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EDITORIAL - Preface to Volume 10 Issue 2 of the
Scientific Journal of Civil Engineering (SJCE)

Marijana Lazarevska EDITOR - IN - CHIEF

Dear Readers,

Scientific  Journal of Civil Engineering
(SJCE) is an international, peer-reviewed,
open access journal published bi-annually
since December 2012. As of December
2021, SJCE has its own web page and offers
a completely digital submission, review, and
publication process. For more information
regarding the online version of the Journal,
please visit www.sjce.gf.ukim.edu.mk.

This Journal is committed to publish and
disseminate high quality and novel scientific
research work in the broad field of
engineering sciences. SJCE is designed to
advance technical knowledge and to foster
innovative engineering solutions in the field
of civil engineering, geotechnics, survey and
geo-spatial  engineering,  environmental
protection, construction management etc.

Our aim is to provide the best platform for
the researchers to publish their work with
transparency and integrity with the open-
access model, and to provide a forum for
original papers on theoretical and practical
aspects of civil engineering and related sub-
topics.

As an editor-in-chief of the Scientific Journal
of Civil Engineering, it is my great pleasure
to present you the Second Issue of Volume
10, an open-subject issue that contains ten
scientific-research papers that have passed
the double-blind, external peer review.

These papers cover various advanced
scientific topics The first paper presents the
results of the hydrological analysis
conducted for Vardar River section. The
second paper deals with the heavy rainfall as
an extremely stochastic phenomenon,
describing the importance of quality data
measurement and data updating for climate
studies, water resources evaluation,
drainage designs etc. The development of
real estate mass valuation model for
condominiums in Skopje is shown in the third

paper. The fourth paper presents the basic
settings and measures for achieving a safe
intersection with a roundabout, in terms of
pedestrian and bicycle traffic. The main
subject of the fifth paper is comparison of the
results obtained from linear and non-linear
seismic analysis of concrete frame structure
designed according to principles of Eurocode
8 and capacity design method. The design of
steel frame with variable cross-section
considering stability using general method is
explained in detail in the sixth paper of the
Journal. The next paper presents the results
from structural analysis performed on twelve
models of T-joints from hollow cross sections
reinforced with welded flange plate on the
chord. This eighth paper deals with the
identification of chemical anchors embedded
in reinforced concrete slab under tension
load. The next paper shows one example of
civil engineering research conducted with the
Delphi method, as one of the most popular
scientific research methods used for
problems that lack known data. The last
paper describes a creation of the information
system that gives an insight into the critical
bridge infrastructure network elements and
can identify the losses that can be caused by
earthquake.

| sincerely hope that all papers published in
this issue will encourage further researches
on the fields.

I thank all the authors for contributing to this
Issue and all the reviewers for providing
detailed and timely evaluations of the
submitted manuscripts. Furthermore, | would
like to express my sincere gratitude to all
editor members for their excellent work,
remarkable contribution, enthusiasm and
support.

Sincerely Yours,
Assoc. Prof. Dr. Marijana Lazarevska
December, 2021
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Application of HEC-RAS for analysis of flood zones

APPLICATION OF HEC-
RAS FOR ANALYSIS OF
FLOOD ZONES

Timely forecasting of floods and floodplains
allows measures to be taken to prevent or
reduce their occurrence and/or to provide
protection against their harmful effects. The
flood wave from increase of the water level and
the flow in the riverbed is defined as a non-
stationary flow, which results in flooding of
riverbeds. The use of hydraulic models to
conduct flood simulations is a common practice
and widely accepted for rapid and accurate
definition of flood zones.

In the investigations presented in this paper, the
HEC-RAS (1D, 2D, 1D / 2D) software package
has been used to simulate different flood
scenarios related to Vardar River.

Using the HEC-RAS software package, 1D, 2D
and a combination of 1D and 2D models of a
non-stationary flow have been formulated by
defining the initial and the boundary conditions
separately for each model. As a result of the
simulation of the flood wave propagation
through the riverbed, the flood zones and the
most endangered areas have been defined.
The obtained results and the differences among
the considered models have been analyzed in
order to see which model is the most
appropriate for the case of a flood wave.

From the hydraulic analyses carried out by use
of all three models, it is concluded that the
riverbed of the Vardar river in the considered
section has a very low transportation capacity
and that there are flood zones along the entire
length of the river. The riverbed of the Vardar
river in the analyzed region, from the village
Tudence to the village Jegunovce, can safely
transform flows up to Q=62 m%/s.

Keywords: flood, flood wave, flood zones,
HEC-RAS.

1. INTRODUCTION

Floods are among the most devastating natural
disasters affecting people and infrastructure. It
is therefore not surprising that modeling and
predicting such events is becoming a high
priority in many countries, [1]. Flood modeling
involves simulation of the processes of
transformation  of precipitation in the
hydrograph of a flood wave and its propagation
through the catchment area or the river bed, [2].

5|Page
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In this way, flood processes consisting of
upstream systems with hydrological processes
and river and flood zones with hydraulic
processes - are described physically or
mathematically (through the use of appropriate
mathematical equations) by presentation of
relationships between the state of the system,
the input and the output.

To analyze the morphology of the Tigris River
in Baghdad and determine the capability of the
riverbed, A. A. Ali et al (2012) analyzed a
section with a length of 49 km, with transverse
profiles at intervals of 250 meters, [3]. For this
purpose, they developed a one-dimensional
hydraulic model with the help of the HEC-RAS
software and calibrated the obtained results
according to a 10-year analysis of data from the
measuring station in Baghdad, whereat they
concluded that the one-dimensional model is a
good method for predicting the bandwidth of a
riverbed. The hydraulic model developed by
use of the HEC-RAS software proved to be a
good way of modeling a flood wave that
provides fast and accurate data. Santillan J.R.
and Dr. Paringit E.C (2013) analyzed the floods
from the Marikina River in the Philippines that
occurred as a result of the heavy rainfall in the
river basin, [4]. Hong Quang Nguyen (2015)
used the HEC-RAS software bundled with
KINEROS2 software for the floods in the
tropical regions of northern Vietnam, [5]. With
the final results of the research, he came to the
conclusion that the HEC-RAS software works
well with other software.

Thaileng Thol et al. (2016) presented an
analysis of flood zones for the Mekong River in
Cambodia using HEC-RAS, [6]. The results of
the analysis with the model from HEC-RAS
were compared with the measured data for that
section of the river and these agreed with each
other. The authors believe that HEC-RAS
analyzes are a good way of timely predicting
flood zones.

With the analysis for modeling and forecasting
of flood zones, Vassiliki Terezinha Galvao
Boulomytis (2017) came to the conclusion that
poorly performed hydrological analysis is one of
the biggest reasons for poor modeling of flood
wave transformation, [7]. Romali, N. et al.
(2018) applied the HEC-RAS model in flood
mapping and simulation of a flood map for
different return periods for an urban area in the
town of Segamat in Malaysia, [8]. To calculate
the extreme flows with different return periods,
five distribution models were tested during the
flood frequency analysis. The results showed
that most of the flooded areas in the simulated
100-year return period were also affected by
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the historic 2011 floods. Khalfallah and Saidi
(2018) presented spatial-temporal mapping
and flood forecasting by using HEC-RAS-GIS
for the Meyerda River, Tunisia, [9]. The authors
found that obtaining information about floods in
regions with poor data is a difficult and
uncertain task, but it is very valuable for flood
risk management in order to protect human
civilization and the environment. In order to find
an effective model for analyzing flood wave
transformation and perform flood zone
analysis, Lea Dasallas et al. (2019) developed
a combined one-dimensional and two-
dimensional model for the 2011 Baeksan River
flood case in South Korea. The results obtained
from the model show great similarities with the
measured data and data from different methods
of analysis, which proves that the HEC-RAS
software is an excellent method for analysis of
this issue, [10]. Diedhiou, R. et al. (2020)
performed hydraulic modeling of the Senegal
River Basin downstream the Diamond Dam
using the HEC-RAS software, [11]. The results
obtained by the HEC-RAS simulations refer to
variations of water level, maximum flow
velocities and flood propagation time. These
results suggest that HEC-RAS is a useful tool
for making quick and timely flood management
decisions in times of crisis.

Hutanu, E. et al. (2020) developed a one-
dimensional model for analysis of flood zones
for the Jijia River in Romania using HEC-RAS
in order to compare the results of the model
with those of the model already developed in
the MIKE SHE software. The comparison of the
models by the authors led to the conclusion that
the model based on HEC-RAS gave better
results and that the software itself provided a
better display of the final results, [12].

Presented in this paper is a description of the
development, calibration and validation of the
flood model for the Vardar river basin (R. North
Macedonia) by the widely used hydraulic
modeling systems HEC-RAS, [13]. Hydraulic
models 1D, 2D and a combination of 1D and 2D
models of a non-stationary flow have been
formulated by defining the initial and boundary
conditions separately for each model. The
differences between these models in terms of
defining flood zones as well as the advantages
of applying HEC-RAS in solving such problems
are discussed.

2. STUDY AREA

The river Vardar is the largest river in the R.N.
Macedonia. It is 388 km long, of which 301 km
are located in the Republic of Macedonia. Its

V. Gjesovska, B. llioski
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basin covers approximately 25,000 km?, with a
river basin area of 20,535 km? in the
Macedonia. In this paper, the watershed of
upper Vardar is analyzed, which extends
upstream from the village of Radusa in the
northwestern part of RN Macedonia, Figure 1.
The catchment area of the river Vardar,
opposite the village of Radusa, covers an area
of 1489.19 km?2. In height, the catchment area
extends from elevation 2747.03 m above sea
level to elevation 317.57 m asl. The terrain
topography data around the Vardar River used
in this analysis are in digital form (DTM-Digital
Terrain Model). Using the SWAT model of the
Geographic Information System (GIS) for
spatial analysis (SA), [14], the watershed is
drawn and the shape and size of the catchment
area of the river Vardar to the village Radusa is
determined, Figure 2. Characteristics of the
watershed upstream of the village Radusa and
the village of Jegunovce are shown in Table 1.

Figure 1. Location of the upper Vardar watershed

Radusa

Legend
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Figure 2. Form and size of upper Vardar watershed
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Table 1. Geometrical characteristics of the upper
Vardar watershed

A o) Ssr Hsr L

Profile [km?] [km] [ | masl) | [Km]

Radusa | 1489.1 | 232.2 | 9.37 | 1138.8 | 101.4

Jegunov | 1336.6 | 217.3 | 9.24 | 1152.8 | 94.55

2.1 LAND USE

For the needs of hydrological modeling of the
Vardar river basin in the upper course to the
village Radusa, analysis of land use and the
representation of certain classes, was done
accordance with the data from CORINE Layer
Classification, [15]. The data are processed and
interpreted by means of the GIS software
moduli, Figure 3. Table 2 shows the land use of
the basin of Goren Vardar to the village Radusa
according to the CORINE classification.

The most present within the watershed,
accounting for more than 1031 km? (69.3%),
are forests and semi-natural areas. Out of
these, forests account for 516 km? (34.51%).
Dominant forests are the broadleaved ones,
with minor presence of mixed forests and very
little, almost negligible presence of coniferorous
forests. Coppice forests and grass vegetation is
present both in the transition areas and the
higher parts of the watershed. The most
presentin this group is natural grass accounting
for 292.87km? (19.7%) of the total watershed
area, then the coppice bush vegetation
covering about 148.1 km?. Within the total area
covered by coppice and grass vegetation
amounting to 503.29 km? (33.86% of the
watershed), wastelends or sclerophylllous
vegetation are present to a minor scope. This
category also includes open areas with little or
no vegetation, accounting for about 1% of the
watershed. Agricultural areas accounting for
408.0 km? (27,4%) are considerably present
within the watershed and include arable land of
133.93 km? some perennial plantations
accounting for 4.48 km?, pastures accounting
for 10.20 km?, and dominant 261.81km?
(17.61%) of different agricultural areas
(agricultural land and complex crop rotation
lands). Within the watershed, artificial areas
(urban areas, industrial, commercial and
transportation structures, mines, landfills and
construction sites) cover 49.5 km? (3.26%) of
the total watershed area.

The scale of the used network (250x250 m)
does not allow accurate definition of individual
categories pertaining to the third level, for
example, roads and railways that exist within

7|Page
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the watershed. This was probably the reason
for not detecting marshes and swamps as well
as water bodies (small lakes on Shar Mountain
and along the water courses within the
watershed). Hence, this analysis of presence
of individual categories of land use should be
considered only indicative and done for the
purposes of hydrological analysis of the
watershed.

Table 2. Geometrical characteristics of the upper
Vardar wetersheds

Category Area
A [km?]
Artificial surfaces 49.5
Agricultural areas 409.0
Forests 1031.0
Wetlands 0.0
Water bodies 0.0
Total 1486.1

Legend
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Figure 3. Land use classification

2.2 HYDROGRAPHIC
CHARACTERISTICS

The river Vardar from the village Tudence to the
village. Jegunovce, in a total length of about 7
km, is located in the basin of Goren Vardar or
in the lower part of the Polog valley. Dominant
participation in the outflow and formation of
flows in the river Vardar have surface waters
coming from the northwestern massif, ie from
the left tributaries of the river Vardar. These
rivers come from the highlands of Shar
Mountain, have a torrential character, carry a
significant amount of sediment and flood and

8|Page

degrade the fertile agricultural areas along the
river Vardar. The Vardar river basin in this part
is hydrographically more developed on the left
side, where the larger tributaries are: Pena,
Porojska / Dzepcishka, Bistrica and Vratnicka.

The length of the river Vardar to the profile in
Radusa is 82.33 km, and the equivalent length
of the watershed is 101.43 km. The maximum
altitude in the watershed is 2746 m above sea
level, while the minimum altitude curve of the
Vardar river basin upstream of Radusa and the
summary line of the altitude distribution are
shown in Figure 4. Larger tributaries of the
Vardar river in this part of the watershed are the
rivers Pena, Vratnicka and Bistrica. The basic
characteristics of these sub watersheds are
shown in Table 3.

3000
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" —Height distribution
2500

—— Summary line of height representation

—Average height
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~
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Figure 4. Hypsogram curve of the upper Vardar

watershed
Table 3. Geometrical characteristics of the sub
watersheds
X A Ssr Hsr
Profile [km?] O [km] %] [mH.8] L [km]

Pena 173.03 | 93.91 13.49 1681.65 39.35

Vratnicka | 30.62 32.70 12.72 1393.26 13.28

Bistrica 39.30 44.35 15.02 1629.66 21.20

2.3 GEOLOGICAL AND
HYDROGEOLOGICAL
CHARACTERISTICS

The section of Vardar River to be regulated
represents a part of the Polog valley and
belongs to the Vardar tectonic zone. The
geological structure of this valley is composed
from sedimentary, magmatic and metamorphic
rocks dating back to the Paleozoic and
Mesozoic as well as Tertiary and Quaternary.
The Paleozoic rocks are represented by albite-
phyllite mikaschists and green shales, meta-
sandy rocks, metaconglomerates, metadia-
bases, carbonate shales and marbles.

V. Gjesovska, B. Ilioski
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Mesozoic rocks are mainly represented by
granites, granodiorites, massive marbleized
limestone, diabases, spilites and dunites.
Tertiary rocks are developed in the south part
of the Polog depression and are represented by
pliocene sandy layers with a thickness of
250 m. Quaternary rocks are represented by
alluvial sediments, proluvial terraces, fluvio-
glacial sediments and disintegrated/moraine
materials.

The hydrogeological characteristics of the
region can be described by the investigated and
recorded aquifers. Phreatic and artesian
aquifers are formed in intergranular and
unconsolidated sediments. Phreatic aquifers
are found in alluvial and proluvial sediments,
marbles as well as in the upper Pliocene
deposites at the bottom of Shar Mountain. The
wells in Tetovo, Gostivar and Miletino belong to
these aquifers. Phreatic aquifers belong to the
group of aquifers with god yield, 1+10 I/s and >
10 I/s. The artesian aquifer is representative for
Lower Polog (Dolen Polog) (village Zhilche,
village Janchishte, village Jegunovce and
village Raotince) and belongs to the upper
Pliocene sandy/lacustrine sediments with a
thickness of about 40 m. The vyield of this
aquifer amounts to 1+10 I/s.

3. HYDROLOGICAL ANALYSIS

Available data for the hydrological study have
been found only for the station in Jegunovce
(1951-2008) and the station in Radusha (1961-
2008). The registered data at both stations are
incomplete and they have been completed by
correlation links between these two arrays of
data. In the series referring to Radusha, there
are interruptions in the measured data in the
period from 1961 to 1968, while in the series
referring to Jegunovce, there are interruptions
in the period from 2001 to 2003. In order to
determine the characteristic flow values for the
Vardar river and define the referent discharge
for proportioning the regulated river bed and
facilities, hydrological analyses have been
conducted for both stations at the
downstream/outlet profile of the considered
section, v. Jegunovtse and v. Radusha. For
analysis of the flood waters, the dates of
maximum annual flow have been used,
specifically for the period 1951-2008 for
Jegunovce and the period 1961-2008 for
Radusha. To determine the flow with different
return periods, several theoretical distribution
functions have been applied: Gumbel, Pearson
I type distribution, Log Normal distribution, Log
Pearson Il type distribution. The graphical
presentation of the empirical and theoretical

Application of HEC-RAS for analysis of flood zones

lines of distribution of the probability of
occurrence of the referent flow are shown in
Figure 5 for Radusha and in Figure 6 for
Jagunovce. The referent flow of the Vardar river
at profiles Radusha and Jegunovce determined
by the theoretical distribution functions for
different probabilities of occurrence is shown in
Table 4. For the theoretical distribution
functions, adjustment tests have been
performed with a 0.05 probability for a test
overlap. The testing of the applied theoretical
distribution functions has proved the best
adjustments for the Gumble distribution for both
profiles.
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Figure 6. Lines of distribution for Jegunovce

Down to the Radusha profile, the measured
flows in the observed period (1951-2008) cover
all the usptream tributaries, as well as the
released installed quantities from the HPP
Raven (in operation for more than 40 years)
whose maximum capacity is Q=32 m?s. The
defined characteristic flows for the Radusha
profile are not much different from those at
Jegunovce profile, which is, in fact, a
downstream profile or a downstream boundary
condition for the analyzed section. According to
these statements, the characteristic flows
defined for the Radusha profile have been
adopted in modeling the flood zones in this part
of the Vardar river.
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Table 4. Flow determined by the theoretical distribution functions

Radusa Jegunovce

T Probability | p z 82 | o8 | o3 B 88 | LE 8

= 52 o = S5 = 52 o = S5

[years] P [ %] 3 o= = @ 3 o= = & o
10000 0.0001 0.01 | 491.40 | 498.24 | 549.45 | 679.81 | 487.71 | 507.18 | 544.99 | 680.64
1000 0.0010 0.10 | 394.13 | 393.14 | 405.08 | 454.96 | 389.54 | 395.65 | 396.44 | 447.54
100 0.0100 1.00 | 296.61 | 285.88 | 279.08 | 300.09 | 291.13 | 283.04 | 268.69 | 289.84
50 0.0200 2.00 | 267.11 | 259.61 | 244.90 | 265.25 | 261.36 | 255.70 | 234.43 | 254.81
20 0.0500 5.00 | 227.73 | 208.41 | 200.83 | 206.75 | 221.62 | 202.67 | 190.58 | 196.44
10 0.1000 10.00 | 198.15 | 174.28 | 168.73 | 170.37 | 191.77 | 167.14 | 158.89 | 167.74
5 0.2000 20.00 | 165.62 | 143,72 | 136.37 | 135.71 | 158.94 | 131.06 | 127.22 | 126.58

2 0.5000 50.00 | 117.74 | 139.07 90.82 89.52 | 110.63 80.22 83.23 81.98
1.25 0.8000 80.00 | 82.12 88.69 60.49 60.20 74.68 50.70 54.45 54.18
1.11 0.9000 90.00 | 66.99 58.35 48.89 49.37 59.41 41.95 43.60 44.04
1.05 0.9500 95.00 | 55.88 48.60 41.07 42.28 48.20 37.03 36.35 37.47
1.01 0.9900 99.00 | 37.71 42.64 29.56 31.63 29.86 32.66 25.78 27.67
1.001 0.9990 99.90 | 20.56 37.23 20.36 23.32 12.55 31.02 17.47 20.13

and photo documentation, it can be concluded
that the river banks are overgrown with dense
vegetation and that the riverbed is a recipient of
significant amounts of solid and organic waste,
which interfere with the flow and cause the river
to overflow even in the case of small quantities
of water, Figure 7. The bottom of the riverbed is
variable, with a reverse slope and expressed
erosive deepenings in places, espeacially in
front of bridges. Using the photo documentation
from the field, the roughness coefficient of the
riverbed has been determined to amount to
n=(0.030+0.040) m*3s and n=0.050+0.100m"
135 for the flooded areas.

4. HYDRAULIC ANALYSIS

The hydraulic analysis of the natural riverbed
and the solution for the transformation of the
flood wave in the investigated Vardar river
section, from the bridge in the village of
Jegunovce to the bridge in the village of
Radusha, have been performed and obtained
by using the HEC-RAS software, [16]. The
riverbed has a non-prismatic cross-section,
almost no straight sections and passes from
one meander to another. From field prospecting

' Y - J'",i

Figure 7. Photographs from site (field)

modeled from the bridge in the village of
Jegunovce to the bridge in the village of
Tudence, with a total length of 8504.41 km and
a total of 80 cross-sections, Figure 8. The
cross-sections have been positioned at
different distances from each other, having

4.1 ONE-DIMENSIONAL MODEL (1D)

The hydraulic model for simulation of the
stationary variable flow in the Vardar riverbed
at the analyzed section, in addition to the
information on the geometric characteristics of

the riverbed, has been defined by the boundary
conditions of the flow, upstream and
downstream, respectively. For that purpose,
the riverbed of the Vardar river has been
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several different lengths. The analyzed section
of the Vardar river starts at chainage km
0+000.00 near the bridge in the village of
Jegunovce and extends to chainage km
8+504.41 to a profile at a distance of 500 m
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upstream the Tudence bridge. Assigned for the
boundaries of the modeled section have been
the riverbed slope in the most upstream profile
at chainage km 8+504.41, So = 1.5%0 and in
the lowest downstream profile at chainage km
0+000.00, So = 1.47%o0, assuming that the flow
in these profiles is even and gradually variable.
The hydraulic analysis has been performed for
6 valid flows, namely Q=24.2 m’/s (average
multi-year flow), Q=46.1 m%s (average multi-
year flow determined by the maximum monthly
flows), Q=62 md/s (critical flow according to
UHMR), Q=102 m®/s (average multi-year flow
determined by the maximum yearly flows),
Q=227 m3/s (Qo,es) and Q=267 m?/s (Qo.2). In
order to determine the impact of the bridges on
the propagation of the flood wave in the
riverbed and the shape of the water surface, the
bridge structures have been modeled with their
basic characteristics: type of structure, number
of openings, number of piers, width of piers,

superstructure, elevation of the substructure
and angle of the bridge axis in relation to the
riverbed, Table 5.
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Figure 8. Situation with cross sections of 1D

width  of openings, elevation of the modelling
Table 5. Basic characteristics of the bridges (Source: [17])
- Elev. of Elev. of
o Width of
: Stationing Number of | Number of ; upper lower :
openings
Bridge Type [km] openings piers pening constr. | constr. | AXIS
L) [m asl] [m asl]
Jegunovce steel 0+030.39 1 / 38 385.74 384.01 /
Raotince concrete 2+248.00 3 2 3/13/7.63 386.37 385.39 126
Kopance concrete 4+262.00 2 3 8.24/7.98 388.67 388.07 65
Tudence concrete 7+707.00 3 2 6.6/13.5/6 393.43 392.56 66

4.2 COMBINATION OF ONE AND TWO-
DIMENSIONAL MODEL (1D/2D)

In the combined model of 1D and 2D, the
riverbed is considered as one-dimensional
element, while the inundations or flood zones
are considered as two-dimensional. This
means that the flow in the riverbed is a
stationary variable flow, while in the
inundations, there is a non-stationary flow. For
that purpose, the riverbed has been modeled
with the characteristic cross-sections and their
characteristics, while a  georeferenced
topographic map has been elaborated for the
inundations based on the Photogrammetric
Map of Macedonia by use of the ArcMap
software, [18]. In order to consider the flow in
the inundations and the bank zones as two-
dimensional, a 2D network has been generated
for the left side of the riverbed with a total of
2407 cells sized 50x50 m and for the right side
of the riverbed with a total of 2111 cells sized
50x50 m.

Application of HEC-RAS for analysis of flood zones

Figure 9. Calculation zone of 1D/2D hydraulic
model of the river Vardar
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The width of the net depends on the geometry
of the terrain and it is usually plotted up to the
assumed flood area. The riverbed and these
two-dimensional flow zones are interconnected
by lateral structures. The lateral structures are
positioned along the entire length of the
riverbed, starting from the river banks (left and
right).

Assigned at the boundaries of the modeled
section have been the slope of the river bottom
in the most upstream profile at chainage
km 8+504.41, So = 1.5%0 and in the lowest
downstream profile at chainage km 0+000.00,
So = 1.47%o0. The roughness coefficient
according to Manning for the riverbed is
n=0.030 m3s, while for the two-dimensional
surface, it is n=0.060 m**3s. Figure 9 shows the
layout of the two- dimensional computational
networks and side structures in the hydraulic
model.

4.3 TWO-DIMENSIONAL MODEL (2D)

In the two-dimensional model of analysis of
transformation of the flood wave in the Vardar
river, from the bridge in the village of Jegunovce
to the bridge in the village of Tudence, the
entire analyzed section, the river bed, the
inundations and the bank zones are considered
as two-dimensional. The flow in this model is
non stationary. For that purpose, a
georeferenced topographic map has been
elaborated for the analyzed section of the
Vardar river and a two-dimensional calculation
network (area) has been generated for the
riverbed, the inundations and the bank zones
with a total of 38663 cells of a different size. For
better results of the analysis of transformation
of the flood wave in the model, the size of the
cells in the 2D surface have been variable as
follows: in the mid zone of the riverbed, the cells
have been sized 2x4 m, in the heel zone of the
river bed, the cell size has been 3x5 m, in the
bank zone, the cell size has been 5x10 m, in the
zone of the inundations, the cell size has been
10x30 m, at a distance of 150 m from the
riverbed, the cells have been sized 30x50 m
and to the end of the surface, the cells have
been sized 100x100 m, Figure 10.

Due to variation of the roughness coefficients in
different parts of the surface, 3 zones of
variable values have been established, or more
precisely, a zone in the riverbed with a
roughness coefficient according to Manning of
n=0.030 m-1/3s, an inundation zone with a
roughness coefficient of n=0.035 m-1/3s and
bank zones with a roughness coefficient of
n=0.060 m-1/3s.
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Figure 10. Calculation zone of 2D hydraulic model
of the river Vardar

At the boundaries of the modeled section,
boundary conditions have been assigned by
means of a BC Line (Boundary condition line).
In front of the very entry into the surface
(according to the river flow), at the village of
Tudence, a boundary condition for the
beginning of the flow, namely, a flow
hydrograph has been assigned, whereas, at the
end of the surface, at v. Jegunovce, a boundary
condition for the flow end in the form of a slope
at normal depth (energy line slope) has been
assigned to amount to S=1.5 %o0.

The inlet flow hydrograph has been generated
by means of flows defined during the
hydrological analysis. To determine the inflow
and outflow time of the hydrograph, the flood
wave of Vardar river registered by UHMR at
Jegunovce profile for the period 06.05.2005 to
10.05.2005 has been used. The inflow time of
the hydrograph has been calculated to amount
to Th=30 hrs, while the outflow time has been
calculated to amount to Tr=60 hrs. The
construction of the curvilinear hydrograph has
been based on the Gauss distribution curve.
The established curvilinear hydrograph for the
profile near the village of Jegunovce is shown
in Figure 11.
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Figure 11. Flow hydrograph for the profile at
v.Jegunovce

5. ANALYSIS OF RESULTS

The hydraulic analysis conducted by use of the
one-dimensional model has shown that, for the
flows of Q=24.2 m3* and Q=46.1 md/s, there
will be no overflow in any part of the analyzed
river section. For flows close to the critical
Q=62 mds, the first overflows occur as
presented in Table 6. The same table contains
a description of the location of the cross-
sections with chainage and lateral (left/right)
overflow for the registered critical flow
Q=62 m?s.

Table 6. Critical cross sections of overflow

Profile Sta[tll(c;nn]lng Ief(t)verﬂoslivght Profile Sta[tll(%?]mg |ef(t)verﬂ0rvivght
5 0+213.92 v’ 23 2+102,01 v
6 0+288.49 28 2+378.25 v’ v
8 0+610.81 v’ 29 2+447.72 v
9 0+711.52 v 32 2+733.78 v
10 0+819.91 v 35 3+034.39 v
11 0+910.90 v 36 3+125.80 v
12 1+050.71 v 37 3+251.29 v
13 1+205.63 v’ v 42 3+919.02 v v
14 1+331.20 v 52 5+035.67 v
15 1+413.10 v’ 62 6+512.07 v’

16 1+536.07 v’ 69 7+586.88 v’
17 1+652.77 v v’ 72 7+806.71 v
18 1+780.17 v v’ 73 7+878.63 v
19 1+854.71 v v 74 7+956.86 v
20 1+913.68 v v 75 8+108.79 v
21 1+992.00 v’ v 76 8+198.70 v’
22 2+065.49 v 77 8+265.40 v

From the conducted hydraulic analysis, it can
be concluded that the riverbed of the Vardar
river in the analyzed region, from the village
Tudence to the village Jegunovce, can safely
transform flows up to Q=62 m?/s. Larger flows
cause the river to overflow, with the first flooded
zones appearing upstream from the village
Raotince. With the increase of the water level,
the overflow intensifies and the flooded zones
become bigger, Figure 12. The flow regime for
all characteristic flows is subcritical and the
Froude numbers are less than the critical value,
Fr<1. Small and medium flows pass through the
bridge openings without any problems.
However, the observed deepening of the
bottom in the area of the bridges, indicates the

Application of HEC-RAS for analysis of flood zones

presence of erosion of the bridge piers even at
these small flows. The position of the bridges
and the layout of the bridge piers are
hydraulically unfavorable and cause flow slow
down, raising the level in the riverbed upstream
the bridges. The bridges in the analyzed region
generally sustain flows of up to Q=100 m%s
without any overflow. The bridge near the
village of Tudence safely sustains a flow of
Q=102 m%s. At Q=228 m%/s, no overflow is
registered, but the flow is under pressure,
endangering the bridge. The bridge in the
village of Kopance has the smallest capacity,
meaning that the flow is under pressure at
Q=102 m3/s, while in the case of bigger flows,
there is an overflow outside the riverbed. The
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bridge in the village of Raotince safely sustains
a flow of Q=102 m?/s, while there are signs of
flow under pressure at around Q=130 m3/s. At
the maximum flows with a return period of 20
and 50 years, Q=228 m%s and Q=267 md/s,
there is an overflow in the riverbed in inhabited
places. The bridge near the village of
Jegunovce can be said to be the safest
compared to the other bridges. The bridge has
a sufficient capacity to sustain all of the
analyzed flows. At a flow of Q=62 m?/s, the
velocities in the riverbed are in the range of
V=0.83 m/s to V=2.27 m/s. The flow velocities
in the riverbed at a flow of Q=102 m3/s are in
the range of V=1.08 m/s to V=2.66 m/s. At a
flow of Q=228 m%s, the velocities in the
riverbed are in the range of V=1.17 m/s to
V=3.36 m/s. In the analysis done for the
maximum flow of Q=267 m%s, the biggest
values for the flow velocity occur and they are
in the range of V=1.21 m/s to V=3.51 m/s.

From the analysis of flood wave transformation
by use of the combined model of one- and two-
dimensional flow, it has been concluded that, at
small flows of Q=24.2 m%s and Q=46.1 m?/s,
there is no overflow in the riverbed. The first
overflows occur at a flow of Q=62 m?s, in the
left inundation, near the village of Raotince,
Figure 13-a. From the conducted hydraulic
analysis by use of the combined model, it can
be concluded that, at a flow of Q=102 m¥%s,
there are overflows in the following cross-
sections of the analyzed river: km 0+950.00 to
km 2+120.00, km 2+350.00 to km 3+250.00,
km 3+900.00 to km 4+200.00, km 4+500.00 to
km 4+700.00, km 5+000.00 to km 5+250.00,
km 5+570.00 to km 6+500.00, km 6+800.00 to
km 7+020.00 and from km 8+100.00 to
km 8+427.61, Figure 13-b. The flooded area
during this flow covers about 35 ha. At a flow of
Q=228 m?ds, an overflow occurs along the
entire length of Vardar river, from the village of
Tudence to the village of Jegunovce, Figure 13-
¢, the flooded agricultural area covering 510 ha,
while at a flow of Q=267 m¥/s, the flooded area
increases to about 600 ha, Figure 13-d. At a
flow of Q=62 mds, the flow velocities in the
riverbed are in the range of V=0.88 m/s to
V=4.21 m/s, while the flow velocities in the
flooded areas are in the range of V=0.03 m/s to
V=0.83 m/s. The maximum amount of flow that
occurs in the flooded areas is Q=4.56 md/s.
Flow velocities in the riverbed at a flow of
Q=102 m¥/s are in the range of V=1.03 m/s to
V=4.71 m/s, while the flow velocities in the
flooded areas are in the range of V=0.10 m/s to
V=0.91 m/s. The maximum amount of flow that
occurs in the flooded areas is Q=37.83 m/s. At
a flow of Q=228 m?/s, the flow velocities in the
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riverbed are in the range of V=1.24 m/s to
V=5.73 m/s, while the flow velocities in the
flooded areas are in the range of V=0.28 m/s to
V=1.00 m/s. The maximum amount of flow that
occurs in the flooded areas is Q=121.19 m%/s.
In the analysis for the maximum flow of Q=267
m?/s, the biggest flow velocities occur and they
are in the range of V=1.26 m/s to V=5.99 m/s
for the riverbed and in the range of V=0.14 m/s
to V=1.00 m/s for the flooded areas. The
maximum amount of overflow is
Q=156.25 m3/s.

As in the case of the previous two models, the
conclusion from the analysis done by use of the
two-dimensional model is that, at small flows of
Q=242 m¥s and Q=46.1 m?/s, there is no
overflow in the riverbed. The first overflow
occurs at a flow of Q=62 m3/s along the entire
river, Figure 14. From the hydraulic analysis
conducted by use of the two-dimensional
model, it is concluded that, at a flow of
Q=62 m®/s, the flow velocities in the riverbed
are in the range of V=0.75 m/s to V=3.92 m/s,
while the flow velocities in the flooded areas are
in the range of V=0.03m/s to V=0.76 m/s,
Figure 16-a. The maximum depth in the flooded
areas is H=0.62 m, Figure 15-a. The flow
velocities at a flow of Q=102 m3/s are in the
range from V=0.91 m/s to V=4.22 m/s in the
riverbed and in the range of V=0.08 m/s to
V=0.83 m/s in the flooded areas, Figure 16-b.
The maximum depth in the flooded areas is
H=0.75 m, Figure 15-b. At a flow of
Q=228 md/s, the flow velocities in the riverbed
are in the range of V=1.04 m/s to V=5.18 m/s,
while the flow velocities in the flooded areas are
in the range of V=0.19 m/s to V=0.95 m/s,
Figure 16-c. The maximum depth in the flooded
areas is H=1.27 m, Figure 15-c. In the analysis
for the maximum flow of Q=267 m3/s, the
biggest flow velocities occur and they are in the
range of V=1.08 m/s to V=5.64 m/s in the
riverbed and in the range of V=0.20 m/s to
V=1.01 m/s in the flooded areas, Figure 16-d.
The maximum depth in the flooded areas is
H=1.48 m, Figure 15-d.

6. CONCLUSION

From the hydraulic analyses carried out by use
of all three models, it is concluded that the
riverbed of the Vardar river in the considered
section has a very low transportation capacity
and that there are flood zones along the entire
length of the river. The most critical points in
this section are located near the village of
Raotince, the village of Kopance and the village
of Tudence, where flood zones occur in
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agricultural lands and inhabited places under a
slight increase of flood waters.

The research that has been done so far points
out the importance of having high quality input
data such as high quality field documentation,
high quality hydrological and hydraulic
analyses, available public data for the
conducting of high quality analyses of flood
wave propagation and determination of flood
zones. The time frame for calculations and
analysis of hydraulic parameters is significantly
shortened by using the HEC-RAS software.
The software enables fast, accurate and
precise modeling of the riverbed with all the

a) 1D for 62m3/s b) 1D for 102 m¥s

accompanying facilities, which is extremely
important in determining the flood zones and
their prevention. The ability to create different
types of models such as one-dimensional, two-
dimensional or a combination of both is a step
forward in the analysis of flood zones.

The high quality results from the hydraulic
models can be used as input parameters in
preparation of maps of critical zones in
floodplains. These maps can be used for
analysis of flood zones, flood disaster
prevention preparedness and management of
the affected areas in the event of a major flood
wave.
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c) 1D for 228 m3/s

Figure 12. Flood area of 1D model

a) 1D/2D for 62md/s

b) 1D/2D for 102 md/s

¢) 1D/2D for 228m?3/s d) 1D/2D for 267m?/s

Figure 13. Flood area of 1D/2D model

Application of HEC-RAS for analysis of flood zones
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a) 2D for 62m3/s b) 2D for 102 m¥s c) 2D for 228m3/s d) 2D for 267m?/s

Figure 14. Flood area of 2D model

c) Depth for 102m3/s c) Depth for 228m3/s d) Depth for 267m?/s

Figure 15. Water depth of 2D model

e

a) Velocity for 62m3/s b) Velocity for 102m?/s c) Velocity for 228m3/s d) Velocity for 267m?3/s

Figure 16. Water velosity of 2D model
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Heavy rainfall in the R. N. Macedonia

HEAVY RAINFALL IN THE
R.N. MACEDONIA

Information on maximum precipitation of a short
duration, i.e., knowledge of intensity-duration-
probability (i-T-p) curves is highly important for
various studies in the field of surface water
hydrology, generally in hydrotechnics, water
management, traffic, etc. However, such crucial
data are often unavailable in different parts of the
world due to lack of sufficient measuring stations
and also due to unprocessed, raw data.

In R.N. Macedonia, data on heavy rainfall that took
place in the period from 1956 to 1988 are still in
use in practice. The need for updating these data
is more than necessary, given that rainfall is an
extremely stochastic phenomenon.

Annual maximum precipitation registered on
pluviographic strips in the period from 1989 to
2020 at eight measuring stations has been
analyzed in this paper. Maximum precipitation
series with a duration of 5, 10, 20, 40, 60, 90, 150,
300,720 and 1440 minutes have been established
for the entire period from 1956 to 2020. All these
arrays of data have been tested for homogeneity
and statistically processed. The probability of
occurrence of maximum annual precipitation has
been defined according to the adopted
mathematical probability function and the i-T-p
curves have been constructed. The results of the
analysis are presented in a tabular and graphical
form.

Key words: maximum precipitation, intensity, time
duration, probability of occurrence.

1. INTRODUCTION

Rainfall data are very important for climate study,
water resources evaluation, drainage design
(Desa and Rakhecha 2004; Wang 1987),
environmental studies and many other purposes.
To have high quality data on measured
precipitation at many measuring stations means a
higher degree of quality of conducted hydrological
analysis. Unfortunately, it often happens that these
data are not available due to lack of a metering
network and often due to unprocessed, raw data.

When designing hydraulic facilities, the
realistically estimated flood waters are the basic
parameter on which depend the necessary
investments in construction of these facilities and
their maintenance. For the purpose of construction
of small reservoirs and sizing of spillway facilities
of dams, construction of sewerage systems for
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drainage of atmospheric waters, regulation of
rivers with small catchment areas, regulation of
torrents and sizing of anti-erosion protection
measures in erosive areas, hydro melioration
systems, dimensioning of drainage systems in
road construction, dimensioning of bridges and
culverts and in many other cases, the competent
flood waters are determined by applying methods
that enable establishment of a connection
between intense rainfall and direct surface runoff.

Defining real quantities of flood waters that can be
expected in certain small catchment areas is
necessary in order to know the possible
occurrences of intense rainfall of a short duration
[1]. Data on intense precipitations of maximum
intensity and short duration are needed to solve
various technical and scientific problems in the
field of surface water hydrology, generally in
hydrotechnics, water management, traffic and
alike.

Intensive precipitation represents a random
variable regarding time and space. To explore
precipitation as a stochastic process in hydrology,
mathematical methods, i.e., methods of statistics
and theory of probability are used. These are
based on data on this stochastic process of
precipitation registered in a certain period. These
data are obtained based on an established
meteorological network of metering stations for
continuous measurement of precipitation and
systematic acquisition of data on measured
precipitation for the purpose of establishment of a
sound database. Based on this database obtained
on the basis of a sufficiently long period of
measurement, knowledge on occurrence of
intensive precipitation in a certain area can be
gathered.

In the R.N. Macedonia, data on intensive
precipitation obtained by processing precipitation
registered in the period from 1956 to 1988 are
used for this purpose in practice [16]. Given that
precipitation is an extremely stochastic
phenomenon, variable in time and space, there is
a need to renew the research by extending the
data series up to the current period. It is important
to note that, for the last thirty years, there has been
a change in the precipitation regime in terms of
intensity and duration, both globally and regionally
as a result of climate change. The importance of
the need for re-analysis of the curves of intensity,
duration and recurrence of intense rainfall has also
been confirmed in the Climate Change Strategy for
the City of Skopje (2017) in which it is indicated,
within the Action Plan, that there is a need for
preparation of a Study on Innovated Curves of
Intensity, Duration and Recurrence of Intense
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Rainfall in the Skopje Region in Conditions of
Climate Change [18].

The purpose of the investigations presented in this
paper has been to innovate data on intensive
precipitation with different recurrence period and
short time duration through analysis of data on
precipitation obtained at eight measuring stations
in the R. N. Macedonia in the period 1959 — 2020
and thus enable definition of the competent real
flood waters in proportioning hydrotechnical
structures.

2. METHODOLOGY

2.1 OVERVIEW OF METEOROLOGICAL
STATIONS FOR MEASURING
PRECIPITATION

Meteorological observations in R.N. Macedonia
are performed at 19 main meteorological stations,
7 climatological, 24 phenological, 87 rain gauge
stations and 55 automatic meteorological stations
(AMS), Figure 1.

Figure 1. Network of meteorological stations in R.N.
Macedonia (Source: UHMR)

Within the network of meteorological stations,
short-term  precipitation is measured by
pluviographs at a number of measuring points.
Depending on the possibilities, conditions and the
need for information, the number of these
measuring stations was decreased or increased in
the past period. Permanent monitoring of intense
rainfall in the R. N. Macedonia is carried out at the
meteorological stations shown in Table 1.

Pluviographic, short-term, rainfall strips registered
at measuring stations Skopje (SK), Shtip (SH),
Prilep (P), Bitola (B), Ohrid (O), Kriva Palanka
(KP), Demir Kapija (DK) and Lazaropole (L) have
been processed and analysed within the
investigations presented in this paper.
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In Skopje, precipitation is measured at three
locations: Skopje - Old airport-(SK-1), Skopje-
Petrovec (SK-2) and Skopje-Zajchev rid (SK-3)

Measurement of short-term precipitation is
performed mainly by use of three types of
instruments: (1) Pluviograph produced by
Lambrecht- a German instrument with one-day,
weekly and monthly pluviographs. The aperture
area of the pluviograph is 200 cm?, (2) Pluviograph
produced by R FRUESS- a German instrument
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pluviograph with forced discharge. The aperture
area of this pluviograph is 500 cm?. Given the
technical possibilities for observations of
precipitation by pluviogaphs, the measurements
were performed only in the warm period of the year
(from April to November). In winter, the so-called
pluviographs with heaters were used (to prevent
freezing under negative temperatures), in which
case, not one-day pluviograph tapes were used,
but mostly seven-day ones. Such records referring
to the period from 1956 to 1988 have not been

;N'”; or:éc_iayapluF\{/E)Sgsrizﬁh frlwnsctjru(ri)énrlug(r)\getzzh analysed, while those from the period from 1989
yp ’ Y t0 2020 have been processed and analysed.
Table 1. Overview of analyzed meteorological stations
station H position luviograf | measureme notes
[ma.s.l] | latitude | longitude | PYV'99 nt period
SK-1 240 41°59’ 20028’ R FRUESS 1956-66 stopped working
SK-2 239 41°57'42" | 021°37'17" | R FRUESS 1967-75
oNA'EQY 01 EaQn 1978-1988 with interruption
SK-3 302 42°00'59”" | 021°12'59” | R FRUESS 19892020
. . oA 1963-1988 with interruption
Shtip 336 41°45'13" | 022°21'49 -2 19832020
. oo oA 1959-1988 with interruption
Prilep 675 41°20'02" | 021°13'14 -2 19892020
) o A 1956-1988 with interruption
Bitola 590 41°02'30" | 021°12'13 -2 19892019 with interruption
1 o ’ ” o ] ” 1956'1988
Ohrid 757 41°06'53" | 020°04'50 Lambrecht 1989-2020 with interruption
1 ) ] ” o [} ” 1959'1988
Kriva Palanka 693 42°12'13" | 022°21'52 -2 19892020
. . om ps omnn 1957-1979 with interruption
Demir Kapija 112 41°24'34" | 022°21'14 Lambrecht 1987-2020
SO R 1964-1988 with interruption
Lazaropole 1340 41°32'15" | 020°04'45 -2 19832012 with interruption

2.2 AVAILABLE DATA

For the measuring stations for which there are
data on at least 10 years of continuous
measurement and registration of amount of
precipitation, i.e., for which there is a pluviographic
record of precipitation, the intensity of precipitation
of a certain duration can be determined. In this
paper, precipitation for the period from 1956 to
2020 has been analyzed for the measuring
stations: Skopje, Shtip, Prilep, Bitola, Ohrid, Demir
Kapija and Lazaropole. An overview of the
processed pluviographic diagrams for all analysed
stations for the period from 1956 to 1988 is shown
in Table 2. For the period from 1989 to 2020, it is

Heavy rainfall in the R. N. Macedonia

shown in Table 3. Pluviographic diagrams for the
period from 1989 to 2020 that have been available
(source: UHMR) for the meteorological stations
are mainly one-day, but there are also weekly and
monthly tapes. Based on detailed review of all
pluviographic records obtained each year (daily,
weekly and monthly) selection of diagrams of all
recorded episodes of precipitation and torrents in
the course of each month and then in the course
of each year has been made. The diagrams with
recorded illogical values of precipitation
(unreliable diagrams controlled by the UHMR staff)
have not been taken into account in the analyses.
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Table 2. Overview of available pluviographic diagrams for the period 1956 to 1988

station

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1988
1989

Skopje

Shtip

Prilep

Bitola

Ohrid

Kriva Palanka

Demir Kapija

Lazaropole

Table 3.

Overview of available pluviog

raphic diagrams for the period 1989 to 2020

station

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

2018
2019

2020

Skopje

Shtip

Prilep

Bitola

Ohrid

Kriva Palanka

Demir Kapija

Lazaropole

2.3 READING PLUVIOGRAPHIC
DIAGRAMS AND FORMING A TABLE
WITH BASIC DATA FOR PROCESSING

The procedure of processing pluviographic tapes
in order to define the intensity of the maximum
precipitation of a certain duration can be done by
the method of characteristic (transitional) points or
the method of five-minute period of discretization
(At = 5min). In the investigations presented in this
paper, the second method has been used, i.e., the
method of five-minute period of discretization (At =
5min) for which the period of discrediting is
constant (At = 5min) and, for the total duration of
precipitation, a chronological series of average
five-minute intensities of precipitation has been
obtained. The maximum values of intensity of
precipitation have been obtained by extraction-
separation of the largest value in the series of
average five-minute precipitation, or the median
value of precipitation of a certain duration. An
online graphreader tool has been used to read the
values from the pluviographic diagrams. For that
purpose, all the tapes have, first of all, been
scanned, the diagrams have been digitized and
the values of the highest precipitation heights with
a duration of 5, 10, 20, 40, 60, 90, 150, 300, 720
and 1440 minutes have been determined.

2.4 DETERMINATION OF ANNUAL
MAXIMUM PRECIPITATION WITH A
CERTAIN DURATION

For the analysed meteorological stations, all
pluviographic diagrams in which precipitation has
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been registered for all years for the period from
1989 to 2020, have been processed. Based on
these data, chronological series of data on annual
maximum precipitation with a duration of 5 minutes
to 1440 minutes have been established. For each
year, a series of maximum daily precipitation
measured by an ordinary rain gauge has also been
established (source: UHMR).

When establishing the series of annual maximum
precipitations, the processed data have been
controlled and the following principles have been
followed: 1) the height of the annual maximum
precipitations of a certain duration must be greater
than the annual maximum precipitation of a shorter
duration, 2) the annual maximum precipitations
with a duration of 1440 minutes must be greater
and/or possibly equal to the maximum daily
rainfall. In case this condition is not met by
processing the pluviographic diagrams, the annual
maximum precipitation with a duration of 1440
minutes is equal to the maximum daily
precipitation (for these, there is a complete
sequence for the analysed period), 3) in case of
two or more separate shorter precipitations
between which there is a period without
precipitation, the maximum precipitation of a
certain duration is determined on the basis of
precipitation for the entire period, from the
beginning of the precipitation to its cessation.

Based on the previously explained procedure, for
the analysed meteorological stations (Skopje,
Shtip, Prilep, Bitola, Ohrid, Kriva Palanka, Demir
Kapija and Lazaropole), unique series of data on
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annual maximum precipitations with a duration of
5, 10, 20, 40, 60 90, 150, 300, 720 and 1440
minutes have been established for the period from
1989 to 2020.

2.5 ADDING INCOMPLETE ARRAYS

Due to the interruptions of the precipitation
measurements at certain measuring stations
(Bitola, Lazaropole and Ohrid) and for the purpose
of completing the series of annual maximum
precipitation of a certain duration, the need to
supplement the series has been imposed. The
completing of the arrays has been done by
establishing correlations between the arrays of
annual maximum precipitations of a certain
duration and the array of maximum daily
precipitations which are complete for all stations.
When establishing these correlation links, the
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strength of the connection has been controlled
according to the basic criterion for correlation links,
i.e., the correlation coefficient (r) has been
calculated and controlled, Table 4.

For the measuring stations Bitola and Ohrid, this
coefficient has lower values of precipitation of a
shorter duration and higher values of precipitation
of a longer duration. For the measuring station
Lazaropole, these values have been relatively
small, indicating weak connections, wherefore a
spatial correlation has been made with the
stations: Prilep, Demir Kapija, Ohrid and Bitola.
From the comparative analysis of the obtained
correlation links, the highest coefficients have
been obtained when establishing a correlation
relationship of precipitation of a certain duration for
m.s. Lazaropole with precipitation of the same
duration for m.s. Ohrid.

Table 4. Correlation coefficients

r | 5| 10| 20 400 60| 90 150' [ 300’ 720' | 1440°
Bitola

24h | 0.297 [ 0.356 | 0.417 | 0.435 | 0.467 | 0.490 | 0.498 | 0.502 | 0.590 | 0.560
Ohrid

24h [ 0.165 ] 0.206 [ 0.157 | 0.130 | 0.128 [ 0.142 ] 0.295] 0.418] 0.638 | 0.933

Lazaropole

24h 0.161 | 0.106 | 0.028 | -0.003 | -0.028 | -0.045 | -0.057 | -0.037 0.029 0.087

Prilep 0.213 | 0.076 | 0.052 | -0.117 | -0.157 | -0.122 | -0.173 | 0.049 0.295 0.396

Demir Kapija | 0.298 | 0.244 | 0.074 | 0.000 | -0.043 | -0.095 | -0.098 | -0.197 -0.037 | -0.031

Ohrid 0.666 | 0.585 | 0.788 | 0.623 | 0.435 | 0.414 | 0.443 | 0.379 0.064 0.162

Bitola 0.324 | 0.429 | 0510 | 0.343 | 0.222 | 0.172 | 0.126 | 0.025 0.013 0.003

2.7 DEFINING THE FUNCTIONS OF
PROBABILITY OF HEAVY RAINFALL

The statistical processing of the established series
of data on annual maximum precipitation of a
certain duration for all measuring stations consists
of determination of the basic statistical
parameters: mean arithmetic value (Paw), mean
square deviation (o), coefficient of variation (Cv),
coefficient of asymmetry (Cs) [2], Table 5.

The theoretical probability density function, which
is adequate to the empirical frequency, and the
probability distribution function apply to the whole
population, i.e., the existing arrays of limited data
(n=65) are treated as arrays of unlimited data
(n=<), which cover all possible future occurrences.

Heavy rainfall in the R. N. Macedonia

Several probability density functions have been
analysed: Gumble distribution, Pearson type IlI,
Log-normal two-parameter, and Log-Pearson. By
testing the adaptability of these functions to the
empirical frequency of the random variable by
applying the x2-test at a test significance of a =
5%, the best adjustment has been shown by the
Gumble function.

The probability of occurrence of maximum
intensive precipitation for all rain gauges and
duration of precipitation has been defined by
applying the Gumble distribution. The established
graphical dependencies between precipitation
intensity, duration and probability of occurrence (i-
T-p curve) for all measuring stations and short-
term precipitation (5, 10, 20, 40, 60, 150, 300, 720,
1440 minutes) are shown graphically, Figure 2-9.
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Figure 6. i-T-p curves for Ohrid

Figure 7. i-T-p curves for Kriva Palanka
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Figure 8. i-T-p curves for Demir Kapija

3. ANALYSIS OF RESULTS AND
DISCUSSION

In terms of available information on heavy rainfall,
the following main advantages or disadvantages
can be noted:

¢ the measuring points where the measurements
were performed in the past period may have
spatial variability and temporal inconsistency,

e observations of precipitation by means of a
pluviogaph were performed only in the warm
period of the year (from April to November). In
winter, the so-called pluviographs with heaters
were used (to prevent freezing under negative
temperatures),

e during measurements of precipitation by use of
the mentioned "Helman pluviograph", frequent
cases of malfunction of the pluviograph
(incorrect discharge, lack of ink, defective
feather, etc.) were noticed. This often
happened on the days with maximum amount
of precipitation according to the 24 hour
measurements done by an ordinary rain gauge,

o the processing of the pluviographic tapes was
done by their digitization, while the reading of
the precipitations of a short duration was done
with a great accuracy,

o the established series with a total of 65 data on
maximum annual precipitation of different
duration (5, 10, 20, 40, 60, 150, 300, 720, 1440
minutes) are long enough to define curves with
a high degree of reliability.

The established correlations between the series of

data on annual maximum precipitations of a
certain duration and the series of data on

Heavy rainfall in the R. N. Macedonia

Figure 9. i-T-p curves for Lazaropole
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maximum daily precipitations for the measuring
stations Bitola and Ohrid, have a correlation
coefficient with relatively lower values for the
precipitations of a shorter duration and higher
values for the precipitations of a longer duration.

The established correlation of precipitation of a
certain duration for m.s. Lazaropole with
precipitation of the same duration for m.s. Ohrid is
characterized by relatively higher values of the
correlation coefficient and it can be used to
supplement the sequence of maximum
precipitation in m.s. Lazaropole.

The calculated statistical parameters show small
variability of the variation coefficient (Cv): (0.4 +
0.56) for Skopje, (0.33 + 0.53) for Shtip, (0.35 +
0.47) for Prilep, (0.43 + 0.60) for Bitola, (0.32 +
0.55) for Ohrid, (0.31 + 0.45) for Kriva Palanka,
(0.36 + 0.45) for Demir Kapija and (0.23 + 0.37) for
Lazaropole. The coefficient of asymmetry (Cs)
shows a great variability: (0.69 + 2.02) for Skopje,
(0.08 + 2.48) for Shtip, (0.04 + 2.21) for Prilep,
(1.00 + 3,40) for Bitola, (0.55 + 2.055) for Ohrid,
(0.46 + 2.23) for Kriva Palanka, (0.03 + 1.71) for
Demir Kapija and (0.12 + 1.85) for Lazaropole.

The comparative analysis of the graphical
dependencies between the intensity of
precipitation and the probability of occurrence (i-p)
for all measuring stations, for a certain short
duration of precipitation of 5, 10, 20, 40, 60, 150,
300, 720, 1440 minutes, is shown in Figure 10-19.

Comparing the maximum values of precipitation
intensity for p = 0.1%, it can be noticed that the
probability lines for different durations have
different positions in relation to the other stations.
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Table 5. Statistical parameters for the series of annual maximum precipitation with a certain duration

param- | g, 10° 20’ 40’ 60’ 90’ 150’ 300’ 720’ 1440’ 24h
eters
Skopje
Psr 5.69 9.05 13.00 16.63 18.41 20.40 23.17 27.90 33.80 42.31 38.97
Puin 0.67 1.33 2.66 4.10 4.10 4.10 5.90 7.30 7.30 14.30 14.20
Puax 14.00 25.00 33.00 38.00 42.00 45.75 51.02 91.90 92.55 92.55 92.90
c 3.17 5.17 7.01 8.41 8.91 9.54 9.94 13.06 16.41 16.98 16.26
Cy 0.56 0.57 0.54 0.51 0.48 0.47 0.43 0.47 0.49 0.40 0.42
Cs 0.69 1.10 0.91 0.74 0.78 0.80 0.97 2.02 1.25 0.94 1.28
Cs2 1.26 1.34 1.36 1.34 1.25 1.17 1.15 1.27 1.24 1.21 1.31
Shtip
Psr 6.19 9.55 13.62 17.09 18.70 20.73 22.63 25.92 30.00 40.12 38.44
Puin 0.50 0.80 1.40 1.90 2.20 2.85 3.50 7.60 15.80 21.00 18.20
Puax 11.80 20.00 34.82 50.00 67.00 70.17 70.82 71.36 72.20 86.90 86.90
c 2.37 3.39 5.72 8.45 9.85 10.36 10.20 11.31 11.64 13.39 12.84
Cy 0.38 0.35 0.42 0.49 0.53 0.50 0.45 0.44 0.39 0.33 0.33
Cs 0.08 0.44 1.34 1.94 2.48 2.40 2.30 2.18 1.53 1.21 1.24
Cs2 0.83 0.77 0.94 1.11 1.19 1.16 1.07 1.23 1.64 1.40 1.27
Prilep
Psr 5.70 8.62 12.47 15.78 17.56 19.94 22.21 27.06 32.46 42.40 40.14
Puin 1.59 2.00 2.60 4.80 4.90 5.00 5.00 7.00 7.00 17.80 17.80
Puax 10.00 16.31 23.50 29.66 39.88 52.00 58.00 65.83 78.01 120.00 120.20
c 217 3.04 4.82 6.54 7.40 9.39 10.35 11.72 13.46 17.79 17.79
Cy 0.38 0.35 0.39 0.41 0.42 0.47 0.47 0.43 0.41 0.42 0.44
Cs 0.04 0.06 0.32 0.54 0.74 1.27 1.52 1.42 1.38 2.01 2.21
Cs2 1.05 0.92 0.98 1.19 1.17 1.26 1.20 1.17 1.06 1.45 1.59
Bitola
Psr 4.51 7.19 10.66 13.91 16.09 17.83 20.46 23.56 28.98 43.29 39.93
Puin 0.59 1.19 2.37 4.59 4.96 5.06 6.26 7.70 8.90 2.90 17.80
Puax 11.95 23.90 39.40 54.70 69.10 78.00 90.80 92.50 93.00 116.00 120.20
G 2.15 3.50 5.60 7.68 9.21 10.72 12.27 12.34 12.33 18.48 17.71
Cy 0.48 0.49 0.53 0.55 0.57 0.60 0.60 0.52 0.43 0.43 0.44
Cs 1.00 1.66 2.32 2.64 3.29 3.20 3.40 3.06 2.57 1.78 2.27
Cs 1.10 1.17 1.35 1.65 1.65 1.68 1.73 1.56 1.23 0.91 1.60
Ohrid
Psr 4.93 7.69 10.70 13.62 15.40 17.13 19.69 24.87 33.93 49.42 46.48
Puin 1.05 2.10 3.00 4.20 5.12 6.11 7.24 8.67 9.53 26.20 25.80
Puax 15.10 26.20 39.90 45.10 46.20 46.20 48.70 49.50 67.50 95.10 90.40
c 2.45 4.03 5.85 6.99 7.42 7.54 7.53 8.73 13.23 15.78 15.16
Cy 0.50 0.52 0.55 0.51 0.48 0.44 0.38 0.35 0.39 0.32 0.33
Cs 1.39 2.01 2.38 2.05 1.98 1.88 1.57 0.70 0.55 0.95 1.22
Cs2 1.26 1.44 1.52 1.48 1.44 1.37 1.21 1.08 1.08 1.36 1.47
Kriva Palanka
Psr 6.05 9.52 13.31 17.26 20.21 22.56 25.51 30.47 35.91 45.46 42.30
Puin 2.25 3.10 4.90 7.81 7.82 9.16 9.40 9.50 9.80 22.10 22.10
Puax 11.50 20.00 30.10 41.04 50.00 70.00 81.20 91.30 111.20 113.90 97.00
c 2.71 4.33 5.64 7.29 9.00 9.94 11.35 13.71 15.89 16.20 13.05
Cy 0.45 0.45 0.42 0.42 0.45 0.44 0.44 0.45 0.44 0.36 0.31
Cs 0.46 0.89 0.82 1.38 1.55 2.06 2.31 2.23 2.07 1.49 1.31
Cs2 1.42 1.35 1.34 1.54 1.45 1.48 1.41 1.31 1.22 1.39 1.29
Demir Kapija
Psr 6.55 9.34 12.86 16.68 18.78 21.24 23.76 27.90 35.63 49.49 44.95
Puin 0.65 1.29 2.55 4.84 6.13 8.75 10.38 10.58 10.58 20.00 13.70
Puax 15.10 19.70 25.60 34.10 35.10 37.49 41.20 58.90 97.21 122.25 121.90
c 2.90 3.87 5.49 6.84 7.32 7.78 8.50 11.09 14.98 19.72 18.87
Cy 0.44 0.41 0.43 0.41 0.39 0.37 0.36 0.40 0.42 0.40 0.42
Cs 0.03 0.29 0.34 0.53 0.36 0.29 0.32 0.68 1.47 1.53 1.71
Cs2 0.98 0.96 1.07 1.15 1.16 1.25 1.27 1.28 1.20 1.34 1.21
Lazaropole
Psr 5.78 8.31 12.02 16.05 17.98 19.57 23.45 28.23 32.87 59.75 58.75
Puin 0.73 1.47 2.93 5.86 6.30 7.90 11.17 16.30 17.00 31.00 31.00
Puax 12.50 17.00 31.50 34.50 40.20 40.20 42.90 46.20 66.00 154.40 154.40
c 2.16 2.79 4.46 5.91 6.19 6.29 7.25 6.53 9.07 21.03 20.60
Cy 0.37 0.34 0.37 0.37 0.34 0.32 0.31 0.23 0.28 0.35 0.35
Cs 0.35 0.12 1.29 0.90 1.21 1.16 0.80 0.32 1.47 1.72 1.85
Cs2 0.86 0.81 0.98 1.16 1.06 1.08 1.18 1.09 1.14 1.46 1.48
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Thus, for the rains with a duration of 5 minutes, the
lowest intensity is observed at station Bitola, then
Prilep, Ohrid, Lazaropole, Shtip, Kriva Palanka,
Demir Kapija, while the highest intensity is
observed at m.s. Skopje. As to the precipitation
with a duration of 10 minutes, the lowest intensity
of precipitation is observed at m.s Lazaropole,
then Bitola, Shtip, Prilep, Ohrid; Demir Kapija,
Kriva Palanka, while the greatest intensity of
precipitations is observed at m.s. Skopje.
Regarding the rains with duration of 20 minutes,
the intensity is the lowest at Lazaropole station,
then Prilep, Bitola, Ohrid, Demir Kapija; Kriva
Palanka, Shtip, while the greatest intensity of
precipitation is observed at m.s. Skopje.

As to the rains with a duration of 40 minutes, the
lowest intensity is observed at m.s Lazaropole,
then Ohrid, Prilep, Demir Kapija, Bitola, Kriva
Palanka, Skopje, while the highest intensity of
rains is observed at m.s. Shtip. For the rains with
duration of 60 minutes, the lowest intensity is
observed at Lazaropole station, then Ohrid, Prilep,
Demir Kapija, Bitola, Skopje, Kriva Palanka, while
the highest intensity of rain is observed at m.s.
Shtip. Regarding the rains with a duration of 90
minutes, the lowest intensity is observed at
Lazaropole station, then Ohrid, Demir Kapija,
Prilep, Skopje, Bitola, Shtip, while the highest
intensity of rain is observed at m.s. Kriva Palanka.
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Figure 10. i-p curves for precipitation with duration of 5
minutes
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Concering the rains with a duration of 150 minutes,
the lowest intensity is observed at Ohrid station,
then Lazaropole, Demir Kapija, Skopje, Shtip,
Prilep, Bitola, while the highest intensity of rain is
observed at m.s. Kriva Palanka.

As to the rains with a duration of 300 minutes, the
lowest intensity is observed at Lazaropole station,
then Ohrid, Shtip, Demir Kapija, Bitola, Prilep,
Skopje, while the highest intensity of rain is
observed atm.s. Kriva Palanka. Regarding the
rains with a duration of 720 minutes, the lowest
intensity is observed at Lazaropole station, then
Shtip, Bitola, Prilep, Ohrid, Demir Kapija, Skopje,
while the highest intensity of rain is observed at
m.s. Kriva Palanka.

Finally, as to the rains with a duration of 1440
minutes, the lowest intensity is observed at m.s.
Shtip, then Skopje, Kriva Palanka, Prilep, Ohrid,
Bitola, Demir Kapija, while the highest intensity of
rain is observed at m.s. Lazaropole.

The complex orographic structure of the R.N.
Macedonia conditions an uneven spatial
distribution of precipitation and affects the
pluviometric regime. One of the most important
conditions that has an impact on the amount of
precipitation is the geographical location of the
considered place, i.e., latitude and longitude as
well as altitude.
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Figure 11. i-p curves for precipitation with duration of 10
minutes
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Figure 12. i-p curves for precipitation with duration of 20
minutes

80
iy [mm/h] ~o—Skopje
—+—Shtip
70 Prilep
—+Bitola
——0hrid
60

Kriva Palanka

—e—Demir Kapija

—s—Lazaropole
50

40

30

20

10

0.1 1 10 p [%] 100

Figure 14. i-p curves for precipitation with duration of 60
minutes’
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Figure 16. i-p curves for precipitation with duration of 150

minutes
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Figure 13. i-p curves for precipitation with duration of 40
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Figure 15. i-p curves for precipitation with duration of 90
minutes
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Figure 17. i-p curves for precipitation with duration of
300 minutes
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Figure 18. i-p curves for precipitation with duration of 720
minutes

4. CONCLUSION

Short-term precipitation parameters are extremely
important for hydrological analysis of small
catchment areas, but also for the urban hydrology.
Their application is justified and widely accepted in
solving problems in hydrotechnics, water
management, agriculture, etc. Recently, due to
evident climate changes in all regions worldwide,
there has arisen the need for innovation curves of
intensity-duration and probability of occurrence i-
T-p.

Based on available measured data on precipitation
in the form of pluviographic tapes at eight
measuring stations in the R.N. Macedonia, there
has been established a series of data on maximum
annual precipitation of different duration (5, 10, 20,
40, 60, 150, 300, 720, 1440 minutes) with a total
of 65 data, for the period from 1956 to 2020. Based
on this series of data, the probability of occurrence
of maximum intensity of precipitation for all rainfall
stations and duration of precipitation has been
defined by applying the Gumble distribution.

Graphic dependencies between precipitation
intensity, duration and probability of occurrence (i-
T-p) for short-term precipitation (5, 10, 20, 40, 60,
150, 300, 720, 1440 minutes) have been
established for all measuring stations and can be
used for appropriate hydrological analyses to be
performed for small catchment areas.

Due to the extremely stochastic nature of the
precipitation, it is recommended that these curves
are innovated in the next 10 to 15 years.

Heavy rainfall in the R. N. Macedonia
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Figure 19. i-p curves for precipitation with duration of
1440 minutes
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DEVELOPMENT OF
REAL ESTATE MASS
VALUATION MODEL
FOR CONDOMINIUMS
IN SKOPJE

Real estate mass valuation models of a market
value have a tendency to generate real estate
property values as close as to the real market
values. The success of the mass valuation
model is determined based on the differences
in the appraised market value and the price a
certain property has reached on the open
market. In order to establish a model with
satisfactory quality, the right factors that
determined property value need to be
considered in creating mathematical relations
between property value and selected factors.
Property valuation theory, as one of the primary
factors influencing property value, considers
location. The paper is striving toward
establishing a mass valuation real estate
property model considering the implementation
of spatial data as a significant factor in
determining the market value of condominiums
in Skopje.

Keywords: Real estate valuation, mass valuation,
Spatial data, GIS.

1. INTRODUCTION

The great importance of real estate, both in
economic as well as in social life creates a need
for trustworthy data about its own value, which
will be helpful in making decisions during its
management and usage.

The value, in the publication Uniform standards
of professional appraisal practice by the
Appraisal Foundation, is defined as “the
monetary relationship between properties and
those who buy, sell, or use those properties”.
Value expresses an economic concept. As
such, it is never a fact, that is, it is always an
opinion about the value of the property at a
given time in accordance with a certain
definition of value. Real estate appraisal or
property valuation is "the act or process of
developing an opinion of value of the property"”
(USPAP, 2017).

According to international standards, more
types of real estate value can be defined,
depending on the situation and the needs for
which the assessment is performed. The most
common type of value that is estimated is the
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market value of real estate. The market value
by the International Valuation Standards
Council in their publication International
Valuation Standards is defined as "the
estimated amount for which an asset or liability
should exchange on the valuation date
between a willing buyer and a willing seller in
an arm’s length transaction, after proper
marketing and where the parties had each
acted knowledgeably, prudently and without
compulsion” (IVS, 2017).

It is important to distinguish the term market
value from the term market price, which is the
amount for which real estate is sold on a certain
date. In addition to the market, investment,
liquidation value, value according to the
principle of continuity and many other types of
real estate value can be also estimated.

Regarding the method of valuation, i.e., the
number of real estates that are apprised, there
is an individual and mass valuation. The
individual valuation is an estimate of the value
specifically intended for individual real estate,
taking into account its specific characteristics
and referring to a specific date. Unlike individual
valuation, mass valuation is a process of
valuing a group of real estate, on a given date,
using common data, applying standardized
methods and conducting statistical tests to
ensure unity and equality in valuation. When
assessing a large number of real estates, it is
difficult to emphasize each of their qualities, so
special attention is paid to defining what is
common to all real estate that is valued, i.e.,
significant factors for their value. The mass
valuation, by the Appraisal Foundation in their
publication Uniform Standards of Professional
Appraisal Practices, is defined as a "process of
valuing a universe of properties as of a given
date using standard methodology, employing
common data and allowing for statistical
testing" (USPAP, 2017).

1.1 DEVELOPMENT OF A MASS
VALUATION MODEL

Mass valuation is based on the same basic
principles as individual valuation. However,
mass valuation includes many real estates for a
certain date, which is why mass valuation
techniques include equations, tables, and
plans, collectively called models.

Mass valuation models attempt to represent the
market for a certain type of real estate in a
particular area. The structure of such models
can be seen as a two-step process:

» Model specification and

32|Page

=  Model calibration.

The model specification provides a framework
for simulating supply forces and real estate
market demand. This step involves selecting
the variables of supply and demand, that need
to be considered and defining their correlation
towards the value as well as their own
correlation. Model calibration is the process of
adjusting the mathematical model for mass
valuation, the tables, and the estimates for the
current market. The structure of the model can
be valid for several years, but it is usually
calibrated or updated each year. For longer
periods, a complete market analysis is required
(Eckert et al., 1990). The purpose of the mass
valuation is to reflect the current conditions in
the local market.

When specifying the mass valuation model,
firstly the variables are identified (supply and
demand) that can impact the value of the real
estate and then they are defined as
mathematical conversions such as logarithms,
which are often used to transform nonlinear
data. At the same time, the mathematical form
of the model is defined. It can be used in linear
(additive) and nonlinear (including multiplier)
forms. Next, the model is calibrated, i.e., the
data are analyzed so we can determine the
adjustments or the coefficients that represent
the contribution to the value of the real estate of
the selected variables.

The construction of the models requires a good
theoretical foundation, data analysis, and
research methods. The best valuation models
are expected to be accurate, rational, and
explainable. Regression analysis is one of the
most used methods in statistics, it is used for
understanding, modelling, predicting, and
explaining complex phenomena. In regression
analysis, the predicted variable is called a
dependent variable, and the variables used for
prediction are called independent variables.
Regression analysis allows the creation of a
model for predicting the values of a dependent
variable, based on the values of other
independent variables or only one independent
variable.

Building a regression model is an iterative
process that involves finding effective
independent variables to explain the dependent
variable we are trying to model or understand.
By repeating the regression procedure, we
determine which variables are effective
predictors, and then we constantly subtract
and/or add variables until we find the best
possible regression model. The process of
building a model is a research process. It is
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necessary to identify explanatory variables in
consultation with theory, experts in the field,
and based on common sense. We need to be
able to state and |justify the expected
relationship between each explanatory variable
and the dependent variable before the analysis,
and we need to question the models where
these relationships do not match.

Input data in the mass valuation models
discussed in this paper are transactions that
have occurred in the past, for real estate for
what the model is built for, at locations within
the area subject to processing, purified for
transactions that bounce off the standard
values and characteristics of the real estate
subject to assessment.

For a long time now, the Republic of Northern
Macedonia has been creating a basis for
establishing a mass valuation system where the
central institution that organizes and manages
the system is the Agency for Real Estate
Cadastre, which has established this mandate
with the 2013 Real Estate Cadastre Act.
(Official Gazette No. 55 from 16.04.2013). The
infrastructure that is being built and on which
the mass valuation system is based in the
Register of Leases and Real Estate Prices,
which was established on March 18, 2015,
where for the first time the registration of real
estate transactions by the Real Estate Cadastre
Agency was created, the analysis and mass
valuation models that result from this data are
intended to be applied by researchers and
professionals who need this data. The records
that this database registers contain data on the
characteristics of the real estate and the price
for which the transaction or lease was
conducted. All this explains the basis for
establishing a sustainable system that will
provide continuity in the assessment, increased
uniformity and easy access to real estate
transactions, and of course the value of the real
estate.

2. OBJECTIVE / AIM OF THE
RESEARCH

Based on the established infrastructure related
to the mass valuation of real estate, the goal set
before this research paper is defined as the first
attempt to establish a model for mass valuation
of real estate for parts of the city of Skopje,
while explicitly incorporating the spatial factor.
The research also focuses on the application of
data that the Agency of Cadastre, registers as
real estate transactions that take place within
the state, and which are the only official and

Development of real estate mass valuation model for condominiums in Skopje

relevant data source. Considering that in the
value of the real estate, and consequently in the
assessment of the value, the location has a
great impact, the intention is to base the
research on Geolnformation systems with
which the spatial factor will be easily
implemented in the model as well as the control
of this component will be more extensive.

3. RESEARCH METHODOLOGY

For the needs of this research, the selected
reference unit is the residential property in
collective buildings, because this type of
property has homogeneous characteristics
compared to other types of property (for
example, houses, retail properties), which
means that characteristics that influence the
value of the residential property can be better
determined. Also, the market with residential
properties (apartments) is quite active and a
sufficient number of transactions can be
provided, which allows the application of
statistical models for mass valuation. In order to
establish a model for mass assessment of real
estate by applying GeolS as a system that in
the valuation itself explicitly carries the spatial
component, an excerpt from the Register of
Leases and Prices will be applied in order to
test the power of the data, but also the power of
the model that can be built on this data.

The empirical research was conducted on the
basis of transactions for the purchase of
apartments in five municipalities in Skopje, in
the period from 2016 to 2017.

The research area covers a surface of about
30km?. As the capital city of the country, Skopje
has a dynamic real estate market, and the living
market is particularly active. Urban areas are
considered more dynamic real estate markets
compared to rural areas, so the value of the
property is determined by the forces of supply
and demand. According to the annual reports of
the Department of Mass Real Estate Valuation
at the Real Estate Cadastre Agency, most of
the purchase of apartments in the city of Skopje
is in the municipalities of Centar, Aerodrom,
and Karposh. In addition, the research includes
the municipalities of Kisela Voda and Chair to
make a more complete representation of the
condominium market in the city of Skopje.

The regression model that will be used in the
research is built on a spatially weighted
regression (Geographically weighted
regression, GWR) because the value of a real
estate can vary considerably depending on its
location, so the model needs to have the
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characteristic of a local model that incorporates
the variables obtained on the basis of
regression in the valuation of specific real
estate where the unknown values before the
variables are obtained on the basis of real
estate transactions that occurred near the real
estate subject to valuation, not taking into
account the transactions that took place in other
parts of the city and which are at a greater
distance than what is considered to be a limit of
influence.

The data obtained from the Register of Leases
and Real Estate Prices in one part will be used
for calibration of the model i.e., determining the
values before the variables while other part will
be used to determine the quality of the
developed model, i.e., it will be used as control
transactions that will control how close the
value of the real estate obtained from the
valuation model and the prices of the real
transactions are.

4. REGRESSION MODELS

4.1 LOCAL REGRESSION MODELS

In this particular research focused on creating a
model for mass valuation of residential units in
buildings for collective housing, taking into
account the number of transactions with this
type of real estate as well as the characteristics
of this real estate market, a local regression
model was chosen. Local models have been
developed to capture spatial heterogeneity. If
the nature of spatial relations is different in
different places in the study area, these models
allow the determination of coefficients, and thus
predictions at the local level, so that the
established relationships are limited to well-
defined neighbourhoods, called windows. The
window of local models can be in different
shapes and sizes. Most suitable for real estate
price modelling, however, are windows with an
irregular shape with different sizes depending
on the distribution of adjacent real estate that
will be included in the window.

4.2 GEOGRAPHICALLY WEIGHTED
REGRESSION

The often-applied regression model for real
estate valuation is geographically weighted
regression. Geographically  Weighted
Regression - GWR is a type of spatial analysis
for the research of spatial non-stationary or
spatial heterogeneous processes. The basic
idea of GWR is that the parameters can be
estimated anywhere in the field of study of a
given dependent variable and a set of one or
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more independent variables that have been
measured in places whose location is known
(Fotheringham, et al.,, 2002). The GWR
expands the linear regression model by taking
into account the spatial component and creates
a separate model and local parameters for each
data location, based on a local data set using a
different weight scheme. Geographically
weighted regression is the most popular local
model. In each regression window, only a
subgroup of observations that are closest to the
point of regression is included in the regression.
Nearby regression occurs with higher weights
while observations beyond the regression point
gain less weight. Due to the unequal valuation
of the observations, it is used evaluation with
WLS (Weighted Least Squares), instead of the
method of OLS (Ordinary Least Squares). As a
result of the application of GWR, a number of
areas with the estimated parameters are
obtained. The diversity of values of these
parameters indicates the impact of local
variations in the dependent variables of the
explanatory variables, and thus the spatial
heterogeneity of the considered phenomenon.
It can be said that GWR is similar to a "spatial
microscope” in terms of the ability to measure
and visualize variations in relationships that are
not seen in non-spatial, global models (Yang, et
al., 2016).

The GWR expands the global regression model

Yi = Bo * 2k Brxik t & 1)

allowing local parameters to be assessed
instead of global ones, so the model can be
written as:

yi =Bolwivy) + Yk Brluw)xy + & (2

where(u;v;) denotes the coordinates of the “i”
point in space, and B (u;v;) is the realization of
the continuous function B () in point “i".

This means that there is a continuous surface
of values of the parameters, and the
measurements on this surface are taken at a
certain point to indicate the spatial variability of
the surface.

A very important part of GWR is its calibration.
Itis necessary to calibrate the GWR function for
each independent variable x and in each
geographical location i. The procedure for
calculating GWR is as follows:

1) Drawing a circle with a given bandwidth,
h around a certain location i (in the centre).
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2) Calculate the weight for each
measurement/observation according to the
distance between the neighbour and the centre.

3) Calculate the coefficients using
regression with weighted smallest squares
(Weighted Least Squares - WLS) so that

Bi= (XTWi X)XTWiY (3)
where W; is a spatially weighted matrix for
centre i, so Wi =f (d;, i), where f () is a function
of a spatial kernel, d; is a vector at a distance

between centre i and all neighbours, and h is a
bandwidth or a drop parameter.

h {h;ndwfdl:hl
-r—"'_'_._._'-._.—

X-coordinaies

_’N\ Spatial waighting function

. Georeferenced Individuals (regression polnts)

Figure 1. Spatial kernel, source: Fotheringham, et
al., 2002

In the core of GWR, there are two kernel
functions to achieve calibration, a fixed spatial
kernel, and an adaptive spatial kernel. In
general, in the calibration of the spatially
weighted regression, regions described around
the regression points i are used and all points
in these regions are used to calibrate the
model.

Each data point is weighted according to its
distance relative to the regression point, i.e., the
data points that are closer get more weight than
the data points that are further away. For
example, for a given data point, maximum
weight is given when it shares the same
location as the regression point. This weight
decreases as the distance between the two
points increases. The complete regression
model is calibrated locally by moving the
regression point across the region. For each
location the calibration is different.

Development of real estate mass valuation model for condominiums in Skopje

5. ANALYSIS OF THE
RESULTS / OUTCOMES

According to the theoretical settings,
experience, available research and data made
available from the Register of Leases and Real
Estate Prices, a set of proposed explanatory
variables has been identified that are
considered to determine the market value of the
real estate. Despite the good reasons for
including any available real estate data as
variables in the model, it was found that some
of the explanatory variables were statistically
significant and some were statistically
insignificant. For this reason, statistical tests
have been conducted to make a number of
possible combinations of proposed input
explanatory variables, requiring models that
best explain the dependent variable and thus
perform the model specification. The analysis of
the proposed explanatory variables gave the
results shown in the table below. Also, through
the statistical analysis, multicollinearity is
calculated between the explanatory variables,
i.e., VIF value. In which the value taken as a
limit is the value 7.5, i.e., if the VIF value is less
than 7.5 there is no multicollinearity between
the explanatory variables.

The following table shows the result for

significance and multicollinearity based on the
analysis of the explanatory variables.
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Table 1. Result of the analysis of variables

Summary of variable significance Multicollinearity

Variable Significant Negative Positive VIF
Area 100 0 100 1.69
Garage (area) 100 0 100 1.19
Distance to closet mall 100 100 0 4.17
Age 98.07 100 0 1.67
Elevator 87.67 0 100 1.64
Distance to closest university 85.09 99.14 0.86 2.97
Distance to school 79.93 0 100 1.33
Balcon area 74.53 0.02 99.98 1.19
Floor number 73.79 0 100 121
High quality interior 69.43 0 100 1.03
Distance to closest park 65.00 62.99 37.01 3.71
Rooms 60.68 18.84 81.16 1.47
Own heating system 60.21 8.77 91.23 1.93
Distance to closest hospital 54.98 16.58 83.42 1.90
Distance to closest kinder garden 44.19 42.45 57.55 1.38
Distance to city centre 4351 48.20 51.80 2.56
Basement area 39.99 77.79 22.21 1.30
Communal heating system 33.04 24.30 75.70 2.32
Distance to closest bus station 22.33 72.18 27.82 1.33

The results obtained from the analysis of the
explanatory variables show that there is a high
significance of certain structural, but also
spatial characteristics for the real estate that is
subject to transaction. It can also be noted that
we do not have a redundant explanatory
variable, i.e., there is no multicollinearity
between the explanatory variables. In the
process of defining an appropriate model, it is
necessary to experiment with different
variables to explain the value of the real estate.
It is important to be aware that the coefficients
of the explanatory variables (and their statistical
importance) may change radically depending
on the combination of variables we include in
the model.

5.1 GEOGRAPHICALLY WEIGHTED
REGRESSION

For the purposes of the research, two models
were created with GWR, while for assessing the
quality of the created models, the statistical
parameters R2, adjusted R2and Akanke’s
Information Criterion (AICc) were used. R? and
adjusted R? are statistically derived from the
regression equation to quantify model
performance. The value of R?ranges from 0 to
1. If the model explains the dependent variable
perfectly R2is 1.0. As an example, if you get a
value of R?of 0.49, it can be interpreted with the
words: "the model explains 49 percent of the
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variations in the dependent variable". Adjusted
R2is always slightly lower than the value for R?,
as it reflects the complexity of the model
(number of variables). Consequently, the
adjusted R? is a more accurate measure of
model performance. The Akaike information
criterion (AIC) is an estimator of prediction error
and thereby the relative quality of statistical
models for a given set of data. AIC estimates
the relative amount of information lost by a
given model: the less information a model
loses, the higher the quality of that model.

Model 1 - GWR

For the purposes of the research, two models
were created with GWR, while for assessing the
quality of the created models, the statistical
parameters R?, adjusted R2and Akanke’s
Information Criterion (AICc) were used. R? and
adjusted R? are statistically derived from the
regression equation to quantify model
performance. The value of R2ranges from 0 to
1. If the model explains the dependent variable
perfectly R?is 1.0. As an example, if you get a
value of R? of 0.49, it can be interpreted with the
words: "the model explains 49 percent of the
variations in the dependent variable". Adjusted
R2is always slightly lower than the value for R?,
as it reflects the complexity of the model
(number of variables). Consequently, the
adjusted R? is a more accurate measure of
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model performance. The Akaike information
criterion (AIC) is an estimator of prediction error
and thereby the relative quality of statistical
models for a given set of data. AIC estimates
the relative amount of information lost by a
given model: the less information a model
loses, the higher the quality of that model.

Model 1 - GWR

Model 1 created with GWR is specified only
with structural features of residential property.
As explanatory variables for which statistical
tests showed the greatest signification are as
follows: Area, Garage (area), Balcony area and
Age. Using these explanatory variables, the first
model for which the following statistical
indicators are obtained is formed in the table
below, through which we can see the success
of the model.

Table 2. Results of the analysis — Geographically
Weighted Regression for Model 1

QD VARNAME VARIABLE DEFINITION

3 0 | Bandwidth 2137.860192

1|ResidualSguares 54169319433

2 |EffectiveNumber 21.807158

3 |Sigma 8063.135068

4|AlCc 17821.981138

5|R2 0.794738

6 | R2Adjusted 0.78981

7 |Dependent Field 0 |PRICE_EU

& | Explanatory Field 1|AREA

9 |Explanatory Field 2| AREA_BALCO

10 |Explanatory Field 3 |AREA_GARAG

11 |Explanatory Field 4 |AGE

The correlation analysis between the appraised
market value of the residential property that has
been sold, obtained with model 1 and the actual
purchase price performed in transactions for the
control group of transactions, calculated with
Pearson the correlation coefficient in the SPSS
software for this model is 0.899, i.e., 89.9 %.

Table 3. Result of determining the correlation
coefficient between the projected prices by Model 1
and the actual purchase prices for the control group

points
Correlations

price_eu | Predicted
price_eu Pearson Correlation 1 ,899“
Sig. (2-tailed) 000
M a5 a5
Predicted  Pearson Correlation ,899“ 1

Sig. (2-tailed) 000
M a5 a5

** Correlation is significant atthe 0.01 level (2-tailed).

Development of real estate mass valuation model for condominiums in Skopje

Model 2 - GWR

Model 2 created with GWR uses the same
structural and explanatory variables as Model 1
and supplemented by three spatial explanatory
variables that the analysis showed were
statistically significant: Distance to the closest
mall, Distance to the closest hospital and
Distance to the closest university. By applying
all these explanatory variables, the following
statistical indicators shown in the following table
are obtained:

Table 4. Results of the analysis — Geographically
Weighted Regression for Model 2

ol VARNAME VARIABLE DEFINITION
3 0 | Bandwidth 2137.8580182
1|ResidualS3guares 47401929637.900002
2| EffectiveNumber 31.111244
3| Sigma 7585.142585
4|AlCe 17724352795
S| R2 0.82038
6| R2Adjusted 0.813815
7 | Dependent Field 0 |PRICE_EU
& |Explanatory Field 1|AREA
9| Explanatory Field 2 |AREA_BALCO
10 |Explanatory Field 3 |AREA_GARAG
11 | Explanatory Field 4|AGE
12 |Explanatory Field S| DIST_WMAL
13 |Explanatory Field §|DIST_HOS
14 [Explanatory Field T |DIST_UNI

The correlation analysis between the appraised
market value of the residential property that has
been sold, obtained with model 2, and the
actual purchase price performed in the
transactions for the control group points,
calculated with Pearson correlation coefficient
in the SPSS software for this model is 0.906,
i.e., 90.6%.

Table 5. Result of determining the correlation
coefficient between the projected prices by Model 2
and the actual purchase prices for the control group

points
Correlations

price_eu | Predicted
price_eu  Pearson Correlation 1 08"
Sig. (2-tailed) ,oon
M a5 45
Predicted  Pearson Correlation ,908“ 1

Sig. (2-tailed) ]
M 95 95

** Correlation is significant atthe 0.01 level (2-tailed).

When calibrating mass valuation models where
spatial regression models are used, they have
a variable value that varies depending on the
location. In order to register this variation,
spatial data in raster data format is used.
Hence, a significant advantage in using the
GWR model and applying GeolS is the ability to
create a series of raster layers of variable
coefficients. This allows the identification of
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spatial variations within the research area,
which can help in effective decision making.
Such records can provide an excellent insight
into the key parameters that affect the value of
the property in a particular area. For example,
the age of the property can have a significant
negative impact on the value of the property in
newly developed areas where most of the
properties are completely new, and on the other
hand it can have a positive impact in an old part
of the city where older buildings have
architectural features and historical
significance. In order to emphasize the
importance of these models, the results of the
age factor of the building will be presented. As
expected, the age of the building is inversely
proportional to the value of the property, i.e., the
older construction reduces the value of the
property due to obsolescence, deterioration
and depreciation. The analysis of the raster
data model of the coefficient for the age of the
building showed that the impact of this factor
varies through the field of research and less
impact (lower coefficients) this factor is
observed in the central area of the city, while
the impact of the age of the building increases
as we move away from the central urban area,
to the settlements of Karposh, Aerodrom,
where new buildings are being built and the
demand for new buildings is higher.

Figure 2. Value of the coefficient before the variable
age

The analysis of the raster data model of the
coefficient for the impact of the garage surface
showed that this impact is greater in the
municipalities of Centar and Karposh, while in
the municipalities of Aerodrom and Chair, that
impact is less, as expected, due to the
existence of more and larger parking spaces.
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Figure 3. Values of the coefficient in front of the
variable area of the garage

6. CONCLUSION

Based on the results obtained from quality
control of the established models for mass
valuation we can conclude that both models
meet the statistical checks and have a
satisfactory accuracy of market value
prediction. However, although they have
satisfactory accuracy, it is necessary to
emphasize the difference between the number
and type of explanatory variables that these
models incorporate and how they affect the end
result.

Table 6. Comparison of mass valuation models
performance

Model 1 - Model 2 -
GWR GWR

Coefficient of

9 0
determination — R? 79.5% 82.0%

Akaike Information

Criterion — AlCc 17822 17724
Pearson correl. 89.9% 90.8%
Non- )
Input data cpatial Spatial
N f expl
umber of explanatory q .

variables

Model 2 has higher R? coefficient, which means
that the created model fits much better in the
data. A higher percentage shows that the
dependent variable (the value of the residential
property) is better explained by the selected
independent variables, while this percentage is
lower in Model 1. Also, the AICc value of the
first model is lower than the one of Model 2.

Gj. Gjorgjiev, V. Gjorgjiev, N. Malijanska



Scientific Journal of Civil Engineering ¢ Volume 10 ¢ Issue 2 « December 2021

As for the accuracy of the prediction, which is
calculated as the correlation coefficient
between the projected prices of the control
transactions that were omitted from the creation
of the models and the actual prices of their
purchase, Model 2 has a higher Pearson
correlation factor than Model 1.

The results show that the use of Geographically
weighted regression (GWR) in predicting
market real estate values is a great basis for
developing mass valuation models. In doing so,
the incorporation of spatial explanatory
variables can have a positive impact on real
estate mass valuation models.
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Safety of pedestrians and cyclists at roundabouts

SAFETY OF
PEDESTRIANS AND
CYCLISTS AT
ROUNDABOUTS

Abstract: The paper presents the basic
settings for achieving a safe intersection with a
roundabout in terms of pedestrian and bicycle
traffic according to regulations and guidelines
from Austria and Germany. The ways of
directing bicycle traffic in the area of the
roundabout are given, further the variant with
underpasses for cyclists below the roundabout,
which a priori excludes collision points between
motor vehicles and cyclists, then the median
traffic island for separating traffic flows at
roundabouts according to and the location of
public transport stations near the roundabout,
as well as the road marking and traffic signing
of the roundabouts, all in the context of
pedestrian and cyclist safety as "weaker" traffic
participant.

Keywords: roundabout, pedestrian, cyclist,
traffic safety, median traffic island, underpass,
pedestrian crossing.

1. INTRODUCTION

Roundabouts are not popular with all motorists,
although they are much safer than "normal"
intersections. In addition, roundabouts are
more favourable in terms of environmental
pollution than ordinary intersections (less traffic
noise and exhaust emissions) and are cheaper
than them. The roundabout has fewer points of
conflict and is clearer than a regular inter-
section, and vehicles are moving at lower
speeds on them. It is also important to say that
it is easy to qualify roundabouts as "more
favourable" in a certain traffic sense compared
to "normal” intersections, but it is necessary to
justify something like that with appropriate
design solutions and the quality of construction.
Large roundabouts should not be planned in
front of schools and kindergartens as well as in
front of institutions for the blind and visually
impaired, in front of homes for the elderly, in
front of hospitals and other health units, as well
as in places where pedestrians do not | can
cross the road safely. Special attention when
planning, designing and building (constructive
measures) of roundabouts should therefore be
paid to non-motorized road users - pedestrians
and cyclists as "weaker" road users, and we will
say something about that here.
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2. MEASURES TO ACHIEVE A SAFE
ROUNDABOUT IN THE MEANING
OF TRAFFIC - PEDESTRIANS AND
CYCLISTSREFERENCES

2.1 DIRECTION OF BICYCLE TRAFFIC
IN THE ZONE OF SMALL ROUNDABOUT

The safety of pedestrians and cyclists in traffic
depends mainly on the appropriate road
marking and traffic signing of the roundabouts,
the median traffic islands for the separation of
traffic flows as well as the applied methods of
managing bicycle traffic in the area of the
roundabout. There are basically two ways of
directing bicycle traffic in the area of the
roundabout (Fig. 1):

a) Parallel routing of bicycle traffic (along the
outer edge of the roundabout) (Fig. 1a).
Although this way of directing is found in both
foreign and domestic literature, it is by no
means recommended for security reasons!

b) Independent routing (parallel to curbs or in
the form of a concentric circle outside the
roundabout) (Fig. 1b).

Bicycle traffic as mixed traffic together with
motor  vehicles on the roundabout,
recommended for traffic loads max. up to
15,000 vehicles per day. It is recommended
that cyclists ride in the middle of the circular
carriageway, which prevents them from being
overtaken by motor vehicles (Fig. 2).

Therefore, the variant on a special bicycle path
at the edge of the roundabout is not
recommended (Fig. 3) because in this way the
safety of cyclists is significantly endangered, as
motor vehicles use the rest of the roundabout
to overtake cyclists. just get out of the
roundabout and turn right, overlook a cyclist
(who, to make matters worse, "thinks" he is
absolutely safe if he rides on this special and
most likely coloured bike path) who is still riding
in a roundabout and who is in at that moment in
a dead end with the driver of the motor vehicle
and thus a collision occurs!

In addition, vehicles entering the roundabout
can notice a cyclist (compared to a motor
vehicle) who is currently riding on that special
track, especially if he is driving fast and
"suddenly" is created in front of the car!

Figure 2. Bicycle routing in the area of a small roundabout on the circular carriageway - recommendation up to
15,000 vehicles / 24 h [1]
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NO!

Figure 3. Directions of bicycle traffic on a special bicycle path on the roundabout - the safety of cyclists is
significantly endangered! [1]

| can personally confirm that since | ride a bike
a lot myself, that cyclists, for example with
racing bikes they ride on the plain 35-40 km/h
even faster. In addition, in recent years, E-Bikes
or electric bicycles have become very popular
in the West, so it is not uncommon for an older
gentleman of the "sportier type" of at least 80
years of age to overtake me with such an
electric bicycle! However, precisely because
older people in particular underestimate the
speed and power of these electric bikes, there
has been a significant increase in traffic
accidents with them in recent years!

According to the BMI - Bundesministerium fiir
Inneres / Austrian Ministry of the Interior, in
2018, 40 cyclists were killed in traffic in Austria,
of which 17 lost their lives on an electric bicycle
- this is a new, so far the largest number! [3]
Two-thirds of fatal traffic accidents with E-Bikes
occurred outside populated areas and also two-
thirds were fatal without the participation of
other road users, through no fault of their own.

According to OAMTC - Osterreichischer Auto-
mobil -, Motorrad - und Touring Club / Austrian
Automobile Club, electric bicycles are
especially attractive for the elderly. As many as
two-thirds of all E-Bikes deaths are over 65,
with an average age of 71. [3]

In Figures 4 and 5 we see two classic examples
for directing bicycle traffic in the area of a
roundabout using an independent method, i.e.
a cycle path outside the carriageway of the
roundabout.

All intersections of motor vehicles and
pedestrians or cyclists must be at right angles,
which as a result has the most correct shape of
the field of view of all participants in the
intersection. The result is also the fact that the
points of conflict are only at the crossings over
the arms of the roundabout, but that even there
pedestrians and cyclists are (partially)
protected by median traffic islands.

Figure 4. and Figure 5. Directions of bicycle traffic on special bicycle paths outside the roundabout [1]

Safety of pedestrians and cyclists at roundabouts
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2.2 UNDERPASSES FOR
BICYCLISTS IN THE AREA
OF THE ROUNDABOUTS

Another possibility regarding the safety of
cyclists in the area of roundabouts is
underpasses for cyclists. For this example, the
roundabout "South" of the Lenzing bypass (Fig.
6) was chosen, a small town of only 5,159
inhabitants 5 km from Voecklabruck, the
author's residence, in the construction of which
the author himself participated while he was
construction manager to a construction firm in
Upper Austria.

The situation plan (Fig. 6) shows an underpass
for cyclists, which is situated in a slight curve
and which represents another possibility of
conducting bicycle traffic at roundabouts: off-
level crossing. In this way, all collision points
are excluded on the one hand between
motorized road users riding on the roundabout
(above) and on the other hand by cyclists riding
through the underpass (below).

The R6 - provincial cycling route, which is part
of the international cycling route "Roman
Cycling Route" (Roemerradweg), passes
through this underpass (Fig. 7).

The Roman cycle path is 242 km long and leads
from the German town of Passau in Bavaria
(germ. Bayern), through the Innviertel area,
further through the Salzkammergut (a beautiful
part of Austria with several lakes translates to
"salt demesne" or "salt domain"), where it
passes through Lenzing and further through
Voecklabruck and on to the oldest the town of
Enns in Austria, located east of the capital of
Upper Austria Linz. From there leads the so-
called. Donau-Radweg (Danube bike path)
along the Danube back all the way to Passau.
Whoever wants, can of course sit on the train or
on the boat to Enns and return to Passau.

What this underpass for cyclists looks like can
be seen in Figure 8 and its cross section in
Figure 9. The light profile of the underpass is
2.5 m high and 3.5 m wide (Fig. 9).

Figure 6. Situation plan of the roundabout "South" of the Lenzing bypass with an underpass for cyclists [5]
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Figure 8. Underpass for cyclists KV ,Lenzing South* [author]

3. MEDIAN TRAFFIC ISLAND
ON THE ROUNDABOUTS

We can see in Figure 10 what the median traffic
island for the separation of traffic flows should
look like according to the guidelines for
planning and construction of Upper Austria. The
median traffic island should always be provided
if possible and are also useful for mini
roundabouts. They are placed between the
entrances and exits at the roundabout arms to
avoid wrong turns and to provide more traffic
safety especially for pedestrians and cyclists.
The width of the median traffic island is at least
1.60 m (RASt 06, 2006) [7] or 2.00 m (RVS
03.05.14, 2010) [2]. In the area of the crossing
aid, the median traffic island must be
constructed at least 2.50 m (Fig. 10). The
median traffic island are to be bordered with
kerbstones and lowered in the area of the

Safety of pedestrians and cyclists at roundabouts
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Figure 9. Underpass cross section [5]

crossing point as a 2-3 cm high low kerb. The
median traffic island is to be placed 0.25 m from
the circular roadway and its length is 12.00 to
15.00 m depending on the local space
conditions. The width of the median traffic
island at its tip is at least 1.10 m (width of the
guide angle + 2 x 0.30 m). The distance
between the pedestrian crossing (zebra
crossing) and the circular roadway should be
6.0 m, so that a car can remain inside until the
circular roadway is clear, without preventing the
crossing with its rear part. The width of the
crossing should be at least 2.50 m, but 3.00 m
is better [4]. In the lane divider it is also possible
to place an exit sign, taking care not to obstruct
the visibility of all road users (Fig.10). However,
the pedestrian crossing (zebra crossing) should
not be too far away from the roundabout road,
as this creates longer paths for pedestrians or
the speed of the outgoing traffic flow becomes
too high, which poses a danger to pedestrians.
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Figure 10. Dimensions of the median traffic island [4] (author's processing)

4. PUBLIC TRANSPORT STATIONS
IN THE AREA OF ROUNDABOUTS

Public transport stations in the outgoing traffic
flow should be located on a special traffic area
outside the road (niche) (Fig. 11). Bus stops in
the incoming traffic flow are situated according

to the Austrian guideline RVS 03.05.14 [2] in
the form of stops on the road without the
possibility of overtaking a stopped bus, which
physically "protects" pedestrians crossing the
pedestrian crossing in front of the bus, so this is
one from pedestrian protection measures
(Fig.11).

2 o

Figure 11. Situation of public transport stations near the roundabout [2]

5. THE ROAD MARKING AND
TRAFFIC SIGNING OF THE
ROUNDABOUTS

Figure 12 shows an example from the author's
second book [16]: plan (original) scale 1: 500
horizontal and vertical signalization of the
roundabout on the main road B10 Kugelkreuz
in Lower Austria, where all signalling elements
are represented roundabouts including hiking
and biking trails and crossings. The same
picture clearly shows the above-mentioned
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method of conducting bicycle traffic outside the
roundabout - on a special pedestrian-bicycle
path (German: Geh- und Radweg) (Fig. 12).
Another possibility of increasing the safety of
pedestrians and cyclists in traffic at
intersections with roundabouts, as well as at
"normal” intersections, are the so-called three-
dimensional zebras. One of the most beautiful
cities in Austria, Salzburg is about a 50-minute
drive from the author's residence Voecklabruck.
Here we see the first three-dimensional zebra
in that city at the roundabout in front of the large
shopping centre "Europark”. (Fig. 13).
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Figure 12. The road marking and traffic signing of the roundabout B10 Kugelkreuz B10 with special walking and
cycling trail (germ. Geh- und Radweg) [8]

Figure 14. 3D pedestrian crossing as a means to increase pedestrian safety on roads [10]
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However, the full three-dimensional effect of
this optical illusion is only achieved when
the observer is a little further away from this
3-D zebra as in Figure 14. With the illusion,
pedestrians seem to hover over white blocks
“normal” intersection) and thus contributes to
even greater safety of pedestrians and cyclists
in traffic.

6. CONCLUSION

All the above measures to achieve a safe
roundabout in terms of pedestrian and cyclist
traffic are very important when planning,
designing and building roundabouts. Based on
scientific research and statistics of pedestrian
traffic accidents at roundabouts, the following
can be concluded:

- Safety of pedestrians and drivers of motor
vehicles on the so-called. "Mini-roundabouts”
(roundabouts with inscribed circles with a
diameter of 13 m to 22 m [12]) and "small
roundabouts" (roundabouts with inscribed circles
with a diameter of 26 m to 40 m [12]) compared
to other intersections is especially large.

- Traffic accidents with injuries (pedestrians and
cyclists) at roundabouts are rare because the
speed of motor vehicles in roundabouts is low,
traffic conditions are clear and simple and
pedestrian and / or bicycle crossings over the
arms of the roundabout are short and at right
angles to the arm of the roundabout [11].

- Roundabouts significantly reduce the speed of
traffic on sections of the road before and after
those intersections in the length of 60 m.

- Urban roundabouts should have zebra
crossings and / or bicycle crossings located on
traffic separation islands at all ends of the
roundabout where pedestrians and / or cyclists
cross, thus contributing to unambiguous, simple
and clear regulation of priority rights passage.

- One-lane roundabouts are safer for cyclists
than two-lane ones, because the vehicle cannot
overtake the cyclist or cross his path. Cyclists
at one-lane intersections should ride in the
middle of the roundabout and never along its
edge.

- There is no need to situate special bicycle
paths on the roundabout because practice has
shown that and numerous studies, for example.
[13][14], as it is very dangerous for cyclists and
it is better to even give up a roundabout than to
use one such dangerous solution. One such
bike path on a roundabout gives a false and
deceptive sense of security to cyclists! In
essence, this "adds" another "lane" on the
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roundabout and thus doubles the number of
conflicting points. Vehicles can thus overtake
and intersect cyclists. In addition, one such bike
path "forces" the cyclist to ride along the edge
of the roundabout, which gives the impression
that the cyclist wants to get off the roundabout
even though he is still riding on it.

- The effect of reducing speed at less
congested intersections can be further
increased by partially paving pedestrian and/or
bicycle crossings over the arms of the
roundabout.

- A joint pedestrian and bicycle crossing should
be designed, because this intensifies the optical
interruption of the road even more.

For the author personally, roundabouts are an
extremely important and above all interesting
topic and that was the main reason why the
author invested six full years of writing books in
Montenegrin: Basics of Roundabout constuction,
Book | - General Part, Book Il - Projects of
Roundabouts Implemented in Austria, which
show the design and construction of the same in
German-speaking countries.

My new third book in Montenegrin printed in
black and white and also in colour called: "Road
constructions in German speaking countries -
design, construction and maintenance". This
reference book is meant to be like an
encyclopaedia and it is intended for all those
involved in highway engineering, such as
universities, planners, designers, construction
companies, experts and technical departments
of municipalities and federal states. The book is
a comprehensive guide to road construction in
German-speaking countries and it is an extra-
ordinary, very opulent and accomplished work
with 934 pages, 1160 figures and 135 tables.

Open the link and scroll down:

https://publish.bookmundo.de/site/?r=userweb
site/index&id=kerimhrapovic/

The book chapters are:

1. History of the road construction

2. Pavements in modern road construction
3. Flexible pavements construction

4. Rigid pavements construction

5. Paving blocks and paving flags, paving stones
and paving slabs, curb stones and kerb units

6. Airfield pavements
7. Pavement condition assessment

8. Road maintenance
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EUROCODE-BASED
SEISMIC ASSESSMENT OF
FRAME STRUCTURE

WITH NON-LINEAR
DYNAMIC ANALYSIS

Nonlinear analysis enables engineers to control
various aspects of seismic behavior. Utilizing
nonlinear analysis, engineers can directly
determine inelastic deformations of elements
(e.g. rotation), as well as deformations of the
structure (inter-storey drift). In addition, non-
linear analysis can be used to check the
bearing capacity of the elements that should
remain in elastic region of deformations in order
to prevent brittle failure. Subject of this paper is
comparison of the results obtained from linear
and non-linear seismic analysis of concrete
frame structure designed and detailed
according to principles of Eurocode 8 and
capacity design method. Linear-elastic seismic
analysis of multi-story frame structure was
performed, with design and detailing of critical
regions according to results and relevant
requirements of Eurocode 8. Seismic analysis
was performed for seismic zone which
corresponds to PGA=0.36g (peak ground
acceleration) according to EC8, and for ground
type C. Assessment of structure performance
during strong ground motions was performed
with non-linear time history (dynamic) analysis
using software PERFORM 3D (Nonlinear
Analysis and Performance Assessment of 3D
Structures). Non-linear dynamic analysis was
performed for four groups of seven ground
motion records that were chosen in order to
comply with spectrum defined by Eurocode 8
for analyzed frame structure. Comparison of
characteristic results is presented at the end of
paper, with conclusions, recommendations and
critical assessment of regulation.

Keywords: Eurocode 8, non-linear time history
analysis, capacity design method, frame
structure.

1. INTRODUCTION

Design process for earthquake-resistant
structures is pursuit of balance between the
seismic capacity of structures and the expected
seismic demand they may be subjected.
Seismic excitation is an accidental natural
phenomenon, which is manifested through
alternating movements of the ground, and thus
the movement of the supports-foundations of

Seismic assessment of frame structure with non-linear dynamic analysis 51|Page



Scientific Journal of Civil Engineering ¢ Volume 10 ¢ Issue 2 « December 2021

the structure. Determining the impact in the
structure due to this load is much more complex
than in the case of other types of loads. An
additional complication is cost-effectivhess to
design structures to the full value of seismic
impacts for strong earthquakes, taking into
account the probability of occurrence. For these
reasons, the concept of seismic analysis with
reduced seismic forces was adopted.
Reference methods for the seismic analysis of
new buildings in Eurocode 8 [1] (hereinafter
ECB8) are linear-elastic methods. Linear-elastic
methods are based on elastic response
spectrum with 5% viscous damping reduced
with behavior factor. The behavior factor takes
into account the ductility capacity of the
structure and the energy dissipation capacity.
EC8 prescribes also application of capacity
design method for the detailing of critical
regions. The main feature of the capacity
design method is to determine critical regions
that will enter into plastic area of deformation
during strong earthquakes and the regions that
will remain in the elastic area. In that sense,
when designing, special attention is to be paid
on detailing of the connections between the
structural elements and the areas where
nonlinear behavior is predicted. Also it is
necessary to provide sufficient load bearing
capacity of elements that should remain in
elastic region in order to prevent brittle failure
[2-3]. Calculation algorithm in EC8 also
prescribes an analytical criterion for taking into
account (P-A) effects.

In order to perform a detailed evaluation of the
expected seismic response of a structure
designed in accordance with linear analysis and
estimate deformations and displacements, EC8
recommends use of nonlinear analyses. These
analysis can directly determine inelastic
deformations of the element (e.g. rotation), as
well as deformations of the structure (inter-
storey drift). In addition, this analysis can be
used to check the bearing capacity of the
elements that should remain in the elastic
region in accordance with the capacity design.
EC8 prescribes use of non-linear static
(pushover) analysis and non-linear time history
(dynamic) analysis (NDA). [4-5]

2. MODELING AND BUILDING DATA
FOR LINEAR ANALYSIS

The analyzed example is a 6-storey spatial
reinforced concrete frame structure shown on
figure 1. Columns and beams are modeled as
prismatic 3D beam elements. Stiffness
properties were taken as one-half of the
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corresponding  stiffness of the uncracked
elements. For the adopted return period of 475
years, the reference peak ground acceleration
is equal to agz= 0.369. The ground type at the
structure location is C. The structure is
designed for high ductility class DCH.

Figure 1. Spatial model of frame structure

The base of the building is rectangular in shape,
measuring 16.8 x 16.8 m. In the X and Y
directions layout has 3 bays, with dimensions
5.4, 6, 5.4 m respectively. The floor height of
the ground floor is 5m, and the other floors
3.2m. The load from the reinforced concrete
slab, thickness d = 15 cm, is transferred to the
beams with dimensions b / d = 40x60, and from
the beams to the columns. The columns have
square cross section: the outer columns are
50x50cm and the inner columns are 60x60cm.
The concrete strength class according to EC2
is C30/37. Transverse and longitudinal
reinforcement is B500 class C. The building is
modelled in the ETABS software package. Self-
weight of the structure is automatically
determined in the software package. The
adopted behavior factor is 5.85. The total mass
includes the dead load, 15% of the live load and
30% of the snow load. The total mass of the
inner frame with the corresponding load on the
surface of the slab is M = 5285kN.

The linear analysis was done with lateral force
method. In addition, second-order effects had
to be taken because the value of the interstorey
drift sensitivity coefficient 6 was calculated with
avalue of 0.17 according to the article 4.4.2.2.3
EC8 [1]. Second order effects were taken
approximately by scaling the effects according
to the calculation below.

11
1-6 1-017

Based on the results of the calculation, taking
into account (P-A) effects, detailing was done in
accordance with capacity design, and the
adopted reinforcement is presented on figure 2.

=1.205 1)
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Figure 2. Reinforcement of beams and columns for
frame 2-3-B-C

3. MODELING FOR NON-LINEAR
ANALYSIS

PERFORM 3d software package [7-9] was
used for non-linear modelling. On the location
of every slab rigid diaphragm slaving was
modelled with masses concentrated on each
floor.

In practical modelling for nonlinear seismic
analysis, static or dynamic, the reinforced
concrete structure is modelled at the element
level, and then the element connections are
defined. The beam element consists of rigid
zone, plastic hinge zone and a central elastic
part. Rigid zones are modelled as “default end
zones” that are pre-defined in the software and
have ten times greater stiffness of the beam
and a length equal to %2 the width of the column.

Seismic assessment of frame structure with non-linear dynamic analysis

The central part of the beam is modelled as an
elastic section with defined load-bearing
characteristics in order to be able to control the
influences during the seismic action. When
modelling, a bilinear moment-curvature model
was adopted for beam plastic hinge in
accordance with the results obtained in the
Xtraxt software (cross sectional analysis of
components) for the adopted reinforcement. A
model that takes into account the interaction of
axial force and moment during an earthquake
was chosen for the columns. The elastic-ideal
plastic (EPP) moment-curvature model for
hinges has been adopted and defined through
the component "P-M2-M3 hinge". In addition,
for beam and column elements strength
sections were assigned (bending and shear) as
well as the deformation capacities of plastic
hinge to be controlled during the analysis.
Beam column joints are modelled as elastic
zones ("Elastic panel zone" elements), to
behave elastic during earthquake. In
accordance with this, the stiffness and load-
bearing capacity of every joint was defined.
Perform model of joint, beam and column are
given on figures 3, 4 and 5.

Figure 3. Beam compound component in
PERFORM 3D

Figure 4. Column compound component for
ground storey and other storeys in PERFORM 3D

Rotational
T-shaped spring
rigid link *

N Element
end zones

Nade

=

Figure 5. Model of joint with beam and column

Total damping is the sum of elastic and inelastic
damping. In nonlinear dynamic analyses,
inelastic hysteresis damping is modelled
directly, while viscous damping defines elastic
damping. PERFORM ("Perform components
and elements-Defining the standard for
practical performance based design") [7-9]
defines two types of viscous damping, namely:
modal damping and Rayleigh damping. In this
analysis 5% modal damping was combined with
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Rayleigh damping and a small amount of Bk
damping in order to include "higher" modes
damping. Second order effects were taken as
(P — A) effects.

Following limit states were defined for structure:

e Curvature on the corresponding length of
the beam and column plastic hinge in
accordance with the no collapse limit state
[1]. The curvature capacity of hinge was
calculated with Xtraxt software (cross
sectional analysis of components) utilising
confinement models defined in EC2 and
ECS;

e Load capacity of the joint in accordance
with the no-collapse limit state. The
capacity of the joint is checked for the
transmission of moments from the beams
on both sides of the joint;

e Shear force capacity for beams and
columns in accordance with the no-
collapse requirement. The shear capacity
of beams and columns is checked whether
the elements remain in the elastic area
regarding shear during the seismic action;

e Inter-storey drift relative to the damage
limitation request is checked;

4. NONLINEAR TIME-HISTORY
(DYNAMIC) ANALYSIS

Earthquake records were selected in
accordance with EC8 recommendations [1].
One-way records were used considering that
the analysed nonlinear model is planar. For
analysis with a single earthquake component,
ECS8 requires that the response due to records
does not fall below 90% of the damped elastic
spectrum in the 0.2T1 to 2T1 periods.

REXEL v.3.3 (beta) software was used to select
the earthquake records. The software was
developed at the University of Naples
(Universita degli Studi di Napoli Federico 1) by
lervolino I., Galasso C., Cosenza E [11]. The
subject software enables the selection of
records from the database that are compatible
with response spectrum. In addition, other
seismographic conditions that need to be met
by an earthquake (magnitude, epicentral
distance, earthquake intensity, type of soil on
which the earthquake was recorded) can be
defined during the selection. The software
includes the  European  Strong-motion
Database (ESD), the Italian Accelerometric
Archive (ITACA) and selected records for the
assessment and design of buildings in
accordance with the Selected Input Motions for
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Displacement-Based Assessment and Design
(SIMBAD) [11].

The response of the structure was calculated
for four groups of 7 earthquakes. As a
representation, one of 7 record groups is shown
on figure 6 and in table 1. This group is selected
from Selected Input Motions for Displacement-
Based Assessment and Design (SIMBAD),
magnitude 6.5 <M <7.5, soil type C, maximum
epicentre distance from earthquake 30km and
within 90% to 130% of the spectrum value.

mean

Combination no. 100 , 5F =1.7492

— IN0398ya EQ: 99, 5F: 1.569
—— INO111xa EG: 34, 5F: 21687 ||
IMD380xa EQ: 93, 3F: 2.4092
— IN0400ya EG: 99, 5F: 0.70242 4
IMND372xa ECQ: B9, SF: 0.94308
IMNO0S1 ya EQ: 19, SF: 1.4694 [
IND169ya EQ: 51, 3F: 26824
— Target spectrum

----- Lower Tolerance

e Upper Tolerance

—Awerage spectrum H
===+ Range of perinds

Figure 6. Selection of records in accordance with
response spectrum for ground type C

Table 1. Group of selected records from SIMBAD
base, ground type C, magnitude 6.5-7.5

ID | Name TR Rve
398 | Northridge 20 2.17
111 | Hyogo - Ken Nanbu 17.45 1.87
380 | Superstition Hills 19.51 1.68
400 | Northridge 20 5.78
372 | Imperial Valley 27.47 4.31

51 | NW Off Kyushu 26 2.76
169 | Iwate Prefecture 27 151

mean 22.49

5. RESULTS AND DISCUSSION

Presentation of results for four groups of 7
earthquake records are compared in order to
verify the basic design objective and defined
limit states. As a representation of software
output, response of the structure due to the
earthquake record "Imperial Valley" which
caused largest response from structure was
presented. Deformations of plastic hinge did not
exceed the fracture limit X defined in F-D
diagrams in PERFORM 3D [7-9]. The figures 7
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and 8 presents the frame after the earthquake
with the D/C ratio of plastic joints, as well as the
frame with all the components that entered the
plastic area during the earthquake. It can be
concluded that plastic hinges appeared in de-
fined locations. Plastic hinges appeared on top
of the columns on the second, third and fourth
story. Hinges didn’t appear on the other end of
the columns so "soft story mechanism" was
avoided. The maximum D/C factor ratio of 0.83
was recorded in the beams at the first floor.
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Figure 8. Hinges that have yielded ,Imperial Valley*

The table 2 gives the maximum value of D/C
ratio for rotation capacity of plastic hinges four
groups of 7 records in accordance with the “no
collapse” requirement.

Table 2. Overview of maximum values of D/C ratio
for the limit state of deformation of plastic joints of

beams and columns

Hinge rotation | Beam Column
capacity — D/C ratio

1. group of 7 records | 0.60 0.34

2. group of 7 records | 0.65 0.34

3. group of 7 records | 0.84 0.40

4. group of 7 records | 0.82 0.35
Medium value of 28 | 0.73 0.37
records

Load capacity of the beam-column joint was
defined via moment which joint can transmit
and load capacity of beam and column was
defined for shear strength of cross section.
Results of analysis for example earthquake
shown on figure 9 and 10 present that load
bearing capacity of elements was sufficient.

Minimum usage ratio foreach color: 0.0

Figure 9. D/C ratio joint capacity ,Imperial Valley*

Minimum usage ratio for each color: 0.0

1

Figure 10. D/C ratio shear strength capacity of

beams ,Imperial Valley“

Seismic assessment of frame structure with non-linear dynamic analysis
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The table 3 provides information on the
maximum value of D/C ratio (demand/capacity)
for shear capacity of joints, beams and columns
for four groups of 7 records in accordance with
the “no collapse” requirements.

Table 3. Overview of maximum values of D/C ratio
for the limit state of load bearing capacity of beams,
columns and joints

Load bearing shear | Joint | Beam | Column
capacity — D/C ratio

1. group of 7 records | 0.87 0.71 0.34

2. group of 7 records | 0.88 0.72 0.34

3. group of 7 records | 0.89 0.72 0.34

4. group of 7 records | 0.89 0.72 0.34

Average value of 23 | 0.88 0.72 0.34
records

The “damage limitation requirement” stipulates
that the structure must be designed and
constructed to withstand a seismic action that
are more likely to occur than the design seismic
action corresponding to the "no-collapse
requirement”, without the damage and
restrictions in use. This requirement is fulfilled if
inter-storey drifts are checked in accordance
with article 4.4.3.2. (a, b, c) [1]. The control of
inter-storey drifts were checked and results are
presented on figure 11.
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Figure 11. Inter-storey drift from linear and non-
linear NDA analysis

56 |Page

In the figure 11 representation of inter-storey
drifts are given for linear analysis and NDA for
all 28 records including mean diagram from all
28 records. In all NDA analysis the maximum
inter-storey drift occurred on the first floor. NDA
analysis have large dispersion of results. The
maximum NDA drift exceeds 150% value
obtained from to linear static analysis. On the
other hand the mean diagram of all 28 NDA
deviate + 10% from the values obtained by
linear analysis. It must be clarified that
diagrams shown in Figure 11 for NDA are
determinate for the design seismic action and
are not suitable for controlling the damage
limitation requirement explicitly because NDA
results cannot be linearly scaled.

5. CONCLUSIONS

Based on the results presented in this paper,
the following conclusions can be drawn:

« EC8 requires that beams and columns
are safe for unfavourable brittle failure due to
shear in plastic hinges, which in the case of a
analysed structure, was satisfied in each
section. In addition, with a larger amount of
transverse reinforcement, a higher capacity of
rotation of plastic joints is enabled, i.e. ductility
of curvature.

» Provided load-bearing capacity of the
joints as a result of the capacity design was
sufficient in each joint of the frame in
accordance with the results of the NDA
analysis. The joint reinforcement calculation
model from EC8 recommends a higher amount
of reinforcement compared to the Paulay and
Priestley model which provides additional joint
protection [6].

» The rotational capacities for plastic
hinges of the beams and columns were
satisfied. D/C ratio ranged up to 83%. This way,
the EC8 recommendation that the D/C ratio for
deformation was met with the appropriate
safety coefficients for constituent materials.

« Damage limitation state defined in EC8
for inter-storey drift was met in linear-elastic
analysis for limit b and ¢, and for NDA with 3%
margin. It can be concluded that the structure
has met the “damage limitation requirement" for
buildings with ductile non-structural elements.
NDA analysis have large dispersion of results.
The maximum NDA drift exceeds 150% value
obtained from to linear static analysis. On the
other hand, average value of drift, considering
that more than min 7 EQ ground motion are
used for NDA, correspond to the values
obtained from linear analysis.
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In accordance with all the results and
conclusions, the linear-elastic seismic analysis
of reinforced concrete frames regular in plan
and elevation very well describes the behaviour
of the structure under the action of the design
seismic load. Further research on this subject
should be performed on the RC structures with
other structural types and structures classified
irregular in plan and elevation in order to
provide critical assessment of regulation.
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DESIGN OF STEEL FRAME
WITH VARIABLE CROSS-
SECTION CONSIDERING
STABILITY USING GENERAL
METHOD ACCORDING TO
EN 1993-1-1

Summary: In this paper, the advantages of the
general method for verification of the lateral
torsional buckling are demonstrated through
the calculation of a real steel frame with
variable cross-section in Germany. According
to the Eurocode 3, the minimum load amplifier
of the design loads and the minimum amplifier
for the in plane design loads to reach the elastic
critical load with regards to lateral or lateral
torsional buckling are determined with the linear
buckling analysis and the geometrically and
materially nonlinear analysis using finite
element method. The results show that shell
models can create arbitrarily complex cross-
sections and obtain more accurate results
comparing to beam elements. Finally, the
practical implementation of the reinforcement of
steel frame is shown.

Keywords: steel frame, stability, variable cross-
section, general method, numerical simulation.

1. INTRODUCTION

Welded frames with variable cross-section are
commonly used in some steel structures, to
save material and reduce costs. However, on
the other hand, due to its complicated changes
of cross-section along the length direction, it is
difficult to accurately calculate the buckling
resistance of frames using conventional
methods (according to EN 1993-1-1 [1],
Section 6.3.3) with hand calculation. In other
words, the calculated buckling resistance of
frames is an approximate result obtained by
many simplifications. Of course, it is also
possible to calculate the frame held by purlins
and wall beams using the Geometrically and
Materially Nonlinear Analysis with
Imperfections included (GMNIA). But this
requires a wider knowledge of Finite Element
Method (FEM). An early example is given in [2].

The so-called “general method” is provided in
EN 1993-1-1, Section 6.3.4 to carry out load-
bearing capacity verifications against overall
spatial failure, namely lateral torsional buckling.
This approach can be used to analyze the
spatial stability of steel frames with complicated

Design of steel frame with variable crosss-section considering stability using general method according to EN 1993-1-159 | P a g e
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thin-walled, predominantly open profiles and to
determine the global individual solutions of
overall frames and structures at risk of bending
torsion [3]. Since there are no analytical
solutions available for the exact calculation of
elastic  critical load and  associated
eigenmodes, an FE-based method of stability
analysis and verification is optimal and easy to
use in practice.

2. GENERAL DESCRIPTION OF
REAL CASE STUDY

There is an industrial single-story steel building
with a dimension of 48x36x6 m® [LxBxH],
which built at 1990s in Berlin, Germany.
Recently, according to the owner's request, this
steel hall should be demolished as a whole and
rebuilt in northern Germany. However, the new
site is located in the "Norddeutsches Tiefland"
area of Germany, which requires calculation of
exceptional snow (accidental) loads with a
partial safety factor 2.3. Therefore, the entire
steel building needs to be re-calculated. Fig. 1
shows a sketch of one of the frames.

3. NUMERICAL MODEL

In this case study, the numerical analysis of
steel frame with variable section made from
steel S335 was conducted using the general-
propose commercial finite element software
Abaqus® [4]. First, each part of the frame (such
as flange and web) is built using the shell
model, and then all the parts are merged into a

ALA22:6
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whole frame model in 3-dimension, as shown in
Fig. 2. The bottom of the two frame columns is
coupled with a central reference point with an
all degrees of freedom fixed coupling
connection. Then these two reference points
are defined as fixed bearings. To simplify the
influence of the connection and support
between the frames, the out-of-plane direction
support is defined at every 6-meter at the upper
flange of the rafter, as displayed in Fig. 3.

In this example, the snow load and the roof
weight are defined as linear load loading with a
value 11.2 kN/m at the middle of upper flange
of the frame rafter. In order to add linear load to
the shell element, a circular beam element with
a diameter of 1 mm is defined at the middle of
the upper flange, as shown in Fig. 2. To
consider the self-weight of the frame, a
gravitational field along the opposite direction of
Y is defined as 1.0x9800, where 1.0 is safety
factor for permanent load and 9800 is the
product of the earth's gravitational constant 9.8
and the dimensional conversion factor. In this
model, mm, N, ton and s are used as the unit of
consider the self-weight of the frame, a
gravitational field along the opposite direction of
Y is defined as 1.0x9800, where 1.0 is safety
factor for permanent load and 9800 is the
product of the earth's gravitational constant 9.8
and the dimensional conversion factor. In this
model, mm, N, ton and s are used as the unit of
length, force, mass and time respectively.
Because the steel building is relatively low, the
influence of wind load and welding residual
stress is ignored in this study.

|.2e |
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Figure 1. Sketch of a steel frame
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Figure 2. Numerical model and boundary conditions of the steel frame

top view

1. eigenmode shape
1. eigenvalue=0.595

2. eigenmode shape
2. eigenvalue=0.704
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top view

Figure 4. First two eigenvalues and eigenmode shape
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Figure 3. Element type of the steel frame

The non-linear elasto-plastic material model is
employed and defined according to the
corresponding design standard with a Young's
modulus of 210 GPa and a vyield stress of 355
MPa The hardening property of the steel is not
considered, or in other words it is simplified as
zero. According to the convergence study, the
element size of 50 mm was used and the total
number of shell element for whole frame is
about 28 thousand.

In this study, the subspace iteration eigensolver
is employed to analyze the eigenmodes and
eigenvalues for Linear Bifurcation Analysis
(LBA), as shown in Fig. 4. The nonlinear static
problem is solved for geometrically and
materially nonlinear analysis using Riks (arc-
length) Method. Since the Riks approach allows
you to find static equilibrium states during the
unstable phase of the response. The minimum
load amplifier a_(ult,k) of the design loads to
reach the characteristic resistance of the most
critical cross section without taking lateral or
lateral torsional buckling and the minimum
amplifier a_(cr,op) for the in plane design loads
to reach the elastic critical load with regards to
lateral or lateral torsional buckling can be
determined with the LBA and GMNA. In this
study, the min. eigenvalue or the 1. Eigenvalue
is used as the load amplifier a_(cr,op) and the
ratio of max. moment of the frames based on
GMNA and the design bending moment is
defined as load factor a_(ult,k), as shown in Fig.
5. It is worth mentioning that local imperfections
are not considered here, as it is not a decisive
factor. Hence, these two values are determined
with numerical approach as a_(ult,k)=1.990
and a_(cr,op)=0.595, respectively.

4. DESIGN USING GENERAL
METHOD

According to the regulations of general method
in EN 1993-1-1, section 6.3.4, this approach
can be used for the verification of the resistance
to lateral and lateral torsional buckling where
the conventional methods are not applicable.

62|Page
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Base on the Formula 6.64 in [1], the global non-

dimensional slenderness A _op can be
calculated as following:
T _ Qultk _ 1.990:
Aop = /—amp— /—0_595 1.829 Q)

Therefore, the corresponding reduction factor
for the non-dimensional slenderness x_op can
be determined with the formula of Lateral
torsional buckling curves base on A _op=1.78,

1
Xop =
Dop+ |®E,—3p

where, @, = 0.5+ [1+0.76 « (1,, = 0.2) + 7,
It can be determined that y,, = 0.204.

@)

Hence, the overall resistance to out-of-plane
buckling of these frames can be verified by
ensuring with the formula 6.63 in EN 1993-1-1,

Xop@ultk _ 0.204%1.990
1.1

=037 < 1.0 3)

Yma
where Y_M1 means partial factor for stability,
which is equal to 1.1 according to German
National Annex [5]. Therefore, the steel building
needs to be reinforced during the recon-
struction at the new location.

@ye=max. Mgmna/Mgq = 1.99

2t : 1
1.8 1
16

A4 r
1.2

LT T RS —.

Mgq4: design bending monent

08 with line load 11.2 kN/m and gravity load 1
061 J

O A 1 A 1 A L

0 100 200 300 400 500 600

Maximum vertical deformation [mm]

Figure 5. Moment vs max. deformation curve
with GMNA

5. CONCLUSION AND DISCUSSION

The examples show that the steel frames with
variable cross-section can be ensured by the
verifications according to the general method
for lateral torsional buckling with numerical
approach. The shell model used can not only
easily create complex arbitrary cross-sec-
tions, but also provide more accurate results

H. Pasternak, Z. Li
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Figure 6. Reinforcement of steel frames

compared to the beam element. Such as, when
the flange width of the frame beam is increased
from 280 mm to 440 mm without changing other
conditions in this example, local buckling will
occur according to the first eigenmode and the
1. branch point load is not suitable for the
subsequent overall buckling analysis of the
steel frame. While using beam elements may
ignore these issues.

Moreover, for the practical engineering
problem, the flexural capacity of the frame
columns is strengthened by the use of
triangular additional structural members. Fig. 6
shows the implementation of the reinforcement.
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STIFFNESS COMPARISON
OF UNSTIFFENED AND
STIFFENED T - JOINTS OF
HOLLOW SECTIONS

Structural analysis is performed on 12 models
of T-joints from hollow cross sections reinforced
with welded flange plate on the chord. Cross
sections used for the verticals are sized from 40
to 70mm square section while the chord has
size of 100mm square hollow section. For each
vertical three different thickness are analyzed,
also considering the thickness of the chord is
same as the thickness of the vertical in the
respective model. Joints are loaded with
maximal in-plane bending moment. The results
are drawn in a form of moment — rotation
diagram and table result and compared to
results obtained for same unstiffened models.
Reinforcement used is based on the
assumption that all the models comply with
chord face failure mode, which is expected for
the geometry used for these types of joints. It
is concluded that the type of reinforcement is
properly chosen since in all models there is an
increase of the initial stiffness. Additionally, is
summarized that the increase of the stiffness
relies greatly of the solidness of the used
sections.

Keywords: stiffness analysis, T-joints, moment
connections, reinforced connections, hollow
sections.

1. INTRODUCTION

The behavior of a Vierendeel beam markedly
relies on the stiffness of the joints. This type of
beam is consisted exclusively of T-joints that
are loaded with a combination of a bending
moment, shear force and certain axial force.
Since it is very complex to do and properly
interpretate separate analysis of such joint
when all three internal forces are present in the
joint usually is recommended studies to be
done of joint loaded with in-plane bending
moment as a the most influential force.
According to stiffness classification joints can
either be found as pins, semi rigid or rigid and
while rigids are rarely used due to economic
reasons, mostly we are talking either about pins
or semi-rigids. According to the Eurocodes few
parameters are highly important for the
definition of a T-joint geometry. Factor ‘B’ which
is ratio of the mean width of the brace
members, to that of the chord: factor ‘y’ which

Stiffness comparison of unstiffened and stiffened T - joints of hollow sections 65|Page
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is the ratio of the chord width to twice its wall
thickness and factor ‘Bp’ which is the ratio of the
width of the brace members, to that of the
stiffening plate. Expressions for these factors
point out the limits where joints change
classification, as well define the mode of failure.
For models loaded with in — plane bending
moment two modes of failure are expected: if
< 0,85 plastic failure of the chord face is
applicable, while when B > 0,85 failure of the
side wall of the chord by yielding, crushing or
instability is expected.

Figure 1. Chord plastification mode of failure on the
left; chord side wall failure mode on the right

Another factor to distinguish pins and semi
rigids is the value of ‘y’ where bigger values
lead to thicker chords and stiffer joints.

Provided the fact that the Vierendeel is greatly
depending on the stiffness of its joints pinned
joint in this type of member will lead to increase
in the internal forces of the chord and
considerable increase of the global
deformation, which not always will be bearable.
So, when increase of a cross section is not an
option next step is to select proper type of
reinforcement. This also relies on the mode of
failure.

Figure 2. Recommended types of reinforcement in
joints where chord plastification failure is expected

Reinforcements when a failure due to
plastification of the face of the chord is
expected can be in a form of haunch welded
between the chord and the vertical, welded ribs
aligned with the webs of the vertical to the
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chord, angles positioned in between the vertical
and the chord to avoid direct welding between
the two elements, and most used plate welded
to chord’s face.

All these reinforcements will secure this weak
spot in the joint and move the failure to another
section by also increasing the general stiffness.

Another important factor when obtaining
stiffnress of a joint is to perform correct
classification. Every geometry of joint has
values of limit where pins end and limit where
rigids start. Everything in between is semi rigid.
These values can be pointed on a diagram of
moment - rotation. The diagrams are obtained
in an iterative calculation with incremental
increase of the moment to obtain the
representative rotation and the curve of the
correlation M-@. Also, from the value of the
stiffness of the connection, value of the initial
stiffness of the joint is derived.

This research focuses on the analysis of T-
joints classified as pins, whose geometrical
factor B < 0,85 and factor 2y > 16.
Reinforcement is performed by welding a
stiffening plate Bp < 0,85 on the face with of the
chord what is according to the
recommendations of Eurocode 1998, chapter
8, annex E table 7.17. The behavior of these
models is compared to the behavior of the
same unstiffened models and conclusions
about the factors that influence the stiffness are
drawn.

2. NUMERICAL ANALYSIS

Analysis is performed in software IDEA StatiCa
where two separate calculations are performed.
First a design capacity analysis is done for all
models to obtain the maximal value of the
bending moment and next the main stiffness
analysis is run with this bending moment. With
these more accurate values for the secant
stiffness are obtained.

2.1 SOFTWARE THEORETICAL
BACKGROUND

Software IDEA StatiCa is designed for
calculation of steel joints (connections). Four
types of analysis can be performed: stress/
strain analysis where plates and connectors are
checked, stiffness analysis, design resistance
analysis, and capacity analysis. The
calculations are based on the component
based philosophy where this method (CM)
solves the joint as a system of interconnected
items — components. Each component is

E. Popovska, M. Partikov, D. Popovski
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checked separately using corresponding
formula derived from the codes. To avoid the
generality of the component-based method the
internal forces in the components are
calculated by FEA. Elastoplastic behavior with
hardening of the material is considered. The
welds are designed as a multipoint constraint
that relate the finite element nodes of one plate
edge to another. This way of modeling is
conservative and leads to the fact that the
resistance of the weld along the length will rely
on the stress peaks that appear at the end of
plate edges, in corners and rounding. To
eliminate these effects, a special elastoplastic
element is added between the plates that
redistributes the stress peaks along the length
of the weld and real values are obtained.

Shell model of plates

Figure 3. Multipoint constraint weld model

2.2 MATHEMATICAL MODELS

The geometry of each model is given in the
table 1. Material used for all elements is
S275JR. The welds of each model are one-
sided filed weld with thickness same as the
thickness of the plates they connect. The cross
sections used are cold formed square hollow
sections.

Table 1. Models geometry
vertical

reinforcement

1.1 []100.100.3
1.2 []100.100.3
1.3 [100.100.3
1.4  [100.100.3
2.1 []100.100.4
2.2 []100.100.4

[40.40.3  #90.6...110
[50.50.3  #90.6...110
[60.60.3  #90.6...115
[70.70.3  #90.6...115
[40.40.4  #90.8...110
[50.50.4  #90.8...110

2.3 [100.100.4 [|60.60.4  #90.8...115
2.4  [100.100.4 [[70.70.4  #90.8...115
3.1  [100.100.5 [40.40.5  #90.10...110
3.2 [100.100.5 [J50.50.5  #90.10...110
3.3  []100.1005 [60.60.5  #90.10...115
3.4  []100.100.5 [70.70.5  #90.10...115

In the software the appropriate cross sections
are selected. For the chord length of 2000mm
is used in all models while the vertical is
400mm. The connection between the elements
is done by using predesigned layouts where

Stiffness comparison of unstiffened and stiffened T - joints of hollow sections

values for the geometrical characteristics of the
stiffening plate and welds are specified, and
relations of the connecting plates with welds are
assigned. In the design resistance analysis
bending moment of 1kN is applied on the
vertical and the analysis is started. The analysis
finishes with a factor which multiplied by 1kN
will give the value of the maximal bending
moment the joint can bear. This is done
separately for each model.

These moments are next used in the main
stiffness analysis. For this analysis the member
of the vertical is assigned as analyzed member,
on which the bending moment is going to be
applied. For the software to do a classification
of the joint also the theoretical buckling length
should be inputted. The chord is considered as
continues beam with two supported endings
while the vertical is loaded on one ending and
connected on the other.

1}43

SHS40.40.3 |

Figure 4. 3D model of model 1.1.

The stiffness analysis is run, and results are
requested in both diagrams and table
representation.

2.3 RESULTS AND DISCUSSIONS

From the analysis diagrams of the curve
moment - rotation correlation is drawn. Apart
from this, information can be got about the
plastic moment. To obtain this curve the
program applies load steps and evaluates the
rotation of the connection. Additional
information can be gotten about joints ultimate
resistant moment Mjrd, the ultimate plastic
moment of the cross section of the analyzed
member or the vertical Mcrg, value of the initial
stiffness Sjini, value of the secant stiffness S;s,
rotation deformation and rotational capacity ¢
and ¢@c, boundary where rigids start Sjr,
boundary where pins end S;jp and class.

The model 3.1 with vertical []40.40.5 displayed
biggest difference of the stiffness between
stiffened and unstiffened model while smallest
difference happened in model 1.4 with vertical
[170.70.3. Models of vertical with width 40mm
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display nonlinear rapid increase of the initial
stiffness after reinforcement. Similar behavior,
display models of vertical with width 50mm,
while the ones of wider verticals display linear
increase by the increase of the stiffness. Their
lines are almost parallel. Same applies to the
thickness of the models, in the models with
thickness of 3mm the increase is somewhat
same, but there is great difference in the
stiffness after reinforcing the models of 5mm.
All models after reinforcement change class
from pins to semi-rigid. The model 3.1 with
vertical []40.40.5 is closest to the boundary of
rigids. By comparing the diagrams of
unstiffened and stiffened joint can be assumed
that the reinforced joints display smaller
changes in the rotation. Also, the angle
between the horizontal and the M- curve is
bigger compared to the unstiffened ones.

Table 2. Stiffness difference after applying
reinforcement

Model Stiffness increase |  Increase in %
11 6.55 655%
1.2 4.64 464%
1.3 3.82 382%
14 2.81 281%
2.1 10.06 1006%
2.2 6.27 627%
2.3 4.97 497%
24 3.85 385%
3.1 22.87 2287%
3.2 9.36 936%
3.3 5.89 589%
34 4.97 497%

Table 3.Class boundaries and initial stiffness

Figure 5. Results of loaded model 1.1
[140.40.3 - []100.100.3 + #90.6...110

Figure 6. Results of loaded model 1.2
[140.40.4 - []1100.100.4 + #90.6...110

Sj,P Sj,R Sjini
Model  [KNm/radl — pnmyrad] [kNm/rad]
1.1 24,47 1223,25 87,20
1.2 51,19 2559,38 126,39
1.3 92,14 4606,88 106,89 .
1.4 150,94 7546,88 333,23 Figure 7. Results of loaded model 1.3
2.1 29,14 1456,88 281,59 [140.40.5 - [1100.100.5 + #90.6...110
2.2 62,21 3110,63 308,18
2.3 114,45 5722,50 435,64
2.4 189,26 9463,13 672,09
3.1 35,18 1758,75 1083,16
3.2 70,88 3543,75 756,14
3.3 132,56 6628,13 912,22
3.4 222,08 11103,75 1288,65
Table 4: Results of calculated stiffness of model []40.40.3 - []100.100.3 + #90.6...110
Mj,Rd | Sj,ini ®c | L Sj,R Sj,P
NEME ) GG, | HEEEs [kJNm] [kNrJn/rad] [rad] | [m] [anjw/rad] [kNrrJ1/rad] Cless,
SHS40.40.3 | My LE1 | 1.44 87.20 | 0.08 | 0.40 | 1223.25 24.47 | Semi-rigid
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Stiffness diagram My - ¢y, LE1
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Figure 8. Moment rotation curve of a reinforced joint on the left; moment- rotation curve of the initial joint

Stiffness increase after the chord is reinforced

24,00

21,00

8

38

9,00

Stiffness increase
=
]
s

6,00
3,00

0,00
3 4

Element's wall thickness

—8— b=40mm
—8— b=50mm
b=60mm
b=70mm

Figure 9. Diagram of the increase of the stiffnesses to vertical geometry

4. CONCLUSION

Based on the numerical results the following
can be concluded:

(1) All joints after reinforcement increase
their stiffness leading to conclusion that
the initial assumption of failure due to
plastification of the face of the chord is
correct. This increase varies from 2,81
to 22,87 times the initial stiffness.
Additionally, all models change class
from pin to semi rigid, meaning that
while the reinforcement does help in

(2)

the stiffness none of the models
reaches rigid class. This indicates that
other factors considerably influence the
stiffness of a T-joint. Model 3.1 with a
vertical of a SHS40.40.5 is closest to
the boundary with an initial stiffness of
1083kNm/rad in comparison to the
1758kNm/rad where rigids start. Also,
the initial stiffness is 60% of the value
where rigids start, while in model 1.4
with a vertical of a SHS70.70.3 the
initial stiffness is 4% of the value for
rigids limit.

Reinforcement has a great benefit in
the models with thicker walls and
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©)

(4)

smaller size vertical. Models 1.1, 1.2
and 1.3 all with a vertical of 3mm have
almost similar increase in the stiffness
from 6,55 in the smallest vertical to
2,81 times in the largest vertical.
Contrary to this the models with thick
verticals have increase starting from
4,27 to 22,87 times the initial stiffness.
Taking all these factors in account
leads to a conclusion that the effects of
thin-walled elements which persist
after reinforcement of the chord will
influence the general stiffness of the
global system.

Models with large sized verticals don't
have rapid increase of the stiffness like
the small sized. This can be because
these models have (3 ratio closer to the
boundary of 0,85 which indicates that
although their primary mode of failure
is plastification of the chord they are
also influenced of the side wall failure
specific for models with 8 ratio bigger
than 0,85.

T-joints with smaller sized verticals
depict more drastic increase of the
stiffness with the increase of their wall
thickness, while this is not the case with
the joints with wider verticals. On the
joined diagrams for the stiffness it can
be seen that the models 1.1, 2.1 and
3.1 all with a vertical of a SHS40.40.3
have a rapid increase in the stiffness
especially the leap between model 2.1
and 3.1 where from 9 times it will reach
22 times in the next one. This is also
happening in models 1.2, 2.2 and 3.2
but with lower impact where the
increase starts with 4,6 to 6,27 and
ends with 9,36 times increase. In the
other models the increase is almost
linear. It can be concluded that an
increase of 1mm thickness makes
significant difference of the ratio width
to thickness of the vertical which leads
to thicker cross sections, while this
increase is not that remarkable in the
big sized cross sections of the vertical
bracing. This also confirms the theory
that the stiffness is greatly influenced
by the thin-walled effects of the cross
sections used.
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Pull-out test for chemical anchors

PULL-OUT TEST FOR
CHEMICAL ANCHORS

The task of connecting building components is
as old as building itself. Modern technology for
fastenings is getting more applied worldwide.
Fastenings must be designed in such a way
that they do the job for which they are intended,
are durable, robust and exposed to external
loads. This study deals with the identification of
chemical anchors embedded in reinforced
concrete slab under tension load. The anchors
are embedded according to rules and
recommendations given from anchor
manufacturer. The axial load capacity and the
failure mode are observed for each test.
Results from conducted tests are given in form
of load — displacement diagram curves which
defines the type of anchor failure. Conducted
tests in this paper are basis for further
experimental researches for chemical anchors
under tension load while changing the
parameters of concrete, reinforcement, edge
and axis distances, embedment depth and
other parameters that define the behavior of
chemical anchors and ultimate failure loads.

Keywords: chemical anchors, post-installed
anchors, pull-out test, load-displacement,
ultimate failure loads.

1. INTRODUCTION

Design of construction and construction
elements have to comply with the current norms
and standards. In case when the design of
structure or detail cannot be in accordance to
national norms and standards, then technical
approvals should be used. Every type of anchor
is designed for use in special conditions such
as different type of concrete, different type of
load, frequency of load, position of installment,
etc.

The technical approvals are based on results
from qualifications tests conducted by
independent laboratories. Modern technology
for fastenings is more applied worldwide and
every type of anchor is designed for use in
special (individual) conditions, such as different
type of concrete, load, frequency of load,
position of installment etc. If the anchor is not
properly installed in conditions which is suitable
for, then the safety of the detail is suspected,
even the safety of the whole structure. Due to
the complexity and diversity of post — installed
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anchors, all attempts to standardize anchor
products have failed.

In the countries in the European Union,
calculation of load capacity of anchors is carried
out according to Annex C of ETAGO001
(Guidelines for European Technical Approval of
Metal Anchors for use in concrete) until
implementation of CEN/TS 1992-4 (2009) as
part of Eurocode 2 (2005) — Part 4. In United
States calculation for load capacity of anchors
is regulated from 2002 in Appendix D from
ACI318 (2002), revised and supplemented in
2011. Recommendations given in guidelines
strictly defines the conditions and the manner in
which tests for approval of anchors will be
carried out.

2. EXPECTED BEHAVIOR AND
TYPES OF FAILURE FOR ANCHORS
LOADED WITH TENSION FORCE

Several failure modes are possible for post —
installed adhesive anchors loaded in tension
and all of the failure modes are characterized
with different load — displacement curve in
function of different types of factors.

Expected types of failures under external
tension load are:

- Steel failure,

- Concrete cone failure,

- Splitting failure,

- Pull — out failure (concrete/adhesive
interface),

- Pull — out failure (adhesive/anchor
interface)

- Pull — out failure (mixed interface)

Apart from the type of the anchor, the failure
and behavior also depend on cleanliness of the
drilled hole, adhesive type, embedment depth,
concrete class, cracked or non — cracked
concrete and the way force is applied. Total
measured displacement (extraction) of the
anchor is compiled of the slip of the anchor,
local deformation in concrete zone where the
transfer of the friction load occurs, and the
deformation of the anchor itself.Every type of
failure occurs after characteristic tension force
is reached.

At small embedment depths (het = 3d fo 5d)
concrete cone failure is characterized by a cone
— shaped concrete breakout originating at the
base of the anchor. It occurs when full tensile
capacity of the concrete is utilized. Splitting
failure is characteristic failure when anchor is
installed near the edge of the concrete
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embedment or when dimensions concrete cone
is limited. For greater embedment depths, the
concrete failure mode usually transitions toa a
mixed — mode (bond/concrete breakout) type of
failure. A concrete cone with a depth of
approximately 2d to 3d forms at the top end of
the anchor and the bond fails over the balance
of the embedment depth. Bond failure occurs
either at the boundary between concrete and
mortar or at the boundary between the mortar
and anchor rod. Often a failure between
concrete and mortar occurs in the upper part of
the embedment, with the failure of the bond
between mortar and anchor rod confined to the
deeper end. For large embedment depths the
bond resistance developed over the length of
the anchor can exceed the rupture strength of
the steel rod, leading to steel failure. The
minimum embedment depth of a single anchor
rod depends on the grade of the steel, the
concrete mechanical properties and the
properties of the mortar.

—_—
=1
—

QOO

Concrete cone failure| Concrete/adhesive

_~.,—-_’ rer E Eor _.
: || ==
— =
i e | = B
Adhesive/anchor Mixed failure Steel failure

Figure 1. Types of failure due to tension load

3. TEST PREPARATION

3.1 PREPARATION, DRILLING AND
INSTALLATION OF ANCHORS

In the foundation slab 4 types of anchors from
same manufacturer were installed with different
type of chemical injection.

All parameters for installation of anchors are
previously measured and approved. After
drilling of the holes, before installation of the
anchors, every hole was cleaned from drilling
dust. Scheme of the procedure for installation
of chemical anchors is shown in figure 2 and
figure 3.
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Installation instructions

Drilling and cleaning the hole (hammer drilling with standard drill bit)

Drill the hole.

Nominal drill hole diameter do and drill hole depth he

For het < 12d and

Clean the drill hole:

For het > 12d and / or
do 2 18 mm blow out

times by hand

2 do < 18 mm the hole four times with
blow out the hole four oil-free compressed air
times by hand (p 2 6 bar)

3 Brush the drill hole four times. For deep holes use an extension.

Clean the drill hole: For het > 12d and / or
For hes < 12d and do 2 18 mm blow out the
4 do< 18 mm .., | hole four times with

blow out the hole four

oil-free compressed air
(p 26 bar)

Figure 2. Drilling and cleaning the hole

Figure 3. Application of adhesive and installation of anchor

3.2 QUALITY CONTROL OF CONCRETE

As mentioned before, the pull-out test
conducted for chemical anchors embedded in
non-reinforced concrete, presented in this
paper, is not standard procedure, which differs
from procedures stated in ETAG. To control the
quality of concrete from which foundation slab
is made, samples from concrete in phase of
concreting are taken for further laboratory tests.
Samples are taken for cubes with standard
dimensions 15/15/15cm in accordance with
EN12390-1 (Testing hardened concrete —
Partl: Shape, dimensions and other
requirements for specimens and molds).
According to recommendations, many samples
are taken in phase of concreting. Samples were
stored in controlled laboratory conditions in
accordance with EN12930-2 (Testing hardened
concrete — Part2: making and curing specimens
for strength tests). To determine the class of

Pull-out test for chemical anchors

concrete and compressive strength, all of the
cubes were tested after 28 days from
concreting the foundation slab. Obtained
results from concrete tests are processed in
accordance with EN 13791. From measured
results concrete class C25/30 was achieved.

3.3 EQUIPMENT FOR MEASURING
TEST RESULTS

The electronic equipment is connected to HBM
Quantum data acquisition system amplifier,
directly connected to computer, with measuring
in real time. Results are given in form of vertical
deformation of anchor (extraction) in proportion
to the applied tension force. Scheme for
installation of measuring equipment is shown in
Figure 4.
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Figure 4. Scheme for installation of the equipment

1) Hydraulic press

2) Dynamometer

3) Concrete cone support construction
4) Installed chemical anchor

5) Tension load construction

6) Inductive deformeter (comparator)
7) Electronic deformeter (comparator)

All of the selected anchors were with similar
installation procedure, steel quality, equal
diameter and same thread M16, but with
different load capacity defined by the
manufacturer as a result of different type of
adhesive.

Tension force for the anchor was applied
through special designed system with hydraulic
press positioned on steel construction which
does not affect the concrete cone failure.
Application of tension load on anchors was
continuously monitored through the electronic
dynamometer. Installed anchors were loaded in
one phase until failure occurs. Measurement of
vertical displacement of the anchors was
carried out by two positioned deformeters
(electronic and inductive).

4. RESULTS FROM CONDUCTED
PULL-OUT TEST FOR CHEMICAL
ANCHORS

With the conducted experimental tests of the
chemical anchors installed in foundation slab,
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the obtained data was used for the analysis of
the behaviour of the anchors. All gathered data
was processed in form of load — displacement
diagrams. The following are the results for each
anchor group from the experimental research.
The anchors were loaded until the failure
occurs. During the experimental examination
maximum force that was occurred was 108.8
kN and maximum vertical deformation of the
anchor was 10.8 mm.

150

100

P [kN]

50

0.0 3.0 6.0 9.0 12.0
6 [mm]

Figure 5. P-8 diagram for anchor type 1
150
100

0
0.0 3.0 6.0 9.0 12.0

P [kN]

6 [mm]

Figure 6. P-6 diagram for anchor type 2
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Figure 7. P-5 diagram for anchor type 3
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Figure 8. P-8 diagram for anchor type 4

In all cases of the tested anchors, the failure
was different. There was concrete cone failure
in most of the cases, but there were also steel
failure and mixed failure (failure between
concrete/adhesive/anchor).

Figure 10. Failure of anchor type 2

Pull-out test for chemical anchors

Figure 12. Failure of anchor type 4

This paper gives the results from the tested anchors
that are embedded in accordance to the
manufacturer recommendations. The testing was
conducted so at least four anchors of each type fully
developed failure occurs.

Anchor type 1, with double component epoxy
injection, average value of the tested anchors
101.12kN. Anchor type 2, with epoxy resin
injection, average value of the tested anchors
91.67kN. Anchor type 3, with mortar-based
injection, average value of the tested anchors
89.80kN. Anchor type 4, with double
component mortar injection, average value of
the tested anchors 96.47kN. Manufacturer
tension load for all 4 anchor types 55.19kN.

5. CONCLUSION

From the occured data for this experimental
research can be concluded that the behavior of
the chemical anchors depends on many
different factors, which always vary for each
situation.

By obtaining the results and creating the load —
displacement diagrams, the behavior of the
mechanical anchors as elements for
connection gives opportunity for ease of
analayzis. Conclusions from conducted pull-out
test of mechanical anchors are that:
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The load-bearing capacity obtained
from the experimental test is much
higher than the calculated design load-
bearing capacity of the anchors. The
difference between the design and
tested loads of tension anchors is not
only due to the revised global and

partial  reliability —coefficients, but
additionally the design loads are
reduced due to a number of

parameters that in practice can not be
precisely defined. With further analysis
of the results and comparison with the
given design and allowed tension loads
from the manufacturers for each type
anchor, can be concluded that
maximum bearing capacity of the
anchors is underestimated (62-83%).

Different based injection filler (epoxy-
based or mortar-based), during static
loads, have similar bearing capacity,
with maximum difference around 12%.

Double component injection filler
(epoxy-based or mortar based), during
static loading, gives higher bearing
capacity than the single component
injection, with diference around 7-10%.

The type of chemical used as adhesive
has little effect on the tensile strength
of the anchor. While the process of
drilling, cleaning the opening and the
way of installing the anchor has a huge
impact on the load capacity of the
chemical anchor.
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ONE EXAMPLE OF CIVIL
ENGINEERING RESEARCH
CONDUCTED WITH THE
DELPHI METHOD

In this work one example of civil engineering
research conducted with the Delphi method is
shown. The Delphi method is one of the most
popular scientific methods for research of
problems with lack of known data. For this
research, researcher must form the team of
experts and analyze their answers on questions
asked during the research with controlled
feedback. In this article researcher wanted to
prove hypothesis for making risk assessment
model for planning and design processes of
wastewater treatment plants. This research
was conducted with Classical Delphi method is
shown step by step.

Keywords: Delphi method, civil engineering,
research, risk assessment model.

1. INTRODUCTION

The Delphi method or Delphi technique is
specific type of research used in various
scientific disciplines. Development of this
method started in early 50s of the last century
in Research and Development Corporation
(RAND) in Santa Monica. It can be defined as
a method that enables the process of group
communication so that the process is effective
and allows a group of individuals, as a whole,
to agree on a solution to a complex problem,
i.e. to reach a consensus [1].

For finding a solution of some unexplored
problem the Delphi method implies sending
guestionnaires, which are structured or partially
structured, to the examinee who are most often
defined as experts or panel of experts. Replies
are collected and in the following circles either
the original or changed questionnaire is sent to
the participants. Participants need to confirm or
customize previous responses after the data
from the last round has been processed. This
procedure repeats untii a consensus is
reached, i.e., confirmation of the starting
hypothesis. Often, panelists can explain their
answers or give a certain confirmation. The
research itself is anonymous, which is suitable
for participants because they respond without
pressure [2].

This research method is used in different areas
of scientific research. In September 2008, a
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review of the Scopus database was conducted,
and out of the 15.000 articles published by
4.000 publishers, 105 articles were based on
the Delphi method [3].

The Delphi method is highly suitable for
research precisely because the participants are
anonymous and feel that they can freely
provide their opinion. When designing any
research, the most important thing is to
carefully select individuals for the team of
participating experts. Depending on the method
of research, one can clearly define a specific
group of individuals who stand out in a certain
field or choose participants who can help
discover new ideas related to a certain field.
This approach involves understanding a
concept that is part of a much larger theory that
the researcher plans to develop during the
research [4]. In this research is shown
implementation of the Delphi method in specific
civil engineering research. The Delphi method
is used for making risk assessment model for
planning and design processes of wastewater
treatment plants [5].

There are published research about
implementation of the Delphi method in civil
engineering research. In [6] is said that there
are 7 studies up to 2008. implementing of the
Delphi method in civil engineering research.
Also, they concluded that structure of this
method is suitable in different areas of
research.

According to the research [7], the construction
project management and planning were
processed in 29 out of 88 papers based on the
Delphi method, where this method was used to
obtain and evaluate the risk data. It is also
important to note that between 3 and 93 experts
participated in the research based on the Delphi
method, in the field of construction, and the
number of rounds of research varied between 3
and 6. In [8], there is a description of the
research engaging 14 experts: professors,
engineers, contractors and experts in the field
of international development.

If a researcher wants to use the Delphi method
for research, there are some things to consider:
type of the Delphi research, sample size,
defining criteria for experts, anonimity and
controlled feedback.

There are three types of the Delphi method [9]:

1. The Classical Delphi: This type of study is
characterized by features: anonymity, iteration,
controlled feedback, statistical group response
and stability in responses among those with
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expertise on a specific issue. Participants in this
type of Delphi have expertise and give opinions
to arrive at stability in responses on specific
issues.

The Policy Delphi: The aim in this research is
not to reach stability in responses among those
with expertise but to generate policy
alternatives by using a structured public
dialogue. Here the Delphi is an instrument for
policy development and promoting participation
by obtaining as many divergent opinions as
possible. It is characterised by ‘selective
anonymity’, iteration, controlled feedback,
polarised group response and structured
conflict. Selective nonymity may mean that
participants answer questions individually but
may also come together in a group meeting.

The Decision Delphi: This type of Delphiis used
for decision making on social developments.
Reality is created by a group of decision-
makers rather than from the ad-hoc decision of
only a small number of persons. Crucial to this
type is that decision-makers involved in the
problem participate in the Delphi. They are
selected according to their position in the
hierarchy of decision-makers and the aim is to
structure thinking so that consensus can be
achieved. The characteristic is ‘quasi-
anonymity’ (where people with expertise are
mentioned by name and known to everybody
from the beginning but questionnaire
responses are anonymous).

Sample size for the Delphi method could be
from 3 to 50, or more examinee [7]. The most
of the research (71 percent) had less then 20
experts. The recommended number of
participants in scientific research is 10 to 50. It
is likely that the results will be suitable for
analysis and that sufficient data will be obtained
if the number of experts is up to 50.

In [10,11,12,13, 14] are defined different types
of criteria to choose who can be an expert. After
analyzing, there is a conclusion that every
research is unique and criteria also. It means
that researcher need to realize which results
want and in accordance with that make criteria
for experts.

The most obvious advantage [9] of guaranteed
anonymity in responding to individual questions
is that it is likely to encourage opinions that are
free of influences from others and is therefore
more likely to be ‘true’. It has been suggested
that anonymity encourages experts to make
statements based on their personal knowledge
and experience, rather than a more ‘cautious
institutional position’ [15]. By adopting an
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iterative approach to data collection through
guestionnaires and feedback however, the
‘collective human intelligence capability’ found
in groups of people with expertise can be
harnessed [1].

The research presented in this article was
performed as a theoretical experiment. This
article is focused on making of this theoretical
experiment step by step. In research there were
35 experts consisted of engineers of various
professions, chemists and spatial planners
from the Republic of Serbia and Bosnia and
Herzegovina.

The Delphi method was conducted in three
rounds (zero, first and second round), the zero
one of which represented the selection of
experts based on their education and expertise
influencing the research, whereas the
remaining two involved risk analysis and
assessment by the selected first round expert
team [5].

2. STRUCTURE OF THE DELPHI
RESEARCH

This research started with hypothesis that it is
possible to obtain a risk assessment model for
the construction process using the Delphi
method.

The researcher chose this scientific method
after analysis of suitable methods. Making of
risk assessment model was the main goal of
this research and Delphi method was adequate
because of lack of data about civil engineering
risks in design of wastewater treatment plants.
After research of literature, there is a conclusion
that Delphi method is suitable for civil
engineering research. In this research there
was a need to include experts from different
areas connected with wastewater treatment
and that was also a reason for using the Delphi
method for research. Therefore, it was
necessary to perform identification, analysis,
and evaluation, i.e., the assessment and
evaluation of the risk significance of WWTP
construction [5].

As it is said for using of Delphi method, the
researcher had to consider type of the Delphi
research, sample size, defining criteria for
experts, anonimity and controlled feedback.

For this example of civil engineering research
conducted with the Delphi method, the
Classical Delphi was used. Team of experts is
selected, because in this type of Delphi,
participants have expertise and give opinions to

One example of civil engineering research conducted with the Delphi method

arrive at stability in responses on specific
issues. For them, it is important that they are
multidisciplinary, available and experts in the
field of research [15].

To participate in the research, potential experts
were selected based on experience in the
planning and design processes of wastewater
treatment plants. The number of experts with
experience in this field is small because the
topic itself is not sufficiently represented in
Serbia. Therefore, the researcher decided to
include experts from the state of Bosnia and
Herzegovina in the research. On the territory of
this state, planning and design laws are like
laws in Serbia, and experts themselves have
experience in both Serbia, and Bosnia and
Herzegovina.

Sample size for this research was 35 experts,
and this is number of experts which fits the
suggested number of participants in the
method. Thirty-five experts with experience in
planning, designing, or constructing a
wastewater treatment plant were selected to
participate in the research. The team of 35
experts consisted of engineers of various
professions, chemists and spatial planners
from the Republic of Serbia and Bosnia and
Herzegovina.

Researcher made specific criteria for expert's
identification relying on literature instructions.
Criteria is shown in Table 1.

Table 1. Criteria for experts

Number Criteria Explanation
1 Original The expert has
scientific published scientific
work work in the field of risk
management or
wastewater treatment
2 Conference The expert has
experience participated in
conferences or
scientific meetings in
the field of risk
management or
wastewater treatment
3 Experience The expert was
in urban involved in the
planning development of two or
more spatial or urban
plans, defining the
location of wastewater
treatment plants

79|Page



Scientific Journal of Civil Engineering ¢ Volume 10 ¢ Issue 2 « December 2021

4 Experience The expert
in topic of participated in the
research development of two or
more previous studies
or feasibility studies
for the construction of
wastewater treatment
plants
5 Work The expert has five or
experience more years of
experience in
planning or designing
or running wastewater
treatment plants
6 Scientific The expert works at
experience the University
7 Professional | The expert is member
associations | of some professional
associations
8 License The expert is licensed
engineer

The requirement to define the research
participant as an "expert", was to meet 3 out of
8 criteria. Only two participants didn’t meet this
requirement.

The author himself, as a research facilitator of
the method, fully respected the anonymity of
the experts and their conclusions. Examinee
felt free to express their opinion on certain risks
and why they evaluated risks in that way. This
approach has great benefit to the research.

The research was conducted through several
phases in the Delphi method by forming a
guestionnaire given to the experts, specific
analysis and systematization of the obtained
data and forming a model for preliminary risk
assessment (with quantified risks) [5].

Controlled feedback was the most important
part because, after each round, there was need
to analyze data proceeded from the experts.
The Delphi method was conducted in three
rounds (zero, first and second round), the zero
one of which represented the selection of
experts based on their education and expertise
influencing the research, whereas the
remaining two involved risk analysis and
assessment by the selected first round expert
team. After three rounds and statistical analysis
the risk assessment model was made. This
proved hypothesis from the beginning of the
research.
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3. CONCLUSION

In this research is shown one example of civil
engineering research conducted with the
Delphi method. This scientific method is very
used in different areas of research, but in civil
engineering research isn’'t implemented as in
other areas of research. After literature review
there was conclusion that this method can be
used for civil engineering research. This
research started with hypothesis that it is
possible to obtain a risk assessment model for
the construction process using the Delphi
method. By selecting experts based on defined
criteria. and implementing an anonymity with
controlled feedback, the researcher obtained
the desired result — risk assessment model
planning and design processes of wastewater
treatment plants. This model was the proof for
possibility of using this method in civil
engineering research.
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SAFETY

Bridges represent a critical facet when
determining a community’s resilience to a
disaster and its ability to resume normal
activities. The accurate prediction of the future
condition of bridges is an important part of any
bridge management system. Past bridges
inspection data along with information on any
repair and/or retrofit can provide a baseline for
predicting their future conditions. To develop a
reasonable estimate for future bridge safety,
this paper describes a creation of the
information system that get insight into the
critical infrastructure elements and can identify
the losses that can be caused by earthwuake.
This system includes bridge infrastructure
network elements from the N. Macedonian
region. An extended database of bridge
population (created for the Infra-NAT project
www.infra-nat.eu) is developed through a data
collection form and allows for a detailed
exposure model of the bridge network to be
compiled. The database is upgraded with
retaining walls that are important parts of the
regional transportation network. By considering
the general characteristics of the bridge, a
representative sample of bridges is chosen to
develop fragility functions for bridges exposed
to seismic hazard. To estimate the physical
vulnerability and potential economic losses due
to seismic hazards to all transportation network,
seismic risk assessment toll is developed. The
results enable a better understanding of the
relevance of the vulnerability level of critical
infrastructure  in  the analyzed region,
correlating it to the corresponding levels of
development, as well as other socio-economic
variables.

Keywords: bridge inventory, seismic hazard,
exposure, fragility curves.

1. INTRODUCTION

The resistance of the transportation
infrastructure systems is of a primer
importance, particularly in the period after
occurrence of any natural or man-made
disaster. In an environment exposed to frequent
natural disasters (earthquakes, floods,
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landslides and alike) as is the case with N.
Macedonian region, it is of a particular
importance to monitor the conditions of the
transportation infrastructure and all its elements
for the purpose of obtaining timely information
about their current conditions, conceiving and
evaluating possible risks and their mitigation.

Although the occurrence of natural disasters is
inevitable in numerous cases, considering their
consequences, we are increasingly becoming
aware of the importance of fulfillment of serious
obligations of all entities within the system of
action in conditions of crisis, related to
establishment and development of systems
and standards for prevention and mitigation of
consequences for the purpose of proactive
management of the risk through adequate
prioritization and taking preventive measures.
Pursuant to item 6.9 of the National Platform for
Mitigation of Disaster Risks announced by the
Government of RNM in September 2019, 1ZIIS
is involved in the activities for prevention and
early warning, performing: research of
earthquake phenomena and their manifestation
upon ground and consequences upon
engineering structures; exploration of risks
pertaining to natural disasters; development
and improvement of methods of management
of natural disasters and alike.

This paper presents part of the research
activities in the framework of two projects
“Upgrading and Improvement of Information
System on Transportation Infrastructure and
Seismic  Risk  Assessment for  New
Infrastructure Structure” [1] and international
project Infra-NAT (783298 — INFRA-NAT -
UCPM-2017-PP-AG, http://www.infra-nat.eu/).
[2]. The projects are oriented towards particular
contribution in definition of the regional
infrastructure inventory and amendment of the
already defined comprehensive frame for
monitoring of the vulnerability of the bridge
infrastructure in our country.

For the purpose of the analyzed inventory
database, the analytically developed type of
fragility curves were developed. The
mathematical description facilitates their
incorporation in computational environments
for regional risk and resilience assessment of
transportation networks such as introduced in
MAEviz (Mid-America Earthquake Center
2006) [3], Hazus (Hazus-MH 2011) [4]. These
analytical fragility models have received
increased attention in the literature in the past
decade given their ability to overcome
limitations of subjective expert-based fragilities
or empirical ones that are constrained by the
lack of adequate data, as stated in Gidaris et al.
(2017) [5].
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2. INFRASTRUCTURE INVENTORY

Different countries have different institutions
that maintains bridge inventory data systems.
lllinois Highway Information System has data
for 2,601 bridge [6]. In Serbia, predecessor of
the ‘Roads of Serbia’ public enterprise, the
Road Directorate of Serbia, began recording
bridge inspection data in a database named
BPM (in Serbian Baza Podataka o Mostovima)
in 1990 [7].

Figure 1. Schematic presentation of levels of data
on the bridges

For the territory of N. Macedonia, an
information system was created including data
on a total of 679 bridge structures that are part
of the existing motorways and main roads in our
country, selected due to their extraordinary
importance for the country and the region. A
most up-to-date model of seismic hazard and
the most reliable time histories for analysis of
bridge structures, were also defined. For each
of these bridge structures, different number and
type of data are available. The information
entered into the information system is divided
into three sets: 1) Level 0O, involving data on the
location of the structure and its total length; 2)
Level 1, data of level 0 + involve material,
structural system and alike; 3) Level 2, level 1
+ involves complete geometry and damage
data; and 4) Level 3, level 2 + includes data on
the reinforcement and foundation (Fig. 1).

Locations of the bridges with Level 0 and 1 data
are given on Fig. 2 [2].

Figure 2. Bridge locations with Level O data (grey),
Level 1 (blue) and Level 2 (pink)
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Based on the data from the created information
platform, a typological classification of the
bridges was made as the basis for formulation
of analytical models for definition of the
vulnerability of different bridge typologies. For
each typology, there were developed numerical
models per 50 bridge structures with different
geometrical parameters, including span length,
height of central piers and width of
superstructure. For each of these bridges,
nonlinear dynamic analyses were performed
using 30 time histories with 7 hazard levels, or
more specifically, over 10000 analyses were
done for each type. The used methodology is
published in the literature [8]. The obtained
results were wused for development of
vulnerability curves for each of the different
typologies and these were entered into the
web-based platform that has the possibility of
identifying the critical parts of the infrastructure
network  (http://www.infra-nat.eu/web-based-
platform/). For 2 span bridges results are given
on Fig. 3, for 3 span on Fig. 4 and for 4 spans
on Fig. 5.
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system).

After the definition of the vulnerability curves,
the infrastructure inventory is upgraded with
information of other structures that are part of
the transportation system and assessing the
risk. The main activities involved three phases
1) acquisition, processing of data on structures

Regional infrastructure inventory toward seismic network safety

and definition of vulnerability; 2) analysis and
integration of the seismic conditions and site
soil conditions; 3) risk assessment which are
explained below.

2.1 PHASE 1

The first phase of the research was upgrading
the information system with data on new
structures that are part of the Miladinovci-Shtip
motorway, part of the Deve Bair — Kafasan
motorway as well as part of the state roads A4
Shtip — Radovish and Al Prilep-Gradsko. That
includes bridge structures and retaining
wallsThe system is upgraded with 20 such
structures. For all of these structures design
documentation was provided, mainly bridges
that are situated along the roads in the part
bordering on Greece and Albania for the
purpose of preparations for the international
project financed by EU, namely, CRISIS
(Comprehensive Risk Assessment of Basic
Services and Transport Infrastructure) that just
started and will be coordinated by IZIIS
(www.crisis-project.org).
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Figure 4. Numerical model and results from the

vulnerability analyses for 3 span girder bridges
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system)

This first phase started with first part which
included definition, i.e., selection of roads, i.e.,
railway corridors that have to be encompassed,
selection of structures whose data have to be
included in the information system, and finally,
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providing safety to these structures. For all
types of structures, a certain number of data are
entered into the system. These data will refer to
structures that are part of the new motorways,
state roads. For most of these structures
detailed data were available, encompassing
level 3, meaning that, in addition to location and
total length of the structure, these include data
on the structural system complete geometry,
data on the foundation and the reinforcement.
Integrated in the system will be also data on the
type of soil. In this phase data affecting the
stability of the structures that are of a temporary
character were included. Inspection of the
conditions of the greater number of structures
was done in 2007, while regular inspection on
some of the structures was done in 2017
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Figure 5. Numerical model and results from the
vulnerability analyses for 4 span girder bridges
(mean and standard deviation of damage and
collapse limit state of risk indicator (Y) for whole
system)

These data are the subject of inspection by
institutions that manage the road and railway
network and are of a particular importance for
the stability of the structures as they affect their
vulnerability and risk. With these information,
the already existing information system was
considerably upgraded and improved. In
addition to the main geometrical data and data
on damages, the information system integrates
data referring to vulnerability of each of the
structures that is the basis for definition of the
seismic risk for each structure taken separately.
Most of the structures that are part of the
information system belong to one of the
different structural typologies for which two
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levels of wvulnerability were already defined
within the frames of the Infra-NAT project [9].

2.2 PHASE 2

With the completion of the first phase, the
activities envisaged in the second were started
within which the hazard conditions were defined
for each structure, depending on the site soil
conditions and the seismic hazard on the site.
The hazard was defined through three
parameters of expected seismic events: 1)
location (where), 2) genesis and evolution (how
much) and 3) intensity (degree). Mapping of the
hazard consists of consistent and uniform
discretization of the territory of Macedonia into
smaller territorial units of a size suitable for
reasonable monitoring of changes of all
parameters referring to distribution and
concentration of the hazard. These data were
basic for the realization of the last phase of the
project.

2.3 PHASE 3

The final, third phase, involved activities related
to risk assessment. It represents a factor that is
not constant, but changes in the course of time.
The frame for risk management assessment
provides the static current state of the risk at a
certain time and place that is changed by
following the dynamics of the hazard and the
dynamics of the parameters affecting the
vulnerability of structures. In this phase,
assessment of the current risk was made for the
structures included in the information system
that also includes the newly built structures that
are part of the Miladinovci — Shtip motorway
and part of the Deve Bair Kafasan motorway as
well as state roads A4 Shtip — Radovish and Al
Prilep — Gradsko. In the first part of this phase,
the parameters to be used for risk assessment
were defined. A methodology for monitoring
and consideration of vulnerability by following
the characteristic indicators or a group of
indicators was applied, that recognized and
indicated the conditions that are with a great
probability of causing the occurrence of a
certain hazard and realization of the
corresponding risk. The information system
offers the possibility of a multiple risk
assessment, namely, when change of some
characteristic indicators or a group of indicators
affecting the vulnerability or definition of risk
takes place, it will be possible to re-assess the
risk. This system provides the possibility for
temporary definition of the risk pertaining to the
transportation network, which considerably
contributes to high quality fulfilment of the
obligations of the Institute as part of the
National Frame, creating tools that can be used
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by the institutions in charge of management of
the transportation infrastructure and
effectuation of the necessary controls for the
purpose of mitigation of the consequences of
possible risks and bringing the exposure to risk
to an acceptable level. Fragility curves for the
typical bridge structures in R.N. Macedonia,
obtained from the analyses are given on Fig. 7,
8 and 9 [10].

3. TOWARD SEISMIC NETWORK
SAFETY

The created system gives a great contribution
to getting a better insight into the risk related to
natural hazards pertaining to the critical
infrastructure by development and refinement
of a comprehensive frame for evaluation of
vulnerability, with a special focus on the seismic
hazard and the effects of ageing/deterioration
of the transportation infrastructure network that
can be used independently by a number of
countries. The results of this research are
double: greater knowledge and increased
awareness.
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Figure 7. Fragility curves for the 2 spans girder
bridges

By synthesis of the data on the exposure and
the vulnerability of the critical infrastructure in
the territory of a country, one can obtain new
knowledge and better insight into the current
number, location and conditions of existing
elements of the considered critical
infrastructure.

Fragility results for GB35 with MLE regression
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Figure 8. Fragility curves for the 3 spans girder
bridges

Regional infrastructure inventory toward seismic network safety

Increased awareness about natural hazards
and changes of existing critical infrastructure
facilities is necessary for the success of the
strategies of response to emergency situations
and definition of the level of resistance of the
European (and neighboring) societies.

By realization of all the activities realized in this
research, the following is achieved:

0 Integration and harmonization of data in the
information system with data on the entire

0 Exposure of the structures that are part of
the main roads and motorways in our
country, including bridges, retaining walls
and alike. These data will provide all
relevant information about the structures at
regional level;

o Combination of existing seismic hazard
models and their including into the
information system;

o Characterization of the direct physical
vulnerability and indirect losses through
existing methods from former studies of
seismic risk and through an innovative
approach to fast consideration of reduced
capacity due to deterioration of structures;

0 Monitoring of the risk will be enabled through
relevant factors of monitoring, parameters
and data for identification of the efficiency of
the existing frames of risk management;

0 The application of the information system in
using prevention measures, effective
management of resources and prioritization,
with a focus on seismic hazard and effects
of ageing of bridges, will contribute to the
increase of resistance of the critical
infrastructure;

o0 For the local and regional bodies, there will
be provided the necessary tool for risk
assessment through definition of the
vulnerability of the critical infrastructure,
providing thus instructions for optimal
distribution of available resources. This tool
can also be used in other European
countries.

Fragility results for GB4S with MLE regression
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4. CONCLUSIONS

This paper deals with research which
anticipated to enable upgrading and
improvement of the information system that
was created within the international project
Infra-NAT (783298 — INFRA-NAT — UCPM-
2017-PP-AG, http://lwww.infra-nat.eu/) with
structures that are part of the infrastructure
network on the territory of N. Macedonia. In
addition to bridges, the system includes newly
built retaining walls that are part of the state
roads and motorways that are under
construction. Presented here are the results
from the performed nonlinear analyses of
bridge samples and calculation of the fragility
curves.

To estimate transport network vulnerability,
seismic assessment toll is developed based on
bridge inventory system. Of particular
importance is the including of parameters that
are of a temporary nature and refer to the
conditions of the structural and non-structural
elements that directly affect the stability and
vulnerability of the structures. These data can
be collected in a certain time period and then
integrated into the system and processed. As a
result of their analysis, one can get an insight
into the critical infrastructure elements and
identify losses to be caused by an earthquake
event. These could contribute to the process of
optimization of the distribution of resources by
public and private stakeholders.

The creation of this tool was based on
systematic approach through integration of
national and international practice and
theoretical and methodological soundness
whereby practical usability of the offered
system solution was achieved. In this sense,
this system can be used as a referent model for
a consistent approach to prevention, early
warning and management of a large number of
risks and possible seismic disasters. The main
advantage of this system is that it can easily be
upgraded and adapted in order that it could also
be used beyond the boundaries of our country.
By application of this tool, the process of
management of infrastructure elements can be
systematized and made practical and simple by
which it can significantly contribute to the
improvement of the conditions for its use for the
purpose of development of the country and
improvement of the lives of its citizens.
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