
527 

 
 

 
15   

 International Conference on Civil Engineering Design and Construction (Science and Practice), 
15 7 September 2016, Varna, Bulgaria 

 
 

 
 1 

 

-
 -

 
 

 
 

 

RESEARCH ON THE BEACH OF GRAND HOTEL VARNA 
 

Majeda Ali Alkusa 1 
 

The Grand Hotel Varna Resort is very attractive to Bulgarians and tourists. Therefore it is 
economically important to the whole area. Although some temporary protection was made, with the 
time damages to the port structures became visible. There have been attempts to protect the existing 

shaped concrete blocks. During a big storm in 1993 this protection proved itself unstable. It was 
observed that tons of rock that was meant to protect the marina were picked up by overtopping 
waves and deposited in the protected area of the port. Later on because of doing nothing for years 
the damage was progressing and by now the state of the main breakwater became much worse. The 
circumstances now are stated that the port is severely damaged and a high probable danger to 
human safety.  However, these high waves and significant amount of overtopping takes place in the 
winter. This means that the structure must withstand the severity of wave attacks.  

Made studies have sought to establish the causes and provide an avenue to build protective 
infrastructure.  

 
Key words: beach, protection, breakwater, concrete block, damage, danger, build protective, 

infrastructure 

                                                           
1 3rd year student, VFU, Varna 



528 

  
  17  

 International Conference on Civil Engineering Design and Construction (Science and Practice), 
15 7 September 2016, Varna, Bulgaria 

 
  

 
 1  2 

 
FORMATION OF UNDERGROUND URBANIZED AREA IN RUSE REGION 
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VALUE MANAGEMENT IN THE INVESTMENT DESIGN 
 

Marika Georgieva 
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 Earned value management EcoSys : 

 

 
 Microsoft Office Project  

-
 -

. 
 Oracle Primavera P6 Primavera earned 

value management 

 
 Deltek Cobra

/Deltec Open Plan/; 
Deltek MPM/ /Deltek wlnsigt/. 
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ANALYSIS OF THE SURVEY ON THE LEVEL OF SATISFACTION WITH THE SAFETY 
ENVIRONMENT IN SCHOOLS AND UNIVERSITIES 

 
Karagozler Y. 1, Terziev S. 2 
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1 2 3 4 5 

1 23 30 129 126 103 

2 17 40 91 152 111 

3 25 41 114 143 88 

4 58 54 84 108 109 

5 61 45 98 107 100 

6 30 57 98 119 107 

7 27 46 95 137 106 

8 44 53 98 117 99 

9 31 52 112 113 103 
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10 130 92 78 31 80 

11 27 25 42 150 167 

12 28 17 61 144 161 

13 34 38 88 125 126 

14 39 53 94 112 113 
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LARGE CONSTRUCTIONS DISPLACEMENT AND DEFORMATION MEASUREMENT  
BY DIGITAL IMAGE CORRELATION 

 
V. Kavardzhikov, G. Stoilov, D. Pashkouleva 

 
INTRODUCTION 
In the structural mechanics, as well as during operation and installation of material handling 

equipment, often arises a need to measure displacements fields of objects with relatively large dimensions 
such as building farms, bridges, cranes or their parts.The strain measurement is limited, essentially, to 
measurement of displacements in a certain area of the structure surface on which act static or dynamic 
loads.In work [1] the actual need to use systems for monitoring these parameters is declared. After reviewing 
the proposed in specialized literature modern solutions, involving the use of strain gauges, fiber optics 
sensors, ultrasonic sensors etc. it is concluded that in general  such systems are expensive to maintain and are 
associated with a number of difficulties at their installation. As a competitive alternative the Digital Image 
Correlation (DIC) method is considered. An example application of this highly efficient, remote and 
contactless method for measuring the movements of railway bridgeelementsis presented. The experimental 
results were compared with displacement fields determined by a numerical model of the bridge, deriveded by 
finite element method (FEM). A review of possible DIC applications to solutions of huge variety of issues, 
set by the engineering practice is performed in [2]. It is underlined that this method has become very suitable 
and effective for monitoring of large civil engineering structures, including measurements of crack opening 
in reinforced concrete elements. DIC method has been used recently for studying reinforced concrete 
structures (walls) in order to validate its ability for large specimens monitoring and structural health 
monitoring applications. It is shown that this method enables spatial reconstruction of the wall movement, 
characterization of its rigid body motion and measurement of both displacements and strain fields in in-plane 
and out-of-plane load applications [3]. Identification of common in-plane damages in the wall such as corner 
crushing and separation between infill and resistant structure has been also performed after post-processing 
of DIC data. 

We report here an application of DIC method to measure strain of the pedestrian bridge parapets 
subjected to quasi static horizontal loads. This is a topical issue, as these metal structures are directly related 
to road safety. 

 
METHOD 
When measuring deformations and displacements of the elements and structures with dimensions 

typical of civil engineering using video equipment and further processing of recorded digital images 
including the correlation method, it is necessary the observed surface area of the object to have structure that 
allows its image to contain statistically distributed bright and dark spots or other unique texture with good 
contrast in all sub areas. In many cases, the monitored surface itself satisfies these requirements. Such may 
be the concrete element surface, as well as certain metal surfaces. Often is necessary, however applications 
of DIC method to civil engineering objects which do not meet sufficiently the specified requirements. Then 
random patterns have to be created on the tested surfaces by spray or through sticking on them thin films not 
disturbing the measurements, which contain the patterns. 

                                                           
1  
2 -  
3 -  
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The DIG method is dealing at least with two images of observed surface: - at the object starting 
position, a distribution of light intensity on the surface of the digital camera sensitive matrix of pixels isI1, 
and after the load applied to the object, causing another intensity distribution - I2.The first image (before 
loading) is divided into separate elements Sij, called "correlation zones" with gravity centers Oij = (xio, yio), 
so that each element has a unique texture compared with elements of its immediate vicinity. Matching of 
each element Sij which belongs to first image with a corresponding element of the second image, recorded 
after increasung of load with a chosen increment wonted. A correlation function C [4], which is calculated 
for each Sij of the first image, and each element of its close vicinity in the second image is used as a criterion 
for finding the maximum level of compliance. The maximum value of this function testifies to the greatest 
correlationdegree of zones Sijin both images and therefore that the new position S'ijin the second image of 
Sijin the first image has been found. In [5] it is shown that the use of binarized images for correlation 
functions calculation gives a larger and sharp correlation peak, which allows to set the coordinates of the 
new position S'ijof the element Sij with higher accuracy. For different applications, this effect can be 
achieved by numerical generation of  different patterns possessing random distribution  of the intensity 
which may be stuck on the monitored surface [6]. 

Each correlation element Sij is a square matrix of pixels used as the basis of mathematical correlation 
of the image. If f (x, y) is a discrete function that determines the intensity of pixels of the first image I1, and g 
(x, y) - is a function representing the intensity of pixels I2 of the second image distorted with respect to the 
first, the relationship between the two function is defined by: 

 
yxvyyxuxfyxg ,,,,      (1) 

 
where: x and y are axes of the coordinate system, u and v are displacement components of each pixel 
belonging to Sij in state I1which has been moved to S'ij in strain state I2 (Fig.1) 

 

                         
 

Fig. 1. Schematic illustration of DIC. 
 

xi
o, yj

o are the coordinates of the center point of Oij deformable element Sij; xij
o ,yij

o are the coordinates of 
the center point O'ij the deflected element S'ij, u= xij

o - xi
o

; v= yij
o - yj

o 
 
The correlation for each correlation zone can be expressed by the coefficient ij: 

 

x y
jijiij vyuxgyxf

N
vuC ,,1,

    (2) 
 
where i and j are indexes of the correlation components respectively along the axes x and y, N is the number 
of pixels in a correlation zone Sij, and "*" represents complex conjugation. Looking for maximum of 
function ij which corresponds to the actual displacement of the correlation zone S'ij with components u and 
v. 

STRAIN AND DISPLACEMENT ANALYSIS IN PEDESTRIAN PARAPET BY DIC 
METHOD 

For illustration of DIC method application to determination of large constructions strain we perform 
static load testing on pedestrian bridge parapets according to respective Bulgarian standard [7]. These 
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parapets are provided to safety, where there is a possibility of a fall from height. They are a road restraint 
system made of steel. 

The loading device consists of a steel pipe and screw system. A load cell sensor is mounted at the one 
end of the pipe. The parapet was fixed by the standard fixing way on the floor using steel bolts. Compression 
loading was applied on it by the screw system in horizontal direction at height of 1.10 m from the floor (Fig. 
2). Eight incremental steps of loading were realized until reaching maximal load of 3.2 kN. 
 

 
Fig. 2. Experimental set-up. 

 
For DIC technique, a digital camera Canon G10 was used. The camera acquires 4416x3312 pixels 

images of the observed face of the specimen. CCD camera was positioned to view object area with size 
0.06x2 m. Illumination was provided by white light sources. 

For implementation of DIC technique, a digital camera Canon G10 was used. This camera acquires 
4416x3312 pixels images of the observed specimen surface. It was positioned to view the parapet top surface 

 an area with size 0.06x2 m. Uniform illumination of this area was provided by white light sources. 
Important for DIC method realization is the observed image to posse random intensity distribution 

with a uniform contrast [6]. Four types of patterns based on two pseudo random distribution of the pixels 
intensity were generated numerically for satisfying this requirement. These patterns are presented in (Fig. 3). 
Before the test, they were printed on stickers and gluedto the observed surface for studying which of them 
are more suitable to be used at the chosen image scale (Fig. 4).  
 

Fig. 3. Computer generated random patterns used for image analysis. 
 

Fig. 4. Speckle pattern on parapet surface. 
 

DIC procedure was performed on eight couples sequential images of the studied surface, captured by a 
digital camera with 28 pix/mm resolutions, using a correlation zone Sij  a square with dimensions 64 x 64 
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pixels. The entire deformation process was tracked by taking totally 9 images recorded during load 
increasing with increment 
authors, was used to process the stored images [6]. After the images binariaztion the DIC algorithm was 
applied. This procedure affects significantly the value of the quality parameter q related to the random 
patterns [5, 6], eliminating the illumination non-uniformity and the other effects owing to the different 
reflective properties of the different surface areas subjected to monitoring.  
 

RESULTS 

As a result of the pressure deformation, the parapet was bent in an arc. Fig. 5 show binarized image 
before and after deformation. Applying the DIC algorithm it was found that all of the random patterns 
gluedto the studied surface are suitable for its realization at this image scale.  
 
before deformation: 

after deformation: 

Fig. 5. Binarized image of the parapet. 
 

The final results derived after implementation of the complete algorithm of the DIC method are 
presented in Fig. 6 which depicts displacements along the length of parapet. 

 

 
Fig. 6. Displacements along the parapet length. 

 
CONCLUSION 

The method for correlation analysis of digital images was presented in this report. DIC can be 
implemented in a remote and contactless way, providing highly accurate measurements. Due to that this 
technique finds a growing number of applications in engineering practice for measurement and monitoring of 
two-dimensional and three-dimensional fields of displacements and deformations of large structures and 
engineering facilities during the last decade. We have chosen a simple example for demonstration the 
implementation of the DIC method. The object which was tested is of interest to Bulgarian companies that 
produce railings. These products under the Regulation must undergo static and dynamic tests for assessing 
the conformity of their functional properties to the standards. 
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EFFECTS OF EARTHQUAKES SEQUENCES ON THE SEISMIC RESPONSE 

OF CULTURAL HERITAGE RC STRUCTURES ENVIRONMENTALLY DEGRADED 
AND STRENGTHENED BY TIES 

 
Angelos  LIOLIOS 1, Antonia MOROPOULOU 2   and Konstantinos LIOLIOS 3 

 

  
 

 , Antonia Moropoulou, Konstantinos Liolios 
 

1 Introduction 
 
C
while the influence of repeated earthquake phenomena is ignored. This is a significant drawback for the 
realistic design of building structures. Despite the fact that the problem has been qualitatively acknowledged, 
few studies have been reported in the literature, especially the last years, regarding the effects of seismic 
sequences on the response of structures, see e.g. [8, 10]. 
On the other hand, the recent Cultural Heritage includes, besides the usual historic monumental structures 
(churches, old masonry buildings etc.), also existing industrial buildings of reinforced concrete (RC), e.g. old 
factory premises, see e.g. [1]. As concerns their global seismic behaviour of such RC structures, it often 
arises the need for seismic upgrading. For the recent Cultural Heritage, this upgrading must be realized by 
using materials and methods in the context of the Sustainable Construction [14,15].  
Seismic upgrading of existing RC structures makes use of well known repairing and strengthening 
techniques, see e.g.  [2, 5, 7, 20, 21]. Among the available such techniques, the one using cable-like members 
can be sometimes used as a first strengthening and repairing procedure for RC building frames against 
earthquake actions [12,22]. These cable-members can undertake tension, but buckle and become slack and 
structurally ineffective when subjected to a sufficiently large compressive force. Thus the governing 
conditions take an equality as well as an inequality form and the problem becomes high nonlinear [9]. 
Regarding the strict mathematical treatment of the problem, the concept of variational and/or hemivariational 
inequalities can be used and has been successfully applied [16]. As concerns the numerical treatment, non-
convex optimization algorithms are generally required [9,13]. 
This study presents a numerical approach for the seismic analysis of existing old industrial reinforced 
concrete (RC) building frames, which have been strengthened by cable elements. Emphasis is given to 
effects of multiple earthquakes. The procedure uses the Ruaumoko structural engineering software [3] and 
damage indices, and can compare various cable-bracing strengthening versions, in order the optimum one to 
be chosen. 
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2 Method of Analysis  
 
2.1. Formulation of the Problem 
 
As usually in Structural Dynamics [4], a double discretization is applied. First, the structural system is 
discretized in space by using finite elements. Pin-jointed bar elements are used for the cable-elements. The 
behaviour of these and other RC structural elements includes loosening, elastoplastic or/and elastoplastic-
softening-fracturing and unloading - reloading effects. All these characteristics concerning the non-linear 
constitutive laws of the structural elements can be expressed mathematically by the relation: 
 

i i i is  (d )     S (d )                                                                                   (1) 
 
where  si  and  di  are the generalized force (e.g. for ties in [kN]) and the generalized deformation (e.g. 
elongation for ties in [m]), respectively, of the i-th structural element,  is the generalized gradient and  Si  is 
the superpotential function, see Panagiotopoulos [16]. By definition, relation (1) is equivalent to the 
following hemivariational inequality, expressing the Virtual Work Principle: 
 

i i i i i i i iS  (d ,e d )  s (d )  (e d )                                                                    (2) 
 
where iS  denotes the subderivative of  Si and ei, di are kinematically admissible (virtual) deformations. 
Next, dynamic equilibrium for the assembled structural system with cables is expressed by the usual matrix 
relation: 
 

 + ( ) + ( ) =  Mu C u                                                                         (3) 
 

Here u and p are the displacement and the load time dependent vectors, respectively. The damping and 
stiffness terms, ( )C u  and  K(u), respectively,  concern the general non-linear case. When the linear-elastic 
case holds, these terms have the usual form  Cu  and .  Dots over symbols denote derivatives with 
respect to time. By  s  is denoted the cable stress vector. A  is a transformation matrix. For the case of ground 
seismic excitation xg, the loading history term p becomes  g =  -   p M r x , where r is the vector of stereostatic 
displacements.  
The above relations (1)-(3), combined with the initial conditions, consist the problem formulation, where, for 
given p and/or gx , the vectors u and s have to be computed. Regarding the strict  mathematical point of view, 
using (l) and (2), we can formulate the problem as a hemivariational inequality one by following [13,16] and 
investigate it. 
 
2.2. Numerical treatment of the Problem for multiple Earthquakes 
 
For the numerical treatment of the problem, an approach, based on a piecewise linearization of the above 
constitutive relations as in elastoplasticity [11], is described in [9] for cable-braced RC systems. By using the 
Newmark time-integration scheme, in each time-step a relevant non-convex linear complementarity problem 
(NC-LCP) of the following matrix form is solved : 
 

v   0 ,       A v + a   0 ,      v T . (A v + a) = 0 .                                                           (4) 
 
So, the nonlinear Response Time-History (RTH) for a given seismic ground excitation can be computed.  
An alternative approach for treating numerically the problem is the incremental one, where the tangential 
stiffness is used. On this approach is based the structural analysis software Ruaumoko [3], which uses the 
finite element method. Frame elements with plasticity concentrated at the two ends (plastic hinges) are used. 
For the case of multiple earthquakes, Ruaumoko has been applied for reinforced concrete planar frames 
under real seismic sequences [8, 10]. Ruaumoko provides results which are related to the following critical 
parameters: local or global structural damage, maximum displacements, interstorey drift ratios, development 
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of plastic hinges and response using the incremental dynamic analysis (IDA) method [23]. 
 
2.3. Damage Indices for the selection of the optimal ties system 
 
After the seismic assessment [7,21] of the existing RC structure, the choice of the best strengthening cable 
system follows by using the overall structural damage index (OSDI). This parameter summarises all the 
existing damages on columns and beams of reinforced concrete frames in a single value, which is useful for 
comparison reasons [6]. 
In the OSDI model after Park/Ang [6, 17] the global damage is obtained as a weighted average of the local 
damage at the section ends of each element or at each cable element. The local damage index is given by the 
following relation: 

m
L T

u y u

DI E
F d

                                                                                      (5) 

where, DIL is the local damage index, m the maximum ductility attained during the load history, u the 
y the yield force of 

the section or element, ET the dissipated hysteretic energy. 
The Park/Ang global damage index is a weighted average of the local damage indices and the dissipated 
energy is chosen as the weighting function. The global damage index is given by the following relation: 

n

Li i
i 1

G n

i
i 1

DI E
DI

E
                                                                                        (6) 

where, DIG is the global damage index, DILi the local damage index after Park/Ang, Ei the energy dissipated 
at location i  and n the number of locations at which the local damage is computed. 
 
 
3 Numerical Example 
 
3.1. Description of the considered Cultural Heritagr RC structure. 
 
The old industrial reinforced concrete frame F0 of Fig. 1 is of concrete class C20/25 and was designed 
according to old Greek building codes. The beams are of rectangular section 30/60 (width/height, in cm) and 
have a total vertical distributed load 35 KN/m (each beam). The columns have section dimensions, in cm: 
40/40. 
The frame was initially constructed without cable-bracings. Due to various extreme actions (environmental 
degradation, corrosion, previous seismic events, etc.), cracking had been taken place, which has caused a 
strength and stiffness degradation. The so resulted reduction factor to compute the effective stiffness from 
the gross section inertia moments was estimated [7,18,21] to be 60% for the external columns,  80% for the 
internal columns and 40% for the beams. After seismic assessment [7], it was decided the frame F0 to be 
strengthened by X-bracing diagonal cable-elements as  shown in Fig. 2. This system is  denoted as F6. The 
cable elements have a cross-sectional area Fc = 18 cm2 y = 

f = 2 %  and elasticity modulus  Ec = 200 GPa. The cable constitutive law, concerning 
the unilateral (slackness), hysteretic, fracturing, unloading-reloading etc.  behaviour, is depicted in Fig. 3.  
 
3.2. Multiple earthquakes input. 
 
The used strong ground motion database is described in [8,10]  and consists of real seismic sequences. 
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Figure 1. The initial RC frame F0 without cable-strengthening. 

 

 

 
Figure 2. The RC frame F6 with with X-braces cable-strengthening. 

 
These sequences have been recorded during a short period of time (up to three days), by the same station, in 
the same direction, and almost at the same fault distance. The seismic sequences used here have been taken 
from [19] and are: Coalinga (July 1983 - 2 events), Imperial Valley (October 1979 - 2 events) and Whittier 
Narrows (October 1987 - 2 events) earthquakes (see Table 1 and  Fig. 4). 
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Figure 3. The diagramme for the constitutive law of cable-elements. 

 
Table 1. Multiple earthquakes data 

 

No Seismic 
sequence Station Comp Date (Time) Magnitude 

(ML) 
Recorded 
PGA(g) 

Normalized 
PGA(g) 

3 Coalinga 46T04 CHP N-S 
1983/07/22 (02:39) 6.0 0.605 0.165 

1983/07/25 (22:31) 5.3 0.733 0.200 

4 Imperial 
Valley 

5055 Holtville 
P.O. 

HPV 
315 

1979/10/15 (23:16) 6.6 0.221 0.200 

1979/10/15 (23:19) 5.2 0.211 0.191 

5 Whittier 
Narrows 

24401 San 
Marino N-S 

1987/10/01 (14:42) 5.9 0.204 0.192 

1987/10/04 (10:59) 5.3 0.212 0.200 
 

 

Figure 4. Ground acceleration records of the three simulated seismic sequences. 
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The complete list of the three earthquakes sequences, which were downloaded from the strong motion 
database of the Pacific Earthquake Engineering Research (PEER) Center [19], appears in Table 1. For 

compatibility reasons with the design process, the seismic sequences are normalized to have PGA=0.2g. 
 
 
3.3. Representative results. 
 
Some representative results of the numerical investigation are presented in next Table 2. The sequence of 
Coalinga events E1 (of PGA=0.605 g) and E2 (of PGA=0.733 g) is denoted as Event (E1+ E2). In column (2) 
the Global Damage Indices DIG and in column (3) the Local Damage Index DIL for the bending moment at 
the left fixed support A of the frames are given. Finally, in the column (4), the maximum horizontal top 
displacement utop is given. As the table values show, multiple earthquakes generally increase, in an 
accumulative way, the response quantities. This holds especially for the damage indices. On the other hand, 
the strengthening of the frame F0 by X-bracings, i.e. Frame F6, generally reduces the response values and, in 
comparison to F0, proves the strengthening effects. 
 

Table 2. Representative response quantities for the frame-systems F0 and F6 
 

FRAME EVENTS DIG DIL utop [cm] 
(0) (1) (2) (3) (4) 

F0 
Event E1 0.158 0.208 3.125 
Event E2 0.271 0.374 5.528 
Event (E1+ E2) 0.318 0.442 6.597 

F6 
Event E1 0.122 0.114 2.414 
Event E2 0.237 0.344 4.448 
Event (E1+ E2) 0.273 0.388 4.945 

 
 
4 Concluding Remarks 
 
The inelastic seismic behaviour of Cultural Heritage old industrial RC frames, strengthened by cable 
elements and subjected to  sequential strong ground motions, can be numerically investigated by the herein 
presented approach. As the results of a numerical example have shown, multiple earthquakes generally 
indicate the need for strengthening, as increased displacement demands are required in comparison with 
single seismic events.  
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