified 

Fed ≤ Vrd,max                                                      (11) 

Vrd,max = αcv ∙ bv ∙ 𝑧 ∙ 𝑣1 ∙ fcd/(cot 𝜃 + tan 𝜃)                      (12) 

Where:  

αcv is a coefficient taking account of the state of  the stress  in the compression chord 

bv is the minimum width between tension and compression chords 

𝑧  is the inner  lever  arm,  for  a member  with constant depth ,  corresponding  to the 
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bending  moment  in the  element  under  consideration, the approximate value 𝑧 = 0.9 ∙ 𝑑 may 

normally be used. 

𝑣1 is a strength reduction factor for concrete cracked in shear 

fcd  is design value of concrete compressive strength 

 𝜃 is the angle between the concrete compression strut and the beam axis perpendicular to the shear 

force, The angle 𝜃 should be limited  

1 ≤ cot 𝜃 ≤ 2.5                                                        (13) 

 

2.6. Verification of node 1 (bearing stress): 

 

The verification of the compressive stress underneath the load plate is based on EN 1992-1-1: With 

the following conditions underneath the load plate: 

σld =
Fed

(lp∙bp)
≤ σrd = k2 ∙ 𝜈′ · fcd                                       (14)                                         

 

k2  and ν′  in accordance with the applicable National Annex (NA) 

- for Germany: k2 = 0.75, ν′ = 1.1 − fck/500 ≤ 1.0 

- for Austria: k2 = 0.9, ν′ = 1.0 − fck/250 

and in node 1:                                 a1(1) = 2 ∙ d1                                                    (15)    

                                

a2(1) = (a1(1) ∙ (
lC

hC
) + lp) ∙ sin(Φ1)                                 (16)    

 

σcd =
Fc

a2(1)∙bp
≤ σrd = k2 ∙ 𝜈′ · fcd                                (17)    

k2  and ν′  as with node 1 for bearing stress, σld and σcd can be limited to 0.85 ∙ fcd1 in accordance 

with Schlaich/Schäfer. 

 
Fig. 3. Model for the back anchorage of the horizontal force 

 

The tensile force of the vertical suspension reinforcement: 

FZV = (Fed − F1ed) ∙ (1 − inclined reinforcement portion) + Hed ∙
hc

z
                 (18) 
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3. Worked example Design of Half Joint Using Strut-Tie Model 

 

The beam in fig.4.  is 7.0 m simply suported.The beam is 140cm x75 cm broad.The height of the 
half joint hk is 65 cm while the  length of the half joint lk is 50 cm at each end.The beam supports 
a  uniformly distributed  load of 200 Kn/m.Assume C30/37 Mpa and B500B Mpa.[3] 

 
Fig. 4. A reinforced concrete “Half Joint” beam 

 

Analysis: 

A=p x (L/2+0.5/2)=200x3.75=750 Kn                       (19) 

Bending moment at mid-span=750 x 3.50-200x3.752/2= 1218.75 Knm (20) 

d1=c+ ϕ /2=4.0+2.0/2=5.00 cm                            (21) 

d=h-d1=140-5.25=135cm                                   (22) 

CROSS SECTION 

cross section values   zu =    70cm      Ac = 1.0500 m2   Ic =0.17150000 m4         (23) 

BENDING DESIGN kd- method (x/d <  0.448),  Myd  =  1218.80 kNm (24) 

1= -2.85 o/oo  2s  = 45.00 o/oo x/d   =  0.07     z/d  =  0.97   kd  =  3.35     (25) 

required    Bottom longitudinal reinforcement (Asb)  = 19.85 cm2  = 0.19 %    (26) 

Provide:7R ϕ 20 =21.98cm2                         (27) 

Top longitudinal reinforcement (As’): 4 ϕ 20 = 12.57 cm2                                                       (28) 
 

Table 1.  Pulled up bearing by EN 1992-1-1:2004 C 30/37 B500B 

------------------------------------------------------------------------------------------------------- 

support force                                            F,ed =   750.0 kN 

horizontal force (UK)                              H,ed =   150.0 kN 

dist. axis of support - front edge notch       e1 =    25.0 cm 

cross section of       b0 =  75.0 cm              h0 =   140.0 cm 

console                    lk =   50.0 cm              hk =    65.0 cm 

dimensions of sup bp = 36.0 cm ,lp =27.0 cm ,concrete cover   c = 5.0 cm 

distance upper and lower reinforce.  (UE- and  LE-centroid)     do = 6.6 cm 
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MODEL OF FRAMEWORK - GEOMETRY 

pressure strut D1   ( in console ) :dimensions l(hor) =56.0 cm h(vert) =43.2 cm 

inclination 1=37.63 degr. 

node 1 (below) a1=18.0 cma2=32.9 cm 

node 2 (above)a4=13.2 cmd4=6.6 cm 

tied arch   Zh  ( horizontal reinforcement  ) : 

distance to upper edge beam               h1  =   49.8 cm 

tied arch Zv ( suspension reinforcement) :distance to front edge notch d1= 28.0 cm 

distance from axis of support   da  = 53.0 cm 

Tie ZV2 (suspension reinforcement 2):distance to front edge notch    d2 =111.6 cm 

 

Internal forces 

------------------------------------------------------------------------------------------------ 

for vert. stirrups ZV1 (with contribution        Zv =   819.1 kN 

for vert. stirrups ZV2                                      Zv =   972.9 kN 

horizontal tensile force                                   Zh =  1175.7 kN 

Design 

------------------------------------------------------------------------------------------------- 

carrying capacity  Fv=750.00 kN< V,rdmax = 1406.23 kN 

trans. tens.force    Ftd=86.25 kN 

pressure at supp.   ,ld= 7.72N/mm2  <,rdmax=12.72 N/mm2 

inpressure strut     ,cd=10.36N/mm2<,rdmax=12.72 N/mm2 

suspens.stirr ZV1 Ac,req=18.84 cm2< Ac,exis =20.34 cm2 

suspens.stirr.ZV2 Ac,req=22.38 cm2< Ac,exis =22.60 cm2 

horizont.stirrups   Ac,req=27.04 cm2< Ac,exis =31.40 cm2 

reinforcement    

-------------------------------------------------------------------------------------------------- 

 
Fig. 5. A reinforcement of  concrete “Half Joint” beam[4] 
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Conclusions 

 

The EC2 model avoid any unsafe predictions in the shear strength. Adequate anchorage should also be 

provided for the tensile steel reinforcement at the supports to prevent premature reinforcement slip 

failure.As shown in fig.5. the following stirrups are provided:  ZV1 ø 12 2- set in   9 layers  with 20.34 

cm2, for ZV2 ø 12 2- set in 10 layers with 22.60 cm2 and for horizontal stirrups ø 20 2- set in   5 layers    

with 31.40 cm2 .The Eurocode 2 strut-and-tie model can be unsafe when av/d ratio is in between 1 and 

2. 
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Abstract. After the war in Kosovo is highlighted by the construction of reinforced concrete buildings 

with flat slabs with no beams and no enlarged column heads .These slabs are subjected to punching 

shear failure of slab-column connections. Load concentration around the column head generally leads 

to increased stresses which cannot be absorbed solely in thin slab thicknesses. The punching shear 

strength is an extremely significant parameter for the design of flat slabs. Solution of architecture often 

imposes the necessity of openings near the columns .In this paper will examine the effect of openings 

in different positions and with different dimensions in the punching shear strength. The calculations 

performed in the punching shear application are based on the standard EN 1992-1-1:2004. 

 

Keywords: Flat slabs, Punching shear resistance, Opening, Punching shear capacity, Critical 

perimeters 

 

 

1. Introduction 

 

After the war in Kosovo buildings are often constructed using reinforced concrete flat slabs with no 

beams and no enlarged column heads combined with punctual supports such as columns of varying 

cross section and slenderness. The advantages of flat slabs are easy solution of architecture design that 

enables flexibility in the movement of non-structural walls in the desired position, easy placement of 

equipment, and installation underneath the slab. But these slabs are subjected to punching shear failure 

of slab-column connections. Load concentration around the column head generally leads to increased 

stresses which cannot be absorbed solely in thin slab thicknesses. 

Punching shear has been the object of an intense experimental effort since the 1950s. During the 1960’s 

and 1970’s laboratory tests and extensive research were conducted. In most cases, the phenomenon is 

investigated by considering an isolated slab element. 

Solution of architecture often imposes the necessity of openings near the columns .In this paper will 

examine the effect of openings in different positions and with different dimensions in the punching 

shear strength. The calculations performed in the punching shear application are based on the standard 

EN 1992-1-1:2004. 
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2. Punching shear 

 

Punching shear is a phenomenon in flat slabs caused by concentrated support reactions inducing a cone 

shaped perforation starting from the top surface of the slab. Although generally preceded by flexural 

failure, punching shear is a brittle failure mode and the risk of progressive collapse requires a higher 

safety class in structural design.  
This paper gives a brief overview of the research and how punching shear of reinforced concrete is 

accounted for in Eurocode 2 (EC2). Design for punching shear is covered in clause 6.4 of EN 1992-

1-1. 

An appropriate verification model for checking punching failure at the ultimate limit state is shown in 

Figure 1.[1] 

Fig. 1. Verification model for punching shear at the ultimate limit state 

 

The critical perimeter for slabs is placed at a distance of lcrit = 2.0 · dm from the column edge. 

Fig. 2. Critical perimeter around load introduction areas according to EN 1992, 6.4.2 

 

2.1. Verification in the limit state 

 

Existing shear force in the ultimate limit state vEd should not exceeded value of the maximum punching 

shear resistance vRd,max . 

vEd =
β ∙ VEd

u ∙ dm
≤ vRd,max     [N/mm2] 

(1) 

β  = correction factor for non rotation-symmetrical load introduction 

vEd = design value of the mean shear force applying in the considered perimeter 

VEd =shear force in the ULS 
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u = circumference of the considered perimeter minus the perimeter deduction due to the holes at a 

distance < 6∙dm. In general, u = u0, as per NA Germany u = u1 

vRd,max =maximum punching shear resistance 

 

β = 1 + k ∙
MEd

VEd
∙

u1

W1
                                                   (2)     

w1corresponds to a distribution of shear as illustrated in Figure 2 and is a function of the basic control 

perimeter u1: 

w1 = ∫ |e|
u1

0
dl                                                      (3) 

For an internal rectangular column, coefficient 𝑤1 is: 

𝑤1 =
c1

2

2
+ c1c2 + 4c2d + 16d2 + 2πdc1                             (4) 

Where: 
c1 is the column dimension parallel to the eccentricity of the load 
c2 is the column dimension perpendicular to the eccentricity of the load 
For interior columns with a circular cross section, β is applied: 

β = 1,0 + 0,6π
e

𝐷+2lu
                                              (5) 

For an internal rectangular column where the loading is eccentric to both axes, the following 
approximate expression for β may be used: 

β = 1 + 1,8√(
𝑒𝑦

𝑏𝑧
)

2
+ (

𝑒𝑧

𝑏𝑧
)

2
                                         (6) 

𝑒𝑦 results from a moment about the z axis and 𝑒𝑧 from a moment about the y axis. 

Table 2.  Values for the aspect ratio factor, k[2] 

c1/c2                                  k 

≤ 0,5 

     1 

     2 

≥ 3 

0.45 

0.60 

0.70 

0.80 

To take the eccentricity into account, a factor β can be determined with simplified assumptions 

according to Chapter 6.4.3 (EC 2).[4] 

 

2.2. Design criteria as per EN 1992 without punching shear reinforcement 

 

Without punching shear reinforcement, the following condition must be satisfied in the control 

perimeter.  

vEd ≤ vRd,c                                                    (7)  

vRd,c = [CRd,c ∙ k ∙ (100 ∙ ρI ∙ fck]1/3 + k1 ∙ ζcp] ≥ (vmin + k1 ∙ ζcp)        (8) 

For foundations, the following condition applies: 

vRd,c = [CRd,c ∙ k ∙ (100 ∙ ρI ∙ fck]1/3 ∙ 2 ∙ dm/a] ≥ (vmin ∙ 2 ∙ dm/a)        (9) 

CRd,c = 0.18/γc   , k1 = 0.1                or as per NA                                     (10) 

The effective height of the slab taken as the average of the effective depths in two orthogonal 

directions: 
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dm[mm] =
dm,x +dm,y 

2
                                        (11) 

k = 1 + √
200

dm
≤ 2,0                                               (12) 

vmin = 0,035 ∙ k1,5 ∙ fck
0,5

                                           (13) 

Average longitudinal reinforcement ratio ρI  in the examined perimeter is 

ρI = √ρIx ∙ ρIy ≤ 0,02                                             (14) 

σcd = design value of the axial concrete stress in [N/mm²] inside the examined perimeter: 

σcd =
σcd,x+σcd,y

2
                                                    (15) 

σcd,x =
NEd,x

Ac,x
        and     σcd,y =

NEd,y

Ac,y
                                (16) 

σcd ( +=compression,-= tensile stress)sign as per EN 1992, 0.0 ≤ σcd ≤ 2.0 N/mm²,[3]  

 

2.3. Design criteria as per EN 1992 with punching shear reinforcement 

 

Punching shear reinforcement is required, if the following applies: 

vRd,c ≤ vRd,cs ≤ vRd,max                                                    (17)  

The following equation as per EN 1992 (6.52) applies to each reinforcement row: 

vRd,cs = 0,75 ∙ vRd,c + 1,5 ∙
(

d

sr
)∙Asw∙fywd,ef

u1∙dm
∙ sin(α)                       (18) 

vRd,c =  supporting portion of the concrete in the critical perimeter 

Asw =  cross-sectional area of the existing reinforcement per row 

u =  circumference of the critical perimeter minus the perimeter deduction due to the holes at a distance 

< 6∙ dm 

sr =  effective width of one single reinforcement row; sr ≤ 0,75∙ dm 

vRd,max = 0,4∙ 𝜐 ∙ fcd                                            (19) 

𝜐 = 0,6∙ (1-fck/250)                                             (20) 

 

2.4. Reinforcement cross section required by EN 1992 

 

From equation (18) to obtain Asw 

req. Asw =
(VEd,cs−0,75∙VRd,c)∙u1∙d

1,5∙(d/sr)∙fywd,ef∙sin (α)
                                       (21) 

3. Holes (Openings) 

 



Effect of the Opening in Flat Slabs on Punching Shear Resistance According to EN 1992-

1-1:2004 

 

54 

 

 

Holes can be taken into consideration with all kinds and types of columns.The sum of the length 

deductions ΔUi [cm] describes the section of the inner perimeter at a distance of 1.5 ∙ dm that is limited 

by the intersecting tangents of the cut-outs running from the column's centre of gravity to the cut-out 

perimeters.  

  
Fig.3. Control perimeter near an opening 

 

 

4. Case Study concrete slab with openings 

 

The case study considers a concrete slab thickness of 20 cm with the concrete strength class C25/30 

and  the reinforcing steel  B500B. Shear force resultant in the perimeter around the column is used  

VEd = 365.3Kn which corresponds to realistic value in residential buildings using reinforce .We will 

examine the effect of openings in the punching shear strength with dimensions 15/15cm and 40/40 cm 

in different positions with ρ = 0.2%   and   ρ = 0.93%    as shown in Table 2. and  (Fig.4) .The 

dimensions for square column is 40 cm while for circular column is  ∅ 40 cm. 

 

Table 2.  The effect of openings in different positions and with different dimensions in the punching 

shear strength.  

  Slab C25/30               

         B500B 
   Hole        Coordinate x          vED/vRD,C         vED/vRD,C   vED/vRd,max 
  [cm]                                            𝜌 = 0.2           𝜌 = 0.93 

 

 

                1 No opening              136.8                    98.8             34.8    

                2 x=-27.5 cm              153.4                  110.9             38.4 

   15/15    3 x=-100 cm               140.1                  101.2             35.6 

                4 x=-120 cm               139.5                  100.8             35.4 

                5 x=-130  cm              136.8                    98.8             34.8 

 

 

                1 No opening              150.7                  108.9             44.4 

                2 x=-27.5 cm              170.0                  122.9             50.0 

   15/15    3 x=-100 cm               154.8                  111.8             45.5 

           4 x=-120 cm               154.0                  111.3             45.3 

           5 x=-130  cm              150.7                  108.9             44.4 
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                1 No opening              136.8                    96.8             34.8    

                2 x=-40 cm                 182.1                  131.6             44.4 

   40/40    3 x=-100 cm               147.4                  106.5             37.2 

                4 x=-120 cm               145.2                  104.9             36.7 

           5 x=-130  cm              144.4                  104.3             36.5 

 

 

                1 No opening              150.7                  108.9             44.4 

                2 x=-40 cm                 200.6                  144.7             59.0 

   40/40    3 x=-100 cm               163.4                  117.9             48.1 

                4 x=-120 cm               160.8                  116.0             47.3 

                5 x=-130  cm              159.8                  115.3             47.0 

 

       a)  

 

      b)   
Fig. 4. Punching shear reinforcement depending from opening size in slab and average 

longitudinal reinforcement a) rectangular intern column 40/40cm;b) circular column ∅40cm 

 

 

Conclusions 

 

In accordance with EN 1992, holes with a distance to the column edge smaller than 6 ∙ dm are 

considered as decisive .The opening size and its distance from the face of columns and reinforcement 

ratio, have the significant influence on the punching shear resistance. The table 2 show that the 

punching shear resistance is inversely proportional to distance of the opening. Figure 4 shows the  

required punching shear reinforcement  with vertical stirrups, for opening size 15/15cm and 40/40 cm 

for different distance of opening  from the face of columns with average longitudinal reinforcement  

ρ = 0.2%   and   ρ = 0.93%  . The required punching shear reinforcement area is inversely proportional 

with reinforcement ratio 𝜌. 
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The shape of the columns, i.e. square or circular, influence in the punching shear strength.The square 

columns had about 10% higher punching shear strength than the circular columns. 
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Abstract. An innovative solution to the corrosion problem is the use of fiber-reinforced polymer (FRP) 

as an alternative reinforcing material in concrete structures. In addition to the non corrodible nature of 

FRP materials, they also have a high strength-to-weight ratio that makes them attractive as 

reinforcement for concrete structures.  Extensive research programs have been carried out to investigate 

the flexural behavior of concrete members reinforced with FRP reinforcement. On the other hand, the 

shear behavior of concrete members, especially punching shear of two-way slabs, reinforced with FRP 

bars has not yet been fully explored. The existing provisions for punching of slabs in most international 

design standards for reinforced concrete are based on tests of steel reinforced slabs. The elastic stiffness 

and bonding characteristics of FRP reinforcement are sufficiently different from those of steel to affect 

punching strength. In the present study, the equations of existing design standards for shear capacity 

of FRP reinforced concrete beams have been evaluated using the large database collected. The 

experimental punching shear strengths were compared with the available theoretical predictions, 

including the CSA S806 (CSA 2012), ACI-440.1R-15 (ACI 2015), BS 8110 (BSI 1997), JSCE (1997) 

a number of models proposed by some researchers in the literature. The existing design methods for 

FRP reinforced concrete slabs give conservative predictions for the specimens in the database. This 

paper also presents a simple yet improved model to calculate the punching shear capacity of FRP-

reinforced concrete slabs. The proposed model provides the accurate results in calculating the punching 

shear strengths of FRP-reinforced concrete slender slabs. 

 

Keywords: Punching shear, Fiber-reinforced polymer, Two-way slab, Concrete 

 

 

1. Introduction 

 

The use of fiber reinforced polymer (FRP) as an alternative reinforcement in concrete structures has 

emerged as an innovative solution owing to their non-corrosive and non-magnetic properties, making 

them ideal for severe environments and situations where magnetic transparency is required. 

Furthermore, FRP bars have a high strength-to-weight ratio, making them attractive as reinforcement 

for concrete structures. However, due to the relatively low modulus of elasticity of FRP bars compared 
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with steel bars, concrete members reinforced with FRP develop wider and deeper cracks than members 

reinforced with steel. The overall shear capacity of concrete members reinforced with FRP bars as 

flexural reinforcement is lower than that of concrete members reinforced with steel bars. Extensive 

research programs have been conducted to investigate the flexural behavior of concrete members 

reinforced with FRP reinforcement. The shear behavior of FRP reinforced concrete (RC) beams has 

also been studied, however, punching shear of two-way slabs, reinforced with FRP bars has not been 

sufficiently explored. Limited studies, have been conducted on the punching-shear behavior of slabs 

reinforced with the FRP bars/grids [1-5]. The FRP-reinforced slabs in these research studies exhibited 

lower punching-shear capacities, lower postcracking stiffness, and greater crack widths than those of 

their counterparts reinforced with steel bars when the same reinforcement amount was used. This was 

caused from smaller dowel action and smaller uncracked compression zone as a result of a lower 

modulus of elasticity of FRP bars in comparison with that of steel bars [6]. 

Ospina et al. (2003) [3] reported that the behavior of an FRP-RC slab-column connection is affected 

by the elastic stiffness of the reinforcing material as well as the quality of its bond characteristics with 

the concrete. However, the FRP grids may not provide the same punching-shear capacity as the FRP 

bars owing to the difference in bond behaviour and concentration of stresses in the grids. Nguyen- 

Minh and Rovnak [5] concluded that both the size factor and the effect of the span-to-effective-depth 

ratio (L=d) should be taken into account in computing the punching-shear resistance of the FRP-RC 

slab-column connections. Zhang et al. [7] reported that the reinforcement type significantly influenced 

the punching strength of slabs and the concrete strength significantly affeced the load carrying capacity 

and the post-punching capacity of slabs. However, it was found to be a little influence on the stiffness 

of the cracked slabs. 

There is a few design and prediction models related to the punching shear strength of concrete slabs 

reinforced with FRP composite bars. This paper evaluates the accuracy of the available punching shear 

equations for FRP-RC slabs in the models of CSA S806 (CSA 2012) [8], ACI-440.1R-15 (ACI 2015) 

[9], BS 8110 (BSI 1997) [10], JSCE (1997) [11], El-Ghandour et al. [12], Matthys and Taerwe [2], 

Ospina et al. [3] and El-Gamal et al. [12] . The accuracy of the design equations and different models 

was assessed by comparing their predictions against the experimental results. This paper also presents 

a simple yet improved model to calculate the punching shear capacity of FRP-reinforced concrete slabs. 

The performance of the proposed model is also compared to that of punching shear design provisions 

and a number of models propsed by some researches. 

 

 

2. Experimental Database and Test Technique 

 

The punching shear strength results of 57 FRP reinforced concrete slabs were collected from published 

literature [1-5, 7, 12-17] to evaluate the current shear design guidelines, predicted models and calibrate 

the proposed equation in this study. All specimens were FRP-reinforced concrete slab–column 

connections without column capitals and drop panels. All the slabs were tested under concentric 

punching load and failed in punching shear before reaching the design flexural capacity. Table 1 gives 

the distribution of the main shear design parameters in the database. They cover a relatively wide range 

of the material and geometric properties of FRP-reinforced concrete slabs. (The concrete cylinder 

compressive strength (fc), for the analyzed database ranges from 26 to 118 MPa, the young’s modulus 

of FRP bars (Efl) ranges from 28 to 148 GPa, the ratio of flexure reinforcement (ρfl), ranges from 0.15% 

to 3.8% while the slab’s effective depth (d) for the analyzed database ranges from 55 to 284 mm.) 

 

Table 1 Distribution of punching shear design parameters included in the database. 
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Effective depth 

d 

Concrete 

compressive 

strength 

f'c 

Modulus of 

elasticity 

Efl 

Reinforcement ratio 

ρfl (%) 

Range 

(mm) 

Frq. Range     

(MPa) 

Frq. Range 

(GPa) 

Frq. Range  Frq. 

50-80 7 20-30 7 20-40 4 0.1-0.25 4 

80-110 16 30-40 37 40-60 35 0.25-0.45 7 

110-140 19 40-50 8 60-80 1 0.45-0.65 4 

140-170 5 50-60 1 80-100 9 0.65-0.85 9 

170-200 0 60-70 0 100-120 6 0.85-1.25 16 

200-300 10 70-120 4 120-150 2 1.25-3.75 17 

 

 

3. Punching Shear Design Provision 

 

Most of the current punching-shear strength equations for FRPRC slabs are mainly based on the design 

formulas for concrete members reinforced with steel and modified to account for the difference 

between FRP and steel reinforcements. This section evaluates the accuracy of the available punching 

shear equations for FRP-RC slabs in codes and design guidelines in CSA S806-12 [8], ACI-440.1R-15 

[9], BS 8110 [10], and JSCE (1997), and a number of models proposed by El-Ghandour et al. [1], 

Matthys and Taerwe [2], Ospina et al. [3] and El-Gamal et al. [12].   The accuracy of the design 

equations was assessed by comparing their predictions against the experimental results (The 

applicability of the the design equations and different models has been tested by a comparison of the 

predicted and experimental results). The available punching-shear equations provided by FRP design 

codes, and proposed by different researchers are summarized below. 

 

3.1. ACI-440.1R-15 (ACI 2015) 

 

The ultimate punching-shear strength for the two-way concrete slabs reinforced with FRP bars 

according to the ACI-440.1R-15  is calculated as given in Eq. 1. 

 

Vc =
4

5
√fcb0;0.5dkd             (1) 

 

where bo is the critical perimeter at a distance of d/2 away from the loaded area, and d is the average 

flexural depth of the slab, fc is the concrete compressive strength. 

 

3.2. CSA S806-12 (CSA 2012) 

 

The punching-shear strength provided by CSA S806-12 is the smallest of Eqs. (2) to (4). 

 

Vc = 0.056λΦc(Eflρflfc)1/3b0;0.5dd           (2)  

Vc = 0.028λΦc(1 +
2

βc
)(Eflρflfc)1/3b0;0.5dd          (3) 
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Vc = 0.147λΦc(0.19 +
αsd

b0;0.5d
)(Eflρflfc)1/3b0;0.5dd          (4) 

   

    

where ρfl and Efl are the reinforcement ratio and modulus of elasticity (in GPa) of the main bottom 

reinforcement, respectively; λ= concrete density factor (1 for normal weight and 0.85 for semi-

lightweight); Фc concrete resistance factor. 

 

3.3. British Standard BS 8110 (BSI 1997) 

 

The BSI 8110 provides the following equation for calculating the punching shear strength of FRP 

reinforced concrete slab, 

 

Vc = 0.79[(100ρf(Efl/Es)]1/3 (
fcu

25
)

1

3
(

400

d
)1/4b0;1.5dd         (5) 

 

3.4. Japanese Design Recommendations (JSCE 1997) 

 

The punching-shear strength according to JSCE (1997) is determined as given in Eq. (6): 

 

Vc = βdβpβrfpcdb0;0.5dd/γ                (6a) 

βd = (
1000

d
)1/4 ≤ 1.5           (6b) 

βp = (
100ρfEfl

Es
)1/3 ≤ 1.5          (6c) 

βr = 1 + 1/(1 +
0.25u

d
)           (6d) 

fpcd = 0.2√fc ≤ 1.2 MPa          (6e) 

 

where u is the perimeter of the loaded area. 

 

3.5. Other Punching-Shear Equations 

 

El-Ghandour et al. [12] suggested a modified form of the ACI 318-95 [18] equation by multiplying it 

by (Efl/Es)1/3, as shown in Eq. 7. 

 

Vc = 0.33√fc(Efl/Es)1/3b0;0.5dd            (7) 

 

Mattys and Taerwe [2] recommended the following equation for the punching-shear strength of slabs 

reinforced with FRP bars, as a modification of the BS 8110 (1997) equation, 

 

Vc = 1.36[(100ρffc(Efl/Es)]1/3(
1

d
)1/4b0;1.5dd          (8) 

 

El-Gamal et al. [1] suggested a new parameter (α), including the axial stiffness of the tensile 

reinforcement (ρfEf), the perimeter of the applied load, and the effective depth of the slab for the ACI 

318-05 design code equation, as follows: 
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Vc = 0.33√fcb0;0.5dd α           (9a) 

 

α = 0.5(ρfEfl)
1

3(1 +
8d

b0;0.5d
)          (9b) 

 

3.6. Proposed Design Equation 

 

The present proposed new equation is considered as a modification of Eq. (8), by replacing the 

coefficient 0.46 instead of 1.36 and removed the d parameter from that of equation. Consequently, the 

new proposed model will be in this form: 

 

Vc = 0.46[(100ρffc(Efl/Es)]1/3b0;1.5dd         (10) 

 

 

4. Comparison between experimental and predicted results 

 

The accuracy of the punching-shear equations were assessed herein by comparing their predictions 

with the 57 experimentally tested by the authors from the literature [1-5, 7, 12-17]. The safety factors 

included in all the punching-shear equations were set to 1.0 for comparison purposes. Each design 

method was evaluated based on  mean, standard deviation (STD), coefficient of variation (COV) of 

experimental to predicted punching shear capacity ratio (Vexp/Vpred) of individual formulas and the 

average absolute error (AAE) calculated as following equation and listed in Table 2.  

 

AAE =
1

𝑛
∑

|𝑉𝑒𝑥𝑝−𝑉𝑝𝑟𝑒𝑑|

𝑉𝑒𝑥𝑝
𝑥100          (11) 

 

 

Table 2 Statistical coefficients of the proposed and shear design equations. 

 

Method 
Vexp/Vpred 

AAE(%) 
Mean SD COV (%) 

ACI 440.1R-15 2.52 0.75 30.0 35.7 

CAN/CSA-S806-12 1.39 0.45 32.5 23.2 

BS 8110 1.25 0.16 12.6 19.2 

JSCE-97 1.46 0.39 26.5 27.8 

El-Ghandour et al. [1] 1.49 0.61 41.0 29.2 

Mattys and Taerwe [2] 1.19 0.15 12.6 16.1 

El-Gamal et al. [12].    1.1 0.21 19.2 14.5 

Proposed Eq. 1.05 0.13 12.5 10.0 

Table 2 shows that the ACI 440.1R-15 design method provides the most conservative predictions and 

scatter with all predictions in the conservative side and mean ratio of Vexp/Vpred of 2.52. Shear design 

equations of BS 8110, CSA S806-12 and JSCE-97 provide better results than that of ACI-440.1R-15. 

The direct implementation of the FRP axial stiffness into the punching-shear equations of CSA S806-

12, JSCE-97  and  BS 8110 in the punching-shear equations provided good predictions. The high 
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conservativeness level of this equation may be caused from the absence of the axial stiffness of the 

reinforcement in the punching-shear equation. The model proposed by El-Gamal et al. [12] gives better 

results than all design equations and other models with  mean ratio of Vexp/Vpred of  1.1. On the other 

hand, the proposed equation provides the most reasonable prediction and least scatter for punching 

shear strength of FRP reinforced concrete beams with an average ratio of Vexp/Vpred equal to 1.00. 

The proposed equation also provided the lowest AAE of 16.6% compared with 35.7% for ACI 440.1R-

15, 23.2% for CSA S 806-12, 27.8% for JSCE 97, 19.2% for BIS 8110, 29.2% for El-Ghandour et al. 

[1], 16.1 % for Mattys and Taerwe [2] and 14.5% El-Gamal et al. [1]. 

 

 

Conclusions 

 

This paper assessed the accuracy of the available punching shear design equations for FRP-RC slabs. 

The BISE 8110 provided the most reasonable prediction among existing punching shear design standart 

or guidlines. However, the model of El-Gamal et al. gave better results than BISE 8110. On the other 

hand, the proposed model provived the most accurate results results in calculating the punching shear 

strength FRP-RC slabs among existing shear equations considered. The theoretical results indicated 

that the direct implementation of the FRP axial stiffness into the punching-shear equations provided 

good predictions. 
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Abstract. Kosovo has serious problems with the amount of water as well as their quality and the 

situation on the ground is quite alarming. There is no minimum wastewater treatment  by collective 

pollutants  nor by individual pollutants. As a result almost all wastewaters discharging to the rivers 

without any treatment deteriorating significantly their quality. The aim of this paper is to analyze the 

possibilities on finding solution to treat municipal waste waters in the Ferizaj town including villages. 

Municipality of Ferizaj performs wastewater discharge into the recipient without any prior treatment, 

which means directly into the river Neredime causing adverse effects in environment. Same situation 

is with 44 villages where collection of sewage is doing in septic tanks or discharging directly to the 

creek or river. Based on the configuration of the terrain can be build two main wastewater treatment 

plants consisting of secondary biological treatment, and one or two small WWTP’s to include some 

villages that can not be connected to the main WWTP’s. This paper presents the strategy for 

management of wastewater system, operational plans and methods for wastewater treatment comparing 

to the wastewater treatment plant in US Camp "Bondsteel" near Ferizaj. This research is intended to 

be taken effective measures for better management of waste water system and to raise awareness of the 

population in order to protect the environment. 

 

Keywords: Waste Water Treatment Plant, Water quality, Waste Water discharge, Environment 

Protection 

 

 

1. Introduction 

 

The challenge of protecting human health and the environment where he lives, from pollution and risks 

from different bacterial and viral diseases, through the protection 

of surface water pollution, is the purpose of this paper. 

Has been made a description of the current state of the sewerage system of wastewater, management 

options of the waters and proposals for a permanent solution to the problem of environmental pollution 

from wastewater. There are analyzed operational plans and methods for treatment and are made 

comparisons with the results of wastewater before and after treatment in wastewater treatment plant at  

US Camp "Bondsteel" near Ferizaj. Therefore, this research is intended to be taken effective measures 

for better management of waste water, rivers water and to raise awareness of the people in order to 

protect the environment and to preserve the flora and fauna of the river Neredime. 
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Also mentioned possible methods of wastewater treatments such as primary treatment, secondary and 

tertiary, then processing and use of sludge and disinfection of wastewater after treatment respectively 

before discharge into the recipient or prior  to their use for different purposes. 

The last part mainly consists of possibility and hypotheses of wastewater treatment in Ferizaj 

municipality. There are presented conceptual projects for the construction of main collectors and the 

possibility of building the municipal wastewater treatment plants. 

 
 

2. Actual state 

 

Currently the town of Ferizaj owns three major collectors which collect wastewater. These three 

collectors discharging in two different locations in the river Neredime, first two collectors discharging 

in location near village Nekodim, while the third collector in location near the village of Varosh. 

Discharge of sewage from these three collectors in the recipient still is doing without any prior 

treatment, meaning directly to the river Neredime. Distribution network of sewage system at the 

moment is lying in about 90% of the town. Distribution networks and sewage system has a length of 

approximately 80 km. The quality of waste water discharged into the recipient is not controlled by the 

respective institutions, sometimes individually for research purposes, which means that do not 

have concrete results for this water. 

North part of Ferizaj, respectively the topography shows that this region has the slope in two directions. 

The fact that the river Neredime divided into two branches that tells us that this region has sloping in 

two directions, in the southern direction towards the southwestern flow of river Neredime (South basin) 

respectively towards the river Lepenc and the northern direction (North basin) downstream north river 

Sitnica. According to the latest information the Ferizaj municipality should have about 140,000 

residents. The population density is 406 inhabitants per 1 km². Municipalety of Ferizaj has 44 villages 

where is the nearly half of the population living in this municipality. 

Fig 1:  Location 1; sewage discharge near Ferizaj at the exit of village Varosh;  

Location 2; sewage discharge near village Nekodim 

 

One of the main sources of pollution of natural waters are discharges of wastewater, which contains 

chemicals that reduce the oxygen content in water, soluble compounds of phosphorus and nitrogen, 

favoring the process of eutrophication, bacteria and viruses pathogens, heavy metals and also 

substances that give them a bad odor. 
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3. Comparison of results 

 
Below shows the results of water (Table 1)  from wastewater treatment plant in the US Camp 

"Bondsteel" near Ferizaj. This plant is the secondary type including three ponds or lagoons, which are 

supplied with oxygen at all times. Before discharging these waters are disinfected with chlorine. Water 

from the plant is used for cleaning of roads and sprinkling unpaved roads of Dust. Remain waters will 

be discharging into the creek flowing through the camp. Water for analysis is taken directly from the 

collector, then before entering the plant (influent) and prior to discharge to the recipient; this plant is 

not treating atmosferic waters. 

 

Table 1: Water results from the influent and effluent of the WWTP in the US Camp ‘Bondsteel’ near 

Ferizaj on 15SEP2016. 
 

  Type of analyses Influent Effluent Unit 

1 COD 540 27 mg/L 

2 CBOD5 386 2 mg/L 

3 Total Susp. Solids(TSS) 220 2  mg/L 

4 Ammonia 31 0 mg/L 

 
The table shows that:  

1. COD from 540 mg/l in influent, decreases to 27 mg/l in effluent,  

2. CBOD5 from 386 mg/l in influent, decreases to 2 mg/l in effluent,  

3. TSS from 220 mg/l in influent, decreases to 2 mg/l in effluent,  

4. Ammonia from 31 mg/l in influent, decreases to 0 mg/l in effluent. 

As shows, the cleaning of wastewater in the plant is at a satisfactory level. So, if the waters of the 

Ferizaj were treated in this way then there would be no environmental pollution, but we would have a 

clean and good environment for the development of flora and fauna. 

 

 

4. General information 

 

Rivers have been made collectors of all urban and industrial discharges. In regions with low population 

density problems of surface water pollution will be not perceptibly by reason of river self-cleaning 

ability, and if the rivers can’t cope with direct discharges of urban waste water (untreated), this will 

result to negative effects on the water environment, the risk of infections, etc. 

Natural water pollution from liquid waste is a critical environmental problem in many countries. Liquid 

waste may be sewage discharge, water runoff and industrial liquid discharges. In many urban localities 

sewage is collecting with rain waters and in some cases with liquid industrial waste (treated or 

untreated). There are discharging into rivers, lakes and seas, often without any special treatment, thus 

becoming a significant source of pollution. 

There are two types of microorganisms: aerobic and anaerobic microorganisms. Aerobic 

microorganisms needed O2, while the anaerobic do not need  O2. Aerobic biochemical processes occur 
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in the oxidation of organic substances containing N, P, C, S, mineral salts (carbonates, nitrates, sulfates) 

and carbonic acid. Aerobic processes mainly used for wastewater containing organic pollution in 

colloidal and dissolved state (biological cleaning of wastewater). [1]    

Anaerobic bacteria can not live where oxygen is present. They use oxygen chemically combined such 

as nitrates (NO3) or sulphates (SO4). These organism are active in anaerobic digestion and are 

associated with treatment processes to include: decomposition, odor and infections. [2]    

Amount of oxygen against the unit volume of wastewater (in mg / l or g / m³) that is required for 

mineralization of organic substances contained in them, up to the moment of stabilization, marked with 

BOD and called biochemical oxygen demand. 

To have soon BOD results will determine amount of oxygen spent after 5 days considering that between 

BOD20 and BOD5 (for municipal water) exists ratio BOD20=1.1: 1.5 BOD5. 

 

 

5. Methods of wastewater treatment 

 

Increase concentration of population in urban centers and increase demands of population and industry 

for water, on the one hand, and the reduction and impairment of water reserves, has become the 

treatment of wastewater an acute problem in many of the countries. 

Complex question that Engineer designers or public health officials facing is: what level of treatment 

should be applied to ensure the protection of public health and the environment? The answer to this 

question requires knowledge of local conditions and needs, the application of scientific knowledge and 

engineering evaluation based on previous experience, considering the central and local regulations. 

Nowadays, operating units and processes are grouped together to bring different levels of treatments 

knowing as preliminary, primary, secondary and advanced. [3]  

As shows below (Figure 2) has been submitted a project proposal for the wastewater treatment plant 

(model) including primary and secondary treatment respectively 

mechanical and biological treatment of wastewater. 

At least biological treatment or equivalent processes should be applied to municipal waste water, where 

necessary and a step by step progression. [4]    
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Fig 2: Proposed WWTP 
 

5.1. Processing and use of sludge 

 

In the process of cleaning / treating wastewater, can be created another problem: sludge. As with the 

higher the degree of wastewater treatment more waste sludge should be generated. Sludge is generated 

by the residual substances from wastewater and solids generated during the process of wastewater 

treatment. Basic processes for sludge treatment are as follows: drainage, stabilization, 

conditioning, dewatering and reduction. [5] Wastewater sludge is composed by organic matter and 

contains significant amounts of useful subjects, like nitrogen, phosphorus, potassium. But fresh sludge 

smells bad and is very dangerous because it contains a large number of different microbes (including 

pathogens) and transported with difficulty, because there is to much humidity. Wastewater sludge 

contains also the many bacteria, viruses, parasites that can cause quite endemic diseases as well as large 

amounts of toxic elements, much more than these elements found in the soil. Therefore the use of 

sludge as a fertilizer in agriculture should be done with special care and can’t be considered a 

satisfactory solution to the problem. [6] 

 

5.2. Composting  

 
Remain wastes from the plant processes (treated or untreated sludge) are poison for operating 

personnel. This waste can be dumped or used for specific purposes. Several methods can be harmful to 

the environment such as burning, dumping at sea, etc. But the most accepted method is sludge 

processing respectively composting and use for agriculture purposes. 

Composting is a method of recycling organic materials such as food waste, plant waste, rotten fruits, 

grass, branches of trees (greenery in general), shredded paper, sludge from the wastewater treatment 
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(if it exists), etc. During the decomposition, the organic materials transfer to some substances, as 

nutrient-fertilizer using in agriculture. [7]    

 

5.3. Disinfection 

 

After decantation process and prior to discharge to the basin, sewage should be disinfected as set by 

the sanitary inspectors to protect the basins by the possibility of 

contamination with pathogenic bacteria. 

Disinfection is one of the critical components of treating wastewater to protect public health. River or 

any other aqueous area accepting wastewater discharges of inadequately disinfected wastewaters may 

be contaminated by pathogenic organisms (disease causers). People can be exposed to these pathogens 

due to drinking water, consumption of fishes or other water organisms, eating crops irrigated with these 

waters, or during other activities in contact with water, such as swimming or fishing. 

 

 

Conclusion 

 

Sewer is discharging into the River Neredime in both streams without any prior treatment causing 

chemical and biological pollution of the Neredime River. According to the analysis and plans, first 

needed to build sewer systems for the villages which currently have no system for sewage disposal. 

After that in a medium-term framework should be built two collectors, north colector which will collect 

sewage from the northern part of the city and villages and southwest collector who 

will gather wastewater from the southwest of the city and villages. It is necessary that all buildings 

have built separate sewage system from the atmosferic water systems. 

In case there is one system of wastewater and atmospheric, then will be difficult for their treatment by 

reason that due to storm water runoff in large quantities plant can not accept all these flows; otherwise 

should increase the size of the treatment plant. But the most reasonable is that all localities have 

separate sewer system and this will enable lower cost of construction of the plant as well as lower 

operating costs. So, according to the terrain configuration of Ferizaj wastewater will be collected in 

two locations, and at this locations planning to build WWTP’s. 

Southwest collector will be lied till the outskirts of the village Varosh or near the village Gurëz where 

it will build the WWTP and then flowing into the southern branch of the river Neredime which branch 

continues further towards Kacanik and flows into the river Lepenc. 

The north collector will end at the exit of the village Bablak where is planning to build the second 

WWTP and then flowing into the northern branch of the river Neredime, near the river outfall of Sitnica 

River. Outside these collectors can remain some villages in the eastern part that according to 

preliminary plans can not be involved in these projects. After more studies and detailed measurements 

will look for the possibility of including these villages in one of these collectors. Otherwise it will 

consider the possibility of building a third WWTP in this area. 

 



TREATMENT POSSIBILITIES OF THE MUNICIPAL WASTEWATERS IN FERIZAJ, 

KOSOVO 

 

70 

 

 

Fig 3: Southwestern and Northern collector of the Ferizaj Municipalety  

 
The treated water from the plant, after can be used for different purposes such as: land irrigation, 

irrigation of parks, irrigation of crops, fire protection, street washing, etc. 

Pollution knows no national boundaries. Pollutants emitted in one place, by air, streams of water, food 

and in other ways, spreading to large distances, and often attacking the countries that are not sources 

of pollution. Environmental pollution by volume, types and consequences has reached such proportions 

that it has become the concern of all humanity. [8] 

With tendency that Kosovo move towards European integration, it must act to fulfill the preconditions 

for ratification of as many environmental conventions and protocols. Since almost all Kosovo rivers 

flowing outside its borders, the Republic of Kosovo must pay attention to maintaining the quality of 

these waters and especially the possibility of ratification of the Helsinki Convention on the protection 

and use of transboundary watercourses and international lakes. 

The problem of discharging uncontrolled sewage, lack of funds of municipal companies or local 

governments, the inadequate legislation same as the EU countries, no political actions to solve the 

problem, the lack of strategy for solving this problem, no awareness raising to the people of this area, 

all of these are a motive for discussion 

of opportunities for the construction of WWTP’s and which urgently requires solution 



Book of Proceedings 

International Conference on Civil Engineering, Infrastructure and Environment 

 

71 

 

 

Kosovo future generations will face a bill of negligence from the past. Pollution, funds misapplication, 

damaged and contaminated areas, this is not the legacy that the current generation wants to leave to the 

future. 
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Abstract. In this paper it is presented a definition of sustainable construction from ecological aspect, 

characterized by reducing the impact of different materials in the environment during construction, but 

also during the whole lifetime of use of buildings.  

To assess the impact of materials on health and environment is necessary to examine all phases from 

beginning of the materials manufacturing till the insertion to the construction, including the use of natural 

resources for the production of construction products, necessary energy for production, amount of release 

and CO2 emissions (carbon dioxide) in different stages, methods of construction, use of construction and 

in the end demolition and recycling. 

In this paper are presented aspects of a sustainable building with a particular approach to the selection of 

construction materials and the awareness raise about the impact of materials on environment and health 

during the whole life of using the facilities. Also it is presented sustainable construction and environment, 

materials that affecting and the conditions of the different materials using during construction in Kosovo. 

With a special emphasis also presented the impact of materials on our health, recent research regarding 

the materials using in constructions and the difference between the old and new constructions in terms of 

human health. The difference between buildings constructed decades ago and buildings constructing now. 

 

Keywords: Sustainability, sustainable construction, materials, sustainable materials, CO2 emissions. 

 

 

1. INTRODUCTION 

 

With increasing industrialization and rapid development have increased the demand for a clean 

environment as that can be met by improving production technologies to materials and transforming them 

into sustainable and environmentally conscious. 

The concept of sustainability is defined by the Earth Summit in Rio de Janeiro in 1992 . (United Nations 

Conference on Environment and Development (UNCED), Rio de Janeiro, 3-14 June 1992 ) ,as a concept 

of activity that takes place in accordance with environmental laws. 

Construction is one activity that consumes the greatest amount of natural resources (stone, wood, gravel, 

clay, etc.), So that is one of the main goals for all scientists and researchers to find alternative sources of 

raw materials for construction in the future, according to sustainability criteria .. 

In this paper is give an overview of sustainable building in the context of the environment, taking as a 

basis some material such as concrete and its components and their role in sustainable building as well as 
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a detailed presentation of the industry that steady for the production of concrete for the concrete 

environment. 

Concrete as a building material was used mostly in the industry, we introduced today is the need to meet 

all aspects of sustainability: environmental, technological, economic and sociological. The paper presents 

some important examples of construction in terms of sustainability that can contribute to the production 

of concrete.  

Also I have presented some examples of buildings in the world in which they are applying the rules of 

environmentally sustainable concrete. (United Nations Conference on Environment and Development 

(UNCED), Rio de Janeiro, 3-14 June 1992 ) ,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Sustainable development. 

 

1.1. SUSTAINABLE DEVELOPMENT 

 

Knowing the problems of environmental pollution from all aspects (environmental, economic, 

technological and social), then it is possible to create a technology that is environmentally sustainable.  

Sustainability is a way of life, access to overall economic activity in accordance with the earth's eco-

system that needs to have a vision of development.  

The basic principle of sustainable development in construction is to use less natural resources and creating 

less by Earth hazardous waste. Environmental protection and energy saving become the world's problems 

in all fields of technology.  

The Earth Summit 
CONSTRUCTION MATERIAL AND 

SUSTAINABLE DEVELOPMENT 

Globalization 

Development 

Construction industry 

Building materials industry 
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In theoretical considerations of sustainability, there are three aspects: environmental, economic, 

sociological, and each of these aspects contains a number of sub-groups or meetings. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Sustainable development. 

 

1.2. SELECTION OF CONSTRUCTION MATERIAL AND SUSTAINABLE 

DEVELOPMENT 

 

1.2.1. Achieving sustainable development goals requires a combination of many factors: 

• Method of energy saving , 

• Improving the use of material, 

• Reuse of material , 

• Emissions control of harmful substances. 

The goals of sustainable construction: 

• Resource efficiency and energy efficiency , 

• Reduction of CO2 emissions, and different gases , 

• Pollution prevention , 

• Noise Reduction , 

• Quality improve of the indoor air, 

• Harmonization with environment. 

Amount of construction wastes in EU 

•   850 million tons per year  

•   31 % of total waste production in EU 
  

Economic 

Environmental  

Social 
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Table 1. Amount of producing the recycled materials in EU in 2009 

 
 

1.3. ECOLOGICAL SET-EVALUATION CRITERIA OF MATERIAL 

 

1.3.1.  Impact of construction material in environment: 

• The use of raw materials from nature, 

• Production, 

• Transportation, 

• Fabricating, 

• Explations , 

• Recycling. 

Impact on people: Physical ,Chemical ,Direct,Indirect ,Short term ,Long term ,Psychic character 

 

1.4. IMPACT OF CONSTRUCTION MATERIAL IN ENVIRONMENT: 

 

The energy consumed and carbon dioxide produced by conventional and alternative materials 

1.4.1. General evaluation criteria of ecological and suitability of material: 

• The rate of environmental degradation by taking material from nature, 

• Repair of damaged parts of nature, 

• The degree of environmental pollution during the processing of building materials, 

• Intensity of noise, protection needs and the possibility of mechanical damage to buildings in the 

surrounding area during the production of materials and due to their implementation, 

•  Emission of harmful substances and radiation materials, 

• Length of material life - the need for reproduction, 

• Energy used during extraction of raw materials, producing of the raw material,, 

• The possibility of recycling the material. 
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1.4.2. CRITERIA FOR THE SELECTION OF BUILDING MATERIALS IN ENERGY 

TERMS 

The overall balance of energy - total energy of which some building materials, Spend length during their  

long-life: 

• Supply and transport of raw materials (local materials have advantage - stone, wood, clay), 

• Construction material production (steel and aluminum are the major energy consuming, while 

wood and bricks are the small energy expendable during processing), 

• The energy consumed during transportation of material in workplace (light material advantage), 

• The energy spent during the implementation of works in objects (light materials – easy to 

mount), 

• Energy saved in the material staying in the facilities, which is necessary for maintaining the 

microclimate (Thermal insulation and thermo accumulative properties), 

The possibility of recycling and energy required for recycling material. 

 

1.5. ENERGY ASPECT IN THE SELECTION OF BUILDING MATERIALS 

 

During the selection of construction material apart functionality, health aspects and other criteria is very 

important to take into account the overall balance of energy Cement - the energy needed to produce basic 

building materials 

 

Table 1 : Energy required for the production of basic building materials. 

Material 
             

KWh/t 
        KWh/m3 

Steel   10.500 82.000 

Cement 1400 1900 

Copper 8000 71000 

Gravel 9 15 

Lime 1200 1600 

Glass 5700 15000 

Ceramics 6200 14900 

Concrete 200 460 

Concrete foam 500 250 

Glass wool 6000 180 

Plastic 11000 11000 

Wood 190 100 
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1.5.1. CO2 emissions energy consumption and emissions of CO2 to simple materials and 

alternative 

• Once again we examine the basis of the process of carbon dioxide emissions from the cement 

industry.  

• The level of carbon dioxide in the atmosphere is increasing. Contribution of 5% of the cement 

industry in increasing the amount of CO2 is significant since it comes from human activity.  

• Technological process of cement production requires large amounts of energy, whether in form 

of heat from the burning of fossil bio even by electricity.  

• The roasting process itself and processing of limestone as one of the core subjects of cement 

benefit associated with direct and indirect emissions of carbon dioxide. 

 

1.5.2. CONCRETE 

Being a very material consumed and the fact that its production is associated with higher emissions in the 

atmosphere, mainly CO2, it is important to take in study and scientific ways of reducing CO2 emissions 

from this industry. Construction material Concrete is definitely bio of the 20th century, due to its 

properties compared to other materials you use in the 21st century will be unavoidable and growing.  

Normal concrete consists of cement 12%, 8% water and 80% of aggregate. So, if the production of 

concrete 1.5 billion tons of cement per year, at the same time is spent and 900 million water and 9 billion 

tons of sand and stone. 

In addition to the problem of energy consumption during cement production and emission of large 

quantities of CO2, with concrete structures significant problem is their durability which is ultimately 

manifested as the disposal of construction waste.  

In Europe produced more than 750 mil.m3 of concrete and this amount is increased from 7.5 to 8% for 

years, concrete material ready not it harms the environment, while the production of components of the 

trailer affects the environment. The porcelain annual for cement production is our 1.5 billion, and is 

expected that this amount due to globalization and the rapid industrialization of developing countries will 

grow to ma more than 8% per year.  

Figure 3. Sustainable development. 

 

1.5.3. USE OF CEMENT IN THE WORLD 

 The total annual consumption of cement in Kosovo is 1052593 t. that every Kosovar spends 

approximately 500 kg of cement per year. 
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The target set for reducing the production of cement in the world until 2050 

Figure 4. The target set for reducing the production of cement in the world until 2050 

 

1.6. REDUCTION OF CONCRETE IMPACTION IN ENVIRONMENT 

 

Reducing the use of Portland cement, using industrial products (fly ash, silica Fume  , Slag Cement - 

granules milled from the high furnace).The use of recycled materials instead of aggregate, reduces the use 

of inseparable materials and their impact on the environment. Porous concrete, can affect the function of 

sustainable storm water penetration, which in some cases may even have a positive effect, 

Special concrete or special fabricated with supplements, can be build in permanent structures, lower cost 

maintenance, with little use of natural resources and their impact on the environment. 

 

1.6.1. SUPPLEMENTS TO CEMENT (SUBSTITUTES) Sustainability in Construction: 

 According to statistics by the Conference of WOCAT (World of Coal Ash, 2013, US) global annual 

output of products from coal combustion process in 2010 was 780 Mt. Countries with the largest 

generation of CCP (abbreviation for coal combustion products) were China with 395 Mt, 118 Mt North 

America, India 105 Mt, Europe (EU15) to 52.6 Mt, 31.1 Mt Africa, Japan with 11.1 Mt. 

This amount generated by the CCB, only 53%, around 415 Mt used as material in some sectors, mainly 

in concrete. The biggest beneficiary, as a percentage, was Japan with 96, 4%, respectively 10.7 Mt. 

Using the CCP in European countries was 90.9%; US 42.1%, China 67%, Australia 45.9% and the rest of 

Asia 66%. 

In the case of Kosovo is to compare the amount of ash production of TPP in 2010, the reference year for 

comparison with these countries, which was 1.5 Mt, none kilogram of it has been reported to have been 

used in any sector, ie . The use of ash in Kosovo is 0%. This has a negative effect on the environmental 

aspect as well as sustainable development. 
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Table 2 .Using Fly Ash as a Cement Replacement 

Application Slag Cement Fly Ash Silica Fume 

General Concrete 25-50% 10-30% 0-10% 

High-Performance 35-65% 15-30% 5-15% 

Mass 50-80% 25-50% 0-10% 

Precast/PS, Block 20-50% 10-30% 0-15% 

Note:  The ranges shown are general estimates, and are meant to indicate typical ranges of SCMs in 

concrete in conventional mixtures.  The ranges shown can be exceeded, but special mix and construction 

considerations are often necessary (e.g. high level of chemical admixtures, longer curing times, increases 

in total amount of cementations materials).  

 

Table 3 .Using Fly Ash as a Cement Replacement- Kosovo Case 

The table shows that in Kosovo only in 2010 by the burning coal generated 9.4 Mt  1.5 Mt  Hi  TEC. 

Based on the latest population census in Kosovo in 2011 there   were   1,739,825 inhabitants. 

Given these data, it appears that the generation of ash TPP CCP was   about   860   kg per person. 

The total annual consumption of cement in Kosovo is 1052593 t. that every Kosovar spends approximately 

500 kg of cement per year. Kosovo produces about 3 million m3 of concrete, about 1.5-2 million cubic 

meters of concrete ready and the rest is spent on the production of concrete blocks and masonry mortars. 
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Table 4 .Using Fly Ash as a Cement Replacement- Kosovo Case 

In table 5 are presented  the ingredients of concrete measures designed for a cubic meter for reference and 

mixtures with different amounts of ash TPP. Concrete designed in this study, in terms of weight, is 

designed ordinary concrete. 

 

Table 5 .Using Fly Ash as a Cement Replacement- Kosovo Case 

Testing of fresh concrete density, ie testing method is standardized in the European standard EN 12350-

6- Testing of fresh concrete. Item 6 of this standard defines the method of determining the density of 

concrete in wet conditions (EN 12350-6, 2009). Like any other method of testing other properties, as well 

as the density determination requires representative samples that meet the requirements of EN 12350-1 
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standard (EN 12350-1, 2009). Samples of concrete whose density define it must have been prepared in 

accordance with EN 12350-1 . 

Determination of fresh concrete density for mixtures without reference hi TEC and mixtures with different 

amounts of ash as a cement replacement is done in two ways: first by the standard method EN 12350-6 

and the other was based on measurement measure mixtures of different samples and sample divided by 

the volume of the cube, cylinder, respectively. Previously, it can be said that the average values from both 

methods are highly compatible. 

 

1.7. SUSTAINABLE BUILDING CASES IN THE WORLD 

 

• Tsing Ma Bridege – where the two main pillars paper is used with low energy cement hydration by 

70% during the granulated slag powder and 6%, for the realization of the old lady that used ehte 

cement bridge that is composed of dust that flies and silica dust. 

Foto 1 Tsing Ma Bridge  : http://www.patnotebook.com/tsing-ma-bridge-photos-and-how-to-get 

 

Baps Hindu Temple, Chicago,  2003 – Monolithic foundation for the realization of non-reinforced 

concrete are used with 3000 m3 cement clinker factor is 0.33 which met with reduced CO2 emissions to 

around 800 t 

Foto 2 Baps Hindu Temple 

https://commons.wikimedia.org//File:Chicago_BAPS_Shree_Swaminarayan_Hindu_Mandir.JPG 
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CONCLUSION AND RECOMADITON 

 

Solutions to reduce the negative impact that human activities have on the environment, it is the duty of all 

industries. Construction as one of the largest consumers of natural resources and environmental pollutants 

that should be the main task. This paper presents the highlights for the creation of environmentally 

sustainable industry and human health, protection of natural resources, reducing CO2 emissions and the 

construction of permanent structures for the production and use of the right of construction materials.  

One of the basic assumptions change in the thinking and acting of people associated with the construction 

materials industry of using, processing, working up to the final product. 

The possibility of using alternative materials for the preparation of various materials with special 

emphasis-Concrete, only in case of recognition of the problems of environmental pollution from all 

aspects (environmental, economic, technological and social), it is possible to create a technology that is 

environmentally sustainable. 
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