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Summary: The Institute for Standardization in Boshia and Herzegovina has recently
published new interactive maps for characteristic values of snow load, basic wind velocity
and map of seismic hazard with referential peak ground accelerations for territory of
Bosnia and Herzegovina as part of national annexes to Eurocode 1 and Eurocode 8, that
superseded former Yugoslav standards and rulebooks. Biha¢ is one of the largest cities in
Bosnia and Herzegovina and administrative center of Una-Sana Canton. However, during
the recent history, some buildings and structures in Biha¢ experienced damages or even
collapse due to snow loads or wind actions. Biha¢, unlike other cities in Bosnia and
Herzegovina, was not one of the cities with newly constructed high — rise settlements.
Somehow, most of the buildings were up to five storeys high, which shows awareness of
engineers and architects about the suspect quality of the load bearing soil, as well as their
attention to the seismic zone that Bihaé¢ belongs to. In spite of this, there are
examples of the high-rises in Biha¢, but in smaller scales than those in other cities. The
highest high-rise in Biha¢é reaches 16 storeys, and it functioned as residential building
with commercial services at the first two floors. As need for construction of high-rises in
Bihac¢ in future may arise, taking in consideration its administrative position and business
development, this research is contribution for structural possibilities of construction of
high-rises in Biha¢, taking in consideration new annexes to Eurocodes 1 and 8.
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1. INTRODUCTION

The construction of high-rise buildings has become a trend in the developed world due to
the increased need for business content concentrated in administrative and business
centers, but also due to the greater tendency of the population to live in urban areas, as
well as the explicit demand for demonstrating financial and business power. For
significant number of designers, such tendency become a way of professional expression
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from the aspect of design and constructing solutions of high-rise buildings, as well as the
application of new materials and challenging technologies. Based upon the numerous
advantages, concrete slowly becomes the primary material when it comes to the
construction of high-rise buildings. However, the high-rise buildings are at the same time
an engineering challenge, as well as the selection of structural system and construction
materials, the mode of transmission of vertical actions, foundation method, but especially
when it comes to the behavior of the structure under the action of horizontal dynamic
forces. The problem is even greater when the high-rise building is located in the active
seismic area. As the building is higher, the issue of the action of horizontal forces is more
pronounced. But the question is how to satisfy the wishes of investors for high-rise
buildings in seismically active zones then.

The aim of this research is to provide guidelines for designers on the height, structural
systems and dimensions of structural elements for high-rise buildings, from the technical
and economic aspects in the construction conditions in the area of Biha¢ in Bosnia and
Herzegovina. This research analyzes the behavior of the RC concrete load-bearing
structure of a high-rise building for three different heights (35, 60 and 100 m) and three
different structural systems: pure RC skeleton system, a skeleton system with RC concrete
core and RC cross-wall structure exposed to the action of horizontal dynamic effects of
natural origin (earthquake and wind). The research was carried out according to the
conditions defined by BAS EN 1991-1-4/NA:2018 - Eurocode 1: Actions on structures:
Part 1-4: General actions - Wind actions - National annex for the area of the town of Biha¢
when it comes to wind actions and BAS EN 1998-1/NA:2018 - Eurocode 8: Design of
structures for earthquake resistance - Part 1: General rules, seismic actions and rules for
buildings - National annex, when seismic actions are considered.

2. REINFORCED CONCRETE STRUCTURE

The reinforced concrete structures are 30 m x 30 m in layout with longitudinal and
transverse distance between reinforced concrete frames of 6 m (Figure 1).

Due to the diversity of the displacement results depending on the dimensions of the
columns, each system was analyzed for three different dimensions of the columns: 40/40,
60/60 and 100/100 cm/cm, giving a total of 27 models for analysis.

The assumption is that the data on the structural system and the height also depend on the
height of the stories, therefore the height of the ground floor was 5 m and all others 3 m,
which could give different data for each model when considering the drift and
displacements.

The concrete class C 30/37 is selected for the construction of the building. The
reinforcement is consisted of rebar and meshes of fyx = 500 MPa.

As shown in Figure 1, the structures can be categorized as being regular in elevation and
in plan.
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Figure 1. Floor Plans and Schematic Elevation Plan
3. ACTIONS

The analysis of actions includes all the actions that act on the structures: permanent and
variable effects, wind and seismic actions. Permanent actions include: the self-weight of
the structural elements and the weight of the layers on them, while the variable actions
include: snow load and imposed loads for Category A and B as specified by BAS EN
1991-1-1/NA:2016 Eurocode 1 - Actions on structures: Part 1-1: General actions -
Densities, self-weight and imposed loads for buildings - National annex.

The permanent action of roof storey was determined as G roof = 8.89 kKN/m?, while
permanent action for other floors was calculated of Gystorey = 7.20 KN/m2. Serviceability
imposed load was equal to 2.00 KN/m?.

Snow load on roof was determined based upon the characteristic value of snow load on
the ground (s) according to BAS EN 1991-1-3/NA:2018 Eurocode 1: Actions on
structures - Part 1-3: General actions - Snow loads - National annex for City of Biha¢ that
is sx=2.28 KN/m?.
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Figure 2. Characteristic Snow Load on the Ground for Bihac
according to BAS EN 1991-1-3/NA:2018 [19]

BAS EN 1991-1-4/NA:2018 Eurocode 1: Actions on structures - Part 1-4: General actions
- Wind actions - National annex specifies wind action in Bosnia and Herzegovina.
According to this standard, basic wind velocity for Biha¢ is 20.86 m/s.

5]

Figure 3. Basic Wind Velocity for Biha¢
according to BAS EN 1991-1-4/NA:2018 [20]

The standard that define reference peak ground acceleration for determination of seismic
forces on the structure in return period of 475 years is BAS EN 1998-1/NA:2018 -
Eurocode 8: Design of structures for earthquake resistance - Part 1: General rules, seismic
actions and rules for buildings - National annex, and for Biha¢ is 0.12 g.
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Figure 4. Referent Peak Ground Acceleration for Biha¢
according to BAS EN 1998-1/NA:2018 [21]
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Using method of modal response spectrum analysis, the seismic forces are presented in
Table 1,
Table 1 — Seismic Forces

. . Dimensions of | Vibration Seismic Seismic
Structural | Height . i
System [m] Columns b/h period Force' Fx Force: Fy
) [em/cm] [s] [kN] [kN]
40/40 2.31 2086.0 625.81
35 60/60 1.24 4042.0 1212.8
100/100 0.64 12910.0 3783.0
40/40 4.03 3762.0 1128.9
Skeleton 65 60/60 2.22 4699.3 1409.8
100/100 1.20 12181.9 3654.6
40/40 6.37 5673.0 1701.9
100 60/60 3.62 70227 2106.8
100/100 2.10 112533 3376.0
40/40 1.00 33159 995.0
35 60/60 0.78 5788.2 1736.5
100/100 0.54 15182.6 45548
Skeleton B 40/40 2.80 32297 968.9
ith Core 65 60/60 1.66 4994.2 1498.3
with 100/100 1.07 13452.2 4035.7
40/40 4.38 5043.9 15129
100 60/60 2.98 6602.1 1980.6
100/100 1.93 11076.4 33229
40/40 1.3 30183 514.7
35 60/60 0.87 5600.6 1260.8
. 100/100 0.55 15061.1 4079.7
S}:if]iilrlon 3 40/40 2.77 33079 1045.9_
Crossed 65 60/60 1.79 4909.9 12225
ey 100/100 1.00 133731 37178
Walls 40/40 4.91 5153.5 1638.8
100 60/60 3.13 6661.1 20705
100/100 1.97 11162.7 32683

while combination of actions used in this research are presented in Table 2.

Table 2 — Combination of Actions

Design Situation No. Combinations of Actions

1. 1.35-G

o

135-G+1.5-Qa~+ 1.5 - 05 Qs

Permanent and Transient

5. G+15-07 - 0Oq+15-
Design Situations 3 135°G*15°07 " Qa*15-Qs
4, 135-G+1.5-Qa+ 1506 Qw
5. 1.35-G+1.5-07-Qa+ 1.5 Qu
6. 1.0-G+03-Qua+S:

Seismic

7. 1.0-G+03-Qa+Sy
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4. RESULTS

The dynamic analysis conducted on three different RC structural systems (RC skeleton,
RC skeleton with core and RC skeleton with crossed walls) of three different heights for
each structural system (35, 65 and 100 m) and three dimensions of columns, where center
of mass of the building coincides with the center of stiffness, which prevents the rotation
of the mass around the stiffness in the event of an earthquake For the structures
undergoing this dynamic analysis, the conditions of seismicity in the area of Biha¢ and
foundation conditions Ground Type B. The minimal random eccentricities are taken into
account. The displacement analyses of the top storey vs. the foundation is presented in
Table 3.
Table 3 — Displacements

Structural | Height D%mensions of .Maximal
) Columns b/h | Displacement
System [m] =
[em/cm] 4 [em]
40/40 4.00
35 60/60 1.81
100/100 0.96
40/40 12.95
Skeleton 65 60/60 3.90
100/100 1.89
40/40 32.00
100 60/60 10.60
100/100 3.70
40/40 1.68
35 60/60 1.26
100/100 0.82
. 40/40 4.91
\:jli]ell?gile 65 60/60 2.67
100/100 1.70
40/40 16.39
100 60/60 7.44
100/100 3.21
40/40 2.12
35 60/60 1.22
100/100 0.79
Skeleton 40/40 5.89
with Crossed 65 60/60 2.50
Walls 100/100 1.65
40/40 17.64
100 60/60 7.23
100/100 3.15

BAS EN 1998-1:2017 proscribes the limitation of the interstorey drift. Unless otherwise
specified, the following limits shall be observed:

a) for buildings having non-structural elements of brittle materials attached to the
structure:
dr-v<0,005-h (0

b) for buildings having ductile non-structural elements:

dr - v<0,0075- h @)
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c) for buildings having non-structural elements fixed in a way so as not to interfere with
structural deformations, or without non-structural elements:

where

dr - is the design interstorey drift;

dr-v<0,010-h

h - is the storey height;

v - is the reduction factor which takes into account the lower return period of the
seismic action associated with the damage limitation requirement (in this particular
case 0.4), and

g - displacement behaviour factor (in this particular case 0.39).

Table 4 displays maximal inerstorey drifts in this analysis.

Table 4 — Maximal Interstorey Drifts

3)

Structural | Height Dimensions Il]:tlz;lt]:)ll:l:y dfqivsdl | dfgivs24 ) dfgiv= 16
System [m] of Columns Drift

b/h [em/cm] d, (cm) (a) (b) (c)
10740 0.39 0.60 0.60 0.60
35 60/60 0.17 0.26 0.26 0.26
100/100 0.10 0.14 0.14 0.14
40/40 0.65 1.00 1.00 1.00
Skeleton 65 60/60 0.20 031 031 0.31
100/100 0.10 0.15 0.15 0.15

00 Lot 355
100 60/60 035 0.55 0.53 0.55
100/100 0.08 0.12 0.12 0.12
10740 0.16 0.25 0.25 0.25
35 60/60 0.12 0.19 0.19 0.19
100/100 0.09 0.14 0.14 0.14
Skeleton - 40/40 0.27 0.42 0.42 0.42
" Core 65 60/60 0.13 0.20 0.20 0.20
with 100/100 0.09 0.14 0.14 0.14
40/40 0.56 0.87 0.87 0.87
100 60/60 025 0.40 0.40 0.40
100/100 0.11 0.17 0.17 0.17
40/40 0.16 0.25 0.25 0.25
35 60/60 0.12 0.19 0.19 0.19
o 100/100 0.07 0.10 0.10 0.10
Sl“fllfltfm - 10740 033 051 051 051
. 65 60/60 0.15 0.23 0.23 0.23
Crossed 100/100 0.09 0.14 0.14 0.14
Walls 40/40 0.65 1.00 1.00 1.00
100 60/60 0.25 0.40 0.40 0.40
100/100 0.097 0.14 0.14 0.14

The results for interstorey drifts for the floor height of 3 mts show that all considered
structural systems, for height of building of 35, 65 and 100 mts satisfy interstorey draft
limits for all considered dimensions of rectangular columns, except in a case of skeleton
system, 100 mts of height and column dimensions 40 cm x 40 cm.
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In the case of groundfloor height of 5 m, drifts are significantly greater that was shown in
Table 5.

Table 5 — Groundfloor Interstorey Drifts for Skeleton System (h =5 m)

. . Maximal .
. . ey o oy o e o
Structural | Height D'm.m“mmf Interstorey drqivs32 | dqtvs24 | dqtvs16
System [m] of Columns Drift
. b/h [em/em] d, (em) (a) (b) (c)
35 40/40 1.27
Skeleton 65 40/40 1.97
100 40/40 2.97

From the results displayed in Table 5, it is evident that for high-rise structures with a floor
groundfloor height of 5 m, the actual drift exceeds the limit of the interstorey drift for
skeleton system and dimensions of the columns 40 cm /40 cm, considering requirements
for the high-rise structures containing ductile non-load bearing elements and for buildings
that have non load-bearing elements of brittle materials.

5. CONCLUSION

In the City of Bihad, it is possible to build reinforced concrete high-rise buildings up to
100 m of height of regular plan and elevation (up to distance of frames of 6 mts), using
skeleton systems with or without cores or crossed walls, with a floor height of up to 3 m
in majority of cases. However, for buildings with a floor height exceeding 3 m, buildings
can be built up to 100 m, using structural systems of skeleton with reinforced concrete
cores and/or walls, while pure skeleton systems can be used for buildings up to 35 m in
height.
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MOTI'YRHOCT U3I'PAAIBE BUCOKUX OBJEKATA
Y BUXARY Y BOCHU U XEPHEI'OBUHHA

Pesume: Hncmumym 3a cmanoapousayujy bocne u Xepyezosune je neoagno objasuo noge
uHmepaKkmugHe Kapme 3a Kapakxmepucmuune epujeonocmu onmepehersa cHujecom Ha
M0, OCHOGHE 8PUjeOHOCIU OP3UHE Gjempa U Kapmy CeUSMUIK02 Xazapod 3a mepumopujy
bocue u Xepyezosune, xao ouo nayuonarnux oooamxa y3 Eypokoo 1 u Eypokoo 8, koju
¢y 3amujeHunu cmanoapoe u nponuce uz Jyeocrasuje. buxah je jeoan 00 najeehiux epadosa
v Bocnu u Xepyeeosunu u aomunucmpamuenu yenwmap Yucko-Canckoe xanmona.
Meljymum, y nedasnoj npownocmu, nexu objekmu u nHocuge koncmpykyuje y buxahy cy
oooicugjene owmehiera um cy ce uyak cpywune 3002 onmepeherba cHujecom unu
Ojenosarva gjempa. Buxah, 3a paznuxy 00 opyeux eéehux epadosa y Bocnu u Xepyezosunu
Huje 6uo jedan 00 epadoea ca sHauajHuM Opojem eucokux objekama. Behuna 3epada je
Ouna eucuxe 0o nem cnpamoeéa, WMo yKazyje Ha Ceujecm uHjicersepa U apxumekama o
CYCNeKmHOM K6aAumenmy HOCU802 MAAd U CEUSMU4KOj 30Hu y Kojoj ce buxah nanasu.
Ynpkoc mome, nocmoje usepahenu eucoxu oojexkmu y buxahy, aru ne maxo 6ucoxu Kaoy
opyeum gelium epadosuma y bocnu u Xepyezosunu. Hajeuwu eucoku objexam y Buxahy
Jje sucune wecnaecm cnpamoga cmambene Hamjene ca NOCIO0BHUM Caopicajuma Ha npea
0sa cnpama. C 063upom 0a ce modice ouekugamu nompeoba 3a uzepaorom BUCOKUX
objexama y HapeoHom nepuody y buxahy, kao admuncumpamueHom u NOCIO8HOM
YeHmpy, 060 UCMPAdICUGarbe npeocmasnd OONPUHOC AHATU3U KOHCIMPYKMUBHUX
mozyhnocmu usepadrse sucokux odjexamay buxahy ysumajyhiu y 063up Hose nayuouanme
dooamue 3a Eypoxoodose 1 u 8.

Kuwyune pujeuu: Bucoxu oojexmu, Koncmpykmuenu cucmem, buxah, Eypokooosu
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