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Dear Readers,

Scientific Journal of Civil Engineering 
(SJCE) was established in December 
2012. This Journal welcomes original 
works in civil engineering and geodesy
from various countries. The Journal covers 
all subject areas of civil engineering and 
survey, including all the types of 
engineering structures and materials,
hydraulics, geo-technics, infrastructural 
systems, buildings and environmental 
protection, and many others. The Journal 
focuses on analysis, experimental work, 
theory, practice and computational studies 
in the fields.

SJCE is published bi-annually and is 
available online at FCE web site 
(www.gf.ukim.edu.mk).

As a new editor of the Scientific Journal of 
Civil Engineering (SJCE), it is my pleasure 
to introduce the Second Issue of VOLUME 
4. My primary goal will be maintenance of 
high quality of publications, enhancing 
objectivity and fairness of the review 
process. 

This issue includes 5 articles in the field of:
composite and reinforced concrete 
structures, implementation of Eurocodes in 
Balkan countries, as well as soil-structure 
interaction problems and implementation 
of energy efficiency measures in the 
buildings facades. In the first paper the 
nonlinear behaviour of composite 
structures is described, while the second 
one represents a brief review of the state-
of-practice and research on the topic of 
upgrading reinforced concrete frame 
buildings by steel braces. The third article 
describes and discusses the 

administrative, legislative, academic and
educational aspects of the implementation 
of Eurocodes in Bulgaria and in particular 
the Eurocode 3. This article, originally 
presented as an invited paper at the 16th

International Symposium of MASE,
September 2015 in Ohrid, has been 
updated herein. The importance of the 
comprehension of dampers in frames of
the numerical simulation of soil - structure 
interaction problems has been considered
in the fourth article. The final paper 
represents an analysis made for the 
optimal photovoltaic system which can be 
installed as an integral part of the
structural facade of a building. 

The editorial board encourages all 
researchers, practitioners and members of 
the academic community to submit papers 
and contribute for the development and 
maintenance of the quality of the SJCE 
journal. 

Wishing you Merry Christmas and a 
prosper New Year spiced with everlasting 
success and prosperity!

Sincerely Yours,

Assoc. Prof. Dr. Todorka Samardzioska

December, 2015

http://www.gf.ukim.edu.mk/
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TESTING THE BEHAVIOR OF 
CONTINUOUS COMPOSITE 
BEAM PRE-STRESSED BY 
CONTROLLED IMPOSED 
DEFORMATIONS

The composite steel and concrete structures 
are complex unity of the two most utilized 
materials in structural engineering. The 
analysis of such structures requires knowledge 
of the characteristics and behavior of both 
materials, and of the structures as a whole. To 
have a real picture of the realistic behavior, 
there is need for research, which represent the 
core knowledge in the modern civil 
engineering. These kind of structural elements 
have nonlinear behavior even within the lower 
values of the ultimate loading. In order to 
obtain further data on the effects of composite 
steel and concrete structures for continuous 
beams, an experimental program was made 
with multiple elements and beams. In this 
paper the results of the testing of the behavior 
of continuous composite beam pre-stressed by 
controlled imposed deformation are presented, 
compared with the analysis in accordance with
EN1994, and with complex, realistic 3D 
structural model, created in SAP2000.

Keywords: composite structures, composite 
slabs, steel structures

TESTING MODEL

The cross section of the beam is composed 
from IPE270 as the steel main beam, with 
steel sheeting from Bondeck 600 (thickness of 
1.0mm) with ribs transverse to the length of 
the main beam, creating T-beam. The steel 
sheeting is connected to the beam with 
headed stud shear connectors, in two columns 
longitudinal to the main beam, where the
longitudinal distance between the studs is
200mm. The studs are thru deck welded to the 
beam in accordance with EN14555. The full 
thickness of the concrete beam is 
52+58=110mm, as shown in figure 1. The 
concrete is reinforced with Q283 (Ø6/100mm)
class B reinforcement, where above the 
middle support of the beam the concrete is 
reinforced with two layers of the same 
reinforcement. The composite beam is 
continuous with two spans of 5750mm with 
total length of 11500mm. The full height of the 
cross section is 270+110=380mm.

Testing the behavior of continuous composite beam pre-stressed by controlled imposed deformations



Figure 1. Testing model

Where:
1) main beam IPE270 (S275JR)
2) steel sheeting Bondeck 600, t=1.0mm 

(S550GD Z275)
3) Nelson headed stud, d=19mm, 

hsc=100mm (S235J2+C450)
4) reinforcement Q273 (Ø6/100mm) class B 

(fy/fu=600/660)

MEASURING AND LOADING 
EQUIPMENT

The spans are divided in three measuring 
points for displacements, measured by 
electronic comparators U1 to U6, as shown in 
figure 3. The electronic comparators are 
connected to HBM Quantum data acquisition 
system, where the displacements are obtained 
in real time throughout all of the loading 
phases. Dial comparators U101 and U102 are 
used for measuring the slip between the steel 
beam and concrete slab.

There are three measuring points in each span 
for strains on the top face of the concrete slab. 
The strains are measured with dial deformeter 
with main base of 200mm, D11 to D24, and 
D51 to D71 for strains at the spans. For strains 
measured at the middle support, the 
measuring points are D411 to D434.
Additionally at the middle of the concrete slab, 
longitudinal to the length of the beam, at the 
position of the measuring points, strain gauges 
for concrete are used, with base length of 
120mm. B1 to B3, and B5 to B7 are strain 
gauges for concrete at the spans, B41 to B43
are strain gauges at the middle support.

There are, also, measuring points for strains in 
the steel section. The strains are obtained with 
usage of strain gauges with base length of 
5mm, placed at the maximum moments in the 
spans and at the support. AC11 to AC103, and 
AC31 to AC302 are strain gauges for the steel 
section at the maximum moment in the spans. 
AC21 to AC203 are strain gauges for the steel 

section at the support. Additionally, strain 
gauges for the reinforcement at the support 
are used, A11 to A24. The strain gauges for 
the reinforcement are with base length of 
5mm.

Figure 2. Strain gauges placement at characteristic 
cross sections
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Figure 3. Disposition of the testing equipment
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strain gauges are manufactured by Kyowa,
and connected to HBM Universal amplifier, 
where the results are obtained at the end of 
each loading step. The placement of the strain 
gauges at the characteristic cross sections are 
given in figure 2.

Each of the loading steps are applied through 
two 100 ton presses, transferred by the 
primary transmission beams TL and TD,
where through the secondary transmission 
beams T1 to T4, the load is additionally
disturbed. With the usage of the two layers of 
transmission beams, from two applied forces, 
eight longitudinal disturbed forces are 
obtained. The value of the load is controlled
with the help of dynamometers at each press,
connected to HBM Quantum data acquisition 
system, with monitoring (and obtaining) the 
value of the load in real time.

METHOD OF TESTING

The composite beam is pre-stressed by 
imposed controlled deformation with lowering 
the middle support by 18mm. The steel beam 
is set with elevation on the middle support 
from 18mm, and in that position the installation 
of the sheeting, the welding of the studs an the 
concreting of the slab were made. After 32 
days preparation and installation of the 
measuring and loading equipment, the beam 
was pre-stressed by imposed controlled 
deformation. After obtaining the results from 
the measuring equipment at this step, the 
cycling load up to 40kN (on one dynamometer) 
was imposed, after 5 cycles, the load was
applied in subsequent increments until failure 
occurs (up to 600kN on one dynamometer). 

For comparative analysis of the testing 
realistic 3D models in SAP2000 software were 
created, using 3D solid elements and with 
nonlinear behavior of links with defined 
characteristics of the used materials and 
elements. 

Figure 4. The effective cross section at support

Also, another model was used in accordance 
with EN1994, using frame elements with 
pushover analysis for obtaining only the 
internal forces. The frame model is with 
different effective cross sections longitudinal to 
the length of the composite beam.

TESTING THE MATERIALS

After the casting of the concrete, a sample 
was taken for testing the strength of cubes 
with dimensions 150x150x150mm, and 
cylinders with dimensions 150x300mm.  The 
modulus of elasticity was tested on three 
cylinders for each casting. Also, the shrinkage 
of each cast concrete is measured with three 
prisms within 157 days. The adapted strength 
class of concrete for the beam is C25/30 
according to EN 1992. The testing of the 
compression and tensile strength of the 
concrete for the first beam was made on the 
32nd day from casting. The compression 
strength of cube is fck,cube=32.03MPa (+6.8%, 
with standard deviation of σ=1.79), the 
strength of cylinder is fck=31.65MPa (+26.6%). 
The tensile strength of the concrete is 
fcm=2.97MPa (+14.2%), and the modulus of 
elasticity is Ecm=31.65GPa (+2.1%). The 
shrinkage at the 32nd day (the day for the 
testing after the casting) is measured with 
value of 0.241‰. The calculated value of the 
shrinkage in accordance with EN 1992 is 
0.273‰ (+13.3%).

The yield strength, the tensile strength and the 
maximum elongation of a representative 
sample of the shear connector material, steel 
beam, reinforcement and steel sheeting is 
determined. The reinforcement steel is class 
B, in accordance with EN 1992-1-1, Annex C, 
table C.1 and C.3N, with yield strength of 
fyk=597N/mm2, tensile strength fuk=662N/mm2,
with k=fuk/fyk=1.11, and εuk=9.9%. The steel for 
the headed studs is class S235J2+C450, in 
accordance with EN 13918, with yield strength 
fy=502N/mm2, tensile strength fu=552N/mm2,
with k=fu/fy=1.10 and δ5=18.5%. The steel for 
the steel sheeting deck is class S550GD Z275, 
in accordance with EN 10147, with yield 
strength fy=675N/mm2, tensile strength 
fu=770N/mm2, with k=fu/fy=1.14 and δ=24.6%.
The steel for the beam is S275JR, in 
accordance with EN 1993, with yield strength 
fy=275N/mm2, tensile strength fu=424N/mm2,
with k=fu/fy=1.54 and εu=18.9%. The results 
from the testing of the steel (reinforcement, 
headed studs, steel sheeting and steel beam) 
meet the requirements from EN 1992 and EN 
1993.
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Figure 5. Composite beam subjected to the testing

RESULTS FROM THE TESTING

The measured data and results from the 
measuring and loading equipment were 
obtained and adequately processed.

Figure 6 shows the measured strains in the 
steel section at the support, where the effects 
of the pre-stressing are evident.

Figure 6. Measured strains in the steel section

It is evident that the cross section at the 
support, from the effects of the pre-stressing is 
tensioned, and with the increase of the loading 
it becomes compressed.

At the span, at the maximum measured 
moment, the cross section is negligible 
compressed, which does not affect the overall 
bearing capacity of the beam.

Figure 7 shows the measured strains in the
reinforcement at the support. It is evident that 
the effects of the pre-stressing are with little 

impact, the reason is activation in compression 
of the concrete slab from the pre-stressing.

Figure 7. Measured strains in reinforcement

The processed results are compared with the 
results obtained from the analytical research of 
the composite pre-stressed beam in 
accordance with EN 1994. Comparison 
between the measured and calculated results, 
also were made with the realistic 3D model.

Figure 8. 3D realistic model

In figure 9 the results from the testing and the 
analytical research of the pre-stressed
composite continuous beam is shown, where 
the elastic and plastic behavior of the 
composite beam can be seen. For instance, 

Testing the behavior of continuous composite beam pre-stressed by controlled imposed deformations



the first crack in the concrete is on applied 
load in dynamometer with value of 140kN. In 
loading of 375kN the most exposed fiber (at 
the span) of the tested beam “ГН” reached the 
yield strength of the cross section. The same 

happens for the model analyzed in accordance 
with EN 1994 “EC4”between 3250kN and 
350kN, and for the analytical 3D model “AM”
at 350kN in dynamometer.

Figure 9. Display of the results from the research

First full plastification of the steel cross 
section, where the ultimate limit state is 
reached, is at the support for the model 
analyzed in accordance with EN 1994 “EC4” at 
the step of loading of 500kN. The full 
plastification of the same cross section is at 
step of loading of 525kN for the analytical 3D 
model “AM”, where the ultimate limit state for 
the cross sections at P1 and P3 for “EC4” 
occurs. At the step of loading of 550kN the full 
plasstification occurs for “AM” at P1 and P3, 
and at the same time for “ГН” at the middle 
support. The ultimate limit state is reached at 
spans P1 and P3 for “ГН” occurs at step of 
loading of 618kN in dynamometer.

Figure 10. Measured and analyzed deformations

The difference in the deformations between 
the analyzed and tested beams are given in 

figure 10. The value of the elastic deflection 
from the analyzed model according to EN 
1994 is δEC4=13.18mm, then δAM=14.06mm 
(+6.7%) and measured value for “ГН” is 
δГН=13.04mm (-1.1% from “ЕС4”, -7.3% from 
“АМ”). For the deflection with plastic behavior 
of the beam, the measured value for “AM” is 
δAM=46.13mm and for “ГН2 is δГН=51.32mm 
(+11.3%). The measured residual deflection 
after the unloading of the beam from the full 
load is δPL=25.32mm in span P1 and 
δPL=25.55mm in span P3.

The diagrams of the internal forces - moments 
are given in figure 11, for the tested beam and 
for the analyzed composite beams. For 
comparison purposes, additional moment 
diagram is displayed. The moment diagram 
“MK” is for continuous beam with constant 
stiffness with the same spans load as the 
researched beams for load value on 
dynamometer of 600kN. The moment at the 
support according to EN 1994 is 
MEd,EC4=187.06kNm, for the tested model “ГН”
the moment is MEd,ГН=244.13kNm (+30.5%), 
and for “AM” the moment at the support is 
MEd,АМ=254.60kNm (+36.1% from “ЕС4”,
+4.3% from “ГН”). At the final step of loading 
for the each researched beam, the internal 
forces at spans P1 and P3 are 
MEd,EC4=282.78kNm for “EC4”,
MEd,ГН=297.30kNm (+5.1%) for “ГН” and 
MEd,АМ=284.60kNm (+0.65% from “ЕС4”, -
4.27% from “ГН”).
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Figure 11. Internal force – moments

CONCLUSION

From the experimental and analytical analyses 
of the pre-stressed continuous composite 
beam, the following conclusions can be drawn: 

 Pre-stressing by imposed controlled 
deformation of the continuous 
composite beam have significant 
influence on the behavior and the 
redistribution of the moments.

 The emergence of the cracking of the 
concrete at the support is delayed 
because of the compression in the 
concrete slab due the pre-stressing.

 The pre-stressing by controlled imposed 
deformation of the composite beam 
increase the bearing capacity of the 
beam.

 The analysis according to EN 1994 
gives results with smaller bearing 
capacity due the strict value of ψL=1.5 
for pre-stressing by imposed 
deformation.
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APPLICATION OF STEEL
BRACES FOR SEISMIC 
RETROFITTING OF RC 
BUILDINGS - BRIEF REVIEW 
OF THE EXISTING PRACTICE

A brief review of the state-of-practice and 
research on the topic of upgrading RC frame 
buildings by steel braces is presented in this 
paper. The addition of braces has been a 
popular method for the seismic strengthening 
of RC frames and it has been the subject of 
several investigations over the past decades. 
Extensive experimental testing and numerical 
analyses of elements and structures have 
demonstrated the feasibility and effectiveness 
of this technique for the increase of global 
strength and stiffness. In certain cases, it also 
provides additional energy dissipation and 
helps reducing irregularities. Performance 
objectives ranging from drift control to collapse 
prevention can be achieved. The results 
available in literature, complemented by 
parametric numerical analyses, may provide 
the basis for the development of design 
guidelines with emphasis on strength and 
stiffness characteristics and on detailing of the 
connection between new and existing 
elements. Indeed, the development of models 
and their implementation in analysis software 
is a necessary step towards the wider 
application of this strengthening technique.

Keywords: seismic strengthening; RC 
frames; steel braces; eccentric steel bracing; 
metal shear panels

INTRODUCTION

The majority of existing buildings have been 
designed and constructed without provisions 
for seismic resistance and, as demonstrated 
by research and field observations, they are 
likely to suffer significant damage even for 
moderate earthquakes. In addition to the 
economic loss, seismic-deficient buildings may 
cause injuries and casualties. The seismic 
engineering research community has 
dedicated significant efforts in developing 
retrofit measures to address these issues. This 
paper presents brief review of the state-of-
practice and research on the topic of 
upgrading RC frame buildings by steel braces. 
The various types of steel braces – eccentric, 
concentric, buckling-restrained and post-
tensioned – used for the seismic upgrading of 
frame buildings are examined.

R. Apostolska



Application of steel braces for seismic retrofitting of RC buildings - brief review of the existing practice

The addition of braces has been a popular 
method for the seismic strengthening of RC 
frames and it has been the subject of several 
investigations over the past decades. Steel 
bracings can be designed to provide stiffness, 
strength, ductility, energy dissipation, or any 
combination of these. Performance objectives 

ranging from drift control to collapse 
prevention can be achieved. Some of the 
advantages and disadvantages of this 
retrofitting scheme are presented in Table 1 
(Badoux 1987, fib 2003, Thermou and 
Elnashai 2006). 

Table 1. Retrofitting with steel bracing
Advantages Disadvantages

considerable increase of the lateral resistance difficult to control the interaction between 
new steel and existing concrete systems

the level of strength and stiffness increase can be tuned 
relatively easily by the choice of the number and size of the 

braces

not efficient for stiff concrete structures

if adequately detailed (provided that early brittle failure of braces 
and their connections is prevented), satisfactory ductility and 

hysteretic behaviour can be obtained

sensitive to detailing of braces and 
connections against local buckling and post-

buckling fracture
the new system can be designed to carry the entire lateral 

loads, which is particularly advantageous if the frame has an 
unfavourable failure mechanism

difficulty in achieving high-quality full-
penetration welds on the construction site 

and installing epoxy-grouted fasteners
adequate control over the flow of force (load path to effectively 

transfer forces from the elements to the foundations)
minimal added weight to the structure

ability to accommodate openings
minimal disruption to the function of the buildings and its 

occupants (in the case of external bracing)
easy of construction

minimum loss of living spaces and alteration of the architectural 
function of the building

c) buckling restrained bracing (Tsai et al 2004)

Figure 1. Different types of bracing systems

a) concentric bracing b) eccentric bracing
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The braces are directly fitted to the concrete 
frame (direct bracing) or attached to it through 
a steel frame (internal bracing), e.g. Kumar et 
al. (2009). The different types of bracing 
systems that have been proposed for the 
upgrading of existing concrete frames include:
• concentric bracing (diagonal, X and V 

bracing), where the horizontal forces are 
mainly resisted by members subjected to 
axial loads (Fig.1(a));

• eccentric bracing, where the horizontal
forces are mainly resisted by axially loaded 
members, but the eccentricity of the layout 
is such that energy can be dissipated in 
seismic links by means of either cyclic 
bending or cyclic shear (Fig. 1(b));

• buckling-restrained bracing, in which global 
buckling is inhibited by an appropriate 
system (Fig.1(c));

• post-tensioned bracing.

CONCENTRIC STEEL BRACING

Concentric bracing systems are the most 
widely used for retrofitting concrete frames. 
They contribute to the lateral-load resistance 
of the structure through the horizontal 
projection of the axial force (mainly axial 
tension) developing in their inclined members. 
Appropriate concentric bracing systems (Fig. 1 
(a)) are those with:
• diagonal bracings, in which there is a single 

diagonal per braced bay of the frame;
• X (or cross-diagonal) bracings, with braces 

along both diagonals of a braced bay;
• V or inverted V bracings (termed chevron 

bracings in the USA), in which a pair of 
inclined braces is connected to a point near 
or at the mid-span of a horizontal member 
(beam or slab) of a bay of the frame.

• K bracings, in which the inclined braces are 
connected to a point within the clear height 
of a column should not be used, because 
the column may fail in shear when the high 
axial force of the brace is transferred as a 
horizontal force to a column with reduced 
height.

Maheri et al. (2003) proposed a direct 
connection between the bracing and the RC 
frame and performed pushover tests on 1/3-
scaled models of a frame with direct X and 
knee braces (Fig. 2). In total, six specimens 
were constructed: two unbraced (F1 and F2), 
two X-braced (FB1 and FB2) and two knee-
braced (FK1 and FK2) frames. The results 
shown in Table 2 and based on an elastic-
perfectly plastic approximation of the 
experimental force-displacement curve, 
indicated that when a ductile frame was 

braced, in return for the increase in strength 
(up to 3.5 times) and stiffness (up to 2.5 
times), ductility and Fe/Fy (i.e. the ratio of the 
elastic force at ultimate displacement to the 
yield strength, taken here as a measure of the 
reserve strength of the structure) were 
reduced up to twice, particularly for the X-
braced frames. The knee-braced frames 
exhibited larger displacement ductility than the 
X-braced frames. Compared to the X-braced 
frames, knee-braced specimens offered a 
higher improvement of the overall seismic 
performance, regarding load capacity, stiffness 
and ductility. The ratio of yield strength of the 
bilinear curve, Fy, to the actual yield strength, 
Fs, is used as a measure of dissipated energy 
and shows that X braces provide a higher 
increase of energy dissipation capacity than 
the knee braces.

Figure 2. Schematic view of X (left) and knee (right) 
bracing system

El-Sokkary and Galal (2009) analytically 
investigated the effectiveness of different 
rehabilitation patterns in upgrading the seismic 
performance of existing non-ductile RC frame 
structures. They studied low- and high-rise 
buildings subjected to nine recorded 
accelerograms: three sets of far-field strong 
ground motion records representing 
earthquakes with low, medium and high 
frequency content. Bare and infilled frames 
with soft or stiff infills were examined. Four 
retrofit patterns were studied, namely: RC 
shear wall, steel bracing, FRP strips on the 
infills and jacketing of columns and beams with 
FRP sheets. The X bracings were introduced 
in one bay along the full height of the frames. 
As shown in Table 3, the maximum peak 
ground acceleration (PGA) resisted by the 
frames was increased on average 1.8 times for 
the five-storey frame and 1.2 times for the 15-
storey frame. Retrofitting resulted in increased 
stiffness and higher shear resistance (on 
average 2.5 times). A reduction of maximum 
storey drifts of about 20 % was observed for 
the 15-storey braced building, compared to the 
as-built one. The dissipated energy was also 
increased, for both low- and high-rise 
buildings, particularly for the frames with soft 
masonry infills. The numerical analyses 
confirmed also that strengthening all frames of 
a building will provide higher increase (not 
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proportional) of the shear resistance and 
energy-dissipation capacity, compared to 

strengthening half of the frames, and similar 
decrease in deformation demand

Table 2. Response parameters of the frames tested by Maheri et al. (2003)
Specimen F (kN) K (kN/m) uy (mm) uu (mm) µu Fe/Fy Fy/Fs

F1 34.0 2340 3.47 14.53 4.19 4.18 2.89
F2 35.0 2201 3.34 15.90 4.76 4.76 2.65
FB1 124.0 5585 8.18 22.20 2.71 2.71 1.57
FB2 119.0 5650 8.00 21.06 2.63 2.63 1.56
FK1 88.0 4821 6.49 18.25 2.81 2.81 2.53
FK2 77.0 4277 5.35 18.00 3.36 3.36 2.18
F: ultimate load capacity
K: secant stiffness
uy: yield displacement
uu: ultimate displacement
µu: displacement ductility

Görgülü et al. (2012) investigated 
experimentally the improvement of the seismic 
performance of RC structures with external 
steel shear walls consisting of bolted 
horizontal, vertical and diagonal elements. 
Experiments were carried out on a reference 
and a strengthened one-third scale model of a 
two-storey RC frame. External steel shear 
walls improved the lateral load bearing 
capacity and stiffness of the reference model 
by 248 and 160 % respectively. Beyond a drift 
ratio of 1.0 %, diagonal elements of the wall 

started to buckle at the compressed ends, thus 
reducing the total base shear resistance. No 
damage was observed at the anchorages, 
which successfully transferred the load 
between the RC frame and the steel shear 
walls. An example of an external steel shear wall 
is shown in Fig. 3. The connection between the 
existing structure and the steel members was 
achieved by anchors. Lateral supports were 
placed at storey level in order to prevent buckling 
of the compression elements of the buttress-type 
shear wall.

Table 3. Performance parameters (average value of nine ground motions) of as-built and braced frames (El-
Sokkary and Galal 2009)

No. of 
storeys

Bare frame Soft infill Stiff infill
As-built Braced As-built Braced As-built Braced

Maximum PGA (g) 5
15

0.40
0.79

0.74
0.73

0.58
0.94

1.02
1.14

0.47
0.73

0.81
0.89

Maximum storey drift (%) 5
15

0.96
1.16

1.00
0.83

1.09
1.16

1.03
1.04

0.67
1.00

0.75
0.86

Maximum storey shear / 
total structure weight

5
15

0.09
0.07

0.45
0.17

0.21
0.11

0.56
0.29

0.18
0.09

0.50
0.24

Dissipated energy (kNm) 5
15

82
518

499
824

285
1177

1053
2650

608
747

805
1618

Figure 3. Buttress-type steel shear wall (Kaplan 
and Yilmaz 2012)

Ishimura et al. (2012) studied the use of steel 
braces for the retrofit of existing RC buildings 
with low-strength concrete. The effectiveness 
of indirect steel braces, shown in Fig. 4, with 

three types of connection to the existing frame 
was assessed by conducting cyclic tests. For 
the first type shown in Fig. 5(a), anchors were 
inserted into the existing columns and beams, 
studs were welded on the steel frame and the 
joint was filled with spiral reinforcement and 
expanding mortar (specimen F2). In the 
method shown in Fig. 5(b), the steel brace 
frame was connected to the existing members 
through epoxy resin (specimen F3). A 
combination of the two methods (specimen F4) 
is illustrated in Fig. 5(c). The strength of the 
building was improved. Table 4 presents the 
values of experimental maximum horizontal 
force Fexp and the ultimate strength Fcalc 
calculated according to the Earthquake-
resistant Retrofitting Design Guidelines for 
Existing RC Buildings (JBDPA 2001): the 
experimental values exceeded the calculated 
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ones for all tested specimens. It was therefore 
concluded that the shear strength of joints and 
the strength of retrofitted frames could be 
evaluated using existing design guidelines.

Figure 4. Strengthening of existing RC frame with 
indirect bracing (Ishimura et al. 2012)

Figure 5. Joints between steel brace and RC frame (Ishimura et al. 2012)

Table 4. Experimental and calculated values of ultimate strength for the specimens tested by Ishimura et al. (2012)
Specimen Fexp (kN) Fcalc (kN) Fexp/Fcalc

F1 200 151 1.32
F2 1007 817 1.23
F3 790 583 1.36
F3* 870 593 1.47
F4 936 720 1.30
F4* 1043 828 1.26

* the test was repeated after repairing the specimen

Liu et al. (2012) investigated the reliability of 
RC frames with steel braces subjected to 
seismic excitation. A series of regular two-
storey buildings designed according to the 
current seismic code in China were selected 
as a case study. The half-scale test specimens 
had two bays with length 3.00 m and 1.20 m, 
as a structural configuration representative of 
primary schools in China. The design of the 
steel braces was carried out with 
displacement-based methods and the sections 

were dimensioned according to capacity 
design principles. A general view of a 
specimen and a detail of the steel brace after 
failure are shown in Fig. 6. The response of 
the bare and braced frames is compared in 
Table 5. The experimental results highlight the 
effectiveness of the steel brace retrofitting 
technique in improving the global performance 
of RC structures in terms of strength, ductility 
and energy dissipation capacity.

Table 5. Response of as-built and retrofitted frames tested by Liu et al. (2012)

Specimen
Yielding Collapse Displacement 

ductility

Cumulative 
dissipated 
energy (kJ)Force (kN) Displacement

(mm) Force (kN) Displacement
(mm)

Bare 94.2 19.7 120.7 61.2 3.1 48
Braced 160.5 21.6 194.1 87.5 4.1 90
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Figure 6. RC frame retrofitted with steel braces and their failure mode (Liu et al. 2012)

ECCENTRIC STEEL BRACING

Eccentrically braced frames are an efficient 
technique for enhancing the seismic resistance 
of existing frame buildings because, in addition 
to strength and stiffness, they provide ductility. 
Forces are transferred to the brace members 
through bending and shear forces developed 
in the ductile steel link. The link is designed to 
yield and dissipate energy, while preventing 
buckling of the brace members. Different 
patterns are used: K, Y and inverted Y 
bracing. One further advantage of eccentric 
braces is the possibility to select the 
dimensions of the links and braces almost 
independently of each other, thus allowing 
modulating stiffness and strength as required. 
In fact, the cross-section of the link determines 
the storey shear strength, whereas the link 
length and the brace cross-section quantify the 
stiffness of the bracing system. Nevertheless, 
the use of eccentric bracing in the 
rehabilitation of RC structures lags behind 
concentric bracing applications due to the lack 
of sufficient background on the design and 
modelling of the combined concrete and steel 
system.
Ghobarah and Abou Elfath (2001) performed 
time-history and pushover analyses to 
evaluate the effectiveness of rehabilitating a 
three-storey five-bay RC building with 
concentric V bracing (specimen V1) and 
eccentric inverted Y bracing (specimens E1 
and E2). The same braces and shear links 
were used in specimens E1 and E2, but with a 
different distribution in height. The lateral load 
capacity of the rehabilitated building was 1.7, 
1.6 and 1.9 times the load-carrying capacity of 
the existing one, respectively for the three 
cases. The ratio between the stiffness of 
buildings V1, E1 and E2 with respect to that of 
the existing building were 4.6, 2.8 and 3.0, 
respectively. The mean values (among the 12 
earthquake records) of deformation and 

damage indices in the buildings with eccentric 
bracings were significantly lower than in the 
building with concentric bracing. For example, 
at PGA = 0.50g, the ratios of storey drift and 
the damage index of case V1 to those of case 
E1 were 1.23 and 1.20, respectively. The 
distribution of braces over the height was 
found to have a significant effect on the plastic 
mechanism and it was suggested that their 
strength should provide a uniform distribution 
of storey drift.
Mazzolani et al. (2007) performed full-scale 
experiments on a real RC structure designed 
for gravity loads in the late 1970s. Cyclic tests 
were carried out for three types of inverted Y 
bracing with different cross-sections for the 
vertical link and details of its connection to the 
existing beam. Significant plastic deformation 
of the links was observed during all the tests, 
with failure occurring at the bolts connecting 
the seismic link to the diagonal elements (Fig. 
7). The load-bearing capacity was increased 
between 5.5 and 8.0 times for the different 
configurations. Durucan and Dicleli (2010) 
studied a seismic retrofitting system composed 
of a rectangular steel frame with inverted Y 
braces. Two buildings strengthened with the 
proposed system and a conventional one with 
squat infill panels with dominant shear 
behaviour were subjected to nonlinear time-
history analyses for three seismic performance 
levels. It was shown that the braced building 
had more stable hysteretic behaviour, higher 
energy dissipation capacity, and suffered 
significantly less damage than the one 
retrofitted with infill panels. For the earthquake 
corresponding to the collapse-prevention 
performance level, the average storey drifts in 
the braced building were approximately five
times lower that in the one with conventional 
strengthening.

The efficiency of eccentric braces for the 
retrofit of reinforced concrete buildings without 
seismic design was experimentally
investigated by Bouwkamp et al. (2001). The 

Scientific Journal of Civil Engineering • Volume 4 • Issue 2 • December 2015 13 | P a g e

Application of steel braces for seismic retrofitting of RC buildings - brief review of the existing practice



examined system was formed by an assembly 
of steel beams, diagonal braces and a 
centrally located ductile vertical shear link, 
which replaced the masonry infills in a single 
bay of a frame (Fig. 8(a)). The design aimed at 
producing a system with the same storey 
shear resistance as the infilled frame, but with 
a substantially higher capacity of energy 
dissipation. The soundness of the concept was 
demonstrated by the results of quasi-static 
tests with cyclic displacements of increasing 

magnitude. As shown in Fig. 8, the post-peak 
behaviour of the frame was satisfactory and 
the link dissipated approximately 45 % of the 
total dissipated energy. Other important 
observations were the high drift capacity and 
the fact that strain hardening of the web of the 
shear link provided a resistance, equal to 
about twice the yield strength, which 
compensated for the progressive failure of the 
infill walls in the other bays.

         
Figure 7. Flexural (left) and shear failure (right) of the connections of inverted-Y braces (Mazzolani et al. 2007)

Figure 8. Retrofit of RC frames with eccentric braces: a) test assembly, b) storey shear versus displacement and 
force-displacement of the shear link, c) energy dissipated by the frame and the shear link (Pinto et al. 2002)

Perera et al. (2004) simulated the tests 
described above using damage models for the 
beams, columns and infills and obtained 
reasonably good agreement between the 
experimental measurements and analytical 
results. Varum et al. (2013) calibrated a 
numerical model with the cyclic test results 
and then performed a series of nonlinear 

dynamic analyses for different input motions to 
study the effectiveness of the retrofitting 
system for bare and infilled frames. The values 
presented in Table 6 for earthquakes with 475 
and 975 years return period confirm the 
efficiency of the retrofitting system in 
decreasing top displacements.

Table 6. Top displacements for as-built and braced frames (Varum et al. 2013)

Structure
Top displacement (cm)
475 years return period 975 years return period

Bare frame 6.8 7.2
Bare frame with retrofit 3.5 5.0
Infilled frame 0.5 0.7
Infilled frame with retrofit 1.0 0.9
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BUCKLING-RESTRAINED BRACES

Even though conventional concentric bracing 
systems are efficient, they suffer buckling due 
to their high slenderness ratio. This has led to 
the development of buckling-restrained (BRBs) 
or unbonded braces, in which a steel core 
element (cross-shape or flat bar) is encased 
into a steel tube (called also the buckling-
restraining element) and is confined by an 
unbonding material like concrete mortar, 
rubber, silicon, vinyl, etc. The core element is 
designed to resist the axial tension or 
compression force without local or global 
flexural buckling.
Tsai et al. (2004) summarise an extensive 
experimental campaign on more than 50 
buckling-restrained braces with different 
unbonding materials and connection details 
and three large-scale single-bay frames with V 

braces. In order to allow for inspection of the 
core after an earthquake, 10 specimens of 
braces with detachable buckling-restraining 
elements were also developed and tested. The 
obtained results confirmed that the BRBs had 
stable response under severe axial strain 
reversals (Fig. 9). Test results on braced 
frames showed that the strain demands for the 
steel core can be estimated from the storey 
drift demands and that the strain in the tension 
brace was always greater than in the 
compression brace.

Wada and Nakashima (2004) performed tests 
on five buckling-restrained braces with 
dimensions of the core plate equal to 19 mm x 
90 mm and length of 3290 mm. The core 
members were coated with concrete encased 
in a steel tube. The experiments demonstrated 
that in order to avoid premature buckling (Fig. 
10), the ratio of the Euler buckling load to the 
yield load, PE/PY, should be greater than 1.5.

Figure 9. Experimental setup and response of buckling-restrained brace with silicone rubber sheets (Tsai et al. 2004)           

       
Figure 10. Experimental setup and failure mode of buckling-restrained braces (Wada and Nakashima 2004)

Mazzolani et al. (2007) proposed an 
application of steel-only detachable buckling-
restrained braces for improving the seismic 
response of RC buildings (Fig.11). Two 
different configurations were tested. In BRB1

the yielding steel core was a rectangular plate 
and the buckling-restraining action was 
provided by two rectangular steel tubes. The 

ratio between the Euler buckling load, PE, of 
the two tubes and the actual yield force, Py, of 
the internal steel core was 2.1. BRB2 differed 
in three aspects: the inner core was tapered in 
a more gradual manner, the restraining tubes 
were joined by means of bolted elements 
allowing the brace to be opened for inspection 
and the clearance between the core and the 
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restraining unit was larger. The braces were 
placed in pairs at each storey, so as to form an 
X bracing in different vertical planes. The 
experiments showed good response of the 
brace in tension: the relative displacements 
developed between the yielding core and the 
restraining tubes. The ductility of the 
compressed brace was limited by local 

buckling of the core element near the ends, 
which led to localised damage and ultimately 
to fracture of the core elements. The load-
bearing capacity increased on average 4.25 
times thanks to the braces. Buckling of the 
core in specimen BRB1 caused reduced 
displacement capacity (Table 7).

Figure 11. Geometry of existing RC frame and buckling-restrained braces (Mazzolani et al. 2007)

Table 7. Experimental base shear and top displacement of frames strengthened with buckling-restrained braces 
(Mazzolani et al. 2007)

Specimen Base shear (kN) Top displacement (cm) First storey drift (%)
Bare frame 75.0 12.0 -
Frame with BRB1 310.0 9.0 1.9
Frame with BRB2 360.0 23.8 5.6

Di Sarno and Manfredi (2010) carried out a 
numerical assessment of the seismic 
performance of RC frame structures designed 
for gravity loads only and retrofitted with 
buckling-restrained braces placed along the
perimeter frames. The plan of the building was 
T-shaped and was symmetric in the Y-Y
direction. Nonlinear static (pushover) analyses 
following a uniform lateral force pattern and 
the fundamental mode shape, as well as 

dynamic (response history) analyses were 
carried out in order to investigate the efficiency 
of the adopted strengthening strategy. The 
results obtained from nonlinear time-history 
analyses of the building under seven recorded 
accelerograms demonstrated that both global 
and local displacements were notably reduced 
after retrofit. Damage in the as-built structure 
was primarily concentrated at the second floor, 
creating a storey mechanism. 

Table 8. Maximum storey drift (%) of as-built and retrofitted buildings, mean values for seven earthquake records 
(Di Sarno and Manfredi 2010)

Damage limit state Collapse-prevention limit state
X-X direction Y-Y direction X-X direction Y-Y direction

Storey As-built Braced As-built Braced As-built Braced As-built Braced
1st floor 0.220 0.117 0.282 0.137 0.846 0.426 0.911 0.545
2nd floor 0.321 0.125 0.346 0.137 1.434 0.311 1.327 0.415

As seen in Table 8, the maximum storey drifts 
(mean values for the seven records) were 1.4 
% for the earthquake intensity corresponding 
to the collapse-prevention limit state and 0.4 % 
for the intensity corresponding to the life-safety 
limit state. The maximum drifts for the 
retrofitted structure were 0.4 % and 0.1 % 
respectively for the two intensities. Lateral 
drifts were uniformly distributed along the 
height and localisation of damage was 

avoided. The reduction of drifts was higher at 
the second floor, where a storey mechanism 
had been detected in the as-built frame. At the 
damage limit state, the reduction of drifts was 
similar in the two directions, while at the 
collapse-prevention limit state the bracing was 
more efficient in the Y-Y direction, where the 
building was symmetric in plan.
At the damage limit state, the buckling-
restrained brace exhibited an elastic 
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behaviour. Under moderate-and high-
magnitude earthquakes, damage was 
concentrated in the buckling-restrained braces 
and the RC frame remained elastic. The 
results of nonlinear dynamic analyses showed 
that at the collapse-prevention limit state, more 
than 60 % of the total energy was dissipated 
by the braces.

The ratio of the seismic base shear of the 
retrofitted and the existing structure, the 
displacement ductility, µu, and the response 
modification factor, q, of the retrofitted 
structure, as calculated from the pushover 
analyses, are presented in Table 9. The 
estimated q-factor is on average equal to 5.0, 
which corresponds to the value utilised in 

many seismic codes for ordinary RC moment-
resisting frames with capacity design, and 
similar to the one used for the design of steel 
frame structures with BRBs. The displacement 
ductility values range between 2.07 and 2.36, 
which point out the efficiency of BRBs to 
enhance the ductility of existing buildings 
designed for gravity loads only. The results for 
the two force patterns were quite similar in the 
Y-Y direction, but showed higher divergence 
for the X-X direction, where torsional response 
is expected due to the irregular plan. The 
maximum storey drifts calculated from the 
pushover analyses are higher than those 
calculated from the time-history analyses.

Table 9. Results of pushover analysis of braced building (Di Sarno and Manfredi 2010)

Load pattern
XΦM YΦM XM YM

Base shear (braced / unbraced) 2.54 2.03 2.13 2.14
Displacement ductility, µu 2.17 2.36 2.07 2.27
Response modification factor, q 5.51 4.79 4.40 4.86
XΦM: modal lateral force pattern in X-X direction
YΦM: modal lateral force pattern in Y-Y direction
XM: uniform lateral force pattern in X-X direction
YM: uniform lateral force pattern in Y-Y direction

Mahrenholtz et al. (2014) performed cyclic 
tests to investigate the seismic performance of 
reinforced concrete frames retrofitted with 
buckling-restrained braces directly connected 
to the RC structure through anchors. The tests 
demonstrated the feasibility of the proposed 
retrofit method and showed that it increased 
strength and ductility to an adequate seismic 
performance level. Compared to the concrete 
frame alone, the dissipated energy was about 
five times higher and the lateral load capacity 
was about four times higher. Further 

investigations were recommended on different 
configurations, design assumptions and local 
buckling of the anchoring elements.

METAL SHEAR PANELS

The application of metal shear panels for the 
seismic upgrading of RC buildings was 
reported by De Matteis et al. (2007). The 
limited weight and the ease of implementation 
represent the fundamental merits of such 
devices. 

Figure 12. General view of frame structure retrofitted with metal shear panels and details of the connections (De 
Matteis et al. 2007)

Scientific Journal of Civil Engineering • Volume 4 • Issue 2 • December 2015 17 | P a g e

Application of steel braces for seismic retrofitting of RC buildings - brief review of the existing practice



Shear panels inserted into the RC frame by 
means of hinged steel frames at the first floor 
(Fig. 12) were examined. The steel frames 
were connected to the RC foundation beams 
through four U-shaped profiles stiffened by 
reinforcing steel plates; threaded passing bars 
provided the hinged connection. U-profiles 
were also used to transfer the forces from the 
steel panel to the existing RC beams. The 
experimental results confirmed the 
effectiveness of this retrofit system for the 
improvement of the structural performance in 
terms of strength (the load-bearing capacity 
increased on average 4 times), stiffness (2.5 
and 2 times higher than the as-built frame for 
steel and aluminium panels, respectively) and 
displacement capacity (1.4 and 2.7 times 
higher than the existing structure). The 
energy-dissipation capacity of the structure 
retrofitted with aluminium shear panels was 
higher than the one with steel plates, due to 
the better hysteretic characteristics of the 
aluminium alloy.

RETROFITTING WITH POST-
TENSIONED CABLES

The use of post-tensioned steel cables in 
seismic rehabilitation is a relatively new 
technique that can be applied to low- and mid-
rise frame buildings (fib 2003). Post-tensioned 
cables are used to eliminate the problems 
associated with buckling of conventional 
bracing systems and require minimal 
modifications of the original structure. They 
can be used in combination with other 
techniques, such as new shear walls and 
column jackets. Prestressed cables may be 
easily placed on the façades of buildings, 

extending over several storeys. They are 
made of strands enclosed in steel or PVC 
ducts with appropriate corrosion protection. 
Cables prestressed at high levels may yield 
and accumulate inelastic tensile strains that 
may reduce their effectiveness during a 
seismic event. Furthermore, they need to be 
re-tensioned as large time-dependent losses 
are expected after prestressing at high forces. 
Previous practical applications and research 
have proposed prestressing the cables at 20 
to 75 % of their yield force. Pretensioning of 
the cables induces axial compression in the 
columns which may reduce their flexural 
ductility, particularly in mid- and high-rise 
buildings where axial forces due to permanent 
loads are already high.

SUMMARY AND CONCLUSIONS

Adding braces within selected bays of most or 
all storeys of a reinforced concrete frame is an 
effective means of global strengthening. This 
has been shown in practice, as RC buildings 
retrofitted with steel bracings have been 
reported to withstand severe earthquakes, e.g. 
Del Valle Calderón et al. (1988). The aim is to 
design systems that are strong enough to resist 
the seismic forces and at the same time, 
require the least possible interventions on the 
existing structural elements. Alternative 
configurations such as concentric, eccentric, 
buckling-restrained and post-tensioned bracing 
may be used. In general, these systems can be 
installed quickly and minimise disruption of 
occupants and services. The local and global 
effects of retrofit with steel bracings are 
summarised in Table 10 along with a number of 
design considerations (Thermou and Elnashai 
2006).

Table 10. Effects of steel bracing retrofit and design considerations (Thermou and Elnashai 2006)
Local effect High forces may be introduced at the brace ends and at the connections between brace 

members and the existing structure.
Global effect Lateral stiffness and strength of the existing structure are increased. Additional energy 

dissipation is provided.
Design 
considerations

Installation of post-tensioned cables may modify the distribution of internal forces of 
existing RC members, e.g. axial loads on columns.
The lateral strength of the existing members may be adversely affected by the level of 
axial forces induced by the steel braces.
Strengthening of columns, beams and beam-column joints of braced bays may be 
needed for the adequate performance of the bracing system.
Bracing members should be designed to behave in a ductile manner.
The foundation system should withstand the increased strength and stiffness.

From the research reviewed previously, it can 
be concluded that retrofit with steel bracing is 
an efficient technique that leads to a significant 
increase of strength and stiffness, while the 
main difficulty is to provide adequate 

connection between the new steel elements 
and the existing RC frame. The main results of 
the experimental tests presented in the 
previous paragraphs on reinforced concrete 
frames strengthened with steel braces are 
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summarised in Table 11. The symbols k, f, uu, 
µ and e represent respectively the stiffness, 
strength, ultimate displacement, displacement 

ductility and total dissipated energy of the 
strengthened frames, normalised to the 
relative values of the as-built specimens.

Table 11. Summary of experiments on frames strengthened with steel braces
Reference Specimen k f uu µ e Comments
Görgülü et al. (2012) 1.6 2.5
Maheri et al. (2003) FB1, FB2 2.5 3.5 1.4 0.6 X braces

FK1, FK2 2.0 2.4 1.2 0.7 Knee braces
Mazzolani et al. (2007) BRB1 4.1 0.8

BRB2 4.8 2.0
Ishimura et al. (2012) F2 5.0 Connection by anchors

F3 4.0 Connection by epoxy resin
F3* 4.4 Connection by epoxy resin
F4 4.7 Connection by anchors and epoxy resin
F4* 5.2 Connection by anchors and epoxy resin

Liu et al. (2012) 1.6 1.6 1.4 1.3 1.9

Experimental and numerical research on 
strengthening existing RC frames with 
concentric steel braces showed its adequacy 
for lateral load resistance. The addition of 
concentric braces can increase the stiffness 
and strength of the system more than twice. 
However, these benefits can be jeopardised 
because of buckling of the braces.
Eccentric braces offer the benefit of preventing 
buckling and result in a significant 
improvement of the seismic performance. 
They increase the lateral strength (from five to 
eight times compared to the as-built frame) 
and reduce the storey drifts and damage 
indices to less than half of the values of the 
unbraced building. The desired combination of 
strength and stiffness may be achieved by 
selecting appropriate geometry of braces and 
links. To facilitate the practical application of 
eccentric bracing, further research is needed 
in areas such as the design and detailing of 
the connection between the steel link and the 
existing RC beam, as well as the development 
of models for the link elements and their 
implementation in analysis software.
Buckling-restrained braced frames are an 
attractive seismic-resistant system because of 
their effectiveness and lower cost compared 
with other non-conventional energy-dissipation 
measures. They increase (on average up to 
four times) the stiffness of moment-resisting 
frames and are able to dissipate more energy 
than frames with concentric braces. Their most 
important feature is the capability to undergo 
large strain reversals. In fact, they provide a 
multiple improvement of the structural 
performance, since they can increase not only 
the lateral stiffness and strength but also the 
deformation capacity of the structure (up to 
twice). One shortcoming of buckling-restrained 
braced frames is the propensity to large 
residual displacements. However, when used 

in combination with flexible frames, the system 
possesses significant post-yield stiffness and 
re-centring capacity (if the flexible frames are 
in the elastic range, the structure will return to 
its initial position after the braces are 
removed).

The use of metal shear panels is an 
innovative system, which deserves attention. 
Previous research is limited, but the obtained 
results point out their contribution in terms of 
strength and stiffness. Aluminium panels in 
particular, have been shown to increase 
significantly the energy dissipation capacity of 
existing RC frames. Further investigations are 
necessary in order to develop numerical 
models and design procedures.
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INTRODUCTION OF 
EUROCODES IN BULGARIA
AND IMPLEMENTATION OF 
EUROCODE 3

The article describes and discusses the 
administrative, legislative, academic and 
educational aspects of the implementation of  
Eurocodes in Bulgaria and in particular the 
Eurocode 3. Related with that global process 
of standard harmonization, educational and
regulation changes, some unavoidable 
economic, social and even psychological 
problems rose in the professional community 
of structural engineers in Bulgaria. The 
presented explanation tries to present the 
Bulgarian experience, practices and 
methodology for a smooth and efficient 
introduction of Eurocodes. The strategic 
influence of Eurocode 3 for steel construction 
sector in Bulgaria is analysed as well some 
executed projects, based on BDS EN 1993 are 
presented.

Keywords: Eurocodes, implementation in 
Bulgarian design practice, steel structures

INTRODUCTION

The political route of Bulgaria in the process of 
joining the EU started in 1990 and was vastly 
accelerated after 1998. Since the 1st of 
January 2007 Bulgaria has become a full 
member of the European Union and with 
alignment of Council Directive 89/106/EEC of 
21 December 1988 the government and 
society are obliged to harmonize all 
regulations, standards and design codes in the 
field of construction and construction materials 
sectors. In that direction appears the need of 
implementation of Eurocodes in Bulgaria and 
their introduction after 2010. 

The first administrative act that legalized 
Eurocodes as official standard for structural 
design in Bulgariawas issued in the end of 
2011 stating that till 31 December 2013 both 
national codes and Eurocodes might be used 
as equivalent alternatives. It was Ordinance № 
РД-02-20-19 of Minister of Regional 
Development and Public Works1. It was 
announced, that after January 2014 only 
Eurocodes would stay in force. That 
administrative act founded two parallel and 

                                                     
1 That is the formal name of the Ministry of 
Construction which is responsible for Eurocodes 
introduction in Bulgaria
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controversial processes. On one side it 
speeded up the need for training of the 
engineer’scommunity. It reflected in organizing 
a lot of courses for practicing engineers. 
Courses were organized by Chambers of 
Design Engineers (KIIP) and mainly they were 
structured on one or two day prolongation 
basis. The Minister’s ordinance speeded up 
the preparation, edition and publication of 
series of books dedicated to the design by 
Eurocodes. On the other side, the short 
transition period provoke a lot of Eurocode 
pessimism, since a big part of engineering 
community felt they are not ready for such 
quick and significant change. It reflected into 
some activities against the quick 
implementation of Eurocodes. In that process 
KIIP was engaged to negotiate with the 
administration for prolongation of the transition 
period. Finally after about a year of disputes 
new Minister’s ordinance was issued that is 
still in force. It stated that all construction sites 
belonging to category of construction first and 
second must be designed and constructed in 
accordance with Eurocodes as well as all 
projects being organized according to Public 
Procurement Law. The last ordinance defined 
the procedure with reconstruction and seismic 
retrofit of existing bridges. It also gave a free 
choice of all private investment projects to 
choose which code they would use either 
Eurocodes or National Bulgarian Codes

HISTORICAL BACKGROUND OF 
STRUCTURAL CODES OF STEEL 
STRUCTURES IN BULGARIA 

The first rules for construction regulations in 
the modern Bulgarian state dates back to 

1881. Later, parallel with the historical 
development of the country, a significant 
evolution of construction laws has taken place. 
The first steel structures in Bulgaria were steel 
bridges, built during the construction of the first 
railways. They date from 1866 – 1870 during 
the Ottoman Empire. In the beginning of the 
XX century, after the liberation of Bulgaria, the 
steel construction spread to the public 
buildings as well. The beginning was done by 
European engineers and European 
construction companies. The first generation 
Bulgarian engineers studied steel structures, 
had been graduated in Germany, France, 
Belgium, Austro-Hungary and Czechoslovakia. 
The university education in construction was 
established in 1942, where the first generation
Bulgarian engineers became first professors. 
Naturally, they brought with them their 
knowledge and the first Bulgarian structural 
engineers were taught according to the West 
and Central European design practice. The 
first design guidancewere books and 
handbooks, translated from German, based on 
the admissible stress design. The first issue of 
Bulgarian code of design of steel structures 
came in the late 50’s and then the limit state 
design was introduced in Bulgaria. Since then 
and till the democratic changes in the country, 
all design codes have been fully influenced by 
Soviet Union SNiP’s. Further update and 
upgrade of the steel structure codes appeared 
in 1959, 1973 and 1987. After the political 
changes in 90’s till now, no Bulgarian code for 
steel structures has been issued or changed 
till the introduction of Eurocodes. The following 
conclusions might be derived about the 
evolution of structural codes and practises in 
Bulgaria. The Bulgarian school starts from 
German one and redirects to Russian school
in the last half of XX century – figure 1. 

Figure 1. Historical evolution of the legislation in the sector of steel structures in Bulgaria
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Bulgarian engineers have become familiar with 
the limit state design since the Seventies. The 
starting position of Introducing Eurocode 3
was controversial. On one side knowledge of 
limit state design make it easy, but on the 
other side the long pro-Russian orientation of 

the country make it difficult. The first
acquaintance with Eurocode 3 and Eurocode 8 
started in the middle of the last decade of 20 
century, done by academic people. Actual 
public interest towards Eurocodes was 
stimulated after 2008, in the period 2010 -
2012.

Figure 2. Set of 10 books presenting Eurocodes, published by BIS in accordance with CEN

ADMINISTRATIVE PREPARATION 
OF LEGISLATION

The Spatial Development Act was firstly 
prepared and put in force in 2004. It is the law 
of pro-European generation that defines the 
urban territories rules and constitutes the 
responsibilities in the construction investment 
process, including pre-design investigation, 
design and construction, supervising &control, 
commissioning and operating. Since its first 
issue, it has been constantly developed, 
updated or modified. The law is fully consistent 
with Council Directive 89/106/EEC and later 
with Reglament №305/2011.It defines the 
main objectives that have to be achieved by 
design and construction as Mechanical 
strength and stability, Safety operating, Fire 
resistance and durability of construction 
products. The Spatial Development Act 
establishes the global legislation basis for the 
construction sector, but for real driving the 
sector to the new European level it is required 
more. 

The complex process of implementation of 
Eurocodes in Bulgaria requires vast pre-
introduction reforms. The Bulgarian approach 
in that direction was focused on some major 

steps, done through administrative reforms in 
legal basis. The major steps are: 

• Adjustments of the Bulgarian National 
Codes for Load and Actions and Seismic 
Resistant Design Code;

• Establishing of national executive body 
for standardization, member of CEN; 

• Preparation of National Annexes and 
definition of NDP in them;

• Making Eurocodes available on 
reasonable price.

In the last decade a very active adjustment 
process of the Bulgarian National Codes for 
Load and Actions and the Seismic code was 
realized. The main objective of the so called 
adjustment was to tune the national codes as 
close as possible to Eurocode. The national 
code for loads and actions was edited and 
issued in 2004 and put in force in the same 
year. It was prepared by a working group from 
the Bulgarian Academic of Sciences. The main 
difference comparing with the old version was 
the characteristic values of the snow and the 
wind loads. In the adjusted code the 
probability of the atmospheric loads was 
changed and was put on 25 year period of 
exceedance. Comparing with Eurocode it was 
still below, but comparing with the previous 
version where the probability is 5 years, it was 
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a large step ahead. Finally that last edition of 
the National Loads and Actions Code [1] 
performs its positive role to prepare the 
engineers for the new characteristic values of 
atmospheric loads coming from Eurocode. 

National Seismic Code [2] was issues and 
maintained twice within the transition period. 
The first issue was in 2004 and the second 
one was in 2012. According to the authors of 
this article, these intermediate editions were 
more or less artificial trials for adjustments 
which were not so successful. It might be said 
that there are some conceptual differences 
between the Bulgarian Seismic Code and 
Eurocode 8, sourced mainly in the Capacity 
design principles. That is why using 
adjustment technique some parameters can 
be changed only, but the code philosophy 
remains unchanged. It is worth mentioning that 
some positive improvements were done. 
Among them is the implementation of criteria 
for regularity in plan and in height and the 
relation between regularity and the response 
factor2. As second positive improvement 
might be recognized the updated response 
factors, correlated with the behaviour factors in 
Eurocode as well as introduction of inverted 
pendulum type structures. Also some changes 
in soil type, response spectrums, importance 
coefficients, etc. describing the seismic action 
were introduced making the National Seismic 
Code consistent with the relevant parts of 
Eurocode 8.

During the historical and political development 
of Modern Bulgaria, the first activities in the 
standardization appeared in 1932. The first 
standardization organization was established 
in 1938. Related with the membership of 
Bulgaria in European Union and the 
implementation of Eurocodes in Bulgaria, The 
Bulgarian Institute of Standardization (BIS) 
www.bis.bg was founded in 2002. The law for 
the pro-European standardization was 
elaborated and voted by the National 
Parliament in 2005. BIS was constituted as 
The National Executive Body for 
standardization, member of CEN in 2007. BIS 
is a full member of CEN and CENELEC. 
Within BIS, a technical committee TK 56 was 
established in order to develop the National 
Annexes to each Eurocode. TK 56 is directly 
related to the activities of CEN/TC 250 and is 
structured in 10 working subgroups, 

                                                     
2 Response factor R is a parameter similar to 
Eurocode behaviour factor q with relationR = 1/q. 
Response factor comes from force reduction 
coefficient popular in the North America seismic 
codes.

responsible for the 10 main subparts of 
Eurocode (EN 1990, EN 1991, EN1992, 
EN1993, EN1994, EN1995, EN1996, EN1997, 
EN1998 and EN1999). TK 56 is constituted by 
an expert committee, where leading academic 
professors and practicing engineers work 
together. 

The real work for adaptation and translation of 
Eurocodes in Bulgaria started in the Nineties 
of previous century, before constituting of BIS. 
For that purpose, the so named ‘Construction 
Centre’ was founded and financed under the 
management of Construction Ministry. All 
leading university and science experts from all 
engineering directions were invited and 
engaged for long term project of the Eurocode 
adaptation and introduction. After year 2002, 
the Construction Centre was closed and its 
activities and tasks were redirected towards 
Bulgarian Institute of Standardization in TK 56. 
During the period from 2007to 2012,the 
translation of almost all parts and subparts of 
Eurocode was completed and all National 
Annexes (NA) were issued. In the end of 2011, 
Bulgaria was fully prepared in the sense of 
translated standards and available National 
Annexes.

In the field of popularization of Eurocodes and 
making them available for the structural 
engineers on reasonable price, BIS did a great 
job. A specialized set of ten books covering 
the full range of Eurocode was edited and 
published by BIS (Figure 2). The books are 
collated by subjects and contain the 
information from the original standards and 
NAs as well. They are available in the 
technical literature bookstores on really 
reasonable price. All Eurocode standards are 
available in BIS and they can be purchased 
either online or in the building of the Institute. 
Since the market interest towards NA has 
been recognized, a process of translation from 
Bulgarian to English is ongoing. In the next 
year the Bulgarian NAs in English will be 
available as well.

EDUCATIONAL BACKGROUND
AND THE ROLE OF THE 
UNIVERSITIES

The proper educational background of the 
engineers is the foundation of the proper 
engineering practice. In the perspective of 
implementation of the Eurocodes in Bulgaria, 
the Bulgarian universities teaching structural 
engineering had to change their curricula and 
adjust the teaching process towards the new
requirements. The article describes the 
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approach of the University of Architecture, 
Civil Engineering and Geodesy
http://uacg.bg/. The policy of the rest 
Bulgarian Universities was similar, but it is not 
included in the analysis here. 

In the period 2008 till 2010 the courses 
included some information about Eurocode 
methodology and design procedures, but they 
were performed on the comparison basis with 
the Bulgarian National Codes. The student’s 
diploma works were supposed to be 
developed either according to Eurocodes or 
National codes. The pro-Eurocode curricula 
were introduced in 2010/2011 academic year. 
All courses in the so called profiled subjects 
were converted towards the Eurocode and all 
diploma works were fully based on Eurocode. 
Thus the Faculty of Civil Engineering has 
started the education ofits students fully based 
onthe Eurocodes since 2011.

Building up the new educational infrastructure 
required trained university professors, 
lecturers and assistant professors. The fluent 
training of the academic staff started in about 
year 2000 and continues till nowadays. In that 
direction the European project for cross-border 
exchange and lifelong learning as Tempus, 
Erasmus,Leonardo da Vinci programme etc. 
helped a lot of the academic staff. The regular 
participation of people from the teaching staff 
in the seminars of JRC “Eurocode Background 
and Applications” in the period 2009 till 2014 is 
also helpful in the direction of exchange of the 
best teaching practices, insight to code 
background studies, exchange of work 
examples and other supplementary literature. 

The period from 2006 till 2013 was the most 
fruitful one for writing and publishing of new 
textbooks, handbooks and working 
examples(Figure 3). During that period the first 
generation of technical books covering all the 
aspects of design and construction of steel 
structures, including load analysis, global 
analysis, member and connection design, 
execution and erection, philosophy of 
Eurocode 3 and Eurocode 8, etc.appeared on 
the market.We are proud to announce that 
these books were written by the academic 
staff of the Department of Steel Structures3 in 
UACEG. The books are shown in Figure 3and 
also described in references [3] to [11]. It is 
worth announcing that the book publishing 
process has been supported by KIIP, which is 
highly acknowledged.
                                                     
3 The formal name is “Department of Steel, Timber 
and Plastic Structures”, but for convenience it will 
be named Steel Structures department within the 
article.

In order to encourage that educational process 
and to speed up the student’s interest toward 
the advantages of design and construction of 
steel structures according to Eurocode, the 
Department of Steel structures in UACEG 
established student competition named “The 
best diploma project”. Later the rest structural 
departments recognised that occasion and 
joined the student’s competition. It is now 
traditional and popular faculty event. 
According to the competition’s regulations, a 
novelty procedure of awarding was 
implemented. The jury consists of three or 
more practicing engineers who do not belong 
to the academic staff. That external jury 
endorse the winners, which works will be 
awarded.

THE ROLE OF THE PROFESSIONAL 
ORGANIZATIONS

The Chamber of Engineers in Investment 
Design (KIIP) is the leading professional non-
profit organization in Bulgaria. It unites and 
supports the professional activities of more 
than 11 000 engineers, 5 000 of them being 
structural. Its role into the transition period of 
code changes was very important. 

The introduction of Eurocode affects 
significantly the practice of design engineers, 
proof engineers, supervisors and technical 
authorities. It was recognized by KIIP, and the 
chamber started to be the main promoter and 
organizer of short term courses for different 
objectives in the field of Eurocodes. The 
courses were held in all over the country and 
lasted 6 to 18 academic hours structured in 
one or two days. The lecturers were mostly 
professors from UACEG, but not only. All 
supplementary teaching presentations with 
work examples were distributed among the 
course participants, mostly on electronic basis. 
The process of short-term course teaching 
lasts more than 3 years and the interest 
towards them is still quite high. Since the KIIP 
has been initiating and supporting the courses, 
their pricesarequite reasonable.

In November 2013, KIIP and in particular the 
national sub-body of the structural engineers 
in cooperation with the University of 
Architecture, Civil Engineering and 
Geodesyorganized an International 
conference with eminent European professors 
and well known Bulgarian academic experts 
under the slogan “Design according to the 
Eurocodes in Bulgaria”(Figure 4). The main 
objective of the conference was exchange of
experience between the engineering
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communities for smooth and fluent transition 
towards Eurocode. Presentations were 
performed by invited speakers as Prof.P. 
Fajfar from Slovenia, Prof.D. Dubina from 
Romania, Prof.L. Calado from Portugal, Prof.I. 
Vayas from Greece and Prof.F.M. Mazzolani 

from Italy, as well as several leading Bulgarian 
specialists. Discussions about administrative, 
educational and training problems in the route 
of Eurocodes implementation were held. 

Figure 3. First generation of Bulgarian books in the field of Eurocode 3

The conference was carried out under great 
interest among professional engineers. The 
general conference conclusion was that 
among all over the European engineering 
communities the process of Eurocode 
implementation goes with inconstant success, 
requires a lot of efforts and provokes pro and 
con attitude of the applicants.

For the sake of objectivity, it shall be added 
that very significant part of the engineering 
community in Bulgaria are strongly against the 
Eurocodes. Different arguments have been put 
on the discussion table like, that Bulgarian 
structural engineers are not prepared for such 
a big change in such a short period, like that 
there is shortage of supporting literature, like 
that the engineering productivity will drop 
down and like that the market cannot 
accommodate the unavoidable increasing of 
the construction cost. Some speculation about 
the effect on the construction price, caused by 
designing according to the Eurocodes 
appeared, despite that they were not rooted on 
real comparison analysis or market 
investigation. These disputes occupied the 
members of KIIP and they became one of the 
main topics the Chamber's policy was focused 
on. The majority of KIIP members were on the 

position that the Introduction of Eurocode 
should be postponed. That position does not 
coincide with the personal opinion of the 
authors of this article, but it has become 
official position of the Chamber. Finally after 
long disputes on different levels, the Minister 
of Construction issued new ordinance that 
constituted the current state in Bulgaria. 
Details about it were given in Section 1. The 
current state is a kind of compromise between 
the real need for Eurocode introduction and 
the real readiness of the engineering 
community for the actual start. It might be 
seen that there is a kind of division of the 
positions that different generations of 
engineers stay behind. The first group 
constitutesmostly of young and middle age 
engineers who see in the introduction of the 
Eurocodesa possibility for acceleration of 
convertibility of the engineering service, 
opportunity for export design and even a way 
for improvement of the public awareness and 
respect towards the professions of the 
structural design engineer. The second more 
experienced group, which dominates as 
number of followers, sees in Eurocode a 
danger and risk of loss of professional 
positions as well possibility for errors and loss
of work efficiency. It can be stated that there 
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are Eurocode optimists and Eurocode 
pessimists that argue between each other and 
create a generation gap. This process should 
not be underestimated because it may call into 
question the future of united engineering 
community

STRATEGIC INFLUENCE OF 
EUROCODE 3 FOR STEEL 
CONSTRUCTION SECTOR IN 
BULGARIA

The steel construction sector in Bulgaria is 
deeply influenced by the introduction of 
Eurocodes, especially EN 1993 and EN 1090-
2. The introduction affects design offices, 
software developers and dealers, steel 
structures fabricators, notified bodies and NDT 
laboratories. The design offices have to spend 
more time in self-training and to invest money 
in buying standards, textbooks and 
handbooks. A lot of engineers invest money in 
attendance of specialized short-term courses 
organized by KIIP. The need appears of 
buying new software for member and 
connection calculations as well the need of 
exploring and improving the navigation of that 
software. It is difficult to be said, but according 
to the personal estimation of the authors of the 
paper, the full implementation of Eurocode 3 
and the related with it standards as EN1990, 
EN1991, EN 1997 and EN 1998 takes about 
18-24 months. Nobody in Bulgaria has done 
estimations how much drops the designers 
productivity, but obviously there is such 
phenomena especially in the first year of 
implementation. Last but not least, the design 
experience collected in the years by engineers 
is no more so powerful tool in the routine 
design calculations, when the code is brand 
new. On the other side the hard work for 
introduction of Eurocodes in the normal 
engineering practice could bring new 

opportunities of the design offices. The major 
opportunity is the establishment of 
international convertibility of structural design 
services and the chance of the design offices 
to work for foreign markets. Some Bulgarian 
design offices converted significant part of 
their business for export. Unfortunately there is 
no official statistics for more exact 
investigation of that tendency. 

The local software developers and dealers had 
to change their market orientation also. The
first market task was to modify their member 
or connection design modules on the 
Eurocode basis. Having in mind the flexibility 
of the IT sector, that change happened quite 
quickly. Second aspect of the code changes 
was the entering in the market of already 
developed and well known European software 
products. Finally the available local software 
and the available European one made bigger 
market offering and increased the choice for 
finding the best balance between price and 
quality of the software. It would not be wrong 
to say that the introduction of Eurocode in the 
country improvedthe structural software supply 
in Bulgaria.  

It is also very important to be analysed that the 
contemporary steel design fully rely on the 3D 
modelling or as it is more popular BIM design 
of steel structures. The authors see correlation 
between the Europeanization of the 
construction market, domination of EU steel 
products and the accelerated influence of the 
BIM software in Bulgaria. Introduction of BIM 
design improve the efficiency of engineering, 
fabrication and erection and moreover makes 
the steel construction sector well recognizable 
for international clients. The relation between 
CAD and CAM is well known. It started in 
Bulgaria about eight years ago and continues 
to step in the sector even more progressively. 
Base on it appeared nice and aesthetic steel 
structures (Figure 4).

Figure 4. Example of aesthetic design of steel joints by BIM technology
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Figure 5. Example of steel structures for export - Obuasi South Treatment Plant- CIL
and Flotation Replacement, Ghana

The steel fabrication sector is under big 
modernization. The requirements of EN 1090-
2, which came with the introduction of 
Eurocode 3, demanded reorganization and 
modernization of the steel structures 
manufacturing process. The Companies invest 
money in new CNC machines or production 
lines, in improvement of welding process, 
production procedures and in training of the 
staff. The leading Bulgarian fabricators apply 
and obtain production certificates according to 
EN 1090-2 for execution classes 3 or 2. 
Following the new Eurocode requirements, the 
Bulgarian steel construction sector starts 
equalizing the quality standards with the 
European fabricators and starts offering similar 
quality on better price. Naturally, some of them 
became preferred partners for EU contractors. 
The last circumstances increased the export of 
Bulgarian steel structures worldwide (Figure 
5). We believe that one of the main reasons 
for that progress is based on the Eurocode 
implementation in the sector.

The normative regulations for fabrication of 
steel structures are still in a transition stage. If 
it is not definitely stated in the design 
documentation, fabricator may follow the 
national regulations. As a response of that 
dual status, Bulgarian Association for Steel 
Structures aiming atuniting and protecting the 
interest of the steelwork fabricators was 
established. It starts driving policy in direction 
of constituting EN 1090-2 as the only guiding 
standard for steelwork fabrication. Some 
internal disputes about the need of 
establishing a National Metal Society are 
carried out. The role of a leader in that 
modernisation process is assigned to the 
Department of Steel Structures of the Faculty 
of Structural Engineering at UACEG, Sofia.

SOME CONSTRUCTION SITES 
DESIGNED ACCORDING TO 
EUROCODE 

The Implementation of Eurocodes is not only 
theory but it is also practice of application. 
There are many of nice examples of 
construction sites with steel structures in 
Bulgaria, realised according to EN 1993 and 
EN 1090-2 as well EN 1998, EN 1997 
(Figures 7 to 12). The main generators of 
implementation of Eurocodes may be 
classified into three main categories: 

• Public projects, financed with national or 
EU funds;

• Industrial construction sites of highest 
category of importance; 

• Private foreign or domestic investors, 
trusting more in the Eurocode.

Practically the public projects are tendered 
according to Public Procurement Law. 
According to the legislation in force in 
Bulgaria, such projects shall be designed 
according to Eurocode. That requirement 
emphasizes the importance of the capability of 
the structural engineers, design offices and 
supervisors to work according to Eurocode, 
since the most prestigious sites belong to that 
category. Good examples of that group of 
projects are the Sofia Sport Hall ‘Arena 
Armeec’ (Figure 6) and the reconstruction and 
modernization of Sofia Central Railway Station 
(Figure 7).

Industrial construction sites of big plants in the 
Oil& Gas, Mining & Metallurgy and Processing
or Energy sectors of the industry are traditional 
field for large use of steel structures. In the last 
five years they became also a field for design
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and construction according to Eurocode. One 
of the main reasons is that they usually belong 
to construction category I or II, and according 
to the legislation in force in Bulgaria, such 
projects shall be designed according to 
Eurocode. Second independent reason, but 
with equal importance is the fact that such 
projects are realized with participations of 
many international engineering suppliers 
oftechnology, equipment and vessels from 
Europe, North America, Asia or Australia. 
Since the Eurocode is highly international 
recognized code, the owners prefer to choose 

it for design code. It enables them to hire 
experts fromabroad for doing independent 
control or review, create more trust for the 
investing banks and provide engineering 
comfort of the wide range of suppliers. Last 
but not least, designing and building according 
to Eurocode enables the Owners to obtain 
better insurance conditions and provides more 
safety, durability and robustness for protecting 
the public interest. Figure 8 presents some 
new realizations in the Metallurgy and Cement 
production sectors of the industry.

Figure 6. Sport Hall ‘Arena Armeec’ in Sofia; Outside view(left) and interior view (right)

Figure 7. Reconstruction of Central Railway Station in Sofia; General Architectural view - left, the building during 
the reconstruction– right

Figure 8. Industrial projects (Metallurgy and Cement Industry) realized according to Eurocode
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The third group of construction sites are those 
sites, which owners trust more Eurocode or 
achieve more economical design by Eurocode. 
The variety of the type of construction 
belonging to this group is high. It might include 
warehouses, specialised storages, car 
services, offices or even residential buildings. 

It also happened that some types of structures 
are not covered by the national codes so the 
designers have to use Eurocode (Figures 9, 
10). Such as lattice structures with members 
and joints with hollow sections (Figure 9) or 
towers and masts, tank structures, bunkers, 
silos and other plated structures.

Figure 9. Lattice structures made of hollow sections can be designed only according to Eurocode

Figure 10. Tanks and plate structures can be designed only according to Eurocode

CONCLUSIONS

The introduction of the Eurocodes is the most 
significant change that was faced in front of 
the nowadays structural engineers and 
technical officials in Bulgaria. It is a complex 
and multidirectional process with significant 
technical, social and economic effects on the 
construction sector. 

The Bulgarian experience in Eurocode 
introduction has its good sides, but also shows 
some weak ones. It would be better if the 
starting of the administration preparation and 
the debate between engineers had 
commencedat the same time. It appearedthat 

the administration maturity came ahead of the 
readiness of the practicing engineers to adopt 
Eurocode that is why major part of them 
started to resist against its use. 

It would be better if the Bulgarian State had 
recognized the potential difficulties for the 
engineering community for adaptation of 
Eurocode in everyday work and would find the 
way to support them.

The authors consider the process of 
introduction of Eurocodes not only in terms of 
their difficulty but also as a source of 
development that would help the Bulgarian 
engineering community to achieve 
convertibility and to increase the design works 
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for export. Nowadays more and more 
engineers overcome the difficulties for study 
and implement Eurocodes and discover the 
advantages of using them.
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EFFECT OF DAMPERS IN
SIMULATION OF SOIL 
STRUCTURE 
INTERACTION PROBLEMS
The issue of presence of dampers in the 
frame has been considered in the numerical 
simulation of soil structure interaction 
problems. In this work problems of dynamic 
conditions considering the effects of soil and 
boundaries have been analysed. 
Comparison of these problems has been 
done by comparing the obtained results from 
different set up in the software. The results 
of numerical analysis illustrate that more 
attention must be paid when considering the 
structures with and without damper 
elements.
Keywords: dampers, soil structure 
interaction.

INTRODUCTION

There has been significant advances in 
different software for numerical simulation of 
frame structures considering the earthquake 
input as time dependent acceleration. A 
missing point however has been the treatment 
of soil structure interaction (SSI) effects on 
both the strong motions transmitted to the 
structure and the structural response to these 
motions. Moreover, in numerical simulation of 
soil medium as a wide region the boundaries 
should be given special concern not to impact 
the results by reflection of the traveling waves 
in the soil medium. In dynamic analysis the 
situation is additionally complicated by the 
inertia terms such the radiation of the wave 
should be considered. The presence of 
damper elements is of great importance since 
structural elements are concerned as real 
elements. This paper deals with both damper 
and soil effects in the SSI problem of a three 
storey frame. In order to make a complete 
analysis the frame structure is considered both 
as concrete and as a steel structure. The 
results show promising point to be considered.

INFINITE ELEMENTS

The formulation of infinite elements is the 
same as for the finite elements in addition to 
the mapping of the domain. Infinite elements 
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are first developed by Zienkiewicz et al. 
(Zienkiewicz et al., 1983) and since then they 
have been developed in frequency and time 
domain. In the work of Häggblad et al. 
(Häggblad et al.,1987) infinite elements with 
absorbing properties have been proposed 

which can be used in time domain. In this work 
the development of infinite element has 
followed the techniques considering the time 
domain in which the infinite element is 
obtained from a six nodded finite element as 
shown in Fig 1.

Figure 1. Coupling of Finite and Infinite elements

The element displacement in u and v direction 
is interpolated with the usual shape functions 
N1, N2, N4 and N5 :

1 2 4 5[ 0 0]u N N N N= u

1 2 4 5[ 0 0]v N N N N= v             (1)

In expression (1) u and v are vectors with 
nodal point displacements in global 
coordinates. 
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For coordinate interpolation in r-s coordinate 
system a one-dimensional mapping is applied. 

1 2 4 5[ 0 0]r M M M M= r

1 2 4 5[ 0 0]s M M M M= s (3)

where 
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In expression (3) r and s are vectors of nodal 
point displacements in local coordinates where 
it is to be mentioned that on the side of infinity 
(r=1) no mappings have been assigned to the 
nodes as it is taken that no displacement is 
possible at infinity. Construction of element 
matrices is done by using the usual 
procedures as described in Bathe (Bathe, 
1982). The new coordinate interpolation 
functions are taken into consideration in the 

Jacobian matrix as described in Bettess 
(Bettess,1992). The approximation for the 
element integrals is done by Gauss qaudrature 
formulas. For the absorbing layer of the infinite 
element Lysmer-Kuhlmeyer approach (Lysmer 
et. al. 1969) is used. In all cases plane strain 
two dimensional case is studied. For impact of 
plane waves on element sides normal and 
tangential stresses are derived as:

0

0
p nn

s t

a c u

b c u

ρσ

ρτ
    

=     
     



                            (5)

where cp and cs indicate compression and 
shear waves, ρ is the density of soil medium. 
In order to take into account the directions of 
the incident waves coefficients a and b as 
suggested in White et al.  (White et al..1977) 
are used as multipliers for better numerical 
results. Transformation from local to global 
coordinates is done automatically by the 
software ANSYS such that there is no need of 
defining transformation matrices. By bringing 
together the contributions from each element 
the governing incremental equations for 
equilibrium in dynamic analysis are obtained. 
Time derivatives are approximated by 
Newmark’s method and equilibrium iterations 
are used in each step as given in the Theory 
reference of ANSYS software.

DAMPERS

Mathematical modelling of PDDs was done 
using combin14 element (Fig. 2). 

Figure 2. Analytical Model for damper device (PDD)

Mass of the damper, 60 kg, was added by 
using the appropriate mass element 
mass21.The element works based on Kelvin 
Vought model and is defined by two nodes, a 
spring constant (k) and damping coefficients 
CV1 and CV2. The damping portion of the 
element contributes only damping coefficients 
to the structural damping matrix.

The damping force (F) is computed with 
equitation given bellow

              

dUxFx Cv
dt

= − (1)
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Where CV=CV1+CV2v is damping coefficient 
and v is a velocity calculated in the previous 
step. Because the PDDs were pre-stressed 
with a force of 30 KN (same as the 
experimental tested PDDs) a preload in the 
spring as a compression is specified through 
an initial force (IFORCE) input in the combin14 
element. In the process of optimization for the 
PDDs the following characteristics have been 
used: stiffness of the spring K=1000kN/m, 
CV=35 kNs/m and pre-stress force F=30kN. 
This type of dampers achieves 10% added 
damping in the structure for reducing the 
response and improve the performance for 
earthquake excitation. 

COUPLED SOIL STRUCTURE 
SYSTEM RESPONSE

In order to show the influence of the soil 
boundaries on the structure, a comparison of 
boundary cases in the soil structure interaction 
problem are performed. In this direct time-
domain method, the soil medium is modelled 
by two dimensional quadrilaterals using the 
finite element method. Similar soil-structure 
interaction problems have been studied in the 
works of other authors [26-29]. In order to 
provide a complete insight, the soil side 
boundary is first simulated as a fixed support 
applied to the truncated soil domain composed 
of finite elements. Then the same soil medium 

is bounded by viscous boundaries which are 
present in commercial softwares such as 
ANSYS [24].  Finally, the soil composed of 
less finite elements is surrounded by the newly 
programmed infinite elements. The frame 
structural elements are idealized as two 
dimensional elastic beam elements having 
three degrees of freedom at each node, 
translations in the nodal x and y directions and 
rotation about the nodal z axis. The behaviour 
of the frame structure is supposed to be elastic 
and has been modelled by using two 
parameters, the modulus of elasticity 
E=3.15x107 kPa and Poisson’s ration n=0.2. 
The bay length of the frame is taken to be 4.0 
m, while the storey height is 3.0 m.  The 
section of beams is 40 x 50 cm while that of 
the  column is 50 x 50cm. A mass of 11 tons is 
assigned to each node to simulate the real 
structural behaviour (a total of 44 tons per 
floor). Three different frames are taken into 
consideration. For all RC frames, the beam
and column sections, the floor masses and the 
number of bays are kept constant in all cases.
The only parameter that has been altered is 
the number of storeys. The structures are 
modeled as one-, three- and five- storey RC 
frames. The soil medium is presented as a two 
dimensional model composed of four layers 
resting on bedrock. In Table 2, the soil layers 
properties are tabulated in a way that the 
bottom layers are characterized by better soil 
characteristics.

Table 1. Soil properties

Number of 
layer

Thickness
(m)

Unit weight 
(kN/m3)

Shear velocity
(m/s)

1 3 16 330
2 7 17 420
3 6 17.5 510
4 14 18 690

The soil is assumed to represent a linear-
elastic material and is discretized by using 
eight nodded plane strain elements. The 
dynamic analysis has been performed by 
transient analysis using the step by step 
method. The proportional viscous damping 
matrix is taken to be proportional to mass and 
stiffness matrix (Rayleigh damping).  Finite 
element modelling of the coupled soil-structure 
system is performed by use of the software 

ANSYS [1], as shown in Figure 3 The effect of 
soil-structure interaction is carried out by using 
the acceleration time history of the El Centro 
earthquake with a scaled peak ground 
acceleration of 0.25g. The moment transfer 
capability between the column and the footing 
is created by using a constraint equation 
where the rotation of the beam is transferred 
as force couples to the plane element.
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Figure 3. Three storey system with fixed foundation and soil layers foundation

In Figure 3 the coupled system of the soil-
structure system is shown. The side 
boundaries are presented as fixed, viscous 
and infinite element boundaries. In the case 
of infinite element boundary, the soil domain 

is discretized by less elements (two thirds) 
compared with the analysis of fixed and 
viscous boundaries. 
In Table 3 below, the difference in the 
structural response is given.  

Table 3. Variation of Structural response quantities without dampers

Foundation Frame 
structure

Max. 
acceleration 
at top of Str.

(m/s²)

Max. 
displacement
at top of Str.

(cm)

Max. moment
at top of Str.

(kNm)

Fixed Steel 8.28 0.995 127.1
Concrete 5.46 1.71 49.2

Soil layers Steel 7.22 1.73 187.2
Concrete 5.63 1.48 95.88

Table 4. Variation of Structural response quantities with dampers

Foundation Frame 
structure

Max. 
acceleration 
at top of Str.

(m/s²)

Max. 
displacement
at top of Str.

(cm)

Max. moment
at top of Str.

(kNm)

Fixed Steel 8.28 0.995 127.1
Concrete 5.46 1.71 49.2

Soil layers Steel 7.22 1.73 187.2
Concrete 5.63 1.48 95.88

Comparisons of time history responses for 
acceleration and displacement for steel 
and concrete structure with and without 
pdd for two different conditions are given 

bellow. (fig.5-fig7). The same tendency is 
confirmed for fixed case and case with soil 
layers previously commented in the tables 
above.  
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Figure 4. Comparisons of time history responses for displacement for fixed and soil layers for steel 
structure with and without pdd dampers

Figure 5. Comparisons of time history responses for displacement for fixed and soil layers for concrete 
structure with and without pdd dampers

Figure 6. Comparisons of time history responses for acceleration for fixed and soil layers for steel 
structure with and without pdd dampers

Figure 7. Comparisons of time history responses for acceleration for fixed and soil layers for steel 
structure with and without pdd dampers

According to the acceleration values in Table 
3, the maximum acceleration at the top of the 
structure is considerably increased when using 
fixed boundaries. On the other hand, when 
using viscous and infinite element boundaries, 
the results of acceleration, displacement and 
moment at the top frame elements show 
similar values. The main difference is that, 
when using the coupled finite-infinite elements, 

the number of finite elements is decreased 
considerably, saving extra work and time. 
When comparing the soil stiffness, it is clearly 
seen that, in the case of soft soil the difference 
in structural moment values between the fixed 
and the infinite element boundaries is nearly 
two times. This fact reveals that, in the case of 
massive structure founded 

on soft soils, the interaction effects are 
expressed greatly. The number of stories 
affects the results in such a way that the 
higher storeys exhibit a bigger displacement 
(which is also expected) that should be 
considered in the element analysis, 
separately. To sum up, the usage of the 

proposed infinite elements in soil-structure 
interaction problems decreases the number of 
finite elements without affecting the 
correctness of the final results. Thus, the 
usage of coupled finite infinite elements is 
advised particularly in complex geometries of 
soil media.
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CONCLUSION

In this work the coupled computational method 
of finite and infinite elements has been 
presented in selected geotechnical problems. 
For the numerical simulation of geotechnical 
problems the local region of interest is 
modelled by finite elements which enable 
simulation of more complex geometries. On 
the other hand the surrounding filed of the 
domain is considered using the infinite 
elements which have the capability to simulate 
the infinite region very well.  In numerical 

simulations ANSYS software is used where 
using its programmable features it is possible 
of programming new elements such as the 
infinite elements. The obtained numerical 
results are reliable and further application of 
coupled finite and infinite elements can be 
considered in the field of soil structure 
interaction (Edip et al., 2011). Since the 
programmed infinite elements are in time 
domain non-linearity of materials can be also 
simulated in the finite element region.
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INTEGRATED ACTIVE 
SOLAR SYSTEMS FOR 
ENERGY EFFICIENCIENT
FACADE STRUCTURES
There are many reasons for the exploitation of 
solar energy that can be found in the 
functioning of the facilities. By applying of 
photovoltaic (PV), it is possible to achieve 
energy efficient buildings while improving the 
use of the space and thermal comfort. 

In this study, an analysis is made about the 
optimal photovoltaic system which can be 
installed in the structural facade of a building. 
The system is examined as integrated into 
structural facade (type A), and as a fixed 
element for shading and sun protection, whose 
composition has integrated photovoltaic 
modules (type B). The analysis was conducted 
by using the software PVSYST. The most 
appropriate, i.e. the most optimal photovoltaic 
system is the system built into the structural
facade inclined at an angle of 60o. The results 
of this study showed a maximum contribution 
of photovoltaic conversion, which also fits with 
the aesthetic characteristics of a facility. The
active solar systems that integrate energy 
efficient facade structures, contribute to 
preserving the environment through the use of 
discretionary (green) energy resources.

Keywords: solar energy; energy efficient 
buildings; integrated photovoltaic systems; 
optimal orientation; angle tilt

INTRODUCTION

Solar energy presents an energy source that 
can be used in different segments of the daily 
life. For the optimal use of solar radiation, it is 
necessary to know its basic features. Using 
solar energy has been present in the 
architecture since the earliest development of 
the human civilization. It can be used in both, 
the new designed, as well as in the existing 
buildings, [5]. There are many reasons for the 
exploitation of solar energy that can be found 
in the functioning of the facilities. By its 
application, it is possible to achieve energy 
efficient buildings while improving the use of 
the space comfort. 

Traditionally, PV modules or PV arrays have
been mounted on special support structures.
However, they can also be mounted on 
buildings, or even be made an integral part of 
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the building envelope thus creating a natural 
onsite link between the supply and demand of
electricity. 
Photovoltaic systems used within the envelope
of a building structure can be integrated or 
disintegrated, and they are located within the 
envelope of the buildings that directly 
represent its final layer. The optimum 
orientation of the buildings and tilting angle of 
the photovoltaic modules are the most 
important issues for the design of the
photovoltaic systems.
The solar architecture is based on three ways 
of using solar energy, [3]:
• passive way of using solar energy
• an active way of using solar energy
• combined mode (active and passive).

The manner of using solar energy affects the 
energy performance of the building, as well as 
the way of shape and materialisation or the 
architecture of the facility. Building envelope 
defines the architectural expression of the 
building and its relationship to urban and 
natural environment. Aesthetical expression in 
the application of active solar systems can be 
defined according [3]:
• criteria for evaluating the aesthetic quality 
by the applying the active solar systems,
• concepts of visualization,
• parameters that determine shape-functional 
characteristics of active solar systems.

CHARACTERISTICS OF 
PHOTOVOLTAIC SYSTEMS

Production of electricity from renewable 
energy sources is becoming more important, 
and photovoltaic systems can play an
important role in it. Unlike the wind energy, 
biomass and hydropower, photovoltaic
systems extremely well adapt to the buildings.

Despite the fact of many examples which
show that photovoltaic systems can be

aesthetically neutral or visually attractive
architectural element, many BIPV (Building 
Integrated Photo Voltaic) systems show
several architectural qualities. 

Anyhow, photovoltaics are worth considering if 
the building has access to solar radiation, if 
innovative design options are preferred, and if 
the building is or will be energy efficient by 
design, [5]. In a good application, photovoltaic
systems can improve the character and value 
of the building. Within the task 7 of the
International Energy Agency's (IEA), 
Photovoltaic Power Systems (PVPS) program
[2], a team of architectural experts studied the 
necessary requirements that should be 
satisfied (criteria for innovativity of the design
for good quality of the photovoltaic projects) in 
order to produce a successful photovoltaic
integration.
Apart from the production of electricity, 
photovoltaic systems have secondary 
functions such as: 
• function of facade envelope and
• function of glazing or visual comfort.

1. Opaque photovoltaic modules, 2. Semitransparent 
photovoltaic modules, 3. Glazing

Figure 1. Vertical façade with integrated opaque
and semitransparent photovoltaic modules, [3]

Photovoltaic systems used for facade 
envelope can be placed over the facade 
parapets or above the whole walls, on the 
lintels (Figure 1). Due to the fact that they are 
parts of the facade where there should not be 
any light transmission, different types of non-
transparent photovoltaic modules can be 
applied, Figure 2.

     

Figure 2. Integrated PV systems, [6]   
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Integration of photovoltaic modules in the 
frames of the inclined facade wall gives the
possibility of photovoltaic system with high 
efficiency. The opaque modules can be 
integrated in the opaque parts under different
inclinations (Figure 3). Fig. 2b) represents 
section through the facade wall with slope of
60o with integrated opaque and
semitransparent photovoltaic modules, Fig. 2c)
c) Section through the facade wall with slope
of 80o with integrated opaque and
semitransparent photovoltaic modules, while 
Fig. 2d) shows a section through the facade
wall with inclination 80o with integrated opaque 
photovoltaic modules.

1. Opaque photovoltaic modules, 2. Semitransparent 
photovoltaic modules, 3. Glazing

Figure 3. Inclined facade with integrated opaque
and semitransparent photovoltaic modules, [1]

Semitransparent photovoltaic modules are 
used in a function of glazing (Figure 4). 
Different types of semitransparent photovoltaic
modules can be used in materialization of the 
transparent parts in vertical facade walls, due
to the specific requirements for heat transfer. 
Semitransparent photovoltaic modules can be 
used in materialization of transparent parts in
inclined facades also. Application of 
semitransparent modules is represented in the 
Figures 3.

3. Glazing

Figure 4. Layout and section of structural facade
with integrated semitransparent photovoltaics, [3]

Architects are not faced with the question of 
whether to include photovoltaic systems in 
their designs and what will be the physical, 
mechanical, electrical, financial and 
organizational conditions of the building only,
but they are primarily concerned with the issue 
of how to integrate photovoltaic systems from 
an aesthetic point of view.

CALCULATION METHODS FOR 
PHOTOVOLTAIC SYSTEMS

There are many software packages for
calculation and design of the photovoltaic
systems. PVSYST is used in this paper. When 
applying the abovementioned software, one
can use two methods [4], as follows:
• method of preliminary design
• method of detailed design. 

Taking into account the functional-shaping and
aesthetic characteristics of the photovoltaic
modules used in the building envelopes, the
possibilities provided by the photovoltaic
modules integrated in-isolating glass will be 
considered in the structural walls. In this case,
hydrogenated amorphous silicon (a-Si: H 
triple) is applied, integrated in the isolating 
glass [4]. The type of the a-Si: H triple module 
which has a power of 42 Wp/m2.
Preliminary project has been performed
through a structural facade with integrated
photovoltaic modules. The place that is
planned for installation of the photovoltaic
modules is determined by the aesthetic and
the shaping characteristics of the building.

Definition and division of type A -
Structural façade
For integration of the photovoltaic modules in
a vertical structural facade (type A), several 
variants can be defined (sub-types A1, A2, 
A3), which differ among themselves according
to the inclination angle: 60o, 80o and 90o.
Within this division, each sub-type has been
considered through two categories of
transparent material, such as:     
•   А1. Vertical structural facade - angle 90o

- А1/1 - opaque photovoltaic module
- А1/2 - semitransparent photovoltaic 

module
•   А2. Inclined structural facade - angle 80o

- А2/1 - opaque photovoltaic module
- А2/2 - semitransparent photovoltaic 

module
•   А3. Inclined structural facade - angle  60o

- А3/1- opaque photovoltaic module
- А3/2 - semitransparent photovoltaic 

module.

Daily energy consumption 
The preliminary design method gives a
possibility for calculation of the total electricity
needs for the requirements of the users. The 
main consumers of electricity in the residential
and business part of the building are shown in
Figure 5, for which the preliminary design has 
been performed. The values are calculated for 
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the period of use of seven days a week during 
the year. The total annual consumption of 

energy for the whole building is 7.53 MWh. 

Figure 5. Daily consumption of electricity during a year, PVSYST

Possibilities obtained using solar energy for 
the specified building location are presented in 
Figure 6 and Figure 7.  The diagram of the 
horizon, i.e. the line of the solar radiation in a 
different period of day for the building is 
presented in Figure 6. 

Figure 6. Diagram of the horizon (the line of the 
solar radiation in a different period of day)

The diagram in Figure 7 represents the 
produced photovoltaic energy on horizontal 
and inclined surfaces during the months of the 
year, with optimisation of the system 
previously performed.

Figure 7. Produced photovoltaic energy on 
horizontal and inclined surfaces 

Results of application of type A
The total annual production of electricity while 
installing integrated photovoltaic systems in 
the structural facade (type A) is obtained by
summing the results of the individual
orientations of the specified type.

The total electricity produced will be different 
for each sub-type (A1, A2, A3). Values for the 

variants A1/1 and A1/2; A2/1 and A2/2, as well 
as A3/1 and A3/2 are summed, because the 
opaque and the semitransparent modules are
planned to be used simultaneously over the 
parapets and over the lintels. The values are 
presented in Table 1.
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Table 1. Total annual electricity production of type A1, A2, A3

Orientation А1 (А1/1+А1/2)
[MWh]

А2 (А2/1+А2/2)
[MWh]

А3 (А3/1+А3/2)
[MWh]

East 3.50 3.89 4.59
Southeast 0.31 0.34 0.42

South 0.38 0.41 0.55
Southwest 0.31 0.34 0.42

West 1.65 1.83 2.16
Total: 6.15 6.81 8.14

DATA ANALYSIS AND RESULTS

The analysis of the optimal photovoltaic 
system, planned to be installed in the 
structural facade in a building in Gostivar, 
Republic of Macedonia, has been performed. 
This system is considered as a photovoltaic 
system integrated into the structural facade 
(type A). 

The photovoltaic modules planned to be used 
are made of hydrogenized amorphous silica 
(а- Si:H triple). Possibilities that the material 
offers in respect of the transparency (percent 
of fullness) are considered in the analysis:  
opaque photovoltaic module (100% percent of 

fullness) and semitransparent photovoltaic 
module (50% percent of fullness).
The necessary data are provided using the 
sophisticated software PVSYST. For Gostivar, 
the data is as follows: 
• ʹ84 ͦ 14 :edutital
•                         ʹ45 ͦ 02 : edutignol
• elevation: 526 m

The designed east oriented facade wall, as 
well as the southeast, south, southwest and 
west ones are presented in the Figure 7 and
Figure 8.
In the design, equal area of semitransparent 
and opaque belts is proposed for each of the 
façade walls: 53m2 for the east façade, per 
7m2 for the southeast and the southwest, 12m2

for the south and 25m2 for the west façade.  

Figure 7. East and southeast façade walls

        

Figure 8. South, southwest and west façade walls

The optimal solutions for all types (А1, А2, А3)
and sub-types (А1/1, А1/2, А2/1, А2/2, А3/1, 
А3/2) are obtained using the method of

preliminary design. Summation of the results is 
performed through few steps:
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• each orientation is considered separately, 
and total annual production per each 
orientation is obtained;
• total production of electricity for the whole 
building of type A is determined;
• the obtained values of the total production 
of electricity are compared to the total annual 
consumption;
• the most optimal and the most appropriate 
solution have been adopted. 

Figures 9, 10 and 11 show the separate and 
total annual electricity production for types A1, 
A2 and A3 respectively. Figure 12 represents 
all the values of generated electricity, for all
sub-types compared with the annual electricity
required.

Figure 9. Annual electricity production for type A1

Figure 10. Annual electricity production for type A2

Figure 11. Annual electricity production for type A3

When applying photovoltaic module of same 
material (a-Si: H / a-SiGe: H / a-SiGe: H-triple-
junction) over the same area inclined at 

different angles, the same values of the
investment, but different values of annual 
production are obtained.

Figure 12. Comparison of the calcu;ated values of 
total energy production with a total annual alectricity 

cosumption

Type A3 is selected, which meets the basic 
requirements of the electricity consumers and 
also fulfils the shaping and aesthetic
characteristics of the building.
The most appropriate designed optimal 
photovoltaic system is the one comprised of 
photovoltaic modules that are integrated on 
the inclined structural facade, under an angle 
of 60o. These photovoltaic modules are 
arranged in two bands, i.e.: the opaque part of 
the parapet wall is covered by non-transparent 
modules, while the part on the lintels is 
covered by semitransparent modules. In this 
way, the aesthetical criteria, as well as the 
customers’ needs are fulfilled.  

The annual necessary consumption of 
electricity for the whole building is 7530 kWh. 
This value is completely compensated by 
production of the electricity with photovoltaic 
system, and by the total produced quantity of 
8140 kWh during one year. In other words, the 
produced energy in the building is 1,85 
kWh/hour, while the consumed one is 1.3 
kWh/ hour electricity. The rest of the electrical 
energy, about 0.55 kWh/hour or 2376
kWh/annually, is a surplus of electricity, i.e. a 
part which may be repurchased by the local 
distributive companies. When the payment of 
the investment is considered, it should be 
mentioned that World Bank has a great part in 
the investments; almost 70% of the total 
investment is for them.

CONCLUSIONS

Building integrated photovoltaics (BIPV)
modules can effectually replace glass windows 
in the vision zone or opaque elements in
spandrel zone.  Apart from the energy 
generation, they provide natural illumination, 
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thermal and acoustic insulation, reduce CO2
emissions and certainly represent an 
innovative design and architectural challenge. 

The above mentioned facts lead to a unique 
conclusion that the collaboration between the 
architects and the civil engineers should be 
closely connected, in order to achieve the final 
results:
• active solar systems aesthetically 
integrated in an energy efficient structural 
facades;
• optimally designed system that enables 
maximum contribution;
• quality in-built modules and additional 
equipment that provide durability of the 
system;
• economical profitability, including the 
Government’s projects in collaboration with 
the World Bank, projects of the distributive 
companies and their interest in payment of 
the surplus of the produced electricity. 
• great contribution to the environmental 
protection with a usage of the infinitive 
(green) resources of energy. 

The usage of the active solar system for 
energy efficiency of the facade structures lives 
great development in the developed countries, 
but they still have not been used in 
Macedonia, [4]. Although photovoltaics have 
the technical potential of becoming a major 
clean energy source of the future, there are
not yet economically competitive in bulk power 
generation. 
Investors and building owners are becoming 
more confident with this new technology and 
the designers are becoming more comfortable 
incorporating PV into architectural and building 
electrical designs. 
Hopefully, the conscience and the interest of 
the architects in active solar systems will 
rouse, PV system cost will decrease, the 
public awareness of depleting conventional 
energy resources will heightened, and with a 
common collaboration of the companies and 
all other key factors, the necessary conditions 
for their application will be provide in 
Macedonia soon. 
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