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EDITOR SPEECH 
 

 

UBT Annual International Conference is the 6th 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.  

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: 

- Education and Psycology 

- Life Sciences and Technologies (Health and Food) 

- 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 

 

This conference is the major scientific event of the UBT. It is organizing annually and 

always in cooperation with the partner universities from the region and Europe. 

 

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

Automation and Systems Engineering (KA CASE), Kosova Association for 

Modeling and Simulation (KA SIM), Quality Kosova, Kosova Association for 

Management, Institute for Development of Education and Academic Affairs (IDEAA) 

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. 

 

Edmond Hajrizi, Chair 

UBT- Higher Education Institution
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Seismic actions induced by cladding panels on precast 
concrete frame structures 

Bruno Dal Lago1, Francesco Foti1, LucaMartinelli1 

1Department of Civil and Environmental Engineering, Politecnico di Milano, 

Piazza Leonardo da Vinci 32, 20133 Milano 

bruno.dallago@polimi.it 

Abstract.The strong earthquakes occurred in Southern Europe in the last decade pointed out a 

poor seismic performance of the connection system of the cladding of precast industrial 

structures. The cladding of these buildings usually consists of sandwich concrete panels of 

remarkable mass, connected to the frame structure with mechanical devices. The estimation of 

the out-of-plane seismic action on these connections is a key step for their correct 

proportioning. However, the formulation currently provided in the Eurocode 8 for the 

estimation of the seismic action on non-structural elements was calibrated with different 

objectives. Furthermore, given there is no in-plane structure-panel interaction, a quote of the 

panel mass is lumped in correspondence of their connection for a correct proportioning of the 

frame structure. The designers need to make assumptions on both aspects that often bring to 

remarkably different solutions.The paper presents a rigorous dynamic formulation of the 

problem of the vibration of rigid bodies connected with cantilever columns. The solution brings 

to analytical expressions to evaluate the exact out-of-plane action on the connections and the 

correct amount of panel mass to be lumped. 

 

Keywords: Precast structures, Cladding panels, Seismic actions, Mechanical connections. 

 

 

Introduction 

Recently in Europe three violent earthquakes occurred in highly industrialised areas; they 

represented a severe check for precast structures as for any other type of structures. Mainly 

industrial one-storey buildings were involved. The experience of these earthquakes, further to 

confirm the validity of the code provisions for the design of the main precast structure, showed 

that there is still a pending problem for the good behaviour of the overall building. This 

problem refers to the correct design of the connections of the wall panels to the structural 

frame. The possible collapse of these panels, with weights up to 12 tons, represents a mortal 

danger for human lives and a heavy direct and indirect economic loss for the community. Fig. 1 

shows an emblematic picture of an industrial building just after L’Aquila (Italy) earthquake of 

2009: the main structure made of columns, beams and roof elements is practically undamaged; 

an entire façade of wall panels collapsed down. A general description of the effects of that 

earthquake on precast structures can be found in [01]. Also Lorca (Spain) and Van (Turkey) 

earthquake of 2011 led to a relevant number of these situations (see Fig. 2). In Emilia (Italy) on 

2012, where at the construction time the seismic design code was not in force, also when the 

main structure did not collapse many falls of panels occurred (see Fig. 3). General descriptions 

of the effects of the latter earthquake on precast structures can be found in [02-05]. 

As a consequence of these events, the scientific community gained growing awareness about 

the problem of the seismic interaction of the cladding system with the structure. In particular, 



 

the current design methodology of the mechanical cladding connections concerns the evaluation 

of a seismic action out of the plane of the panel only, which is calculated according to the 

EuroCode 8 [06] formulation for non-structural components and with reference to the mass of 

the single panel. However, the cladding panels are in practice typically connected with strap 

connections [07] which are not conceived to allow for relative in-plane displacements. This 

makes the stiff panels participate to the lateral load resisting systems, causing strong actions in 

the plane of the panel to rise and adding an important and unpredicted component to the seismic 

action on the single connections. A recently ended 3-year European research project named 

Safecladding (FP7-SME-2012, GA 314122/2012) provided a systematic framing of the problem 

of the seismic design of precast frame structures with cladding panels [08]. Within this project, 

a wide set of fastening devices and structural arrangements has been submitted to a campaign of 

experimental checks by means of a large number of tests performed at different levels, from 

local to global scale [09,10] (Fig. 4). 

  
Fig. 1.L’Aquila 2009: struct OK, panelsKO. Fig. 2.Lorca 2011: structure OK, panels KO. 

 
Fig. 3.Emilia 2012: panel failures – peripheral cladding and internal partition walls. 

   
(a) (b) (c) 



 

Fig. 4. Safecladding project: (a) local tests on devices at POLIMI, (b) panel sub-assembly test 

at POLIMI, (c) full-scale prototype tests of precast structure at ELSA. 

 

While the proposed design framework allowed to choose the proper static schemes and 

technological solutions to link the cladding panels to the structure, including isostatic solutions 

that allow for an in-plane decoupling of the cladding panels, the affordability of the application 

of the EC8 formula to evaluate the out-of-plane loads on the connections has not been 

rigorously verified. Recently, Belleri et al. [11] carried out a numerical investigation on this 

issue with reference to horizontal panels, showing that this formulation is often not on the safe 

side. Furthermore, the designers properly include a ratio of the mass of the cladding panels 

lumped at the roof level. However, they are not provided with a rule to properly define this 

ratio, and usually they make assumptions that may be very different.  

The present paper aims at providing a rigorous dynamic formulation of the problem of the 

seismic vibration of a precast one-storey frame structure with vertical cladding panels. 

 

 

Formulation of the Problem 

A simple structural scheme (Fig. 5) is considered in this work to investigate the dynamic 

response of an archetypal one-storey precast concrete structure subjected to seismic loads. A 

rigid cladding panel with total mass mp is hinged at the base (point A in Fig. 5a) and connected 

to a flexible cantilever by means of a rigid truss element. The mass mtop is lumped at the top of 

the cantilever (point C in Fig. 5a), to model the effect of the translational inertia forces due to 

the mass of the roof. Given the roof diaphragm is rigid, the cantilever can model the whole 

lateral load resisting system, and the rigid element can model all panels in the orthogonal 

direction with respect to the input seismic action. The influence of the panels lying in the 

direction parallel to the input seismic action depend on their connection system. For instance, if 

they are connected with a cantilever arrangement (sliding connection at the top), their mass can 

be neglected [9]. Conversely, if they are connected with a pendulum arrangement (hinged at top 

and bottom), their mass shall be added to that of the panels in the orthogonal direction [9]. In 

the case of a disarticulated diaphragm, the present procedure is valid for single frames. 

By neglecting the axial deformability of the flexible cantilever, the kinematics of the structure 

can be completely described by means of a single Lagrangian coordinate, such as the horizontal 

displacement q(t) (the symbol t denotes the time) of the top of the cantilever with respect to its 

base. Fig. 5b shows the deformed shape of the structure subjected to the ground motion u(t). 

 
Fig. 5. Structure at study: (a) Reference configuration, (b) Deformed configuration under the 

effect of the ground motion u(t). 

 



 

The kinetic energy, K(t), and the elastic strain energy, E(t), of the system can be expressed, 

respectively, as: 
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where: a dot is adopted to denote derivatives with respect to the time; kcol is the generalized 

-

majority of the cases of practical interest. 

It’s worth noting that the third term on the right-hand side of Eq. (1), which represents the 

effect of the rotational kinetic energy of the cladding panel with respect to its centroid, has been 

evaluated under the assumption, commonly verified in practice, of uniform mass distribution 

along the height of the panel. 

By defining the Lagrangian function: L = K –E, the equation of motion of the system can be 

derived, through a classic variational approach [12], as: 

0
d L L

dt q q
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By substituting Eqs. (1) and (2) in (3), the following equation can be obtained: 

     2

1q t q t ru t    .       (4) 

The term 1 is the natural circular frequency of the structure, which is related to its period, T1, 

through the well-known relation: 1=2/T1. The term r is the mass participation factor for the 

considered seismic excitation. The expressions for the natural period T1 and for the mass 

participation r are fully detailed in the following. 

By denoting as T0 the natural period of the structure calculated by neglecting the effect of the 

mass of the panel (i.e. T0=2(mtop/kcol)1/2), and by defining the non-dimensional parameter  as 

the ratio between the mass of the panel and the lumped mass mtop, i.e.: =mp/mtop, the period T1 

of the structure can be expressed as: 

 1 0 ,TT T      .       (5) 

where T is a non-dimensional correction factor accounting for the effects of the cladding panel 

mass on the natural period of the structure and can be calculated as: 

   
2

, 1 1 3T        .      (6) 

The mass participation factor r, which fully accounts for both the translational and rotational 

inertia of the cladding panel, can be expressed as: 

     
2

1 1 3 1 1 2r          .     (7) 

Figs. 6a and 6b depict, respectively, the correction coefficient T and the participation factor r 

as a function of the mass ratio . The mass ratio is assumed to be variable in the range: 

0.5≤≤2.5, which covers most cases of practical interest. The results are shown for =0 and 

=1/3. 

The correction factor T remarkably increases almost linearly with both µ and η. The higher µ, 

the higher the global vibrating mass of the system; the higher η, the higher the inertial effects 

associated to the panel rotation. The mass participation factor r is closer to the unity for 

increasing values of This is expectable, since the position of the application point of the 

resultant of the panel inertia forces moves closer to the height of point B. 



 

The linear Eq. of motion (4) can be easily extended in order to include a linear viscous damping 

term to account for the structural dissipation. Standard solution techniques, then, can be applied 

to obtain the relative displacement time history, q(t), for an assigned seismic input [13]. 

Once q(t) is known, the horizontal forces acting on A and B, denoted as FA and FB, respectively, 

can be obtained by imposing the dynamic equilibrium of the panel: 

     21 2
1 1

2 3 2
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   .      (9) 

The Eqs. (8) and (9) can be assumed as a basis for a consistent estimation of the out-of-plane 

seismic action acting on the connections A and B. 

 

Fig. 6. . 

 

 

Conclusion 

The problem of the proper evaluation of the effects of the coupled vibration of precast frame 

structures and their cladding panels under seismic action has been set within a rigorous 

dynamic framework. This allowed to obtain closed-form equations for the correction factor of 

the natural vibration period of the structure and the mass participation factor. Analytical 

expressions of the seismic actions on the panel connections have also been obtained, as a 

function of both the relative acceleration of the roof and of the absolute acceleration of the 

ground. This makes the usual response spectrum approach not straightforwardly applicable. 

Further efforts will be devoted to developing a more design-oriented procedure. Furthermore, 

the present methodology will be applied also to the case of horizontal cladding panels. 
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Developing a New Total Sediment Transport Formula 

Davut Okcu1, Sokol Xhafa1, Hatice Okcu 

1UBT- Higher Education Institution, Str.  Lagjja KALABRIA p.n., 10000 

Prishtinë, Kosovë; 

davut.okcu@ubt-uni.net, sokol.xhafa@ubt-uni.net, htcklc43@gmail. 

Abstract.The aim of this study is to derive a new total sediment load formula which is more 

accurate and which has less application constraints than the well-known formulae of the 

literature. There are many sediment transport formulas in the literature but most of them are 

derived from small data sets of natural rivers or experimental designs. Each formulation has its 

own restrictions, which depends on the original dataset of that study. None of them have gained 

universal acceptance.To achieve this aim, a wide range of dataset is compiled which includes 

both experimental lab(flume) data and Natural river data so that a very large range (of 

parameters) has been achieved. Then this dataset is used to generate a new formula. Five most 

known total sediment transport formulae, which are approved by American Society of Civil 

Engineers (ASCE) are used for benchmarking. The dimensionless parameters of these widely 

used formulae are used as inputs in a new regression approach. The new approach is called 

Polynomial Best subset regression (PBSR) analysis. The aim of the PBRS analysis is fitting and 

testing all possible combinations of the input variables and selecting the best subset. All the 

input variables with their second and third powers are included in the regression to test the 

possible relation between the explanatory variables and the dependent variable. While selecting 

the best subset a multistep approach is used that depends on significance values and the 

Multicollinearity degrees of inputs. Different goodness of fit statistics are used as they represent 

different perspectives of the model accuracy. After the detailed comparisons are figure out, 

PBSR is the most accurate equation that is also applicable on both flume and river data.  

 

Keywords: River Hydrology, Sediment Transport, Total Sediment Load, Polynomial Best 

Subset Regression (PBSR). 

 

 

Introduction 

Sedimentation refer to the motion of solid particles, called sediment. The natural processes of 

erosion, transportation and sedimentation have been active throughout geological time and have 

shaped the present landscape of our world. Today, they can cause severe engineering and 

environmental problems [1]. In alluvial hydraulics, sediment has been defined as rock, mineral 

particles such as clay, sand, silt, gravel, and boulders transported or moved by the flowing 

water. The main sources of sediment production are the weathering of rocks, erosion by the 

flow of water over soil surfaces, channel bed erosion, and bank caving. Traditionally, sediment 

is decomposed into wash load or river load depending on the particles origin. Another 

classification is done as suspended sediment load or bed load and these definitions are related 

with the movement of the particles. Sediment transport prediction is vital to water engineering 

problems like dam management, scoring and bridge problems, irrigation channel sedimentation, 

economical life of reservoirs etc. It is important to possess a reasonable measurement of 

sediment transport rate due to its importance in the planning, design and management of 

hydraulic and hydrological projects [2]. By the perspective of environmental engineering, the 

mailto:davut.okcu@ubt-uni.net
mailto:sokol.xhafa@ubt-uni.net


 

moving sediments also affect the water quality of river systems and act as a transport 

mechanism for materials such as pesticides, heavy metals, nutrient, decomposable organics, and 

bacteria. Hence, the phenomenon of sediment transport is of great engineering importance, and 

together with its related problems, governs a large number of situations that are of major 

concern to the civilized man.  

Another source of difficulty in the development and assessment of sediment load predictors is 

the existence of uncertainty and inaccuracy in sediment transport data. This is due to limitations 

in measurement equipment and the large temporal and spatial variations of concentration and 

transport rates of sediment particles in natural channels. Usually a limited number of samples 

are taken from the channel, which may not be truly representative of the entire flow. In general 

the samples are taken from the same river for the same cross section within a time period. This 

data creates a time series (daily, monthly and annually). In literature there are many studies in 

time domain [3]. 

 

 

Literature Review 

In 1950, Reference [4] introduced his bed-load function, which is based on the probability 

concept. He estimated bed load for different size of sediments found on the bed. Reference [5] 

proposed a relationship that give both quantity and quality of total, suspended and bed loads as 

functions of stream and sediment characteristics. Reference [6] developed graphical solutions 

for total load based on laboratory and field data. Reference [7] evaluated works of [6] on 

Amazon, Orinoco, and Mississippi Rivers. In their analysis, they found reference [6] equation 

overestimated the unit sediment discharge for the rivers under study.  

The total sediment load includes the wash load and the bed-material load. The bed-material 

load consists of bed-load and suspended load. Generally, two approaches are available for 

predicting the bed-material load in a river. One is to estimate the bed-load and suspended load 

in separate calculations. This is based on the fact that the hydrodynamics of each mode of 

sediment transport is different. The methods developed by [4]-[8].  

Reference [9] has approached the sediment transport phenomenon from the point of view of the 

rate of potential energy expenditure of the flow. Reference [9] defined the unit stream power, 

which is the product of mean flow velocity and energy slope (VS), as the rate of expenditure of 

flow potential energy per unit weight of water. From the analysis of a massive data bank, 

Reference [9] found that Unit stream power is the best dominant variable, which could be 

related to the sediment concentration.  

Reference [10] introduced the power concept and similarity principle to obtain sediment 

transport function. Reference [10] formula was developed based on flume data, using sediment 

size of bed material as input. 

Reference [11] had introduced sediment transport functions in terms of three dimensionless 

groups namely, size, mobility and transport rate of sediment. His functions are based on flume 

data carried out with uniform or near uniform sediment with flow depths up to 0.4 meters.  

Reference [12] tested 14 formulas using a compendium of sediment transport data from the 

laboratory and field records. He concluded that Reference [10]-[11]-[12] formulas are 

acceptable. 

Most total load equations are actually total bed material equations. A sediment transport 

equation based on universal steam power is presented for the prediction of bed material 

concentration of the rivers or streams by [13]. Reference [14] later modified his unit stream 

power formula for the computation of total bed-material load in a sediment-laden river with a 

high concentration of fine suspended material. 



 

Reference [14] presented a formula to estimate total bed material load in a sediment laden river 

with high concentration of fine material. They derived their sediment concentration functions 

using multiple linear regression analysis of laboratory data, based on unit stream power theory. 

Reference [15] had proposed the use of energy concept in the development of sediment 

transport equation based on universal stream power by [9]. According to them, this has 

advantage in eliminating the energy slope as a parameter. They had confirmed that the 

relationships derived from flume experiments of shallow flows should not be universally 

applied to large rivers with deep flows.  

Reference [16] recommended six total sediment load formulas; [9], [10], [11], [12], [15], [17].  

Reference [18] developed a mathematical model, based on the kinematic wave theory that 

predict the evolution and movement of bed profiles in alluvial channels under the equilibrium 

conditions. In order to discretization the equations, the explicit finite difference method was 

used. To test the model, flume and field data was used. Then, they improved the model, for 

non-equilibrium conditions. 

Reference [19] developed a total bed material formula by using multiple linear regression 

model. The authors focused on high gradient river sediment transport by using Regression 

models [20]. 

 

 

Research Methodology 

The dataset is compiled from many different sources those includes observational river data and 

the outputs of many experimental studies. Reference [12] produced one of the most 

comprehensive compilations of existing flume and field data in this area, and the present work 

is based on those data, which consist of both field and flume type data. Initially, each data set 

has complete records of the flow discharge (Q-m3/s), channel width (B-m), flow depth (H-m), 

hydraulic slope (S), median sediment size d50-m), sediment gradation (σ), specific gravity of 

sediment (G), temperature (T-C). Sediment concentration (C-ppm) is a function of these 

parameters. All parameters are derived by using these attributes. In the model many non-

dimensional variables are used that is produced by using Buckingham pi theorem. 

In Table 1, descriptive statistics of river/lab dimensions and some sediment parameters are 

presented. The descriptive statistics of the dataset indicate that the range of the river discharges 

are very high. As shown in the field part of Table 1 the widest river is about 1100 m and the 

narrowest river is only 0.35 m width.  So the range is very high same as the discharge values. 

On the other side within the experimental designs the widest and the narrowest designs are 2.44 

and 0.31, respectively, the range of sediment concentration (C_ppm) and d50_mm are very 

large for flume data. 

All the variables are included in the analysis with their first, second and third order force 

therefore 30 parameters are used for best subset selection process. While taking the powers (of 

the parameters in using them in regression as inputs) increases the nonlinear estimation 

capability of the model, this process increases the collinearity problem in the developed models. 

Like any data mining project, before developing new models the dataset needs to be prepared 

for the analysis. In this manner, data partition and data transformations are performed. Before 

the model development process dataset is divided into two sets as training (70%) and validation 

(30%). The validation part is not used in model development. The models are compared in 

validation part considering the lab data (44%) and field data (56%) partition. Total number of 

data set is 2100, [lab data (927) and field data (1173)]. After data partition, Best subset 

regression models are modified and used to generate a new formula. As known Regression 

approach is an alternative to estimate the sediment load when there is no sediment data, such as 

particle size, to use a predictive sediment transport formula. 

 



 

 

 

 

 

Table I: Descriptive statistics of raw dataset. 

  

 

Valid 

N Mean Median Min. Max. Range 

Perc. 

%10 

Perc. 

%90 

Std. 

Dev. 

F
IE

L
D

 

Q-(m3/s) 1173 1505 134.78 0.00 28826 28826 2.86 4899 3824 

B-(m) 1173 181.01 82.60 0.35 1109 1109 13.72 491 235 

H-(m) 1173 3.001 1.703 0.034 17.282 17.2 0.316 9.327 3.607 

S 1173 0.685 0.720 0.006 6.690 6.684 0.042 1.500 0.685 

d50_(mm) 1173 0.740 0.323 0.083 3.400 3.317 0.161 2.204 0.821 

C-(ppm) 1173 522.5 200.24 5.61 5830 5824 44.00 1420 847.7 

L
A

B
 

Q-(m3/s) 927 0.13 0.05 0.00 2.08 2.07 0.01 0.36 0.19 

B-(m) 927 1.12 0.91 0.31 2.44 2.13 0.49 2.44 0.64 

H-(m) 927 0.147 0.125 0.032 0.585 0.553 0.064 0.287 0.083 

S 927 0.002 0.002 0.000 0.011 0.011 0.001 0.003 0.001 

d50_(mm) 927 0.416 0.375 0.100 1.500 1.400 0.150 0.930 0.263 

C-(ppm) 927 875.76 249.60 2.90 12900 12897 26.00 2480 1552 

T
O

T
A

L
 

Q-(m3/s) 2100 840.50 3.84 0.00 28826 28826 0.02 2129 2953 

B-(m) 2100 101.60 19.20 0.31 1109 1109 0.70 390 197 

H-(m) 2100 1.7408 0.3290 0.0323 17.28 17.2 0.076 6.233 3.046 

S 2100 0.3832 0.0438 0.0002 6.6900 6.690 0.001 1.290 0.614 

d50_(mm) 2100 0.5969 0.3435 0.0830 3.4000 3.317 0.150 2.204 0.658 

C-(ppm) 2100 678.44 213.05 2.90 12900 12897 33.91 1829 1223 

 

Reference [21] used possible-subset regression with stepwise regression. The authors pointed 

that there is a limitation in stepwise regression search approach which is it presumes there is a 

single "best" subset of X variables and seeks to identify it. Nevertheless, there is often no 

unique "best" subset. Therefore, for huge input numbers best subset solution might give the 

most parsimonious model if the comparison parameter is sensitive to input number. 

The Best subset regression approach is adopted to fit and test (significance, F- Anavo) all 

possible combinations of the input variables in a regression equation and to select the best 

solution. The new approach is called Polynomial Best Subset Regression Model (PBSR). The 

aim of the polynomial design is to investigate if there is any nonlinear relationship between 

model inputs and the output by creating the nth power of the attributes and using them in the 

model considering the correlation between them.  So n is taken as 3 in this study. In this study 

10 non-dimensional variables are used as a starting point.  In fact, for thirty parameters, 

potentially 230 models (1073741824) could be developed. Before initiating the permutation 

process of the algorithm a constraint is applied to decrease the possible number (potentially 

possible) of the models. In the study well known collinearity diagnostic Variance inflation 

factor (VIF) is used to eliminate the models initially (VIF >3000). After this elimination 

possible 53009101 variations (different input combinations) are tried and compared to each 

other. In this process, the adjusted R2 is used to select the most parsimonious and the most 

accurate models. But the selected models still could have many collinear parameters. To 

overcome this problem the algorithm is modified to select the most accurate model while model 

input parameter selection is suppressed to decrease multicollinearity problem. The model 

algorithm is repressively adopted to eliminate the combinations (input sets) which includes very 



 

high VIF (>10) valued parameters by optimizing delta parameter that is used for sweeping 

operator in computation of reverse matrix. Different values of sweeping operators are tried 

between 10 and 1. These variables have been selected within the non-dimensional parameters 

of the 5 well-known formula in the literature. These formulas are 1-Engelund and Hansen’s 

(1967) (EH), 2-Ackers and White’s (1973) (AW), 3-Yang’s (1973) (YANG), 4-Karim’s (1998) 

(KARIM) formula, 5-Molinas and Wu (2001) (MW) formulas. 
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Where  represent of the symbols are; sediment concentration: (C-ppm), energy slope (S), flow 

depth (H-m), median sediment particle size (d50 -m), submerged specific gravity (Gs -1), 

velocityof water (U –m/s), shear velocity (U* -m/s), gravitational acceleration (g- m/s2), 

settling velocity for a particle (w – m/s), water kinematic viscosity (v -m2 /s). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Histogram of target Concentration (ppm), a- Raw data, b-Transformed data. 

 
To ensure the normality assumption of regression models, the dependent variable (C-ppm) is 

transformed by natural logarithm. The histogram of the concentration of carried sediment is 

presented in Figure 4.1. As shown in the figure after transformation the probability density 

function become close fit to the normal curve, indicating the accordance for the use in 

regression models. 

 

 

Results and Comparison of the New Formula 

New Proposed Formula (PBSR) 
The output formula of the PBSR model is (1); 

3,239 0,005
34,45

0,066 0,146

P J
C

L R


                                                                     (1) 
Where represent of the parameters in the equation (1) are C: total bed-material concentration in 

parts per million by weight, P: dimensionless particle parameter, J: dimensionless energy slope 

parameter, L: dimensionless length parameter, and R: dimensionless particle Reynold 

parameter, which are defined as (2): 
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                     (2) 

Where represent of the parameters in the equation (2) are   U: velocity of water, S: energy 

slope, Gs-1: the submerged specific gravity, d50 : the median size of particle diameter, H: 

height of water, U*: shear velocity, that is calculated equation (3); 

*U grS
                                                                                       (3) 

Where represent of the parameters in the equation (3) are g: gravitational acceleration, r: 

hydraulic radius, S: slope.  

So it can be concluded that this formula (1) can be used for the rivers which have a slope 

between 0.0002 and 6.69, Particle diameter-d50 with 0.083- 3.4 mm, concentration between 2.9 

- 12900 ppm.   

Model Evaluation and Comparison Criteria 

In literature, there are many statistics to compare the models. In general these statistics are 

known as “Goodness of fit statistics”.  These statistics are useful to understand how model 

capture the real world or at what points the model has a bias. Therefore each of them have 

different focus points. All the models are compared by using the validation (not used) data.  

According to Reference [22], model validation is the process of demonstrating that a given site-

specific model is capable of making “sufficiently accurate” simulations, although “sufficiently 

accurate” can vary based on project goals [23]. On the other hand, classical scatter diagrams are 

very useful to see where model underestimates or overestimates the real data (observational 

data).  

In this study beside scatter plots; correlation coefficients (r), Nash-Sutcliffe efficiency (NSE), 

and Logarithmic transformation variable (e) and Adjusted R2 statistics are used to compare the 

model accuracies. Additionally the error statistics Mean absolute error (MAE) and Percent bias 

(PBIAS) are used to examine the error perspective. All used statistics have different 

perspectives and focus on a partial side of evaluation. 

By using the determined model fit statistics, new proposed equation (1) and the benchmark 

model outputs are compared in validation dataset. The formula restrictions of the models are 

used in comparison process. Additionally, predictive capabilities of the models for field and lab 

data are investigated separately. 

Validation whole data set comparisons 

For the validation dataset the determined model performance statistics are given in Table II. 

According to table EH, AW and YANG formulas have bad performance in the sense of all 

criteria. Negative big values of NSE indicate that these three models are worse than average 

base models. The scatter plots of these models are given in Fig.1. As understood from 

Maximum Absolute Error statistics, these models produce very high inaccurate predictions so 

these unsignificant prediction decrease the performance of model sharply. According to the 

table 5.2, by the e and PBIAS the PBSR model tends to make underestimation while the MW 

tends to make overestimation.  For mixed validation data (Field+Flume) the best two models 

are PBSR and MW. When these two are compared, by all of the performance indices, the 

proposed model PBSR outperforms the others and the MW is relatively successful. 



 

 

 

Table II: Model comparison statistics for validation dataset. 

  PBSR Karim MW EH AW Yang 

Correlation 0.92 0.36 0.90 0.01 -0.02 0.02 

R. er. mean 0.54 14.02 4.59 2775 20651 167 

e -0.01 0.81 0.53 1.99 0.88 1.30 

NSE 0.82 -43.76 0.71 -23856 -3976 -4834 

PBIAS 0.68 -556 -9.49 -35666 -5430 -5795 

Adj. R2 0.846 0.119 0.810 -0.014 -0.008 -0.012 

Max AE 3989 53607 1726 98831 22080 83189 

Median AE 91 1703 393 637769 691 45673 

Mean AE 287 4464 448 46625 41594 66418 

 

 

Figure 1: Scatter plot of PBSR-KARIM-MW for validation. 

 



 

Model comparisons for Field dataset. 
The models are compared with their field data (within validation set) predictive capacities. 

Table III, represents the determined statistics of the models for field data. In comparison 

process only validation data is used and the specific restrictions of the models are considered. 

The field data performances of the EH, AW and YANG are very bad estimation. The NSE 

statistics of these three are all negative and the correlation coefficients are almost zero. Mean 

relative errors are huge when compared to the other models (PBSR, KARIM and MW).   For 

field data best two models are PBSR and KARIM. 

 

Table III: Model comparison statistics for field dataset. 

  PBSR Karim MW EH AW YANG 

Correlation 0.86 0.84 0.28 0.30 -0.02 0.41 

R.Er.mean 0.54 24.05 2.97 4661 37043 302 

e 0.01 1.32 0.56 3.27 1.41 2.26 

NSE 0.51 -217 -0.54 -611 -1942983 -2313 

PBIAS -13.3 -1470 -4.67 -9071 -1414486 -1424 

Adj. R2 0.74 0.71 -0.25 0.07 -0.01 0.15 

Max AE 3989 53607 567 9883 22080659 83189 

Median AE 81.7 3665 453 8578 6350 95710 

Mean AE 250 7756 426 7845 7460815 11759 

 

The correlation coefficients and the Adjusted R2 values of PBSR and KARIM are close to each 

other. Strangely the NSE value of KARIM is negative and high. This means that the model is 

worse than the base average model. KARIM gives very high overestimations for most field 

data. But the variations of KARIMs’ predictions are synchronous with observations. This is 

why the correlation coefficients and the Adjusted R2 values are high. However, NSE and some 

other model comparison criteria detect this critical point. The PBIAS value is very high and 

negative (-1470) indicating that the model overestimates, the “e” (1.32) is positive and close to 

the “e” value of AW (1.41). So after detailed examinations it can be concluded that for field 

data set the proposed PBSR formula outperforms all the others. 

Model comparisons for Flume (Lab) dataset. 

The performance statistics of PBSR, KARIM and MW are close to each other. The ranking for 

all fit statistics of table IV is PBSR, KARIM and MW. As seen from the figures KARIM and 

MW formulas give high deviations for large values of sediment concentration. For Flume 

dataset PBSR, KARIM and MW give better performance than others (EH, AW, YANG) (Table 

IV), (Figure 2). By correlation coefficients and Adjusted R2 values these three models (EH, 

AW, YANG) seems they cannot capture almost nothing in the variation of the observed lab 

data. But this immediate result may not be completely true, since these statistics (like many 

others) are very sensitive to extreme data. For example after the restrictions of EH formula in 

validation dataset there exist only 154 data and for only 7 data the EH model produces 

extremely huge values. Because of this the correlation coefficient and the Adjusted R2 value 

are approaching zero. If these 7 data points are eliminated from the dataset, then the correlation 

coefficients rise to 0.87 (from 0.03). However, these seven points are completely concordant 



 

with the restrictions of the formula; all the attributions of these 7 cases are within the restrictive 

boundaries of the formula. 

Table IV: Model comparison statistics for flume dataset. 

  PBSR KARIM MW EH AW YANG 

Correlation 0.95 0.93 0.90 -0.03 0.07 0.005 

R. Er. mean 0.55 1.49 4.87 174.30 25.93 14.06 

e -0.03 0.18 0.53 0.22 0.22 0.21 

NSE 0.89 0.84 0.76 -8866 -561 -229 

PBIAS 9.40 12.03 -12.48 -1398 -529 -538 

Adj. R2 0.90 0.87 0.81 -0.03 -0.01 -0.03 

Max AE 3107 6643 1726 953505 665133 172068 

Median AE 118 152 373 154 185 205 

Mean AE 333 352 452 27259 5708 8416 

 

Figure 2: Scatter plots of flume data in validation, (PBSR-KARIM-MW). 



 

 

Conclusion 

In this study, 10 non-dimensional parameters of the sediment transport are used with their 

second and third order powers to capture nonlinear relationships. Since the parameters are 

generated from their powers there is a high correlation within the input dataset. The new 

formula is compared with 5 well known sediment formulae in the literature. The proposed 

formula outperforms the compared models in terms of model fit statistics  

As a conclusion, the results show significant successful estimation of Polynomial Best subset 

regression (PBSR) for total sediment load. It has high prediction accuracy. Therefore, the 

proposed formula, PBSR model, can be used in sedimentation engineering applications. 
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Abstract. The main environmental problems in Kosovo include all issues related to water 

supply and sanitation system, air quality, solid waste management.  The major problem remains 

high pollutions, energy losses and low collection efficiency. The awareness of environmental 

issues among the general public is poor.Air quality is degraded by various polluters, including 

traffic and two big thermal power plants which are located close to the surface lignite deposit in 

Obiliq. Emission of dust and ash from the thermo power plants exceeds by far the EU 

standards. Gas emissions have a high level of PM, CO2, SOx, NOx. For coal generation, 

reducing non-GHG pollutant emissions (SO2, NOx, PM) is significantly important. Additional 

problems are the ash hills that have more than 40 million tons of ash and are taking about 165 

ha of agricultural land, as well as the pits created the coal extraction in the lignite open pit 

mines. 

 

Keywords: industrial technology, air pollution, particulate matter, cyclone, electrostatic 

precipitators. 

 

 

Introduction 

Airborne particulate matter with aerodynamic diameters less than 10 microns (referred to as 

PM10) is one of the six criteria pollutants used by the U.S. Environmental Protection Agency as 

indicator of air quality. During the last decade, the health effects of urban aerosols have become 

a major concern for the society. At the same time, the radiation forcing by the natural and 

human-related aerosol particles has become a pressing concern when predicting global climate–

change. In urban areas of developed countries, traffic is the largest single source of aerosol.  

Kosovo currently wastes the majority of the electricity it produces in its two filthy lignite 

plants: 35 percent is lost through technical losses and theft and much more is wasted through 

lack of energy efficiency measures. Plans to build a new coal plant close to capital Prishtina 

have been around for over a decade, starting out as a planned 2000 MW unit that would turn the 

country into the leading energy exporter for the Balkans. Yet, lack of investors and resistance to 

a massive lignite project in a country that already has the highest single point-source of carbon 

emissions in Europe have gradually diminished ambitions. While the plant is being depicted as 

necessary to ensure the country’s energy security, 35 percent of electricity is lost in distribution 

(of which around 17 percent are technical and a result of an old grid and the other are 

commercial losses, i.e. theft), and much more is lost as a result of lack of energy efficiency 

measures in buildings. a range of alternatives exists to meet present supply constraints all at a 

lower cost than constructing a proposed 600 MW coal plant. The options include energy 

efficiency measures, combinations of solar PV, wind, hydropower and biomass, and the 



 

introduction of natural gas. Concerns about costs have been heightened by the “Kosova e Re” 

project only receiving a single bid, which diminishes the likelihood of the Government getting 

good value for money. 

 

Pollution damage to health in urban infrastructure 

 

Kosovo currently has 835 early deaths per year and estimated direct costs of around EUR 100 

million annually due to air pollution, of which the lignite plants are responsible for a substantial 

proportion. (Source: World Bank).However, far from solving this problem, a new lignite plant 

would perpetuate the health risks from coal for several more decades. Due to the location where 

the “Kosovo e Re” plant would be built, it is likely that emissions will exceed EU ambient air 

quality standards, even if “Kosovo B” and “Kosova e Re” meet EU emission standards. No 

reliable air quality monitoring is taking place, so it is difficult to prove that air quality would be 

acceptable with a new plant. Increased public awareness posed by global warming has led to 

greater concern over the impact of anthropogenic emissions from industrial production.  

The dust particle emissions of PM2.5, PM10 and TPM have been the subject of claims and 

there is urgent need to minimize the increase in the emission levels by reducing the mass load 

emitted from the exhaust stacks. The particle concentrations are generally toxic and hazardous 

which can be a serious health risk to humans not limited to respiratory ailments (asthma, 

bronchitis, tuberculosis, etc), but also to the photosynthesis in plants. Tall stacks have 

traditionally been used to reduce ground level concentrations of air pollutants at minimum cost. 

Their effectiveness depends on height, velocity and temperature of the stack gases, and 

atmospheric conditions such as wind speed and direction, atmospheric stability, local 

topography and air quality as such serious environmental effects such as acid deposition and 

forest decline can occur in a sensitive receiving environments or remote locations. This lead to 

the development of an alternative air pollution control systems; such as wet scrubber systems, 

gravity separators, centrifugal collectors, fabric filters (bag house filters) cyclone and 

electrostatic precipitators (ESP) respectively. 

 

 

Dust Emission Separator in Air Pollution Control 

 

Cyclone is an air pollution control unit without any moving parts which separates dust emission 

from a gas stream by altering the inlet gas stream into a confined vortex. The unit is one of the 

most widely used separator in many industries and played important role in removing industrial 

dust from air or process gases. 

 

http://siteresources.worldbank.org/INTKOSOVO/Resources/KosovoCEA.pdf


 

 
Figure 1 Cyclone with axial entry 

 

Methodology 

 

Collection Efficiency of de Duster 

 
The cut diameter (dpc) is a semi-empirical relationship developed by LappleC.E.[1951], which 

referred to the size (diameter) of dust collected at 50% efficiency. The dpcis a convenient 

method in expressing the efficiency of a dust control device, which is shown (1) as follows: 

 

𝑑𝑝𝑐 = [9𝜇𝑊 / 2(𝜌𝑝−𝜌𝑔)]1/2                     (1) 

 

where μ is the gas viscosity (kg/m3), W is the maximum radial distance of particulate (m), Ne is 

the number of effective turns, Vi is the gas inlet velocity (m/s), ρg is the density of gas (kg/m3) 

and ρpis the density of dust (kg/m3). The value of W is difficult to obtain analytically and in this 

study, the W value is obtained using a modification of Stairmand cyclone dimension with 

tangential entry based on same hydraulic diameter of axial and tangential entry Safikhani 

[2011]. Equations (2) and (3) are the tangential entry dimensions of a cyclone introduced by 

Stairmand [1991], 

𝐷= 𝑊 / 0.375               (2) 

 

𝐷= 𝐻 / 0.75                 (3) 



 

where  W is the width of tangential entry (m), H is the height of tangential entry (m) and D is 

the diameter of cyclone body (m). Substitution of (2) into (3), will produce Equation (4) as 

follows 

 
𝐻= 2𝑊 (4) 

 

The hydraulic diameter (DH) of tangential entry is referred to the W and H values as shown in 

Equation (5),  

 

𝐷𝐻 = 2𝐻𝑊 / 𝐻+𝑊  (5) 
 

Meanwhile, the hydraulic diameter (DH) of axial entry is referred to the D &De values as shown 

in Equation (6), 

 

𝐷𝐻= 𝐷−𝐷𝑒   (6) 
 

where D is the diameter of the body of the cyclone (m) and De is the diameter of the vortex 

finder (m) as shown in Figure 2. 

 

 

 
 

 

Figure 2 Schematic diagram of a miniature cyclone 

 

Substitution of (4) and (5) into (6) will produce Equation (7) as shown below 

 

𝑊 = 3 / 4 (𝐷−𝐷𝑒)                          (7) 

 

Finally, substitution of (7) into (1) will generate the equation of cut diameter for axial entry as 

shown in Equation (8), 

 

𝑑𝑝𝑐 = [27(𝐷−𝐷𝑒) / 8(𝜌𝑝−𝜌𝑔)]1/2                                                        (8) 

 



 

According Frank R. S. and Nancy W. E. [2005], wet scrubbers have important advantage when 

compared to other air pollution control devices. The device can handle large volume of gases, 

can collect dust particulates like flammable and explosive dusts, foundry dusts, cement dusts 

and can absorb gaseous pollutants, acid mists, furnace fumes. The most common type of wet 

scrubbers are the spray tower scrubber, packed bed scrubber, mechanically aided scrubber, 

venture scrubber, etc. But cyclone described in Figure-1 is the simplest and low-cost. The dust 

particles are then separated from the gas stream and collected in a pool at the bottom of the 

chamber. A mist eliminator is usually placed at the top of the spray tower to remove both 

excess clean water droplets and dirty droplets which are very small and thus are carried upward 

by the gas flow. Although spray tower scrubbers are commonly used to remove particulate 

matters PM2.5, PM10, and PM as TPM and other pollutants as presented in Afrim S, PhD [2009]. 

However, the exact mechanisms governing the optimum particleremoval efficiency of the 

system in relation to the liquid droplet size and the liquid to gas ratio and the performance of 

the system based on the air quality standards are not fully described. The objective of the 

present study is to promote a better understanding of the sub-micron dust particle removal 

characteristics of spray tower scrubber system by analytically exploring the design of the 

system using data obtained from coal industry (Table-1), investigate the effect of droplet size 

and liquid to gas ratio on the removal efficiency of the scrubber system and evaluate the 

performance of the system using predicted values of the particle removal efficiency by 

considering the World Health Organizations (WHO) air quality standard for PM10. 

 

Table-1. Exhaust particle-laden gas data. 

 

Parameters Specifications 

Volume flow rate         29.13 m3/s 

Mass flow rate         33.08 kg/s 

Gas density       0.82 kg/m3 

Dust burden (Concentration)       22, 859μg/m3 

 

 

Combustion of Coal and Dust Emission 

 

Table 1 indicates that the combustion of coal is one of the major industrial sources of 

particulates across several size ranges and within two source sectors, Power stations and other 

industry. 

Particulate emissions from combustion of coal at large combustion plant have been regulated 

for many years. Major combustion installations provide estimates of annual PM10 emissions to 

the Kosovo regulatory authorities. 

The Other Industry sector PM10 emission estimates for the 2012 based on a USEPA[2011] 

emission factor for stoker-fired boilers. This factor is considered to have a high uncertainty for 

this broad sector which includes a wide range of combustion technologies and plant size. 

However, the PM10 factor has not been considered in this task as it is addressed elsewhere in 

this project. 

The current sub-PM10 emissions is very high This provides a speciation profile for the PM10, 

PM2.5 and PM1.0 species for the combustion of coal using ESP (electrostatic precipitators and 

cyclone) as abatement technology. Almost all major Kosovo coal-fired power stations have 

ESPs for particulate abatement, two stations also have Flue Gas Desulphurisation scrubbers, 

cyclones and one station (currently in receivership) has fabric filters. Other Industry sources 

include a range of abatement techniques however. The present environmental situation in 



 

Prishtina, put as in front of the responsibility to act more rationally towards nature and to be 

more responsible towards the protection of the environment for future generations.  

 

 

Air  quality and Pollution Control 

 

The lack of protection of the environment during the last 15 years, as well as the conflict in 

Kosovo is the origin of huge problems regarding present environmental situation in Kosovo. 

Urban air contains dust particles and gases, added on it is as results of normal activity of the 

city and industries in them. Exposure to airborne particulates PM10 and PM2.5 containing low 

concentrations of heavy metals, such as Lead(Pb), may have serious health effects. However, 

little is known about the specification and particle size of these airborne metals. Fine and PM10 

particles size in aerosol samples from the Prishtina urban area were exanimate in detail to 

investigate metal concentrations and speciation.  

Sampling of suspended particulate matter, PM10 and PM2.5 started in July April 2015 and are 

still in progress at three sites in the very urban area of Prishtina and Mitrovica. Suspended 

particles were collected on Pure Teflon filters, Whitman (37 mm diameter, 2µm pore size) and 

Pure Quartz, Whitman (37 mm diameter) filter paper, using the low volume air sampler Mini-

Vole Air metrics Co, Inc.(5 l min-1 flow rate). The duration of each sampling period was 24 

hours. The filter samples were sealed in plastic bags and kept in portable refrigerators, in 

horizontal position during transport back to the laboratory. Particle mass was gravimetrically 

determined by weighting loaded and unloaded filters, after 48 hours conditioning in a 

desiccators, in clean room class at the temperature T=20 ˚C and constant relative humidity RH 

around 50%. 

 

 

 Kosovo needs to increase renewable - energy efficiency and decrease dust with CO2 

emissions 

By 2020, Kosovo has committed through the Energy Community to source 25 percent of 

overall energy from renewable sources and improve energy efficiency by 9 percent. And as the 

country is aiming to join the EU, it will have to adhere to ever stricter CO2 reduction targets 

(likely to be 80-95 percent for the EU as a whole by 2050). This one coal power plant alone 

will likely swallow up most of the country's carbon budget by 2050, leaving a choice between 

closing the plant earlier than planned or paying penalties.From the World Health 

Organization’s, WHO annual and 24 hour mean air quality standard for PM10, the dust particle 

concentration must not exceed an annual mean of 20μg/m3 and a 24-hour mean of 50μg/m3. 

Considering this, a model which relates the particulate collection efficiency and the 

concentration of the dust particle entering the scrubber (dust laden) and the WHO [2005] air 

quality standard concentration was used

Conclusions 

The proposed system can be used in controlling air quality - particle sizes of 5μm and 10μm 

that are emitted from industrial productions. It is expected that the information provided in this 

paper will be useful for engineers and researchers for many air pollution control applications 

especially in the areas of particulate matter (PM10) emissions.The study also showed that the 

predicted pressure drop of de-Duster was the lowest compared with other conventional 

cyclones suggesting of its ability reducing the operational cost of the system. 

 

http://bankwatch.org/campaign/coal/energy-community
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Abstract. The structural engineering design problem consist in an iterative process of design. 

Various authors have analyzed the optimization of steel structures using different algorithmic 

approaches. These techniques are generally grouped in deterministic or meta-heuristics. From 

the introduction of structural optimization in the 1960’ up to now, various methods have been 

proposed. A GA genetic algorithm, is built and applied in this study using MatLab soft R2017a 

to crossed beams systems. The structural analysis is done applying the direct stiffness method 

with constraints verification based on EuroCode 3:2005 criteria.  Results are reported in the 

study.  
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Introduction 

Steel crossed beams or plane grillages (Fig. 7) are simple space structures with similar behavior 

to steel frames, but with differences in the way the loads are applied to the scheme, which are 

perpendicular to the plane of the structure.  

The design problem of the grillage structures consist in finding the appropriate sections for the 

longitudinal and transversal beams. In this study the Ultimate Limit State and Service Limit 

State of EuroCode 3: 2005 constraints are applied. 

The optimal design problem automates the process. It’s not the designer, who decide which 

section profiles should be verified; but it’s the algorithmic process, which input the profiles 

from a standard commercial list and verify them to satisfy the given constraints. These include 

stresses, displacements and geometrical limits, expressed in terms of internal forces 

verifications and ultimate displacements.  

The algorithmic iteration in this study is done applying the genetic algorithms or the GAs, 

which are part of the meta-heuristic optimization methods and evolutionary algorithms. They 

use computational models of evolution and selection. These mechanism of Darwinian evolution 

and natural selection are encoded in the algorithm. 

Typically, an optimal design problem consist in: (a) objective function, (b) design variables, 

and (c) constraints [1]. The design variables are those parameters to be determined in order to 

generate an optimal solution. The objective function in this study is the total weight of the 

structure.  

     The process of sizing can be continuous or discrete. In this study the structural members are 

adopted from a set of available sections, so the design problem is a discrete sizing optimization. 

mailto:ersilio.tushaj@gmail.com
mailto:tonsaliu@yahoo.com
mailto:nlako@yahoo.com


 

 

Fig. 7. General scheme of the grillage structure (crossed beams) 

Methodology 

The optimal design problem is built in MatLab soft R2017a, a numerical computing 

environment and a programming language, which allows matrix operations, plotting of 

functions and implementation of algorithms.  

The “Global Optimization Toolbox” is installed in MatLab and the Genetic algorithm function 

@ga is applied modifying some genetic parameters, such as: “PopulationSize”, 

“MaxGenerations” and “EliteCount”. The convergence criteria are imposed in terms of 

“FunctionTolerance”, “MaxStallGenerations” or “MaxStallTime”.  

The structural analysis of the scheme is done applying the direct stiffness method The grillage 

structure is analyzed dividing the scheme in elements with three degrees of freedom for node: 

two rotations and one vertical displacements (Fig. 8).   

For the GA design process is used a Portable Laptop i3 2.2 Ghz with 6 Gb Ram working on 40-

60 % of his potentiality.  

 

Fig. 8. Degrees of freedom of the (i-j)-th element 

 

There are built three mayor Scripts: “Input data”, “Crossed beams structural analysis” and 

“GA” and the following functions: “fitness functions”, “internal forces”, “stiffness matrix”, 

“transformation matrix”, “node loads” and “internal displacements”. 

 
  



 

 

Structural analysis 

The structural analysis is done applying the direct stiffness method and the elastic beam 

deflection line equations for the internal displacements of the elements. The elements stiffness 

matrix, the vector of equivalent node loads and node displacements, respective to the local 

system are given in (1): 
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{
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    (1) 

The stiffness matrix is transformed respective to the global system. Vlasov torsional stiffness 

effects are considered, composed of uniform and non-uniform warping stresses [2]. Due to 

complicated calculations and differential equation analysis, the warping effect is considered 

multiplying the stiffness value with a β coefficient, evaluated from Hoogenboom [3]. The value 

of β is given in (2.1),(2.2) and (2.3):  

 β =
β0

β0−2
;    β > 5;   when both member ends cannot warp;        (2.1) 

 β =
β0

β0−1
 ;    β > 3;   when one member end cannot warp  (2.2) 

β0 = l√𝐺𝐼𝑡/𝐸𝐶𝑤    (2.3) 

𝐺𝐼𝑡- Saint Venant torsional rigidity, 𝐸𝐶𝑤 – warping torsional rigidity  

The total stiffness matrix of the structure is built assembling the single element stiffness 

matrixes respective to the global system. Applying well known stiffness matrix manipulation by 

Pojani [4] and Skenderi [5], free nodes displacements and internal forces of torsion, bending 

moment and vertical forces are evaluated for every element. Internal displacements for every 

beam element are evaluated too.  

 

 

EuroCode 3: 2005 

EuroCode resistance values represent the Constraints of the Optimal Design Problem. Ultimate 

limit state verification, based on EuroCode 3 2005 for the resistance of cross sections are done 

for torsion, bending and shear forces. Buckling resistance of members is evaluated for uniform 

members in bending and lateral torsional buckling. Service limit states are applied for the 

deflections of beams. Torsional resistance values for uniform and warping stresses are imposed 

by Trahair [6].  

 

 

GA algorithm  

The GA have been firstly proposed by Holland [7], in 1975. The GA algorithmic scheme, 

known as the Simple GA, commonly used in most applications up to now, has been further 

developed by Goldberg [8] in 1989. It consist in an iterative coding and decoding of the 

variables of the problem in a binary string of 1001010, for which is evaluated the fitness 



 

function of the total weight of the structure. An initial population of individuals is built. The 

next generations are created applying crossover and mutation operators. An Elite number 

defined by the designed is chosen to be part of the next generation. The algorithms stops when 

the convergence criteria is met:, no further improvements are achieved after a certain no. of 

generations. 

 

 

Optimal design problem variables    

Possible values of the variables are the: I-shaped standard European Commercial steel sections, 

from IPE 80 to IPE 600. 1All these sections are classified as Class 1.  

The list of possible sections are indexed from IPE 80 to 600 with an equivalent index from 1 to 

18. All the sectional properties such as height, width, cross sectional area, moment of inertia, 

torsional constant and others are given with their exact value. 

 

 

Case studies and Results 

Some case studies are analyzed with the GA algorithms. The beams are grouped in two or four 

variables, one or two for every elements direction. Continuous beams have the same cross 

sectional area. In the case of four variables, two for direction: one variable is for the 1/3 of 

lateral beam elements, and the other for the 1/3 of middle beam elements.  The general scheme 

of the grillage structure is given in Fig. 9. The general dimensions are L x H (meters), with 𝑟 −
1 longitudinal beams and 𝑛 − 1 transversal ones. The beams are considered schematically with 

fixed ends. Detailed geometry of the grillages, and respective results are reported in Table 1.  

Different genetic parameters are applied in order to evaluate how the optimal weight value in a 

population of one generation or the 𝑏𝑒𝑠𝑡𝑓, changes during the GA iterations: 

'PopulationSize',50,'EliteCount',20,'MaxStallGenerations',10-50, 

The 'MaxGenerations'is maintained with a value of 2 ∗  𝑛𝑜. 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠. The algorithm 

usually ends with convergence criteria of 'MaxStallGenerations', before the 

'MaxGenerations' is achieved.  

                                                                 
1 Characteristics of the cross sectional areas for these profiles can be found at www.oppo.it. 

http://www.oppo.it/


 

 

Fig. 9. General scheme of the grillage structure. 

 

Table 1. Results of the Case studies analyzed 

 Grillage 

dimension 

L x H (m) 

No. 

of 

divisions 

𝒏 𝒙 𝒓 

Total 

no. of 

beams 

No. of 

variables 

Optimal 

variables 

value 

Optimal 

weight 

value  

𝒃𝒆𝒔𝒕𝒇 

(kg) 

No. of 

generat

ions to 

achieve 

𝒃𝒆𝒔𝒕𝒇 

Time 

to 

𝒃𝒆𝒔𝒕𝒇 
(s) 

 
15 x 10 5 x 5 40 2 

IPE 120 

IPE 330 
2588 kg 5 5s 

 
30 x 12.5 10 x 5 85 2 

IPE 140 

IPE 400 
9006 kg 5-10 10s 

 
16 x 16 10 x 10 117 2 

IPE 500 

IPE 200 
16286 kg 5-10 10s 

 

16 x 16 10 x 10 117 4 

IPE 80 

IPE 550 

IPE 240 
IPE 330 

10968 kg 30 30s 

 

12 x 12 10 x 10 117 4 

IPE 160 

IPE 550 

IPE 100 

IPE 330 

7304 kg 30 30s 

 The results show that optimal values 𝑏𝑒𝑠𝑡𝑓 are achieved after a few generations. For every 

generations is observed how the individuals tend to uniform respective to optimal weight 

values. 

Higher values of ‘PopulationSize’than 50, ‘EliteCount’ than 20, and convergence criteria 

‘MaxStallGenerations’than 10, does not bring further improvement of the 𝑏𝑒𝑠𝑡𝑓.  Results are 

compared with two other studies of Saka [9] and Erdal [10], for the schemes analyzed under 

similar conditions.  

 



 

 

Conclusions 

Applying optimization algorithms, the engineering design process is automated with direct 

output result the cross sections of the beam elements. Some schemes with different dimensions 

have been optimally designed.  

     Transversal beam elements along the shorter distance are optimally sized with more rigid 

cross sections, compared to the longitudinal one. They behave as a unique beam with fixed ends 

loaded by uniform load and equivalent concentrated load transferred by the longitudinal beams. 

At the opposite the longitudinal beams with lower rigid sections, behave as continuous beams 

with internal support settlements. The results have reported 𝑏𝑒𝑠𝑡𝑓values 10% lower compared 

to other studies of Saka and Erdal.  

     Also, the analysis of the values of the 𝑏𝑒𝑠𝑡𝑓 in a generation shows that the efficacy of the 

GA algorithm in finding the best optimal value is guaranteed. In contrast, the no. of variables 

and the necessary iteration time increases proportionally.  

     Further it was analyzed how some GA parameters influence the process. It was observed 

that above some values, there are no further improvements for the algorithm.  The efficacy of 

the GA algorithm applied in the analyzed schemes resulted satisfactory, further studies are 

necessary on the efficiency of the algorithm.  
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Abstract. This paper will present the case of the planned project of the Bypass in Gjirokastra, a 

UNESCO World Heritage Site. The case argument is a technical account shown in 5 main 

group arguments against the planned and approved project for the construction of the new road 

known as the “Bypass”, standing at the heart of the Historic Center of Gjirokastra. The 

construction of the road, aims the diversion of automobile traffic from the Bazaar, turning it 

into a pedestrian zone. However a few procedural problems were noted with the project and 

after further control, it became clear that the project was not fulfilling its  aim, and furthermore 

posed a threat to the historical center. A detailed report was then drafted by the “Forum for the 

Protection of the Values of Gjirokastra”, introducing the problems, that this infrastructural 

intervention will bring to the historic city of Gjirokastra.  

 

Keywords: Cultural heritage, World Heritage Site, New infrastructure development, Heritage 
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Introduction 

The following article is an account presenting a professional movement opposing a planned and 

approved project for the construction of a new road known as the “Bypass”, which endangered 

the Historic Center of Gjirokastra. The project, consisted in the construction of a new road, with 

the initial aim of diverting automobile traffic from the Bazaar, turning it into a pedestrian zone. 

However after a few procedural problems were noticed, it became clear that the project itself 

was not fulfilling its original aim, and furthermore posed a threat to the historical center. During 

the only public consultation session held for the project, these shortcomings were mentioned 

however they were not considered further by the responsible authorities. At this stage a detailed 

technical report was drafted by the “Forum for the Protection of the Values of Gjirokastra”, in 

collaboration with a wide participation of different professionals who studied the multi level 

effects of this project. Five main group arguments are introduced below with enough supporting 

evidence to demonstrate the jeopardizing effects that this project will have on the entire cultural 

heritage ensemble of Gjirokastra, if implemented. The following list of the identified technical 

and legal arguments, show the perceived damages of this project to the structural integrity as 

well as the Outstanding Universal Values of the city of Gjirokastra.   

 

 



 

Procedural and administrative problems 

The project is in breach of the initial Terms of Reference, which specifically request a solution 

in the surroundings of the Historic Center and Buffer zone. However, the approved project 

footprint stands on a protected green zone inside the Historic Center and in a potential 

Archeological Zone. The winning project announced by the competition, and the approved 

version, significantly differ in the fact that the latter doubles the estimated cost, and has a 

different footprint (almost 100m reduction). Also two Cultural Monuments (traditional houses), 

have been removed from the List of Monuments due to the fact that they stand on the footprint 

of this project. However, the Administrative Court of the First Level of Gjirokastra has repealed 

theadministrative order which removes the traditional houses from the cultural monuments list 

due to procedural violations. 

 

 

Legal problems 

The project goes against (i) the Law on “Cultural Heritage” No.9048, date 7.4.2003 (amended), 

specifically Article 29 that prohibits interventions and new constructions in Historic Centers 

and Protected Zones, (ii) the Albanian Charter on Restoration (D.C.M No.426, Date 13.7.2007) 

criteria and principals that request any solutions for transport to be designed outside of the 

Historic Centers and the Bazaar Zone, (iii) the Regulation on the “Protection, Integrated 

Conservation and Management of the Historic Center and Protected Areas of the City of 

Gjirokastra” (D.C.M No. 619, date 7.7.2015), more specifically Article 5, 8 and 9 that prohibit 

any new and permanent constructions within the Historic Center and their green areas. 

 

 

Technical and professional problems 

There are at least eleven studies starting from the 1980’s, showing the planned project area as 

geologically vulnerable and in need of immediate intervention. These studies also depict a deep 

geological tectonic fault passing underneath the castle, making this a problem area in terms of 

geology and seismicity. Additionally, this project has a very high impact on the landscape, 

transforming one of the views which currently serves as the Emblem of Gjirokastra 

Municipality, the Gjirokastra Regional Council and several other organizations in the city. The 

bearing walls of the new planned road also visually compete with the Castle violating thus its 

esthetics and that of the surrounding monuments (image below).The project is not in 

accordance with the UNESCO recommendations, which suggest that a thorough transportation 

infrastructure study of the Historic Center of Gjirokastra be prepared prior to any decision for 

the “bypass”. This recommendation is expressed in the decision adopted by the World Heritage 

Council on the 39th session in Bonn, Germany (28 June - 8 July 2015). The project is not based 

and does not contain a detailed study of the infrastructural or mobility situation in the Historic 

Center and Protected Zone of Gjirokastra. Further potential negative impacts on the 

environment are also not taken into consideration by the project documents. 

 

 



 

Disagreements with the priorities of the Protected Historic Center 

of Gjirokastra 

The project is approved notwithstanding the lack of a management plan for the Historic Centre 

(a repeated request from UNESCO) and the Protected Area. Furthermore the project is not in 

accordance with the priorities and urgent needs for preservation and conservation of the 

Historic Centre of Gjirokastra. The latest 2015 study prepared by an international NGO in 

collaboration with the local office of the Regional Directory of National Culture and Epoka 

University, shows that in the Historic Center of Gjirokastra there are 169 monuments of the I 

and II Category in a state of high risk for total collapse.  

 

 

The negative Impact of the Outstanding Universal Values  

Gjirokastra was declared as a World Heritage Site in 2005, once it met criteria (iii) and (iv) set 

by UNESCO.  This project directly affects both of these criteria by introducing an aggressive 

intervention that is unharmonious to the urban and natural environment, degrading the cultural 

values that are an integral part of the urban planning of the Historic Center of Gjirokastra, but 

also by demolishing two vernacular houses, Monuments of II Category, while transforming the 

urban typology of the historic zone.   

 

The severity of this project is intensified due also to further developments concerning this 

project. On the 8th of February, 2017 the National Council of Territory, with a board of 

Ministers chaired by the Prime Minister, have approved the General Local Plan of Gjirokastra, 

which includes the footprint of this Bypass, giving this project thus the highest level of 

approval, 

Gjirokastra has been a World Heritage Site since 2005, and the Forum for the Protection of the 

Values of Gjirokastra have worked extensively with the aim of raising awareness for the 

inclusion of Gjirokastra in the UNESCO List. Now, almost 12 years later, following in the 

footsteps of the Forum, a new professional movement formed as a direct response to this 

damaging project, and is now asking for the repeal of the “Bypass” which is putting the heritage 

values of Gjirokstra under critical pressure. As a result, responsible national and international 

authorities have been called into action by means of public forums, technical meetings and 

official requests, in order to abolish the project. This measure was promised in the last meeting 

held on the 30th of March, in the presence of the national and local authorities, however, we 

remain pending on the follow-up with the appropriate legal acts.  

The two figures below show the differences in form and solutions between the two projects, the 

initial competition and the NCR approved project: 

 



 

 

Figure 1: Original proposal of the competitionFigure 2: Current and approved proposal by the 

National Council of Restoration. 

 

Conclusions 

The historic town of Gjirokastra for a long time has been regarded as an icon of the Albanian 

heritage ensemble, as its rich material shows part of a story deep and complex, with 

archaeological evidence dating back from the early medieval period within the city, all the way 

to the Bronze Age in the hinterlands. There are many distinguished intellectual figures who 

have written about this extraordinary city, like Lord Byron, Edward Lear, Musine Kokolari, and 

in particular the outstanding writer Ismail Kadare. The well-known Historian of the Ottoman 

Architecture, Machiel Kiel, wrote that Gjirokastra is the best-preserved and most picturesque 

city of the Balkan Ottoman Period. 

Moreover, the city of Gjirokastra has inspired a pioneer movement in heritage conservation in 

Albania, dating back to 1961, three years before the adoption of the Charter of Venice (in 

1964). This movement consisted in the restoration and preservation of vernacular architecture 

on a large scale. Gjirokastra is really an exemplary historic city, not only for the historical and 

architectural value, but also as a center that embodies the culture of different religions and 

minorities. Because of its properties in tangible and intangible heritage, Gjirokastra has long 

been hosting the National Folk Festival, which takes place inside the Castle. (This raises the 

issue of the impact of the "bypass" operation at the time of the Festival, which will surely create 

significant influx of vehicles during this period.) 

 

What we aim to achieve by this movement is a more effective use of public money, to be put in 

service of the preservation of the unique and unrepeated cultural heritage ensemble of 

Gjirokastra. The so called “bypass”, can be planned to not only fulfill the original aim of 

diverting traffic from the Bazaar, but also to aid public services such as - waste collection and 

management, improvement of emergency and risk response, as well as the renewal of the urban 

transportation of Gjirokastra. A better allocation of this investment can be envisioned for the 

improvement of the infrastructural network, offering alternative solutions for mobility, but only 

following the two prerequisite studies; (1.) the management plan for the Historical Center and 

the Protected Area of Gjiroastra, and the (2.) the mobility/infrastructural study.  
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Appendix: Extracts from laws and regulations on Heritage, and 

map of historical center of Gjirokastra 

Law No.9048, date 7.4.2003 “On Cultural Heritage” (amended) 

Article 27   

Cultural Monuments of the II Category are objects with particular values, mainly on their 

exterior facade. The minister responsible for culture declares these objects as Cultural 

Monuments of the II Category. 

Article 29  

1. Museum areas, museum ensembles, historical centers, archeological parks are categories of 

objects considered as sets, to be conserved in their entirety as historical-archeological, 

environmental complexes. 

 2. With regards to this category of objects any new construction is prohibited, with the 

exclusion of underground engineering infrastructure and reconstructions. In the case of 

reconstruction or restoration the project has to be approved by the National Council of 

Restoration.  

3. Museum areas, museum ensembles, historical centers, are declared such with Decision of the 

Council of Ministers, after a proposal by the minister responsible for cultural heritage.  

4. The regulation on the administration for the abovementioned category of objects and the 

protected area around those objects is approved by Decision of the Council of Ministers, after a 

proposal by the minister responsible for cultural heritage.  

5. Partial or complete revocation of the degree of protection in this category of objects can be 

done only by decision of the same institution that decreed the protection.  

6. Cultural Monuments of I and II Category in historical centers, museum cities, museum 

ensembles can be utilized for other functions, in as much as these functions do not compromise 

the object’s values. They can be utilized as monument institutions, photo or art galleries and 

other such installations. 

 

 

The Albanian Charter of Restauration (DCM No.426, Date 

13.7.2007) 

Article 

                                                                 
2This study is included in the “State Party Report - State of Conservation of Historic Centres of 

Berat and Gjirokastra - 2015”, pg. 4 and 5, Ministry of Culture, Tirana november 2015. In 

this study quoted on pg. 24 chapter entitled “Challenges” with regards to Gjirokastra 

imediate measures should be taken for the rock below the Gjirokastra Castle. Cit.: Gjirokastra 

within the Gjerë mountains, both are susceptible to landslides and rock falls. Several of the 

comments regarding the various geological conditions noted above with respect to 

earthquakes are applicable here as well. In addition, there is one very large rock below the 

fort that needs assessment in the very near future in Gjirokastra. 

http://unesdoc.unesco.org/images/0024/002443/244350E.pdf


 

Prohibited interventions 

During operational works for conservation, protection and restoration of cultural heritage 

objects, referred to in Articles 1, 2 and 3, the following interventions are prohibited without 

exception:  

1. Completions in style, or interventions of such sort, even when they (completions), seemingly 

indicate or guide and help the viewer understand how the monument (after completion of the 

intervention) was or it should have been.  

 Interventions or completions, that erase the footprint of the transition of an object from a 

period to another, or completions in style that counterfeit or adulterate the object.   

 Reconstruction or replacement interventions that displace the object from its original location. 

This can happen only if it is required by the major reasons due to the conservation process. 

Annex D Regulations for the conservation of  “Historical Centers”   

In order to individualize historical centers what should be taken into consideration is not only  

"old" traditional urban centers, but in a broader sense, what should be treated as such, are all 

human settlements, the structures of which, be they assembled or fragmented, or even 

transformed by time, have been in the past, or subsequent periods locations of events with 

particular values of historical witness, or having particular urban and architectural value.  

The historical character of so called settlements refers to the values that they represent as 

exemplaries of past civilizations as well as the documentation of urban culture, notwithstanding 

their formal artistic value or their environmental aspect, which in turn bestows them additional 

value, not only for their architecture but also their urban structure, that in itself carries 

significant meaning. Restoration interventions in historic centers aim at ensuring through 

common or special tools and instruments - the continuity in time of the values that characterize 

these complexes. This restoration is not confined to operations for the conservation of the 

formal character of architectures or special facilities, but is essentially distributed in the 

conservation of the common characteristics of all urban ensemble and all the elements that 

define these features.  

In order to ensure that the urban ensembles in question will be protected, developed and 

survive in times throughout the continuity of civil and modern life, must, the historical 

centers must be organized in their broader urban and territorial context, in relation to 

future developments: Most importantly, this can be achieved by coordinating urban 

development so to ensure the protection and recovery of the historical center, starting 

from the peripheral city, through an appropriate programming of interventions in the 

territory.In this context a contemporary urban ensemble can be configured, through such 

instruments, and in such a way that may remove certain functions from the historic centers, 

referring mainly to those functions that prevent or do not fit with the recovery and maintenance 

of these centers, in terms of their most appropriate conservation. This configuration and 

coordination should be seen in relation to the need for protection of the overall territorial and 

environmental context, above all when the latter has a significant amount of significance related 

to the historic structures transmitted until today. 

With regards to the specific elements by means of which the ensemble protection is 

implemented in its entirety, many construction elements as well as elements that fill 

outdoor spaces (streets, squares, etc.), interior spaces (gardens, parks, open spaces, etc.), 

other significant structures (walls, gates, etc.) should be taken into consideration, and 

even broadening the scope to other natural elements that accompany this ensemble (such 

as natural contours, water streams, geomorphologic particularities, etc.) The 

abovementioned construction elements should be conserved not only in the formal aspect 

that expresses their architectural or environmental characteristic, they should be further 

preserved for their typology, in order to emphasize the functionality that shows the use of 

these elements in time.Any restoration intervention to the urban, architectural, environmental, 

typology, construction values, has to be precedes by an undertaking of careful reading 

historical-critical, as in the entire complex, designated as an historic center, one must operate 



 

according to the criteria homogeneous, for the individualization of different levels of 

intervention at the urban and construction level, deeming thus the intervention as a necessary 

"conservation improvement". 
A "conservation improvement" first and foremost means the maintenance of building structures 

in general, as well as the preservation of the overall environmental characteristics, which brings 

about integral conservation of the most significant monumental and environmental ensembles 

and the adjustment of other elements or specific construction objects with the needs of modern 

life, deeming any replacements extraordinary, be they partial or entire elements, and even then 

the elements should addopt with the general character of the historical center.  

 

RREGULATION “ON THE PROTECTION, INTEGRATED CONSERVATION AND 

ADMINISTRATION OF THE HISTORICAL CENTER AND THE PROTECTED 

ZONE IN THE CITY OF GJIROKASTRA” (DCM No. 619, Date 7.7.2015) 

Article 5 

Allowed interventions in the historical center 

New construction is not allowed in the historical zone.In order to maintain the urban, 

architectural and landscape values within the Historical Center, only the following interventions 

are allowed: 

 
 1. Systematic conservation, restoration and maintenance interventions according to the 

principles of integrated conservation. 

2. The protection and inclusion of environmental and cultural landscape values keeping in 

tact the configuration of the local trees and vegetation. 
3. The conservation of construction ruins with clear masonry contours, within the area of the 

Historical Center, to prevent their further degradation.  

When the ruins are preserved to a height of over 3 m and significantly affect the unit's 

ensemble, while being part of that unit, a reconstruction of the same volumes can be 

undertaken, on the existing structure (perimeter walls) with the objective of preserving as much 

as possible the visible original characteristics, of the exterior and the interior, based on the 

documents, the typology, the architectural treatment and the vernacular technique of building.   

4. In cases of natural disasters, of demolition or burning of objects of cultural heritage value, 

reconstruction can be performed on the ruins of the existing object,based on the compositional 

formulation and architectural sityle before demolition, with the objective of preserving as much 

as possible the visible original characteristics, of the exterior and the interior, based on the 

documents, the typology, the architectural treatment and the vernacular technique of building.   

5. New construction in the Historical Center is prohibited, with the exclusion of improvements 

of road infrastructure, underground engineering infrastructure and the reconstructions 

mentioned above.  

 

Article 8 

Roads and squares in the Protected Historical Center Area 

Roads and squares in the Protected Historical Center Area are preserved in their     

urban-architectural compositional formation, as an integral part of this area. 

In the Historical Center: 

Restoration interventions on the road network and squares must take care to preserve materials 

and traditional techniques. Interventions are allowed for the improvement or the 

implementation of new underground or above ground infrastructure, removing the original 

cobblestone street elements and then restoring the same elements in the same position, shape 

and orientation according to the traditional technique. Projects addressing these types of 

interventions can be approved by the National Council of Restoration. 



 

In the Protected Area: 

Restoration interventions on the road network and squares must take care to preserve materials 

and traditional techniques. Interventions are allowed for the improvement or the 

implementation of new underground or above ground infrastructure, using only traditional 

materials, forms and techniques. Projects, addressing these types of interventions, can be 

approved by the National Council of Restoration. Interventions are allowed for urban furnishing 

the placement of benches on streets, luminaries, baskets, or pots of flowers or other elements of 

urban furniture, with the condition that they are part of a requalification project, which provides 

for the use of elements in accordance with the typology and traditional values. Interventions are 

allowed for the modification of a road footprint, only when linked to operational needs and for 

the purpose of better utilization of the area within which the road is located. In cases where the 

road footprint needing intervention extends in more than one area, the intervention is subject to 

fulfill the criteria of the area with the highest protection. 

Article 9 

Green areas within the Historical Center and the Protected Area 

The green areas are integral parts of the Historical Center and the Protected Area, they are 

designated public areas and are considered complementary elements that serve the panoramic 

views of the historic center. Existing green spaces are preserved as such. 

In these areas the types of interventions allowed are those of rehabilitation of the existing green 

spaces by means of which a public park can be obtained. In these areas allowed activities are 

the planting of trees, resettlement works, adjustments and introduction of internal roads with the 

same characteristics as the original Historical Center coble stone streets, which will be used 

only for pedestrians. 

In these areas it is prohibited to construct anything other than me small structures with wooden 

elements that can be dismantled, and do not exceed 1 floor – 3.5 m, urban furnishings or service 

facilities. Projects for the rehabilitation of green spaces, are drafted by the Municipality of 

Gjirokastra or other subjects licensed for these types of works. 

The trees and the traditional greening of roads and squares are preserved, and if degraded, must 

be reproduced by the same kind.  

 

Map 

The protected areas of Gjirokastra, part of the DCM No. 619, Date 7.7.2015.Historic Center 

(red line), Buffer Zone (yellow line) and the Protected Green Areas (green line) in Gjirokastra.  
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Abstract. Ternary binders are defined in this study as compositions of Calcium Aluminate 

Cement (CAC), Ordinary Portland Cement (OPC) and Calcium Sulfate (𝐶𝑆̅). Several mixtures 

were studied, calorimetric and shrinkage technique has been used to follow the hydration 

during 24 hours. The XRD technique is used as support for the analysis of the hydration 

products. The results have shown that the initial amount of 𝐶𝐴𝐶 and 𝐶𝑆̅ play a key role in the 

hydration of 𝑃𝐶/𝐶𝐴𝐶/𝐶𝑆̅ mixtures especially affecting the formation of ettringite. The 

mechanism of reactions (hydration kinetic) and the reactions speed (acceleration or retardation) 

depends by the aggregates (LSP, QP) put in the different binders. The addition of re-dispersible 

powders induced retardation in hydration kinetics, longer setting times and also changed the 

dimensional stability. Comparison of the phase development monitored by in-situ XRD was 

performed. 

 
Keywords: Ternary binders, Calorimetry, Shrinkage, Re-dispersible powder 

 

 

Introduction 

Ternary binder systems show different phase compositions and microstructure compared topure 

Portland cement. Whereas Portland cement is widely studied, there exists very little published 

data on the performance of these materials over time.In ternary systems, different binders are 

combined in order to achieve specific technological properties.These ternary binders are widely 

used in construction field due to their advantages of quick open and shrinkage composition. As 

known to all, different content of the three basic raw materials, Portland Cement (OPC), 

Calcium Aluminate Cement (CAC), and Calcium Sulfate (𝐶𝑆)̅̅̅, can affect the function of 

hydration kinetics, workability and shrinkage or expansion.To find out the exact influences of 

the aggregates and the re-dispersible powderon the final products in the early time, three typical 

ternary binder systems are selected as study subject. 

 

 



 

Experimental 

 
Materials and studied compositions  

 

The mix design of the systems used is given in Table 1.Three mortars series were composed of 

different binders, lime stone powder (LSP), quartz powder (QP), and a re-dispersible powder 

from Wacker (RE 525 Z). The water-binder-ratio was kept constant at w/b = 0.40. A CEM I 

42.5R was used for the OPC, a Ciment Fondu Lafarge (CFL) with rapidly hardening was used 

as Calcium Aluminate Cement and anhydrite was used as sulfate source (Raddichem) [1]. 

 

All mortars were mixed in a Hobart type mixer according to DIN EN 196.1 

 
Table 1. Compositions of the samples investigated 

System OPC CAC C�̅� LSP/QP W/B RP 

4 15.5 24.5 10 50 0.4 4 

5 6.5 32.25 11.25 50 0.4 4 

6 0 35 15 50 0.4 4 

 

 

Characterization and methods used 

 

Measurement of heat flow by calorimetry test. The calorimeter was used to measure the heat 

flow of paste specimen. The measuring principle of the calorimeter is the thermometer of the 

block will detect the difference between the target-specimen and the reference specimen. Then 

the sensor of the thermometer transfers temperature difference into voltage difference which is 

measured by a digital multimeter. After that, the signal will be recorded by the computer 

through com-port. In the end, the signals turn into the form of heat flow curve via the data of 

recording software OMI (online measurement and imaging). To prepare the paste 3 gr of binder 

were mixed with 1.2 gr of water. In this research, all specimens are tested using the external 

method [2-4].  

 
Measurement of early shrinkage. Shrinkage tests are measured by a modifiedversion of the 

German classical “Schwindrinne” measuring 4x6x 25 cm. Functional measure components are 

a movable gate and a linear transducer. The transducer connects with a data collector, which 

transfers the length variable into digital signal. To measure shrinkage behavior, the channel 

should be firstly prepared, considering that the measurement can be started quickly after the 

filling of specimen. In our case the measurements started after ten minutes of water additionand 

lasted for the first 24 hours. Then the linear transducer needs to be fixed and be adjusted in a 

middle position, which makes the positive and negative length variable detectable. The initial 

length of the specimen is all controlled in about 25cm.To prepare the paste specimen for the 

shrinkage measurements 1000 gr of binder and 400 gr of water were mixed.  All specimens are 

tested for 24h, in which every 50ms a measurement is recorded [5]. 

 

Phase development by XRD observation.To analyze the phase development by In-situ X-ray 

diffraction the paste specimen were prepared by mixing 10 gr of binder and 4 gr of water.X-



 

rayanalyses were performed using a PANalytical X’pert Pro MPD PW 3040/60 with a PIXcel 

detector. Samples were mixed with water, filled in a mold sample holder and covered with 

Kapton foil. The total preparation time was always ~1 minute in order to have always the same 

starting time. Diffractograms were taken with Cu radiation (40 kV and 40 mA) in the range of 

5...50° 2Θ. The step size was about 0.013° with an effective counting time of 19 s per step. The 

detector was set to maximum active length (3.347°). Each diffractogram was acquired in about 

5 min. In total, 270 consecutive diffractograms were taken. 

 

Results 

 
Calorimetry. Fig. 1-2 show the heat flow during the first 24 hours for systems 4, 5 and 6. Heat 

flow under external mode has been measured for ternary binders containing Lime Stone Powder 

(LSP) or Quartz Powder (QP) with and without the addition of a re-dispersible powder. All 

curves are characterized by two main peaks before 10 hours. System 4 characterized by one 

main intense peak. Heat measurements were done on these systems to compare the effect of 

LSP or QP on the hydration kinetics. The addition of these fillers seems to not affect the 

mechanisms of hydration. The hydration development in both cases (with LSP or QP) is 

similar.As shown in Fig. 1 the use of QP as compared to LSP leads to higher peaks for system 

4, lower peaks for system 5 and higher second peak and lower first peak for system 6. 

 

 
Figure 1. Heat flow for the ternary binder systems without RP containing LSP or QP 

Fig. 2 demonstrates the effect of re-dispersible powders addition to ternary binders 

containing LSP. In this case higher heat flow values are obtained and an acceleration 

of the hydration process compared to the systems without re-dispersible powder is 

observed. 
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Figure 2. Heat flow for the ternary binder systems containing LSP with and without RP 

 

Shrinkage. Fig. 3-4 show the shrinkage under uncovered (drying) conditions during the first 

24 hours for systems 4, 5 and 6. Shrinkage has been measured for ternary binders containing 

LSP or QP with and without the addition of a re-dispersible powder. All curves show the plastic 

shrinkage at the beginning of time. Plastic shrinkage occurs as soon as water is added to the 

powder, due to chemical reactions and due to the loss of water by evaporation. At the end of 

plastic phase a slight expansion is observed for these ternary binders. As shown in Fig. 3 for 

systems 4 and 5 with LSP a higher plastic shrinkage is observed. For system 6 this effect is not 

pronounced. 

 
 

Figure 3. Early shrinkage for ternary binder systems without RP with LSP or QP measured in 

uncovered conditions 

 
When re-dispersible powders are added as it is demonstrates in Fig. 4 for systems containing 

LSP, plastic shrinkage is pronouncedly reduced. The addition of re-dispersible powder tends to 

increase slightly the expansion. 
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Figure 4. Early Shrinkage for ternary binder systems with LSP with and without RP measured 

in uncovered conditions 

 

XRD. X-ray peaks of anhydrite, ettringite, calcium aluminum oxide and calcite for systems 

with LSP or quartz for systems with QP had been observed. Anhydrite and calcium aluminum 

oxidephases reacts with gypsum in solution to form ettringite. Precipitation of initial hydrates 

such as ettringite at the first hours of hydration proses occurs and generates an outburst of heat. 

The addition of a re-dispersible powder directly affects the hydration process. 
 

 
 

Figure 5. Dependence of the Intensity by the timefor system 5 with LSP with and without RP 

 

Fig.5 shows the influence of re-dispersible powders on the phase formation during the first 24 

hours of hydration for system 5 with LSP. The consumption of calcium aluminum oxide is 

delayed by the addition of re-dispersible powder. Furthermore lower amounts of ettringite are 

formed as lower values of intensity are detected.   
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Conclusions 

 
The heat flow of these ternary binder systems is characterized by two main peaks before 10 

hours.The addition of re-dispersible powders on the systems produces higher values of heat 

flow and accelerates the hydration process. 

The addition of re-dispersible powder tends to reduce the plastic shrinkage and to increase 

slightly the expansion. 

Anhydrite and calcium aluminum oxide consumes at the first hours of the hydration process to 

form ettringite. 

The intensity of the peaks of hydration products tends to decrease when adding re-dispersible 

powder. 
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Abstract. In this study, the effect of waste PET as lightweight aggregate (WPLA) replacement 

with conventional aggregate on the some physical and mechanical properties and residual 

compressive strength of concrete was investigated. For this purpose, five different mixtures 

were prepared (the reference mixture and four WPLA mixtures including 30%, 40%, 50% and 

60% waste PET aggregate by volume). The fresh and dry unit weights, compressive strengths, 

flexural-tensile strengths, water absorption and porosity ratios of the mixtures were measured. 

In addition the specimens exposed to elevated temperatures at 150, 300 and 450 °C and the 

residual compressive strengths were measured. Test results indicated that the unit weight, 

compressive strength and flexural-tensile strength of the specimens decreased as the amount of 

WPLA increased in concrete. After exposing to elevated temperature, WPLA mixtures retained 

their structural integrity and compressive strengths at 150 °C and 300 °C. However there was a 

significant decrease in the residual compressive strength values of WPLA mixtures at 450 °C.  

 

Keywords: Waste PET aggregate, residual compressive strength, elevated temperature, 

recycling. 

 

 

Introduction 

PET is one of the most widely used plastics in the packaging industry because of its lightweight 

and easiness of handling and storage [1]. Since the development in the 1973, the consumption 

of PET has been increasing consistently and considerably. Global PET resin production 

capacity is 27.8 tons in 2015 [2]. And it is forecasted that by 2020 its production will be 

approximately 73.39 million metric tons [3]. Approximately 600 billion bottles are discarded 

every year all around the world and only 47% is collected [4].  

Due to the rapid increase in the use of PET bottles, solid waste problem has been raised. 

Disposing off the non-biodegradable used PET bottles has become a major concern. The 

exponential growth in PET waste from packaging incited a search for alternative means of 

recycling. Using waste PET bottles as aggregate in concretes or mortars has attracted the 

interest of researchers for a recycling application. During the past twenty years the numbers of 

studies have been carried out about waste PET aggregate concrete increased among other 

studies about the recycling of plastic wastes in the production. The major advantage of using 

waste PET bottles as aggregates is the reduction of the self-weight of the concrete because of its 

low unit weight [5]. 

Several experimental studies have addressed the technical viability of incorporating waste PET 

aggregate in concrete, investigating the effects of such incorporation on the mechanical and 

durability properties of concrete [6-11] However limited studies have been carried out for the 

effect of elevated temperature on concrete containing replacement of natural aggregates by 

waste PET aggregate [12,13].  
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The main aim of this study is to investigate the behavior of concretes containing waste PET 

aggregate (WPLA) when subjected to elevated temperatures, in term of residual compressive 

strength. For this purpose, five different mixtures were produced: a reference mixture and four 

concrete mixtures incorporating 30% to 60% of four different ratios of WPLA as a replacement 

of natural aggregates. All concrete mixtures were exposed for 2 h to furnace at temperatures of 

150 °C, 300 °C, 450 °C and 600 °C. After exposing to elevated temperatures, the residual 

compressive strengths of the specimens were compared with unheated reference mixtures. In 

addition the fresh and dry unit weights, compressive strengths, flexural-tensile strengths, water 

absorption and porosity ratios of the WPLA mixtures were also measured. 

 

 

Materials  

Ordinary Portland Cement CEM I 42.5 R (PC) conforming to requirements of TS EN 197-1 

[14] was used for concrete mixture preparing. The specific surface area of PC measured with 

Blaine method was 3670 cm2/g, and the specific weight of the PC was 3.10 g/cm3. The initial 

and final setting times of the cement were 143 and 200 min, respectively. The 28-day 

compressive strength of PC according to TS EN 196-1 [15] was 52.7 MPa. Chemical oxide 

composition of PC is presented in Table 1.  

0Table 1. Chemical properties of PC  

Oxide (%) SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O LOI 

PC 19.48 5.062 2.467 62.46 2.94 3.602 0.54 0.717 3.66 

 
Uncrushed, quartzitic natural sand with maximum size of 4 mm and crushed basaltic coarse 

aggregate with maximum size of 16 mm in accordance with TS 706 EN 12620+A1 [27] were 

used in the mixture. The specific weights of fine and coarse aggregates at saturated surface dry 

condition were 2.45 g/cm3 and 2.57 g/cm3, respectively. The water absorption values of fine 

and coarse aggregates were 2.5% and 2.0%, respectively [16]. The grading of aggregates is 

presented in Table 2 with the standard specification. 

Table 2. Aggregate grading with standard limit  

Sieve size 

(mm) 

 

Passed (%) 

lower limit  

[17] 

medium limit 

[17] 

upper limit 

[17] 

Aggregate used 

16 100 100 100 100 

11.2 98 99 100 99.3 

8 85 92 99 85.0 

4 62 75 88 65.3 

2 40 56 72 46.5 

1 23 39 55 31.5 

0.5 13 26 38 17.0 

0.25 7 15 22 8.5 

0.15 3 8 12 3.5 

0.063 1 3 5 1.2 

 



 

The waste PET bottle granules used as aggregate (WPLA) was supplied from SASA PET 

Bottles Plant, in Adana, in Turkey. The plant collects waste PET bottles, washes them and then 

crushes in granules. After sifting through various sieves, waste PET granules are used for 

making fiber. In this study, PET granules are used which are too small to be used in making 

fibers and described as "undersized». Maximum size and specific weight of WPLA were 4 mm 

and 1.27 g/cm3, respectively (Fig 1). The grading of the WPLA is presented in Table 3. 

 

 

Fig. 1. The granules of PET used as aggregate (WPLA) 

 

Table 3. Waste PET lightweight aggregate (WPLA) gradations 

particle size range (mm)  PET 

dmax dmin (%) 

4 2 15 

2 1 67 

1 0.5 16 

0.5 0.25 2 

0.25 0 0 

Total  100 

 

Polycarboxylicetherbasedsuperplasticizer (SP) according to TS EN 934–2 [18] was used 

to improve workabilityof the mixtures. The specific weight of superplasticizer was 

ranged between1.023-1.063 g/cm3. 

Mixture Properties and Testing Methods 

Reference mixture design was made with according to absolute volume method given by TS 

802 [19]. The water-cement(w/c) ratio usedin mixtures was chosen as 0.50. Cement content 

was kept constant for per cubic meter, 500 kg/m3. The approximate air content of fresh concrete 



 

mixture was 1% estimated by using total aggregate granulometry. The volume of total 

aggregate was determined using absolute volume method, then, weight of aggregate was 

calculated using unit weight of aggregate. For each concrete mixture of a cubic meter, 

approximate concrete composition is given in Table 4. Substitution ratios were 30%, 40%, 

50% and 60% by volume. 

Table 4. Approximate concrete composition for a cubic meter 

Mixture  

WPLA 

amount 

(%) 

Unit weigth (kg/m3) 

NPC Water 
Coarse 

Aggregate 

Fine 

Aggregate 
WPLA SP  

M0 0 500 250 575 877 0 0 

M1 30 500 250 402 615 218 2 

M2 40 500 250 345 526 292 5 

M3 50 500 250 288 438 365 6 

M4 60 500 250 230 350 437 7.5 

 
Cubic specimens with a 100 mm side were cast and used for measurement of unit weight, 

compressive strength and water absorption and porosity ratios. Prismatic specimens with the 

dimensions of 500x 100x100 mm were cast and used for flexural and tensile strength test. All 

the specimens were de-molded after 24 h and cured in lime saturated water at 20±2ºC for 28 

days. Later, the specimens were removed from water and kept in laboratory conditions 

(20±2ºC and 45±5% relative humidity) for eleven months. 
The compressive strength of concrete specimens was measured according to TS EN 12390–3 

[20]. Experimentswere carried out at uniaxial compression instrument with a capacity 

of3000KN andloading rate was 0.5MPa/s (Fig. 2). Three specimens were used in 

compressive strength measurement for each mixture, and the average of three measurements of 

specimens was presented and discussed in the study. 

 

 

Fig. 2. Compressive strength test 

 



 

The flexural-tensile strength measurements were performed on the three prismatic specimens 

by three points loading test (Fig. 3.) by using the test methods according to TS EN 12390-5 

[21]. 

 

 
  

Fig. 3. Flexural-tensile strength  

 
The water absorption, porosity ratios and unit weight measurements were performed on cubic 

specimens with size of 100 mm at 12 months of curing in conformity with TS 3624 [22]. The 

fresh unit weights of the mixtures were also measured. The values were expressed by 

taking the average of three test results. 

The elevated temperature resistance tests of the specimens were performed on cubic specimens 

with size of 100 mm. From each mixture three specimens were exposed to 150, 300 and 450 °C 

temperatures for 2 h in furnace. The temperature-time graph of the furnace is given Figure 4. 

Afterwards the specimens exposed to elevated temperatures were cooled in laboratory 

conditions at 20±2 °C. After the cooling period to room temperature, the specimens were 

subjected to compressive strength test according to TS EN 12390–5 [21]. Three specimens 

were tested at each stage and average values were reported. The test results were compared 

with those of unheated concrete (20 °C). 



 

 
 

Fig. 4. The relationship of time-temperature of the furnace 

Results and Discussion  

Unit Weight  

The fresh and 365-day dry unit weights of WPLA mixtures are presented in Table 5. 
The unit weights of all specimens decreased in course of time due to the evaporation of free 

water. The dry unit weight values of WPLA mixtures were between 1.48 and 1.58 g/cm3. 

These were within the limits of unit weight specified at ACI 213R-14 [23] for lightweight 

structural concrete. 

Table 5. Fresh and dry unit weights of specimens  

Mixture WPLA amount (%) 
 Unit weight (g/cm3) 

 Fresh Dry 

M0 0  2.24 2.07 

M1 30  1.97 1.58 

M2 40  1.80 1.56 

M3 50  1.77 1.55 

M4 60  1.59 1.48 

 
The fresh and dry unit weights of WPLA mixtures decreased as the amount of PET aggregate 

increased in concrete mixture. The reduction of the unit weights can be explained by the low 

specific weight of PET plastic (1.27 g/cm3) compared to the conventional aggregate (2.45 g/cm3 

and 2.57 g/cm3).  

 

 

Compressive Strength 
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The 365-day compressive strength values of the mixtures measured in the laboratory were 

presented in Table 6. It is observed from Table 6 that the compressive strength of reference 

mixture (M0) decreased due to the WPLA addition. Reduction rate increased depending on 

increasing PET aggregate amount in the mixtures. Reduction rates of compressive strengths of 

M1, M2, M3 and M4 based on control mixture (M0) were 53.4%, 61.9%, 69.6% and 85.1%, 

respectively. The minimum compressive strength value of the specimens was observed at M4 

mixture (containing %60 PET aggregate). Nevertheless, the compressive strength values of M1, 

M2 and M3 mixture were close to each other. And the M1 and M2 mixtures (containing 30% 

and 40% PET aggregate) were drop into structural lightweight concrete category [23]. 

Table 6. Compressive strengths of the mixtures 

Mixtur

e 

WPLA 

amount (%) 

 365-day Compressive 

Strength  (MPa) 

Reduction rate 

(%) 

M0 0  50.4 - 

M1 30  23.5 53.4 

M2 40  19.2 61.9 

M3 50  15.3 69.6 

M4 60  7.5 85.1 

 
The influence of WPLA amount on the compressive strength values of the mixtures is 

presented in Figure 5 as graphic. It is observed from Fig. 5 that the compressive strength of 

specimens decreased depending on increment of WPLA amount replaced with conventional 

aggregate. It was thought that there are two reasons of this result. The first reason is that the 

strength of WPLA is lower than that of natural aggregate. The other reason for this situation 

is that the connection between WPLA and cement paste did not as strong asthe bond 

betweennaturalaggregate and cement paste [6,7,9]. 

 
 

Fig. 5. The influence of WPLA amount on the compressive strength values of the mixtures  
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Flexural-tensile Strength 

The 365-day flexural-tensile strength values of the mixtures are presented in Table 7. And the 

effect of WPLA amount on the flexural-tensile strength of the mixtures is presented in Fig. 6. It 

was observed from Table 7 and Fig. 6 that the flexural-tensile strength of the mixtures 

decreased depending on increasing WPLA amount. The flexural-tensile strength of the M1 

mixture (containing 30% PET aggregate) was lower than reference mixture (M0) about 43.3%. 

Table 7. Flexural-tensile strengths of the mixtures 

Mixtur

e 

WPLA 

amount (%) 

 365-day Flexural-tensile 

Strength  (MPa) 

Reduction rate 

(%) 

M0 0  12.3 - 

M1 30  6.97 43.3 

M2 40  5.68 53.8 

M3 50  5.14 58.2 

M4 60  4.32 64.9 

 

Fig. 6. The influence of WPLA amount on the flexural-tensile strength values of the mixtures 

The relationship between the compressive strength and flexural-tensile strength of the mixtures 

is presented in Figure 7. The correlation coefficient of relationship was found to be 0.989. From 

this result, it is concluded that a linear relationship between compressive strength and flexural-

tensile strength of specimens existed. 
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Fig. 7. The relationship between the compressive strength and flexural-tensile strength of the 

mixtures 

 

Water Absorption and Porosity Ratio  

The water absorption and porosity ratios of the specimens at the age of 365 days are given in 

Table 8.  

Table 8. Water absorption and porosity ratios of the mixtures 

Mixtur

e 

WPLA 

amount (%) 

 
Water absorption (%) Porosity (%) 

M0 0  5.62 12.75 

M1 30  9.32 20.79 

M2 40  10.16 24.64 

M3 50  10.38 27.04 

M4 60  13.27 31.07 

 
The water absorption ratio of the reference mixture (M0) was 5.62%. This value increased 

depending on increasing WPLA amount in the mixtures and the water absorption ratio of M4 

mixture (containing 60% WPLA aggregate) increased to 13.27%. In addition, increasing 

WPLA amount caused more porous structure at all mixtures.  The porosity ratio of M0 

increased from 12.75% to 31.07%, when the WPLA amount was 60% (M4). Increasing 

porosity ratios of the mixtures also caused to increase at water absorption ratios of the mixtures. 

Increasing WPLA amount in the mixtures adversely affected the workability. It made the 

casting to the molds difficult. Therefore, the voids in the mixtures increased and the water 

permeability property of the specimens increased. 

However, the water absorption values of the WPLA mixtures were between 9.32-13.27%. It 

was stated in the literature that lightweight concrete absorbs more water than normal concrete 

and its water absorption ratio is between 12–22% [24]. The water absorption ratios of the 

mixtures were found to be within the water absorption limits of lightweight concrete.  

y = 0.1863x + 2.5068

R² = 0.989
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Residual Compressive Strength  

The mixtures produced in this research were exposed to the elevated temperatures at 150, 300, 

and 450 °C and then their residual compressive strength values were determined. The residual 

compressive strengths of mixtures are presented in Table 9.  

 

Table 9. The residual compressive strengths of the mixtures (MPa) 

    Residual compressive strength (MPa) 

Mixtu

re 

WPLA 

amount (%) 

 Initial compressive 

strength (MPa)  
150 ºC 300 ºC 450 ºC 

M0 0  50.4 52.0 50.6 46.8 

M1 30  23.5 22.6 22.0 12.8 

M2 40  19.2 18.1 17.4 10.0 

M3 50  15.3 14.9 13.8 6.3 

M4 60  7.5 10.8 8.6 1.9 

 
It was seen from Table 9 that the residual compressive strength values of the specimens 

decreased depending on increasing temperature. At 450 ºC, the decreasing ratios of M0, M1, 

M2, M3 and M4 mixtures to initial compressive strength were 7.2%, 45.6%,47.8%, 58.6% and 

74.5%, respectively. The residual compressive strength values decreased depending on 

increasing WPLA amount in the mixtures.  

From this result it was thought that WPLA did not resistant to the high temperature effect. 

Especially, the specimens containing 60% PET aggregate were deformed after the temperature 

of 450 ºC. The effect of elevated temperature on the residual compressive strength of the 

specimens is presented in Figure 8.  

 

 
 

Fig. 8.The effect of elevated temperature on the residual compressive strength of the mixtures   
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It is clearly seen from Fig. 8 that the resistance of WPLA mixtures against elevated temperature 

was lower than that of reference mixture containing natural aggregate. 

It is observed that all specimens retained their part of strengths at temperatures of 150 ºC and 

300 ºC. However there was a significant decrease in the residual compressive strength values of 

WPLA mixtures at 450 ºC. 

This is due to the fact that the PET begins to melt after 260-280 °C, and the PET aggregates in 

the specimens melted from about 300 °C (Fig. 9-11). As can be seen from the pictures, there 

was no change in the appearances of the reference mixture and WPLA mixtures exposed to 150 

°C and 300 °C. However, while reference concrete (M0) retained the structural integrity after 

exposed to 450 ° C, deteriorations of the PET aggregate specimens were also observed very 

clearly as the WPLA amount in the mixtures increasing.  

 

 

Fig. 9. The mixtures exposed to 150 ºC  

 



 

 

Fig. 10. The mixtures exposed to 300 ºC  

 

Fig. 11. The mixtures exposed to 450 ºC  

Conclusions 

 

 The mixtures containing 30 and 40% WPLA were drop into structural lightweight 

concrete category.  

 The water absorption ratios of the WPLA mixtures between the lightweight 

concrete limits. 

 The compressive strength of specimens decreased as the amount of WPLA 

increased in the mixture. The main reason for this situation could be the 



 

adherence between WPLA and cement paste that might not be as strong asthe 

bond betweennaturalaggregate and cement paste.  

 The residual compressive strength values decreased depending on increasing 

WPLA in the mixtures. The waste PET aggregate did not resistant to the high 

temperature effect. All mixtures retained their structural integrity and 

compressive strength at temperatures of 150 ºC and 300 ºC. However there was a 

significant decrease in the residual compressive strength values of WPLA 

mixtures after exposed to 450 ºC. 

 Based on the experimental study, the use of WPLA in concrete composites has a 

potential to reduce the death weight of concrete, thus, it could be helpful in the 

design of an earthquake resistant building.In addition, using WPLA in the 

construction applications can be helpful for the environmental concern. However, 

before using WPLA in concrete production, its behavior against to elevated 

temperature must be taken into account and additional fire protection measures 

must be taken in structural applications. 
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Abstract. In this study the effect of fine material amount on the optimum water content of 

roller compacted concrete (RCC) was investigated. The fine aggregate was replaced with 

calcite which maximum particle size was 63 μ, in amount of 0%, 2%, 4%, 6%, 10% and 14% 

by weight of total aggregate. Six different mixtures were prepared in the study. The optimum 

water contents of the mixtures were determined by using modified proctor test. Optimum water 

content, maximum dry unit weight and maximum fresh unit weight of produced specimens 

were measured. Optimum water content of specimens decreased depending on increasing fine 

aggregate amount, however these values increased after a limit value. Maximum fresh and dry 

unit weights of specimens increased depending on increasing fine aggregate amount, however 

after a limit value the fresh and dry weights of specimens decreased. 

 

Keywords: Roller compacted concrete, calcite, optimum water content of concrete, modified 

proctor test. 

 

 

 Introduction 

Roller Compacted Concrete (RCC) is a special concrete that consolidated in the field using 

vibrating rollers [1,2]. The name of RCC is derived from the compacting of fresh concrete 

during the application [3,4]. In pavement application, it is placed without forms and not need 

finishing and also there are no dowels, tie bars, or steel reinforcement [5]. RCC pavements are 

stronger and more durable than Bituminous/Asphalt pavement, and no ruts are formed under 

high axle loads [2,6]. Compared to Asphalt pavement, RCC pavements have economic benefits. 

RCC needs less cementitious contents compared to typical Portland cement concrete pavements 

[1,7,8]. It is suitable for use in mass concretes due to low cement content [5]. 

The RCC has a zero slump and its properties are strongly dependent on the mixture proportions 

and compaction. For effective compaction, the RCC mixture must be dry enough to prevent 

sinking of the compaction equipment on the other hand it must be wet enough to adequate 

workability during the mixing and compaction of the RCC [9,10]. 

The compressibility of RCC is affected by the mixture parameters such as free water content, 

cement and pozzolan content, fine aggregate amount, maximum aggregate size, aggregate 

granulometry and properties of the admixtures used. Free water content of the mixture is the 

most effective parameter in them. When the water content in the mixture reaches the optimum 

level, the maximum compressibility (maximum dry unit weight) can be achieved [11,12]. 

Two approaches are used to determine the water ratio: Proctor test and Kangoo Vibration 

Hammer test [13]. Soil compaction approach is the most common method for determine the 

water ratio of RCC. This method involves determining optimum water content and maximum 

dry density of RCC mixtures according to proctor test [5]. In this investigation, the optimum 
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water content of RCC mixtures was determined using the modified proctor test method. The 

effect of the amount of fine material on the optimum water content is also investigated. 

 

 

 Materials 

 

Material Properties 

 

In this investigation, Portland Cement CEM I 42.5 R conforming to requirements of TS EN 

197-1 [14] was used. The chemical compositions and physical properties of cement are given in 

Table 1 and Table 2. 

 
Table 1. Chemical composition of PC 

Oxide 

(%) 
SiO2 Al2O3 Fe2O3 CaO MgO Cl SO3 Na2O K2O LOI 

Cem. 20.3 5.35 3.15 62.1 1.50 0.02 3.30 0.65 0.95 2.01 

 
Table 2. Physical properties of PC 

Properties PC 

Specific weight (g/cm
3
) 3.11 

Specific surface area (Blaine) (cm2/g) 3450 

7-day Compressive strength (MPa) 39.0 

28-day Compressive strength (MPa) 46.2 
 

Crushed limestone aggregate with maximum size of 16 mm in accordance with TS 

706EN 12620+A1 [15] was used in the mixtures. The specific weights of fine aggregates and 

coarse aggregate at saturated surface dry condition measured according to TS EN 1097-6 [16] 

were 2.54 and 2.71 g/cm3, the water absorption values of fine and coarse aggregate were 1.4 

and 0.8%, respectively. Calcite with maximum size of 63µ was used as a filler. The specific 

weight of calcite was 2.60 gr/cm3. The grading of calcite is presented in Figure 1. 

 



 

 
Figure 1. Calcite grading 

 
For the preparation of control mixture, an aggregate granulometry according to the limit values 

as specified in TS 706 EN 12620 + A1 [15] was determined and other mixtures were prepared 

by adding 2%, 4%, 6%, 10% and 14% calcite to the control mixture. Fine aggregate was 

reduced from the mixtures at the same rate of added calcite. Control mixture was called as 

RCC1 and 2%, 4%, 6%, 10% and 14% calcite added mixtures were called as RCC2, RCC3, 

RCC4, RCC5 and RCC6, respectively. The grading of aggregates is presented in Figure 2 with 

the standard specification. 
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Figure 2. Aggregate grading with standart limit 

 
 

 Determination of Optimum Water Content 

 
The modified proctor test method was used to determine the optimum water content of the 

mixtures in accordance with TS 1900-1 [17]. Firstly, all aggregates were dried for 24 hours at a 

temperature of 100±5 °C in order to precisely adjust the water quantities of the mixtures. 

Afterwards, optimum water content was determined by means of the automatic modification 

proctor test tool shown in Figure 3.  

 
Figure 3. The automatic modification proctor test tool 



 

To determine the water content, samples were taken from the top and bottom of the 

cylindrical mold and placed in the oven and allowed to stand at 100 ± 5 ° C for 24 

hours for completely dry. The experiment was continued by increasing the water 

content of the samples. The water content (%) values of samples were calculated 

using equation (1). 

 

𝑤(%) =
𝑊2 −𝑊3

𝑊3 −𝑊1
× 100 (10) 

 

Where: 

𝑤  : Water content (%), 

𝑊1  : Weight of mold, (kg), 

𝑊2  : Weight of fresh sample and mold (kg), 

𝑊3  : Weight of oven dry sample and mold (kg), 

 
The fresh unit weights (ɣn) and dry unit weights (ɣk) of mixtures were calculated using equation 

(2) and (3), respectively. 

 

𝛾𝑛 =
𝑊2 −𝑊1

V
 (2) 

 

Where: 

𝛾𝑛  : Fresh unit weight (kg/dm3), 

𝑊1  : Weight of mold, (kg), 

𝑊2  : Weight of fresh sample and mold (kg), 

𝑉  : The volume of mold (dm3), 

 

𝛾𝑘 =
𝛾𝑛

1 + 𝑤
 (3) 

 

Where: 

𝛾𝑘  :Dry unit weight (kg/dm3), 

𝛾𝑛  :Fresh unit weight (kg/dm3), 

𝑤  : Water content (%), 

 
A similar water content-dry unit weight diagram as shown in Figure 4 was obtained and a 

second order equation was established. The optimum water content and maximum dry unit 

weights of the mixtures were determined using the obtained equation. 

 



 

 
Figure 4. Water content - dry unit weight relation 

 
In this study, optimum water contents were found for six RCC mixtures. The water content - 

dry unit weight relation of these mixtures is given in Figures 5 - 10. 
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Figure 5. Water content - dry unit weight relation of RCC1 mixture (control) 
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Figure 6. Water content - dry unit weight relation of RCC2 mixture  
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Figure 7. Water content - dry unit weight relation of RCC3 mixture 
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Figure 8. Water content - dry unit weight relation of RCC4 mixture 
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Figure 9. Water content - dry unit weight relation of RCC5 mixture 
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Figure 10. Water content - dry unit weight relation of RCC6 mixture 

Optimum water contents were determined by using the relations indicated in the 

graphs and the ratio of water-dry material of each mixture was determined. 

 

Results and discussion 

 
The optimum water contents, maximum dry unit weights and maximum fresh unit weights for 

the mixtures are given in Table 3. 
 

Table 3. The optimum water contents, maximum dry unit weights and maximum fresh unit 

weights for the mixtures 

Mixture Adı 

Optimum 

water 

(%) 

Maximum dry unit 

weight 

(kg/dm3) 

Maximum fresh unit 

weight  

(kg/dm3) 

RCC1 5,56 2,31 2,43 

RCC2 5,44 2,34 2,46 

RCC3 5,39 2,36 2,47 

RCC4 5,71 2,31 2,44 

RCC5 6,29 2,29 2,43 

RCC6 6,41 2,25 2,39 



 

It is observed from Table 3 that compared with RCC1, optimum water content decreases in 

RCC2 and RCC3 mixtures however optimum water content increases in RCC4, RCC5 and 

RCC6 mixtures. The maximum dry unit weights and maximum fresh unit weight of the 

mixtures have similarly changed with increasing filler material. The maximum dry unit weights 

and maximum fresh unit weight of RCC2 and RCC3 mixtures increased. But these values 

decreased in the RCC4 mixture and return to the value of RCC1. This decline has also been 

observed in RCC5 and RCC6. 

The situation shown in Table 3 can be explained as follows, the filler material, which is 

substituted for fine aggregate, better fills the interstices of the mixture and positively affects the 

compressibility. At a given compression energy, sufficient compression is achieved at a lower 

optimum water content. Thus, the maximum dry and fresh unit volume weight values are 

increased until the amount of filler material in the mixture reaches a certain level. This positive 

effect is explained by the reduction in the void fraction of the filler-substituted mixture. This 

positive effect comes to an end when the sufficient occupancy rate is reached. At this stage, 

increasing the amount of filler material, which has more specific surface than fine aggregate, 

causes an increase in the optimum water content of the mixture. 

Approximate concrete composition for concrete mixture of a cubic meter was determined by 

using optimum water contents and is given in Table 4. 

 
Table 4. Approximate concrete mix design for a cubic meter 

Mixture 
Cement 

(kg/m3) 

Fine 

aggregate 

(kg/m3) 

Coarse 

aggregate 

(kg/m3) 

Calsite 

(kg/m3) 

Water 

(kg/m3) 
w/c 

RCC1 340 1082 894 0 129 0,38 

RCC2 340 1045 898 40 126 0,37 

RCC3 340 1008 898 79 126 0,37 

RCC4 340 961 892 118 133 0,39 

RCC5 335 871 882 195 144 0,43 

RCC6 335 792 880 272 147 0,44 

 

Conclusions 

 
According to test results, it was seem that the optimum water content of RCC samples ranged 

between 5.39% and 6.41%. The optimum water content of RCC mixtures decreased in the 

presence of 2% and 4% filler material, while the optimum water content increased in the 

presence of 6%, 10% and 14% filler material. The maximum dry and freshunit weights values 

are changed inversely to the optimum water content. 

The compressibility of the concrete is positively affected by the increase of the amount of filler 

material in the mixtures, and at constant compression energy, this effect achieves a sufficient 

compression value with lower optimum water content. This positive effect continued until the 

sufficient filling ratio of the mixing aggregate was reached. This positive effect has been come 

to an end by increasing the filler material and caused an increase in the optimum water content. 
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1998-1:2004 
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Abstract. Capacity Design is a design process in which it is decided which objects within a 

structural system will be permitted to yield (ductile components) and which objects will remain 

elastic (brittle components) .Material nonlinearity need only be modeled for ductile 

components, while components which will not yield need only consider elastic stiffness 

properties. In this design philosophy the capacity design approach that is currently used in 

practice demands strong column/weak beam frames or wall equivalent dual frames, with beam 

sway mechanisms, trying to involve plastic hinging at all beam ends.This paper aims to present 

Capacity design procedure for reinforced concrete (R/C) structures according  to the  EN 1998-

1:2004. 

 

Keywords: Capacity design, ductility, strong column/weak beam, plastic hinge 

 

 

 Introduction 

The approach adopted by EC8 apply the principles of capacity design in order to design 

earthquake resistant structures (DCM and DCH) .Capacity Design is a design process in which 

it is decided which objects within a structural system will be permitted to yield (ductile 

components) and which objects will remain elastic (brittle components) .The capacity design 

approach that is currently used in practice demands strong column/weak beam frames or wall 

equivalent dual frames, with beam sway mechanisms, trying to involve plastic hinging at all 

beam ends.This paper aims to present Capacity design procedure for reinforced concrete (R/C) 

structures according  to the  EN 1998-1:2004.A frame structure 7 storey with grids : 4.0 ,5.0 

and 6.0 m is used as example (Fig. 1) with Elements : slabs 20cm,Basement 60 cm,Beams 

30/40 cm,Columns 50/50 cm, Surface support KR3 = 36000 kN/m3.Seismic actions are 

estimates according to the EC-8 elastic response spectrum ,Type I for ground C,ground 

acceleration equal to 𝑎g=0.20g,the importance factor 𝛾1=1.0. The accidental eccentricity is 

taken into account for each seismic actions Structure is regular by elevation, Frame system,- 

multistorey, αu/α1=1.3.Ductility class DCM: Behaviour factor:  q=3.9.  

mailto:xhemshir_mulliqi@yahoo.com
https://wiki.csiamerica.com/display/kb/Material+nonlinearity


 

 

 
Fig. 1. (a) Characteristic storey of the 7th -storey building, b)1stmode 1/24 ,T1=1.45 sec,c)2nd 

mode 2/24  ,T2=1.38 sec ,d)3rd mode 3/24  ,T3=1.30 sec 

b) 

a) 

c) 

d) 



 

Design action effects 

Beams 

In primary seismic beams the design shear forces shall be determined in accordance with the 

capacity design rule, on the basis of the equilibrium of the beam EN 1998-1:2004 (E) under: a) 

the transverse load acting on it in the seismic design situation and b) end moments Mi,d (with 

i=1,2 denoting the end sections of the beam), corresponding to plastic hinges formation for 

positive and negative directions of seismic loading. At end section i, two values of the acting 

shear force should be calculated, i.e. the maximum VEd,max,i and the minimum VEd,min,i 

corresponding to the maximum positive and the maximum negative end moments Mi,d that can 

develop at ends 1 and 2 of the beam. End moments Mi,d may be determined as follows: 

 

𝑀𝑖,𝑑 = 𝛾𝑅𝑑𝑀𝑅𝑏,𝑖𝑚𝑖𝑛 (1,
Σ𝑀𝑟𝑐

Σ𝑀𝑟𝑏
)                                         (1) 

Where 

𝛾𝑅𝑑 is the factor accounting for possible overstrength due to steel strain hardening, which in the 

case of DCM beams may be taken as being equal to 1,0;  

𝑀𝑅𝑏,𝑖 is the design value of the beam moment of resistance at end i in the sense of the seismic 

bending moment under the considered sense of the seismic action; 

 Σ𝑀𝑟𝑐 and Σ𝑀𝑟𝑏 are the sum of the design values of the moments of resistance of the columns 

and the sum of the design values of the moments of resistance of the beams framing into the 

joint, respectively (see 4.4.2.3(4)).[1]  

The value of Σ𝑀𝑟𝑐 should correspond to the column axial force(s) in the seismic design 

situation for the considered sense of the seismic action. 

 
Fig. 2. Capacity design values of shear forces on beams 

 

Equilibrium of forces and moments on a beam 

𝑉1=𝑉𝑔+𝜓𝑞,1 +
𝑀2+𝑀1

𝑙𝑐𝑙
                                  (2) 

𝑉2=𝑉𝑔+𝜓𝑞,2 +
𝑀1+𝑀2

𝑙𝑐𝑙
                             (3) 

Capacity-design shear in a beam weaker than the columns: 

𝑉𝐶𝐷,1=𝑉𝑔+𝜓𝑞,1 + 𝛾
𝑅𝑑

𝑀−
𝑅𝑑,𝑏1+𝑀

+
𝑅𝑑,𝑏2

𝑙𝑐𝑙
                          (4) 

𝑉𝐶𝐷,2=𝑉𝑔+𝜓𝑞,2 + 𝛾
𝑅𝑑

𝑀−
𝑅𝑑,𝑏1+𝑀

−
𝑅𝑑,𝑏2

𝑙𝑐𝑙
                      (5) 

Capacity-design shear in beams (weak or strong) - Eurocode 8 

 

𝑚𝑎𝑥𝑉𝑖,𝑑(𝑥) =
𝛾𝑅𝑑⌈𝑀𝑅𝑑,𝑏𝑖

−𝑚𝑖𝑛(1;
Σ𝑀𝑟𝑐
Σ𝑀𝑟𝑏

)
𝑖
+𝑀𝑅𝑑,𝑏𝑗

++𝑚𝑖𝑛(1;,
Σ𝑀𝑟𝑐
Σ𝑀𝑟𝑏

)
𝑗
⌉

𝑙𝑐𝑙
+ 𝑉𝑔+𝜓𝑞,0(𝑥)                 (6) 



 

𝑚𝑖𝑛𝑉𝑖,𝑑(𝑥) =
𝛾𝑅𝑑⌈𝑀𝑅𝑑,𝑏𝑖

+𝑚𝑖𝑛(1;
Σ𝑀𝑟𝑐
Σ𝑀𝑟𝑏

)
𝑖
+𝑀𝑅𝑑,𝑏𝑗

−+𝑚𝑖𝑛(1;,
Σ𝑀𝑟𝑐
Σ𝑀𝑟𝑏

)
𝑗
⌉

𝑙𝑐𝑙
+ 𝑉𝑔+𝜓𝑞,0(𝑥)               (7) 

 

in DC M 𝛾𝑅𝑑=1.0, in in DC H 𝛾𝑅𝑑=1.2 & reversal of  V accounted for, depending on: 

The sign of the ratio: 

𝜁1 =
𝑚𝑖𝑛𝑉𝑖,𝑑(𝑥𝑖)

𝑚𝑎𝑥𝑉𝑖,𝑑(𝑥𝑖)
                                                       (8) 

 

 

 Capacity design of columns  Bending 

The formation of plastic hinges in the columns during the earthquake should be avoided so that 

the energy is dissipated by the beams only (Park, 1986).  

In the case of plastic hinges at columns, the total required plastic rotations are developed at the 

top and bottom of the columns of  (soft storey), while in the case of plastic hinges, they develop 

at the beams and are spread to all storeys  of  frame(Fig.3.b)[3] 

 
Fig. 3. Failure mechanism of a frame: (a) Beam mechanism; (b)soft- storey mechanism;  

 

𝜃𝑢𝑐
𝑎𝑣𝑎𝑖𝑙 ≤ 𝜃𝑢𝑏

𝑎𝑣𝑎𝑖𝑙                                           (9) 

for the same 𝛿𝑢𝑟𝑒𝑞 req (i.e., the same 𝜇𝑢𝑟𝑒𝑞) 

𝜃𝑢𝑐
𝑎𝑣𝑎𝑖𝑙 =

𝛿𝑢𝑟𝑒𝑞

ℎ
≥ 𝜃𝑢𝑏

𝑎𝑣𝑎𝑖𝑙 =
𝛿𝑢𝑟𝑒𝑞

𝐻
                           (10) 

“Strong columns and weak beams” 

 

Frames or frame-equivalent dual systems  must be designed to have ‘strong columns and weak 

beams’ (Park, 1986; Paulay et al., 1990; Priestley and Calvi, 1991; Penelis and Kappos, 1997). 

This concept is adopted in the requirements of EC8-1 and other relevant Codes. 



 

 
Fig. 4. Strong columns–weak beams  

Detailing for local ductility 

|𝑀𝑅,1
𝑐,0| + |𝑀𝑅,1

𝑐,𝑢| ≥ 1.30(|𝑀𝑅,1
𝑏,𝑙 | + |𝑀𝑅,1

𝑏,𝑟|)                         (11) 

 

|𝑀𝑅,2
𝑐,0| + |𝑀𝑅,2

𝑐,𝑢| ≥ 1.30(|𝑀𝑅,2
𝑏,𝑙 | + |𝑀𝑅,2

𝑏,𝑟|)                         (12) 

 

Factor 1.30 has been introduced in order to take into account the variability of the yield stress 

𝑓𝑦 of the reinforcement and the probability of overstrength factor.  

𝑀𝑆1𝐶𝐷 = 𝑎𝐶𝐷1𝑀𝑆1
𝑀𝑆2𝐶𝐷 = 𝑎𝐶𝐷2𝑀𝑆2

}                                 (13) 

Where 

𝑎𝐶𝐷1 = 1.30
|𝑀𝑅,1

𝑏,𝑙 |+|𝑀𝑅,1
𝑏,𝑟|

|𝑀𝑠,1
𝑐,0|+|𝑀𝑠,1

𝑐,𝑢|

𝑎𝐶𝐷2 = 1.30
|𝑀𝑅,2

𝑏,𝑙 |+|𝑀𝑅,2
𝑏,𝑟|

|𝑀𝑠,2
𝑐,0|+|𝑀𝑠,2

𝑐,𝑢|}
 
 

 
 

                           (14) 

In the above relationships: 

𝑀𝑠
𝑐 is the action effects (bending moments) of the columns derived from the analysis for the 

seismic combination. 

𝑀𝑅
𝑏  is the design resisting moments of the beam derived from the design of the beams, which 

has already preceded column design. 

EC8-1 allows a relaxation of the above capacity design criterion for wall-equivalent dual 

systems, uncoupled wall systems. The following cases are also exempted from the requirements 

of the above procedure: 

• In single-storey R/C buildings and in the top storey of multi-storey buildings  

• In one-quarter of the columns of each storey in plane R/C frames with four or more columns  

• In two-storey R/C buildings if the value of the normalised axial load 𝑣𝑑 at the bottom storey 

does not exceed 0.3 in any column 

 

 

 

 



 

Capacity-design shear in Columns 

 
Shear forces are determined by considering the equilibrium of the column under the actual 

resisting design moments at its ends (Fig. 5): 

 

𝑉𝑠𝑑,𝐶𝐷=𝛾𝑅𝑑
𝜅𝐴𝑀𝐴𝑅+𝜅𝐵𝑀𝐵𝑅   

𝑙𝑐
                                 (15) 

Where 𝑀𝐴𝑅 and 𝑀𝐵𝑅 are the actual resisting moments at the ends of the column,     

In primary seismic columns the design values of shear forces shall be determined in accordance 

with the capacity design rule, End moments 𝑀𝑖,𝑑 may be determined from the following 

expression: 

𝑀𝑖,𝑑 = 𝛾𝑅𝑑𝑀𝑅𝑐,𝑖𝑚𝑖𝑛 (1,
Σ𝑀𝑟𝑏

Σ𝑀𝑟𝑐
)                                          (16) 

Where 

𝛾𝑅𝑑 is the factor accounting for overstrength due to steel strain hardening and confinement of 

the concrete of the compression zone of the section, taken as being equal to 1,1;  

𝑀𝑅𝑐,𝑖 is the design value of the column moment of resistance at end i in the sense of the seismic 

bending moment under the considered sense of the seismic action; Σ𝑀𝑟𝑐 and Σ𝑀𝑟𝑏 are as 

defined in 5.4.2.2(2).[1] 

 
Fig. 5. Capacity design shear force in columns 

 

 

Dimensioning  procedure 

 
TheSRSS method is used to combine the results of the modes considered for structure shown in 

(Fig. 1).From (Table 1.) conditions for interstorey drifts are fullfilled. 

The storey shear forces in each direction are shown in (Fig.4),while dhe influences of second 

order theory will be taken into account by using influence     multiplicator 1.20    for   -4.Ex(-

e)(00)  and  1.23    for 5.Ey(+e)(900)  (Table 2,3).Steps for dimensioning procedure are shown 

in (Fig.7). 



 

 

Table 1. Interstorey drifts -7.SRSS:MAX(III,IV)+MAX(V,VI)   

 

 Level                   Z(m)      Height(m)  𝒅𝒓(0
0)(mm)      𝒅𝒓( 90

0)(mm)     𝒅𝒓.𝒌(𝒎𝒎)    𝒅𝒓𝒍𝒊𝒎 

        Storey 6           18         3.00             10.14                  11.51                  15.34          75.00 

        Storey 5           15         3.00             16.66                  18.19                   24.66          75.00 

        Storey 4           12         3.00             21.92                  23.51                   32.14          75.00 

        Storey 3             9         3.00             26.12                  27.69                   38.07          75.00 

   Storey 2            6         3.00              29.55                  31.10                   42.90          75.00 

   Storey 1            3         3.00              31.26                  32.66                   45.21          75.00 

   Ground floor     0         3.00              23.31                  24.11                   33.53          75.00 

 

 
Fig. 6. Storey shear forces along the elevation for two horizontal directions 

 

Table 2.Interstorey drift sensitivity coefficient -4.Ex(-e)(00) 

 

          Level               Z(m)  Height(m)    Weight(m) Seis.Force(Kn)   𝚫𝒔(𝒎𝒎)𝛉 

        Storey 6              18         3.00             7434.70            829.84            10.14            0.030 

        Storey 5              15         3.00            15066.62          1434.59           16.66            0.058    

        Storey 4              12         3.00            22698.54         1884.11           21.92            0.088 

        Storey 3                9         3.00            30330.46          2241.39           26.12            0.118    

    Storey 2               6          3.00            37962.38          2552.85           29.55            0.146 

    Storey 1               3          3.00            45594.30          2819.88           31.26            0.169 

    Ground floor       0          3.00            53617.90          2998.52            23.31           0.139   

 
  



 

 

Table 3.Interstorey drift sensitivity coefficient -5.Ey(+e)(900) 

 

 LevelZ(m)  Height(m)    Weight(m) Seis.Force(Kn)   𝚫𝒔(𝒎𝒎)𝛉 

        Storey 6              18        3.00             7434.70                  812.66            11.51       0.035 

        Storey 5              15        3.00             15066.62              1386.68            18.19       0.066    

         Storey 4             12        3.00             22698.54             1801.64            23.51       0.099 

        Storey 3                9        3.00             30330.46               2127.23           27.69       0.132    

    Storey 2               6        3.00              37962.38              2417.57            31.10       0.163 

    Storey 1               3        3.00              45594.30              2675.10            32.66       0.186 

    Ground floor       0        3.00              53617.90              2851.28            24.11        0.151  

 
Fig. 7. Steps for dimensioning procedure - capacity design 

 

Table 4.Critical zone length for ductility classes  

Critical zone length                                  DCL                  DCM                            DCH 

                                        𝑙𝑛/4                  𝑙𝑛/4                                 𝑙𝑛/4 

                                   𝑙𝑐𝑟                                                                    ℎ𝑤                                1.5 ℎ𝑤 

                                                                                  (5.4.3.1.2(1))                   (5.5.3.1.2(1)) 

Note:ln – span clear length. 
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Fig. 8. Critical regions for frame structure 

 

 

Conclusions 

 Avoiding column failure is much more crucial for the overall safety of the 

structure than avoiding beam failure in bending. 

 The formation of plastic hinges in the columns leads to significant inter-

storey drifts, so that the relevant second-order effects may lead to a premature 

collapse of the structure 

 In order to decrease the probability of plastic hinge formation in the columns, 

frames or frame-equivalent dual systems must be designed to have ‘strong columns 

and weak beams’ 

 The torsionally flexible frame or frame-equivalent systems should also 

comply with the capacity design procedure because of their additional vulnerability, 

which is attributable to the torsional behaviour of the system even  no reference is 

made to these systems in the EC8-1/2004 

 As shown in (Fig.7) Longitudinal reinforcement of Columns depends from 

longitudinal beams reinforcement ,Shear reinforcement depends from longitudinal 

reinforcement  ,all elements are linked with  „ interdependence“ 
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Abstract. Joints are crucial zones for the transfer internal forces  effectively between the 

connecting elements like beams and columns .The behaviour of reinforced concrete moment 

resisting frame structures in recent earthquakes all over the world has highlighted the 

consequences of poor performance of beam column joints. The basic requirement of design is 

that the joint must be stronger than the adjoining hinging members, usually the beams or 

columns. This paper aims to present design approach for Beam- Column joints  for reinforced 

concrete (R/C) structures according  to the  EN 1998-1:2004. 
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Introduction 

Beam–column joints are the most crucial parts of seismic-resistant R/C frames because in their 

limited volume the stress state field that develops due to seismic action is very high.[3]Joints 

are crucial zones for the transfer internal forces  effectively between the connecting elements 

like beams and columns .In normal design practice for gravity loads, the design check for joints 

is not usually critical in reinforced concrete (RC) frames and hence not warranted in 

general.The behaviour of reinforced concrete moment resisting frame structures in recent 

earthquakes all over the world has highlighted the consequences of poor performance of beam 

column joints. The basic requirement of design is that the joint must be stronger than the 

adjoining hinging members, usually the beams or columns. Early works of Paulay et al. (Pauley 

et al. 1978) established traditional truss and strut modeltoexplain the shear resistance 

mechanism without making distinction of interior and exterior beam-column joints. But they 

gave no explanation to the reason why the strength of exterior joint islower than that of interior 

joint based on the model. This paper aims to present design approach for Beam- Column joints  

for reinforced concrete (R/C) structures according  to the  EN 1998-1:2004.[1] 

 

 

Beam-column joints 

Beam column joints are generally classified with respect to geometrical configuration and 

identified as interior, exterior and corner joints as shown in (Fig. 1). 

 The design of joints to shear developed by Park and Paulay (1975) and Paulay and 

Priestley (1992).  

 The design method adopted by EC 8-1/2004.  
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 The design of joints to shear developed by Tsonos (Tsonos et al., 1995; Tsonos, 

1999, 2001). 

 
a)Interior joint                            b) Exterior joint                         c)Cornerjoint 

Fig. 1. Types of joints in a moment resisting frame 

 
a)Strut mechanism                      b)Truss mechanism                c)Componets of truss 

Fig. 2. Types of joints in a moment resisting frame 

The principal mechanisms of failure of a beam-column joint are: 

–    shear failure within the joint 

–    Anchorage failure of bars, if anchored within the joint 

–    Bond failure of beam or column bars passing through the joint 

The failure modes of some basic types of joints are depicted in (Fig.3 and Fig.4) 

Fig.3. Failure of interior joint: (a) seismic action in the right to left direction; (b) seismic action 

in the left to right direction; (c) cyclic seismic action. 



 

 

Fig. 4.Failure of exterior joint in a multi-storey building: (a) moments inducing compression at 

the lower fibre of the beam; (b) moments inducing compression at the upper fibre of the beam; 

(c) cyclic bending moment loading. 

Horizontal shear acting in Beam-column joints 

The horizontal shear acting on the core of a joint between primary seismic beams and columns 

shall be determined taking into account the most adverse conditions under seismic actions, i.e. 

capacity design conditions for the beams framing into the joint and the lowest compatible 

values of shear forces in the other framing elements. 

 

Simplified expressions for the horizontal shear force acting on the concrete core of the joints 

may be used as follows: 

 

a) for interior beam-column joints: 

 

𝑉jhd = 𝛾𝑅𝑑(𝐴𝑠1 + 𝐴𝑠2)𝑓𝑦𝑑 − 𝑉c                                               (1) 

 

b) for exterior beam-column joints: 

 

𝑉jhd = 𝛾𝑅𝑑(𝐴𝑠1)𝑓𝑦𝑑 − 𝑉c                                                        (2) 

 

where 

𝐴𝑠1 is the area of the beam top reinforcement;  

𝐴𝑠2 is the area of the beam bottom reinforcement; 

𝑉c is the shear force in the column above the joint, from the analysis in the seismic design 

situation;  

𝛾𝑅𝑑 is a factor to account for overstrength due to steel strain-hardening and should be not less 

than 1,2. 

 

Nominal Shear Stress of the joint 

 

EN 1998-1:2004 also has limited the nominal shear stress, jhv within interior beam column 

joint to be less than the stress value given by the expression: 



 

 

 

a)At interior beam-column joints the following expression should be satisfied: 

 

 

𝑉jhd ≤ 𝜂𝑓𝑐𝑑√1 −
𝑣𝑑

𝜂
𝑏𝑗ℎ𝑗𝑐                                                     (3) 

 

 

where 

𝜂 = 0,6(1 − 𝑓𝑐𝑘/250);denotes the reduction factor on concrete compressive strength due to 

tensile strains in transverse direction. 

ℎ𝑗𝑐  is the distance between extreme layers of column reinforcement; 

𝑏𝑗  is the width of the joint; 

𝑣𝑑 is the normalised axial force in the column above the joint; 

and 𝑓𝑐𝑘  𝑖s given in MPa. 

 

b)At exterior beam-column joints 𝑉jhd should be less than 80% of the value given by the right-

hand-side of expression (3) where: 

𝑉jhd is given by expressions (1) and (2) respectively; 

and the effective joint width 𝑏𝑗  is: 

 

a) if 𝑏𝑐 > 𝑏𝑤: 𝑏𝑗 = 𝑚𝑖𝑛{𝑏𝑐; (𝑏𝑤 + 0.5 ∙ ℎ𝑐)};                                        (4) 
 

b) if 𝑏𝑐 < 𝑏𝑤: 𝑏𝑗 = 𝑚𝑖𝑛{𝑏𝑤; (𝑏𝑐 + 0.5 ∙ ℎ𝑐)};                                        (5) 

 

Confinement of the joint 

Horizontal reinforcement 

Shear reinforcement of the joint (horizontal reinforcement of hoops and vertical reinforcement 

of intermediate longitudinal bars) should satisfy the following expression: 

 

𝐴𝑠ℎ∙𝑓𝑦𝑤𝑑

𝑏𝑗∙ℎ𝑗𝑤
≥

(
𝑉jhd

𝑏𝑗∙ℎ𝑗𝑐
)

2

𝑓𝑐𝑡𝑑+𝑣𝑑𝑓𝑐𝑑
− 𝑓𝑐𝑡𝑑                                                  (6) 

 

Where 

𝐴𝑠ℎ is the total area of the horizontal hoops;  

𝑉jhd is as defined in expressions (1) and (2); 

ℎ𝑗𝑤 is the distance between the top and the bottom reinforcement of the beam;  

ℎ𝑗𝑐  is the distance between extreme layers of column reinforcement;  

𝑏𝑗  is as defined in expression (4)and (5);  

𝑣𝑑 is the normalised design axial force of the column above  (𝑣𝑑 = 𝑁𝐸𝑑/𝐴𝐶 ∙ 𝑓𝑐𝑑  ); 

𝑓𝑐𝑡𝑑 is the design value of the tensile strength of concrete, in accordance with EN 1992-1-

1:2004. 

 



 

However, EN code also imposes a requirement to maintain the integrity of the joint after 

diagonal cracking and hence the necessary reinforcement to be provide for interior is given as: 

a) In interior joints: 

𝐴𝑠ℎ𝑓𝑦𝑤𝑑 ≥ 𝛾𝑅𝑑(𝐴𝑠1 + 𝐴𝑠2)𝑓𝑦𝑑(1 − 0.8𝑣𝑑)                                    (7) 

b) In exterior joints: 

𝐴𝑠ℎ𝑓𝑦𝑤𝑑 ≥ 𝛾𝑅𝑑𝐴𝑠2𝑓𝑦𝑑(1 − 0.8𝑣𝑑)                                         (8) 

 

where 𝛾𝑅𝑑 is equal to 1,2 (cf 5.5.2.3(2)) and the normalised axial force 𝑣𝑑 refers to the column 

above the joint in expression (7), or to the column below the joint in expression (8). 

 

The horizontal hoops should be uniformly distributed within the depth ℎ𝑗𝑤  between the top and 

bottom bars of the beam. In exterior joints they should enclose the ends of beam bars bent 

toward the joint. 

 

 

3.2 Vertical shear reinforcement 

 

EN 1998-1:2004 requires only 2/3 of the horizontal shear reinforcement as vertical 

reinforcement 

𝐴𝑠𝑣,𝑖 ≥ (2/3) ∙ 𝐴𝑠ℎ ∙ (ℎ𝑗𝑐/ℎ𝑗𝑤)                                                  (9) 

 

 The horizontal confinement reinforcement in joints of primary seismic beams with 

columns should be not less than that specified in 5.4.3.2.2(8)-(11) for the critical 

regions of columns.[1] 

 If beams frame into all four sides of the joint and their width is at least threequarters 

of the parallel cross-sectional dimension of the column, the spacing of the horizontal 

confinement reinforcement in the joint may be increased to twice, but may not exceed 

150 mm.  

 At least one intermediate (between column corner bars) vertical bar shall be provided 

at each side of a joint of primary seismic beams and columns. 

 

 

Anchorage of beam reinforcement in joints 

 
The diameter of beam longitudinal reinforcement 𝑑𝑏𝑙passing through beam column joints must 

be in accordance with the following limitations. 

 

a)for interior beam–column joints: 



 

𝑑𝑏𝑙

ℎ𝑐
≤

7.5∙𝑓𝑐𝑡𝑚

𝛾
𝑅𝑑
∙𝑓𝑦𝑑

∙
1+0.8𝑣𝑑

1+0.75𝜅𝐷∙𝜌2/𝜌1𝑚𝑎𝑥
                                      (10) 

 

 

a) for exterior beam–column joints: 

 
𝑑𝑏𝑙

ℎ𝑐
≤

7.5∙𝑓𝑐𝑡𝑚

𝛾
𝑅𝑑
∙𝑓𝑦𝑑

∙ (1 + 0.8𝑣𝑑)                                 (11) 

where 

ℎ𝑐 is the width of the column parallel to the beam  

𝑓𝑐𝑡𝑚 is the mean value of the tensile strength of concrete  

𝑓𝑦𝑑 is the design value of the yield strength of steel  

𝑣𝑑 is the normalised minimum design axial force in the column for the seismic design 

combination (𝑣𝑑 = 𝑁𝐸𝑑/𝐴𝐶 ∙ 𝑓𝑐𝑑   ) 

𝜅𝐷 is the factor reflecting the ductility class 𝜅𝐷 = 1.0 for DCH buildings 𝜅𝐷 = 0.66 for DCM 

buildings  

𝜌1𝑚𝑎𝑥is the maximum allowed tension steel ratio in critical regions  

𝜌2 is the compression steel ratio 

 

 

Table 2.Maximum diameter sizes for a column width hc = 500 mm[3] 

 

Concrete                       C16    C20    C25    C30    C35    40    C45    C50    C55    C60 

𝑑𝑏𝑙 ,max (mm)DCM 

        𝜅𝐷=2/3┼               17        20       24      26        29      32      35      37       38       40  

 

γRd=1.0      ├                22        25        30     33        36      40      43      47       48       50 

𝑑𝑏𝑙 ,max (mm)DCH 

 

        𝜅𝐷=1.0┼               13        15        18     20        22       24     26      28       29       30  

 

γRd=1.2      ├                18        21        25     28        30       33      36     39       40       42  

Steel Class B500c: 𝑓𝑦𝑑  = 500/1.15 MPa, 𝑣𝑑 = 0,40, ρ′/ρmax = 0.50. 

 



 

Fig. 5. Additional measures for anchorage in exterior beam–column joints: (a) beam extension; 

(b) anchorage plate; (c) bonds and transverse reinforcement. [1] 

 

 

Conclusions 

 

• The behaviour and expected performance of flexural members of reinforced concrete 

moment resisting frames can be realised only when the joints are strong enough to 

sustain the severe forces set up under lateral loads.  

• The effect of higher concrete grade in reducing the column depth has been included 

in EN 1998-1:2004.  

• From the table1. it may be concluded that the ratioℎ𝑐/𝑑𝑏𝑙 , for internal joints, ranges 

from 38.4 (C16) to 17.8 (C50) for DCH buildings. 

• The requirements imposed by expressions (10) and (11) are crucial at the prestudy 

stage for the choice of the dimensions of the columns and the concrete class in 

relation to the diameters of the rebars that are going to be used in beams 

• EN code require 60% of horizontal shear reinforcement as vertical shear 

reinforcement. EN code accept the intermediate column bars as a part of vertical 

shear reinforcement.  

• The detailing requirements ensure adequate confinement of core concrete and 

preclude the buckling of longitudinal bar. The horizontal and vertical transverse 

reinforcements are to be distributed within the joint to resist the diagonal shear 

cracking and to contain the transverse tensile strain in core concrete. 
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Abstract.High concentration of fine particles, the primary concern of worsening air pollution in 

Prishtina is believed to be fast paced economic and infrastructural growth in the capital of 

Kosova. This study is mainly focused on measuring the fluctuations of one constituent of air 

pollution, P.M. 2.5 (which are particles ranging from 2.5 to 10 micro-meters suspended into the 

environment). The measurements were done in Prishtina, mainly in the parts more frequented 

by people. Exposed to mixed combustion emission from roads with traffic, construction areas, 

and/or burning trash are a case of peculiar concern to people near those places. However, due to 

Kosovo’s continental climate, the fluctuations of these micro particles vary during different 

seasons throughout the year. The results have shown that during winter the levels of P.M. 2.5 

skyrockets, due to the heating systems used by individual households; on the other hand. 

During summer, these levels appear normal, under the international standards. Consequently, 

from measuring the maximum and the minimum of P.M. 2.5, we can infer the causes of the 

increase and decrease during different seasons. 
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Introduction 

Air pollution, as a general term, refers to various chemicals that are present in the air that might 

cause harm to living creatures on Earth. These chemicals may consist of gases, liquid and solid 

particles that remain in the air after being emitted by different sources. Indoor air pollution and 

poor urban air quality are listed as two of the world’s worst toxic pollution problems in 2008. 

Unfortunately, both of these issues are very prevalent in Kosovo’s capital, Prishtina. As the 

most frequented city in Kosova, the N.G.O. PEN, has decided, in accordance with Science for 

Change Kosovo, to implement a project whose main goal is to measure a particular constituent 

of air pollution, P.M. 2.5. 

P.M. 2.5 is referring to particulate matter; or in other words, particles starting from 2.5 µm/m3 

or less that are suspended into the environment by different sources. Some of the most 

dominant sources that we might come through in Prishtina are: old cars, burning trash cans, 

construction areas, roads with traffic, etc 

 
  



 

 

Measurements in Prishtina 

The measurements targeted frequented areas, indoor spaces, schools, main roads, and nurseries, 

throughout the year. In other words, the measurements were done consistently in order to 

discover previously undetected indicators and causes of the inflation in P.M. 2.5: 
 

1. Indoor Spaces 
2. Schools 
3. Main Roads 
4. Obilic 
5. Bio-indicators 

 

These measurements will be described briefly in the following paragraphs.  

 

Indoor Spaces 

Two peculiar characteristic about P.M. 2.5 is that it floats above ground and when there’s no 

wind or movement in an indoor area, it stays there up to 6 hours. Additionally, another reason 

we chose indoor spaces is because most of buildings in Prishtina are relatively old, and 

therefore lack proper ventilation. 
After measurements, we found out that the levels of particulate matter in indoor areas high. In 

other words, when the levels outside, during a spring day were approximately 9-12 µm/m3, 

indoors it went up to 40-43 µm/m3 

 
Schools 

Generally, young adults, children and people with breathing problems are the most vulnerable 

during periods of high P.M. 2.5 levels; the reason behind this is because they are either too 

young and their lungs are not yet fully developed, or they have problems with people. Since 

Kosovo is known for the youngest population, we focused our measurements in “Faik Konica” 

middle school, which is located in center of Prishtina.  We tracked all the roads that led to this 

school, to better understand the path children have to walk to go to school, and see which 

particular places are more polluted. 
Additionally, as mentioned above, indoor spaces are old and polluted, due to lack of ventilation; 

however, the school workers, open all the windows and doors in order to do a natural 

ventilation of the whole place before the day starts, and therefore, the measurements showed a 

pretty low levels, compared to other institutions. 

 

 
Main Roads 

Having in mind that Prishtina is overpopulated by vehicles, the necessity for roads and parking 

spots is always in demand. This overpopulation is creating long traffic hours, and consequently, 

worsening the overall air pollution in Prishtina. From the places with the highest P.M. 2.5 

levels, main roads are nearly at the top of the list. Average levels, regardless of weather, are 

higher compared to other locations. Unfortunately, most of student dorms are built near these 

roads, making the impact of air pollution worse.  

 
  



 

Obilic 

Obilic is a small town not far from Prishtina. It is notoriously known for two power plants: 

Kosova A and Kosova B. Built 50-70 years ago, both of them supply Prishtina, surrounding 

towns, and villages with electricity.  Even though the power plans have filters to prevent the 

smoke from roaming free, the filters are old; thus, do not do the job properly (based on local 

people’s information). Surprisingly, based on the measurements, the levels of P.M. 2.5 are 

normal, with just instances of increase.  

We have discovered that when there’s no wind, this smoke goes to neighboring villages, and 

when the wind blows (usually south) it brings all the smoke to Prishtina. Also, geographically, 

Obilic has higher altitude than Prishtina; consequently, the smoke, flows down to there.  

 

 

Bio-indicators 

A bio-indicator is a living organism that gives us an idea of the health of an ecosystem. Some 

organisms are very sensitive to pollution in their environment, so if the pollutants are present, 

the organism may change morph-physiology or behavior, or it could even die. One part of the 

project was to measure air pollution with bio-indicators, to understand the condition of air 

pollution better.  
 
The hardy lichens are useful bio-indicators for air pollution, since they derive their water and 

essential nutrients mainly from the atmosphere, rather than soil. The more diverse the lichens in 

a tree, the cleaner is the air. In locations, nearer to pollutants the diversity and abundance of 

lichens was very low, and this is how we got a clearer picture of the air pollution and polluted 

locations in Prishtina, and neighboring towns and villages. 

 

 
Measurements in the Winter 

As it can be inferred from observation studies, the fluctuations of P.M. 2.5 throughout winter 

are particularly higher compared to other seasons; even though more vehicles are present in the 

road, this is not the reason behind these fluctuations. Since Kosova has continental weather, the 

summers here are very hot, and the winters are very cold; therefore, we need more coal, wood, 

and other derivatives to warm the houses. Only after months of consistent and periodic 

measurements, we found out that the cause of this increase in P.M. 2.5 levels were individual 

households and their heating systems.  
 
In the end of November and beginning of December, 2016 P.M. levels reached a different level 

of high. During that period the levels were above 90 µm/m3 (by the standard of the W.H.O. 

means that it has reached dangerous levels) and the Smog had covered the whole city. Smog is 

a kind of air pollution which results from large amounts of coal burning in an area and is caused 

by a mixture of smoke and sulfur dioxide. During that time there was an epidemic in Prishtina, 

a large amount of people were sick, and were experiencing symptoms of lowered immune 

system.  

 



 

 
Fig. 1. Shows the measurements of P.M. 2.5 from Dec. 2016 – Jan. 2017 

 

 

Raising Awareness 

The first step towards solving every problem, is making the problem known. Our duty, as 

committee members of Making Sense Project, is to raise awareness of the air pollution 

problems in Prishtina, and all around Kosovo. And once the people know about it, it is in the 

hands of the citizens to make the change. We have created campaigns, marches, and informal 

classes to students to better inform them regarding the air pollution and similar problems in our 

community.  
 

Additionally, Making Sense in launching a new application in order to raise awareness 

regarding air pollution. This application will show the graphs, minimum, maximum, in other 

words, it will analyze the measurements and will provide the best way for the citizens to 

comprehend.  

 

 

Conclusion 

Considering that Prishtina is an always growing city, air pollution is very prevalent. Making 

Sense Project has targeted P.M. 2.5 pollution and their causes. Doing the measurements 

systematically, in static and mobile locations (locations such as: schools, institutions, near main 

roads, squares, Obilic, etc.) and trying different approaches to better understand the situation, 

we came to the conclusion that P.M. 2.5 levels are present, and during winter, at alarming 

levels. We have used various ways to teach the citizens of this present pollution. Once they 

know about the problem, it is in their hands, as the mass, to win over this obstacle.  

 



 

 
 Fig. 2. All the measurements done by the Making Sense Project 
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Abstract.There is a continuous increase of quality on civil engineering materials in developed 

countries and parallel increase of need for new constructions in developing countries.  

Professional community should propose solutions for the durability that can resist in different 

severe environments. The most important factor that can affect concrete durability is 

represented by the pore distribution. Transport properties can take place through the porous 

network inside the cementitious composites and the aggregates interface, permitting the ingress 

of aggressive agents damaging concrete function intrinsically as a material and the well-

functioning of the entire structure. The use of a crystalline admixture during the mixing 

procedure can fill the pores and capillarity of the cement composites, while in case of the 

appearance of the cracks, can perform as sealing agent, representing a secondary innovative 

benefit. Concrete structure, in this case will be more durable and there will be no need for un-

planned intervention. 

 

Keywords: durability, self-sealing, concrete, crystalline additive 

 

 

Introduction 

Concrete as known; represent intrinsically porous material, which are represented from the 

pores at nano, micro and millimetric-scale. Porosity depends from the project of mix design that 

can be modified while mixing procedure or even by the wrong casting and low attention during 

curing. This is due to water presence based on mix design or due to entrained air and capillarity 

of the material itself, where water than could penetrate into concrete structure and consequently 

create physical and chemical processes that can seriously damage concrete durability. 

A better control of porosity is possible by using “supplementary cementitious materials” (fly 

ash, silica fume, slag etc.) that are characterized with a finer distribution on the granulometric 

curve, when compared with cement, which will densify the matrix and reduce the general 

porosity or reduce the pore diameter. This effect then generates the reduction of general 

permeability and the ingress of potentially aggressive ions giving to the matrix the possibility to 

control the water and humidity movements, giving even some positive effect on concrete 

durability. 

Last decades, beside “supplementary cementitious materials” mentioned before, in the civil 

engineering market, other effective contributors at the density of the matrix as densifiers or 

refiner of the pores, are shown such as specific admixtures known as “admixtures for the 

reduction of the permeability”. These admixtures can be hydrophobic or crystalline admixtures. 

The constitution of the first is represented from chemical compounds, similar constituents as 

soap or based fatty acids in petrol, which doesn’t react into the porosity of the matrix itself but 

they contribute to create a hydro-repellent layer up to the pores. Crystalline admixtures, in the 

other side are powder that are added usually to the dry components of the concrete and mixed 
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together and represent something as one percent of the cement mass. Based to its constituents 

these admixtures represent a strongly hydrophilic nature, which reacting with humidity of the 

atmosphere, creates a crystalline structure, densifying the matrix while during the calcium 

hydro silicate (CSH) phase reducing the porosity, consequently the permeability opposing the 

ingress of the water and aggressive agents. 

For a better understanding of this admixture, different exposure conditioning has been 

performed such as normal or increased water pressure and there was shown an important 

effectiveness as a porosity reducer. Otherwise, the same admixtures showed good results ion 

reducing the hydraulic shrinkage which can be seen better when concrete is limited by different 

constrains, which delayed the appearance of the cracks and reducing their width. When the last 

happen, another advantage is shown by improving the freeze-thaw cycles. 

An important testing of this admixture has been done into the structures of Shanghai Airport, 

Terminal 3, which is totally constructed into the seawater; structures that are exposed into sever 

conditioning. Concrete samples have been extracted for further chemical studies and results 

have shown that; crystalline products are formed, such as calcium, oxygen and silica with scent 

of zolfo and aluminum (ettringite), plus calcium carbonate CaCO3. Increasing the number of 

crystals some of the studied cracks have shown reduction of their width, result that pushed us 

for a deeper study on literature about the self-healing capacity of cementitious composites.  

One of the first reports about self-healing capacity was found by the French Academy of 

Science, dates back to 1836: it was reported that the conversion of the calcium hydroxide 

leaching from the hydrated cement into calcium carbonate closes the cracks on atmospheric 

exposure.  

Abrams, in 1913, was among the first researchers who explained the autogenic self-healing in 

concrete. He suggested that that the healed strength of concrete is caused by the retarded or the 

interrupted hydraulicity of the cement.  

Gilkey in 1930 studying a concrete about six months old, found that the recovered strength is 

inversely proportional to the age of concrete. In the same report Bogue concluded that the 

healing action is represented by the continued hydration, supplemented by physical stresses, 

helping the formation of the precipitated bonds between severed grains. Another idea was 

reported by Loving 1936, who found that cracks in the concrete tubes were filled by the 

calcium carbonate. Whitehurst (1951), in a soniscope testing of cracked concrete structures 

subjected to wet spring, following a freezing and thawing season reported an increasing of the 

dynamic modulus in the healed concrete.  

An important study on the strength recovery and on the explanation of the possible healing 

mechanisms of the healed cracks surfaces was performed by Lauer and Slate. They showed that 

the strength gain from autogenous healing in the water is not linear with time but follows of a 

parabolic trend with time whereas in a 95% relative humidity environment this healing activity 

is more nearly linear, though the recovery is slower but in a greater length in time. Dhir et al. 5 

performed an extended experimental campaign investigating the autogenous healing potential 

of nine different mortars, varying the aggregate/cement ratio and comparing virgin with 

fractured specimens. Investigation showed that all types of tested mortars had the ability to self-

heal. This ability is highlighted in percentage of recovery due to higher content of cement in 

front of other mortars with the higher water/cement ratio that showed a higher initial tendency 

of healing but lowers in time.  

Several studies performed by Van Tittelbom et al., Li et al. and Edvardsen et al. [8] showed a 

reduction in water permeability of concretes between the un-cracked and cracked state, lead to 

the conclusions that this reduction was performed by the self-healing of the cracks. 

The potential of this kind of admixture on reducing the porosity [9] and the advantages as 

permeability reducers doesn’t represent last advantage and the last but not the last, the 

possibility to reduce or potentially heal the cracks pushed us to perform and extend 

experimental campaign and a detailed study in the self-healing capacity of cementitious 

composites with and without crystalline admixture. 



 

 

Experimental Activities 

The mix composition, detailed in Table 1, has been designed for a target cube compressive 

strength at 28 days equal to 30 MPa. Because of the interest to evaluate the effects of crystalline 

additives on the permeability and at the self-healing capacity of concrete, a companion mix has 

been also produced with a 1% additive addition, by weight of cement.  

Table 1. Mix-design of the investigated mortar 

Constituent (kg/m3) Without Additive With Additive 

Cement type II-42.5 R 300 300 

Water 190 190 

Superplasticizier (lt/m3) 3 3 

Fine Aggregate 0-4mm 1078 180 

Coarse Aggregate 4-

16mm 

880 880 

Crystalline Additive - 3 

 

The additive was dry mixed with the raw aggregates at the very beginning of the mixing 

sequence, which was then followed by the addition of cement and, upon further mixing, by the 

incorporation of water and superplasticizer.  

 
Figure 1. Observations on the crystalline additive; Visual observation on different scale of 

additive particles of in a scanning; (left) original visualization of the additive; (middle, right) 

scanning electron microscope in different magnifications 

 



 

 

Figure 2. Chemical characterization of the crystalline additive showed in (Figure1) by 

the Energy dispersive spectroscopy (EDS) test. 

 

In Figure 1 it is possible to observe the particles of the crystalline admixture. They have 

irregular shape and size in the range of about 1-20 m (Figure 1, middle-right); their 

morphology is similar to that of cement grains; as a matter of fact, also according to the 

manufacturer, cement is present in the admixture and this is confirmed by the presence of 

calcium, oxygen, silica, magnesium, aluminum and potassium in the EDS microanalysis shown 

in Figure 2. This spectrum is comparable with that of an Ordinary Portland Cement (OPC), 

except for the peak of Sulphur which is slightly higher. 

 

 

Figure 3. Manufacturing of the specimens; (left) casted slab; (middle) reference cube 

specimens; (right) slabs under wet towels. 

 

Slabs 1m long x 0.5 m wide and 50 mm thick were casted (Figure 3, left) with both mixes; after 

three days curing in laboratory environment under wet towels (Figure3,right). Slabs were cut 

into prismatic “beam-like” specimens, each 500 mm long and about 100 mm wide (Figure 4) 

and cured in a moist room. 

Comparison cube specimens (Figure 4, middle) were also cast for compressive strength 

measurements.   

 



 

 

Figure 4. (left) Slabs stored on a chamber room; (middle) cutting machine; (right) 

specimens like “beam” after cutting 

 

At the end of the curing period detailed above, the beam specimens were pre-cracked up to 

different levels of crack opening, equal to 150 and 300 m. Un-notched specimens were pre-

cracked employing the three - point bending (3pb) test set-up shown in Figure 5, where the clip-

gauge measuring the Crack Opening Displacement (COD) at mid-span (used as test control 

variable) is also shown. Some specimens were kept un-cracked for reference as well. 

 

 
Figure 5.  (left) Three point bending test set-up for pre-cracking procedure; (right) 

clip gauge used for measuring the crack opening mouth displacement 

Besides these “natural” exposure conditioning, accelerated conditioning in a climate chamber, 

also to assess the reliability of accelerated haling procedures, were performed (Table 2) [10]. 

The performed cycles, each lasting 6 hours and meant as representative of exposure to either a 

winter or summer Northern Italy climate, are shown in (Figure 7, left). Exposure up to 1, 2 and 

4 weeks in climate chamber for both types of accelerated cycles was performed (Figure 7, 

right). At the end of the scheduled exposure times, the specimens were first of all analyzed with 

an optical microscope to visually check the presence of the healing products in the cracks.  

 

Table 2. Exposure conditioning and the duration for each of them 

Type of the Conditioning Duration of the Conditioning  

H – Water Immersion 1, 2, 3, 6, 12 months 

D – (Dry) Natural air exposure 1, 2, 3, 6, 12 months 

HD – Wet/Dry 1, 3 months 

C – Climatic Chamber 1, 2, 4 weeks 

 



 

 
Figure 6 (left) Climatic chamber; (middle) Water immersion; (right) air exposure 

 

  

Figure 7. (left) Temperature and relative humidity simulated by the climate chamber; 

(right) T and RH recorded along the specimen exposure period. 

Table 3. Synopsis of experimental programme (n° of specimens per each test 

condition) 

 
Then the specimens were tested up to failure according to the same set - up employed for the 

pre-cracking. A typical response, in terms load vs COD in the case of healing, is shown in the 

Figure 9 that corresponds with the response exhibited by the same specimen in the pre-cracking 

stage. 

 



 

 

Discussions of Experimental Results  

The two investigated concretes, with and without the crystalline admixture, were first of all 

characterized by meaning the development of their compressive strength all along the 28 days 

curing period before the pre-cracking. 

 

 
Figure 8.  Strength development of concrete with and without crystalline additives 

vs. EC2 previsions 

Based on the EC2, cubic specimens were tested by comparison between the concrete with and 

without admixture, to evaluate the effect of admixture in the strength development of concrete. 

Then, EC2 predictive law [11], has been plotted on the same graph and compared with the 

strength development of both concretes.  

By observing the graph in the Figure 8 it can be stated that: the crystalline admixture alone, in a 

sound concrete specimen, does not affect the strength of the material nor its development within 

time. 

Based in the porosimetry test named as mercury porosimetry test, the obtained results shown 

differences between two types of concrete where the total pore area equal to 6.461 m²/g of the 

concrete without admixture is higher compared to the same concrete with the mentioned 

admixture where same parameter shows a total pore area equal to 5.083 m²/. This result has 

been obtained after first month of water exposure. 
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Figure 9.  Example of load vs. COD curves for specimens submitted to pre-cracking 

and post-conditioning 3pb tests; definition of quantities for calculation of self-healing 

indices 
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In Figurer 9 the results of a typical test, in terms of load vs. COD curves, are shown: it is worth 

remarking that the graphs are built up in a way that the curves pertaining respectively to the 

pre-cracking test and to the post-conditioning up-to-failure test for the same specimens are 

compared. 

 

 

Figure 10. (a) Index of Load Recovery (as evaluated from 3pb test results) vs. exposure time 

for water immersion/air exposure (b) and flexural response un-cracked specimens. 
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Figure 11. Index of Damage Recovery as evaluated from 3pb (left) vs. Index of Crack Healing 

as estimated from fitted damage evolution laws and (right)  Index of Load Recovery vs. Index 

of Crack Healing as evaluated from stress vs. COD curves obtained from 3pb tests. 

(a) (b) 

(c) (d) 

Figure 12. Healed cracks for specimens with (a) and without (b) crystalline additive after six 

months of immersion in water; specimens with (c) and without (d) crystalline additive after 

six months of exposure to open air. 



 

Based in the equation 1 has been possible to be calculated the load recovery and the results has 

been plotted in the Figure 10. From the observed results (Figure 10, a), recovery of load bearing 

capacity, with respect to the loss of load bearing capacity (softening) experienced upon 

cracking, as also affected by presence/absence of crystalline additive and different exposure 

conditions, is absolutely coherent with observed trends of recovery of other mechanical 

properties. Whereas, most important recovery of bearing capacity, could be observed in the 

most favorable examined cases, specimens with the additive immersed in water.While, un-

cracked specimens showed a stabled strength in time of exposuremeasured and identified from 

stress-crack opening flexural response (Figure 10, b). These results confirm the idea that 

hydration products have been produced in higher level when cracks are formed, where the same 

were not produced in un-cracked specimens.  

Load recovery versus estimated crack healing (Figure 11) shows that some load bearing 

capacity appears to be recovered since for very low values of estimated crack healing while for 

higher recovery of bearing capacity higher closure of the crack is needed.  

Pictures obtained by stereo-microscope in Figure 12 confirm the aforementioned statements, 

where immersion in water triggers the self-healing also for specimens without any additive, but 

at a much slower pace: only after 2 to 3 months effects start being visible and after 6 months a 

performance comparable to specimens with the additive was achieved; specimens without any 

additive exposed to air hardly shows recovery and only after prolonged (6 months) exposure 

period the crack closure  can be appeared. 

 

 

Conclusions 

In this papers just a part of the results has been shown, there is still undergoing the 

experimental campaign, which can complete the here showed experimental campaign. 

Whatever, it has been showed that concrete owes intrinsically the capacity to heal the cracks, 

even this can be scant, which directly depends in the exposure conditions.  

When crystalline admixture is added into the mix design, the capacity to heal the cracks 

increases, and there is shown more systematic and reliable performance, obtaining recovery of 

the load capacity up to 80%, thanks to the contribution of the admixture into the porosity and 

not just the reducing of the total volume of pores was obtained but consequently the healing of 

the crack and the continuation of the hydration process, which is another process that was 

promoted by the admixture. 

The methodology showed here has been confirmed and validated due to the different exposure 

conditioning, duration or the presence of the crystalline admixture comparing with the same 

mix design without the mentioned admixture. The formed products contribute directly to one of 

the most fundamental phenomena of the design of reinforced concrete, such as presence of the 

cracks. So, by reducing the porosity and engineering the healing capacity, it is possible to 

introduce a new valuable sustainable concept to the concrete structures. In this sense the effect 

of the admixture shows the possibility to create more durable concretes and increase the 

lifecycle of the whole structure due to the steel defense in front of the aggressive agent, 

reducing or stopping the corrosion into concrete reinforced structures. 
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Abstract. The movement of the vehicle in a curve related to the construction of the road is 

expressed through the influence of the radius of the curve and the transversal inclination of the 

road. Two of these quantities are fixed quantities ever since the projection and then construction 

phase of the road. During the vehicle’s movement in the curve, their influence is shown through 

the critical slide velocity. This critical velocity is defined from the influence of the centrifugal 

force. For smaller values under critical velocity, this influence is expressed through the safety 

of the movement or the comfort of the driver and passengers in the vehicle. The gained values 

of the critical velocity are displayed in the table of values of the influential parameters. 

 

Keywords: Radius, slope, velocity, force. 

 

 

Introduction 

The velocity of the vehicle in the curve is influenced by the forces which move the vehicle, the 

resistances of the velocity and also the centrifugal force which attempts to displace the vehicle 

in the outer part of the curve or to displace from the desired trajectory of movement. The 

displacement from the trajectory is not immediate, but gradual and is realized through the slide 

into the side direction of the wheel proportionally to the surface of the road. For this reason, the 

critical slide velocity is accounted as a criteria for the safety of movement of the vehicle. 
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Fig. 10. The forces which influence on the vehicle during movement in curve with lateral slope 

 

The expressions for defining the critical slide velocity of the vehicle 

during movement in curve 

For the vehicle to be in the borders of stability the force of friction must be equal with the sum 

of the side forces. Meanwhile, to eliminate sliding towards the side in the direction of the radius 

of the curve, the sum of the forces on the Z axis must be lower or equal to the force of friction: 

 

  0sincos ttz FGFcFGzFcFz      (1)

      

 

After the breakdown of the forces in the proper direction according to the axis, the 

transformations of the equations and the abstraction of smaller values (approximate to zero), the 

formula for the calculation of the vehicle’s critical velocity is presented in this form: 

- If the road in the curve with no transversal slope (angle  0   and  %0P ),   then the 

critical slide velocity is: 
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-Critical slide velocity of the vehicle in a horizontal curve with a known radius R and the lateral 

slope of the road β: 
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For further discussion the formula for the calculation of the critical slide velocity of the vehicles 

during movement in the curve for the case where we have known the radius of the curve and 

transversal slope of the road. 

From these formulas (2) and (3), the value of the critical velocity is dependent on the radius of 

the curve R, the transversal slope and the transversal coefficient of friction.

The values of the radius of the curve are dependent on the character of the road (the projected 

speed). According to the character of the road, the values of the radius of the curve are 

presented in table form. 

Table 1 

Category of the road Projected Speed 

 Vp [km/h] 

Radius of the curve 

Rmin[m] 

Longitudinal slope  

[%] 

Autoroad 80-120 250-750 4-6 (7) 

Class I 70-100 180-450 5.5-7 

Class II 60-100 120-450 5.5-8 

Class III 50-90 80-350 6-9 

Class IV 40-80 50-250 7-11 

Class V 40-70 50-180 8-12 

 

 

The values of the transversal coefficient of friction are dependent on the surface of the road, the 

type of building material and it’s condition. In table form, the values of the transversal 

coefficient of friction are displayed in the following pages. 

The transversal slope of the road can achieve the value that may lead to the endangerment of 

the stability of the vehicle- the slide on the inside part of the curve. The condition that must 

fulfilled so the vehicle may not slide into the inside part of the curve is: 

ttg      (4) 

So, for values equal to and smaller than tg<
t , the vehicle will not slide into the inner part of 

the curve. The maximal value of 
t is 

t =0.6. The values of the transversal slope of the road 

in the curve comes to the borders of 2.5%-6%. In special cases, it can be taken up to the the 

value of 7%. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2. The histogram of the defining of the transversal coefficient of friction. 

 

 The graphical display of the influence of the radius of the curve 

and the transversal slope 

The graphical display of the slope of the influence of the radius of the curve and the transversal 

slope on the stability of the vehicle during the movement in the curve can be separated on the 

dependence of one parameter and two parameters at the same time. 
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Fig.2 Margins of values for lateral acceleration in f-ion of v and R 

 

Conclusion 

While analyzing the numerical values of the critical slide velocity, in dependence with the 

change in the values of the radius of the curve and the lateral slope of the road, we can 

conclude: 

-the minimal values of the radius of the curve and the lateral slope of the road generate higher  

values of the lateral acceleration of the vehicle, with which we have lower comfort of the driver 

and passengers, 

- in the critical minimal values of the radius of the curve and the lateral slopes we have the 

danger of the slide of the vehicle, and at the same time lowers safety of the driver and 

passengers, 

-the optimal values of the critical slide velocity are achieved for the optimal values of the radius 

of the curve and the transversal slope of the road. 
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Abstract. Use of proper pavement material for some of intersections need special attention by 

road designers. At Camp Bondsteel-Kosovo on 2002 were built four road intersections using 

the concrete as pavement material. Heavy and slow-moving trucks that are turning or 

accelerating exposed these intersections to some of the highest stress level. After some years 

this intresections start deteriorating on their surface due to friction. The concrete pavements did 

not survive this period of usage and after eight years were removed and replaced with asphalt 

pavements. After more than seven years, the asphalt has shown minor distress but is still in 

good condition after years of outstanding service. This issue was resolved using aggregate and 

aggregate blend who meet higher standards. This blend of aggregate has high internal friction 

developing the degree of interlock needed to resist friction and or shearing. In this case, tough, 

durable aggregates were necessary, while rounded aggregate avoided in both the coarse and 

fine fractions. Due to slow-moving traffic on the hot weather, the binder has been selected with 

higher temperature grade than climate conditions. The asphalt section is still going strong after 

seven years. 

 

Keywords: Intersection, Asphalt, Concrete, Aggregate, Binder. 

 

 

INTRODUCTION 

Concrete is the most widely used construction material in the world and its presence is felt in 

numerous ways in our daily lives: the buildings where we live and work and the infrastructure 

that connects us. Thus, it is no exaggeration to say that concrete lays the foundation for our 

modern society. In addition, the enormous application of concrete holds the promise that it can 

be part of the solution, if aided with breakthroughs in concrete science and engineering, to a 

sustainable development in society and economy while minimizing the ecological footprint.  

However, popularity does not guarantee immunity. Most of the concrete structures are exposed 

to the environment where deleterious species can penetrate into concrete via a variety of 

transport mechanisms, leading to a range of durability related problems and undermining its  

serviceability, among which, frost damage is one of the most severe and also extensively 

studied  topics.  

Pavement designers and contractors have learned that some intersections need special  

attention. Heavy, slow-moving vehicles that are stopping, turning, or accelerating expose 

intersections to some of the highest stress levels found on pavements. High-stress locations also 

include climbing lanes, truck weigh stations, rest areas, and other slow-speed areas. Giving 

special attention to these areas can ensure that high-stress areas deliver the same outstanding 

performance as other asphalt pavements. 

Pavement engineers have adopted a four-point strategy to ensure good performance for 

intersections and other high-stress applications. 

A basic intersection strategy consists of four steps:  



 

 

 Assess the situation. 

 Ensure structural adequacy. 

 Select high-performance materials and confirm the mixture design. 

 Use proper construction techniques. 

The key to achieving this desired performance at high–stress installations is recognizing that 

these pavements may need to be treated differently from regular, posted-speed pavements. 

 

 

THE DAMAGE PHENOMENA  

 PROBLEM STATEMENT  

Freeze-thaw deterioration 

 
When water freezes, it expands about 9%. As the water in moist concrete freezes, it produces 

pressure in the capillaries and pores of the concrete. If the pressure exceeds the tensile strength 

of the concrete, the cavity will dilate and rupture. The accumulative effect of successive freeze-

thaw cycles and disruption of paste and aggregate can eventually cause significant expansion 

and cracking, scaling, and crumbling of the concrete. Local weather records can also be 

referenced to more precisely determine the severity of exposure. 

 

 

Deicer Scaling  

 
Damage related to deicing practices is no longer a matter of speculation; distress related to 

deicer use has occurred in all cold weather states. This has spawned a renewed  interest in 

understanding the effects that  deicing and anti-icing practices can have on  concrete 

pavements. Snow and ice removal is critical for the safe operation of the road transportation 

infrastructure. 

Deicing chemicals used for snow and ice removal, such as sodium chloride, can aggravate 

freeze-thaw deterioration. The additional problem caused by deicers is believed to be a buildup 

of osmotic and hydraulic pressures in excess of the normal hydraulic pressures produced when 

water in concrete freezes. In addition, because salt absorbs moisture, it keeps the concrete more 

saturated, increasing the potential for freeze-thaw deterioration.  

 

 

 Aggregate Expansion 

 
Some aggregates may absorb so much water (to critical saturation) that they cannot 

accommodate the expansion and hydraulic pressure that occurs during the freezing of water. 

The result is expansion of the aggregate and possible disintegration of the concrete if enough of 

the offending particles are present. If a problem particle is near the surface of the concrete, it 

can cause a popout (Fig 2). 

 



 

 

Fig 1: Deteriorated concrete surface due to aggregate expansion 

 
Due to freezing and thawing cycles, cracking of the concrete starts in the saturated aggregate at 

the bottom of the slab and progresses upward until it reaches the wearing surface.  

 

 

 Abrasion/erosion 

 
Abrasion damage occurs when the surface of concrete is unable to resist wear caused by 

rubbing and friction. As the outer paste of concrete wears, the fine and coarse aggregate are 

exposed and abrasion and impact will cause additional degradation that is related to aggregate-

to-paste bond strength and hardness of the aggregate. 

Although wind-borne particles can cause abrasion of concrete, the two most damaging forms of 

abrasion occur on vehicular traffic surfaces and in hydraulic structures, such as dams, 

spillways, and tunnels. 

 

 

 Traffic Surfaces 

 
Abrasion of floors and pavements may result from production operations or vehicular traffic. 

Many pavement are subjected to abrasion by steel or hard rubber wheeled traffic, which can 

cause significant rutting. 

Tire chains and studded snow tires cause considerable wear to concrete surfaces. In the case of 

tire chains, wear is caused by flailing and scuffing as the rotating tire brings the metal in contact 

with the concrete surface. In some areas, abrasive materials such as sand are applied to 

pavements to improve traction, but experience has shown that this causes little wear if the 

concrete is of good quality and the aggregates are wear resistant. 
 



 

 

Fig 2: Deteriorated concrete surface at intersections 

 

 Physical effects 

 
Salts in solution will penetrate the porous microstructure of  concrete. Subsequent evaporation 

may result in salt crystal growth within the concrete, which can result in expansive forces. This 

is not necessarily a cold weather phenomenon; it can also occur in marine or industrial settings.  

The mechanism most likely to cause distress in a freezing environment is that of expansion of 

water or solution as it freezes within the paste’s pore structure.  

Cracking leads to more water on the next thawing cycle, meaning cycling through the freezing 

point can lead to extensive damage accumulation. The damage occurs when the system is 

saturated above the point where there is sufficient space for the expanding water to move into.  

 
 

ADVANCED PAVEMENT MATERIALS 

 
In order to have better pavement, an initiative was undertaken to improve materials selection 

and mixture design by developing: 

 A new mix design method that accounts for traffic loading and 

environmental conditions. 

 A new method of asphalt binder evaluation. 

 New methods of mixture analysis. 

 PAVEMENT PROCEDURE AND CONSTRUCTION 

TECHNIQUES 

The pavement mix design method consists of 7 (seven) basic steps: 

 Aggregate selection, 



 

 Asphalt binder selection, 

 Sample preparation (including compaction), 

 Performance Tests, 

 Density and voids calculations, 

 Optimum asphalt binder content selection, 

 Moisture susceptibility evaluation. 

Use of proper construction techniques is of course important for all pavements, and it is critical 

for high-performance intersections. Three aspects are worth special mention here: proper 

compaction, avoidance of segregation, and excellent joint construction. 

Proper density is vital for long-term durability. The mixture must be properly compacted to 

resist additional compaction under heavy traffic. 

Using this four-step strategy, high-performance intersections have been routinely constructed 

for years.  

After the intersections were rebuilt using this four-step strategy, all four intersections on Camp 

Bondsteel have provided superior performance without additional maintenance or rehabilitation 

expenditures in the intervening years. 

 

Fig 3: Replaced concrete with asphalt pavement at 1st road intersection on Bondsteel 

 

 

Aggregate selection 

 
As the expected traffic loading on the pavement increases, the aggregate and  aggregate blend 

must meet higher standards. A successful blend of aggregate must have high internal friction to 

develop the degree of interlock needed to resist shearing or rutting. Tough, durable aggregates 

are necessary. Rounded aggregate must be avoided in both the coarse and fine fractions. The 

most important properties of aggregates used for pavement construction are: particle size and 

graduation, hardness or resistance to wear, durability or resistance to weathering, specific 

gravity and absorption, chemical stability, particle shape and surface tecture, freedom from 

deletrious particles or substances. 

For intersection mixtures, it is particularly important to use a mix design that produces stone-to-

stone interlock and orientation — without having the stone fracture.  

 

 



 

Asphalt Binder  

 
There is a binder selection process, which is, of course, tied to the Superpave asphalt binder 

performance grading (PG) system and its associated specifications.  The PG asphalt binders are 

selected based on the expected pavement temperature extremes in the area of their intended 

use.  The pavement software is using to calculate these extremes and select the appropriate PG 

asphalt binder using one of the following three alternate methods: 

 Pavement temperature.  The designer inputs the design pavement 

temperatures directly. 

 Air temperature.  The designer inputs the local air temperatures, then the 

software converts them to pavement temperatures. 

 Geographic area.  The designer simply inputs the project location.  From 

this, the software retrieves climate conditions from a weather database and 

then converts air temperatures into pavement temperatures. 

Once the design pavement temperatures are determined they can be matched to an appropriate 

PG asphalt binder. 

 

 

 Design Pavement Temperature 

The mix design method determines both a high and a low design pavement temperature.  These 

temperatures are determined as follows: 

 High pavement temperature – based on the  7-day average high air 

temperature of the surrounding area. 

 Low pavement temperature – based on the 1-day low air temperature of the 

surrounding area. 

Based on this can determine the appropriate PG asphalt binder.  PG asphalt binders are 

specified in 6°C increments. 

 

 

 Performance Grade Nomenclature 

 
Pavement performance grading is reported using two numbers – the first being the average 

seven-day maximum pavement temperature (°C) and the second being the minimum pavement 

design temperature likely to be experienced (°C). Thus, a PG 58-22 is intended for use where 

the average seven-day maximum pavement temperature is 58°C and the expected minimum 

pavement temperature is -22°C. These numbers are pavement temperatures and not air 

temperatures (these pavement temperatures are estimated from air temperatures using an 

algorithm contained in the program). 

For slow-moving traffic, the binder should be selected one high temperature grade higher than 

climate conditions on the project called for, such as a PG-70 instead of PG-64. 

 

http://www.pavementinteractive.org/superpave-mix-design/superpave-performance-grading


 

 
Fig 4: Replaced concrete with asphalt pavement at 2nd road intersection on Bondsteel 

 

 

CONCLUSIONS 

 
Safety is the primary consideration, and activities to keep  roads safe will not be compromised. 

Therefore, it is imperative that the concrete pavement industry produces pavements that are 

able to resist the aggressive environment that will be imposed with increasing use of brine-

based deicing systems using chloride salts. 

On the other hand, agencies also need to use the range of products available to them wisely.  

Consideration may also be given to flushing pavements to remove the salts periodically, but this 

may not always be practical. It is important to prevent water and salt solutions from being 

trapped in the joint. This can be improved by ensuring that drainage details are adequate and by 

avoiding leaving a void below the backer rod. 

New concrete pavements should be designed to resist the aggressive environments imposed by 

deicing salts. 

The concrete pavement required frequent lane closures for repairs to address the extensive 

cracking and deterioration.  

Not only is asphalt a more durable pavement than concrete, but it is also the less expensive 

material to install and repair while providing a safer, smoother surface on which to drive. 

Asphalt pavements cost less to build and maintain, is 100 percent recyclable, take far less time 

to construct, no need for 24-hour lane closures, intersections can be opened to traffic as soon as 

the rollers have finished and the pavement has cooled. In other words, asphalt is miles ahead of 

the competition. 
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Abstract: This paper presents the negative impacts on residential buildings in Kosovo, as well 

as the main factors of the occurrence of sick building syndrome (SBS) in residential buildings 

in the case of Kosovo. It also examines the impact of different materials on this phenomenon 

and how many constructions in Kosovo are protected from this phenomenon.  

For the assessment of the impact of materials on the health and the environment, it is necessary 

to consider all the phases. Starting from the construction phase, selection of materials, 

application from the beginning of the use of the building, including all the materials processing 

from the beginning until their application, the use of natural resources for the production of 

various construction products, the necessary energy for the production and processing of the 

materials used, and the amount of release and imitation of CO2 (carbon dioxide). This paper 

also discusses the question of what sick building syndrome SBS is, how materials are affected 

by this phenomenon, what are the main materials affecting the residential buildings in SBS 

phenomenon in Kosovo, what buildings are affected by this phenomenon and how does this 

phenomenon affect human health.  

Furthermore, this paper provides a deep analysis on factors influencing the phenomenon of SBS 

in different municipalities and several companies. It also discusses the influence of Asbestos 

and its impact on SBS, through a survey conducted in different municipalities and institutions 

and other companies. Through this discussion the paper attempts to provide information on the 

current knowledge about asbestos, as well as the manner of its assembling and dismantling, 

storage and all other information related to this material which has a great impact on the 

appearance on phenomena of SBS. 

A special emphasis has been put on the impact of materials on our health, recent research on the 

materials used and impact on the appearance of SBS case, including the diseases that occur as a 

consequence of the occurrence of diseased buildings. 

 

Keywords: Kosovo, housing, phenomenon, life expectancy, SBS, Asbestos. 

 

 

Introduction 

 
People in the developed countries spend around 90 % of their time indoors and around 20 % in 

working environments ;During that time we are exposed to numerous health hazards that can be 

classified into biological, chemical, physical, biomechanical and psychosocial Exposure to 

these hazards could affect human health; Design of healthy and comfortable built environment 

is fundamental for the prevention and control of health hazards; The complaints may be 

localized in a particular room or zone, or may be widespread throughout the building; 600 

office workers in the USA concluded that 20 % of the employees experience SBS symptoms 

and most of them were convinced that this reduces their working efficiency. Study on 1390 



 

workers in 5 public buildings in Quebec, Canada showed that 50 % of workers experienced 

SBS symptoms. SBS may also occur in other environments such as schools, kindergartens and 

residential buildings. In studies on residential buildings from 12 % to 30.8 % of occupants were 

identified as having SBS. The purpose of this study is to identify the main risk factors (asbestos 

and air pollution's) for SBS in Kosovo. Knowing these indicators that affects SBS buildings 

will help people increase their awareness. 

The term SBS "Sick building syndrome" 

The term "sick building syndrome", was first coined in the 1970s, It’s recognition at this time 

may in part be attributable to the increasing presence of electronic equipment and other factors. 

It is used when the symptoms of a significant number of people occupying a particular building, 

are associated with their presence in that building. In most cases sick building syndrome occurs 

in office buildings, although it may also occur in other communal buildings such as schools and 

apartment buildings. According to the US Environmental Protection Agency (EPA), sick 

building syndrome is strongly suspected when the following circumstances are present: 

• Symptoms are temporally related to time spent in a particular building or 

part of a building; 

• Symptoms resolve when the individual is not in the building; 

• Symptoms recur seasonally (heating, cooling); 

• Co-workers, peers have noted similar complaints. 
 

SYMPTOMS OF SICK BUILDING SYNDROME 

• The common symptoms of SBS are listed here together: 

• Headache ; 

• Eye, nose, and throat irritation ; 

• Dry cough ; 

• Dry, itchy skin, rashes ; 

• Dizziness and nausea ; 

• Difficulty in concentrating ; 

• Fatigue ; 

• Sensitivity to odours. 
 

Photo. 11. https://www.scoop.it/t/genocon-2?page=3 



 

SBS symptoms in offices 

In 1984, a WHO Committee Study reported 30 % of new and redesigned buildings worldwide 

complaint of the indoor air quality 

 
 

Photo. 2. https://www.scoop.it/t/genocon-2?page=3 

Sick Building Syndrome – what is it? 

Sick building syndrome (SBS) is a combination of ailments (a syndrome) associated with an 

individual's place of work (office building), school, or residence. The term "sick building 

syndrome“(SBS) is used to describe situations in which building occupants experience acute 

health effects that appear to be linked to time spent in a building, but no specific illness or cause 

can be identified.Most should improve within hours of leaving the problem buildings. The 

complaints may be localized in a particular room or zone, or may be widespread throughout the 

building. 

 

SBS – where does it happen? 

Mostlyhappensinside office environments. Similar problems could occur in schools, hospitals, 

homes etc. Indoor air problems in domestic welling’s, esp. associated with water damage 

(Nordic countries’ definition). 

Factors related to increased prevalence of SBS 

 



 

 Personal factors: Lower status in organization, menial job. 

 Individual factors: Paper dust; cigarette smoke; office dust; more use of computers ; 

 Building factors: High indoor temp.; low fresh air ventilation; poor individual control 

of temp. and lighting; air conditioning; poor maintenance; poor cleaning; water 

damage ;  

 Building material factor: factors of building materials: asbestos, carcinogenic 

materials, synthetic materials, polymers; 

 Environmental factors: air pollution, atmospheric conditions, environmental pollution. 

 

 

Air quality report for the period of November to December 2016 and January 2017 in 

Kosovo  

 

• Air quality is monitored through the automatic metering system that means it is 

done continuous measurements without interruption;  

• The parameters that are monitored are: Sulfur dioxide (SO2), Ozone (O3), NO2 

nitrogen dioxide and PM10 and PM2.5 air suspended particulates; 

• The results collected by the automatic measurement of the pollutant parameters are 

processed, validated and analyzed to give an assessment of the condition of air 

quality in the monitoring area; 

• The assessment of air quality is done by comparing the values of the results 

obtained with the standard values allowed under applicable laws and regulations in 

force and according to the 2008/50 EC Directives for Europe's Cleanest Airways. 

• From the analysis of the results obtained by automatic air quality monitoring is 

ascertained during the monitoring period November - December 2016 and January 

2017 are present exceedance of daily limit values with PM10;  

• Daily limit value allowed for human health protection is 50ug / m3. As far as the 

days are over allows up to 35 days to exceed PM10; 

• All of these months have been recorded 46 days (cases) exceeding the permissible 

values of PM10. In November, 10 days (cases), in December, 21 days (cases), and in 

January 15 days (cases).  

• The maximum value was recorded 254.9μg / m3, on 29.01.2017. 

• In January of this year 2017 we had a total of 15 days with exceeding the PM10; 

• In the following year, we recorded a total of over 53 days (cases) which means that 

we have 18 days behind allowed standards; 

• But compared to 2015 we have an improvement of air quality, since in the above 

mentioned year we had 73 days with exceeding the PM10. 

 

Asbestos - presence in various construction positions in Kosovo 

 

• Asbestos is one of the deadliest materials linked to the hard to detect sick building 

syndrome (SBS) ;  

• SBS can occur when people are exposed to air pollutants indoors in either a home or 

a business and can cause illness or even lead to diseases which can be fatal. Sick 

building syndrome can be caused by a wide variety of pollutants including but not 

limited to nitrogen dioxide, Sulphur dioxide, carbon monoxide and heavy metals such 

as mercury and lead ; 

• One particularly dangerous substance found in many older homes ;  

• While asbestos is sometimes linked as a cause of sick building syndrome, it is often 

referred to simply as a building related illness, rather than being grouped in the more 

general sick building syndrome ; 



 

• Asbestos is a serious threat to the health of any individual who comes into contact 

with it. 

 

Asbestos - its presence in Kosovo 
 

The presence of this material in Kosovo has increased. In Kosovo a factory for the production 

of concrete asbestos elements has been operating, producing various elements which are used in 

different construction sites. The factory was located in Kaçanik and now is closed, but the 

remains of this material are very large and are not protected or stored in a certain way for this 

material. Also this material has found a great use also as a combination of concrete asbestos, in 

the form of tiles or pipes of different dimensions, where even now in the Municipality of 

Pristina are mounted about 3.4 km water pipes that is in operation.Generally this material have 

a great use in Kosovo, it has been studied part of the Pristina municipality in a diameter of 500 

m, we have encountered about 7 houses where the concrete asbestos material has found a use. 

Photo 3. Pristina city. 
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asbestos 

 



 

 

Photo 4. Pristina city 

 

Having this fact, we have prepared a questionnaire where we have identified how much 

municipalities are informed to have this material as very problematic for the health and the 

environment we live in, knowing that represent the main factorwhich affects the phenomenon 

of sickly SBS buildings. A questionnaire was conducted in this paper where we have identified 

how many municipalities in Kosovo are familiar with this material – Asbestos.They identified 

buildingshavingthis material, how municipalities are handlingthis information, removal of 

deposition and all the procedures they need to remove this material from various buildings and 

warehousing and, its conservation. Also, how the municipalities where informed, connection 

between the relevant ministry and municipality about the identification, materials, marking, 

removing, storing and conserving dangerous materials for human health as well as the 

environment. 

 

 

The requested question (1):  How much is the municipality informed or has information about 

the types of materials harmful to human health and the environment: 

Fig. 1. The requested question (2):  Has the municipality identified the harmful materials for 

health and the environment that are present in the territory of the municipality? 
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Fig. 2. Chart 

 

The requested question (3):  Municipalities (municipal directorates) have a list of materials 

that are present and pose a risk to people and surroundings in the respective municipality: 

 

 
 

Fig. 3. Chart 

 

The requested question (4):  How much is the municipality informed about manner and 

procedures for removing or removing harmful materials for health and environment: 

 

 
 

Fig. 4. Chart 
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The requested question (5): Do the municipalities have specialized teams that eliminate 

harmful materials for human and environment health: 

 

Fig. 5. Chart 

 

The requested question (6):  How much information’s do you have about the materials that 

AZBEST has in its composition, such as asbestos materials such as concrete, tiles, pipes, ropes 

or other materials that contain asbestos or harmful materials as well as how much these 

materials (with composition of asbestos) are present in your municipality: 

 
Fig. 6. Chart 

 

The requested question (7):  Has your municipality taken action in marking or identifying 

signs that in this area there are harmful materials for health and environment: 

 

 
 

Fig. 7. Chart 
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How do I investigate Sick Building Syndrome? 

• A reasonable order of priorities for investigation would be: 

• Look for the obvious ;  

• Check the symptoms; 

• Ask the staff what the problems are; 

• Check procedures and working practices; 

• If these fail, 
• Seek professional help. 

Prevention measures to reduce potential for mold in new buildings 

• Territorial collaboration is important for the attainment of joined transport system. A 

more extensive worldwide neighborhood is essential. 

• The developed formula for computing the economic impact of the transport on 

economic development in Western Balkan countries proved efficient 

• The ability of governments to promote global logistics systems is limited by 

institutional & organisational constraints and lack of knowledge of logistics 

developments and of the effects of their policy actions 

• The factors: energy tax, environmental tax, and households consumption affect 

transportation 

 

Conclusions 

 

• Identification of risk factors for SBS and their relevant parameters presents an important 

step towards effective prevention and control of SBS symptoms. 

• The current study especially the two main factors that are most dominant in Kosovo, air 

pollution and asbestos as a much-used material in different residential buildings and other 

facilities in Kosovo, covering the area, the 3,4 km water supply in the municipality of 

Pristina can lead to buildings that becomes chronically ill, and will pose a serious health 

and dyslexia problem and the work done. 

• Therefore, suggests the use of an integrated safeguarding perspective, which implies that 

suspicious destructive factors should be removed as soon as possible from all project 

projects to be designed as well as additional measures, examining the possibility of 

eliminating these factors from swellings where this phenomenon is present. 

• Developing a very powerful campaign where they will be informed, designers builders 

and all those responsible for the elimination of these factors that cause the phenomenon of 

SBS 
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4. IAQ Publications - Sick Building Syndrome Fact Sheet 

http://www.epa.gov/iaq/pubs/sbs.html; 

5. Boston Phoenix article on SBS complaints at Boston City Hall; 

6. http://www.bostonphoenix.com/boston/news_features/top/features/documents/02229143.h

tm; 

7. Telegraph article about a study linking SBS to job stress; 



 

8. Inquiry into Sick Building Syndrome by NSW Parliament, Australia; 

9. Chemical Injury Information Network http://ciin.org/; 

10. US EPA Indoor Air Facts No. 4 (revised) Sick Building Syndrome 

11. http://www.epa.gov/iaq/pubs/sbs.html; 

12. Rutgers University Radon and Indoor Air Quality Tools for Schools Program and IAQ 

Video; 

13. http://www.rutgers.edu/iaq. 
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