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FOREWORD

It is our great pleasure to write this Foreword to the
Proceedings of the International Conference on Contemporary
Theory and Practice in Construction, XV - STEPGRAD. The
Conference was held on June 16 and 17 at the Lanaco
Technology Center in Banja Luka. As in previous years, the
Conference STEPGRAD XV continues a tradition of bringing
together researchers, academics, and professionals from all
over the world, experts in Civil Engineering, Architecture,
Geodesy, and related fields, so this year it brought participants
from fifteen different countries. The Conference enables the
interaction of research students, young academics and
engineers with the more experienced academic and
professional community to present and discuss current
accomplishments. Their contributions make these Proceedings
outstanding. The published papers provide the most recent
scientific and professional knowledge in the fields of
Computational mechanics, Structural engineering, Building
materials, Road planning, Energy efficiency, Urban planning,
Architecture, History of architecture, Surveying, Education of
engineers, etc.

Almost eighty manuscripts were submitted, while 70 of them
were accepted and categorized. Each contributed paper was
refereed by the two reviewers, members of the Scientific
Committee. The papers were refereed based on their interest,
relevance, innovation, and application to the broad field of
Construction. Invited lecturers this year were associate
professor Gordana Kaplan, PhD, from the Technical University
of Eskisehir in Turkey, associate professor Daniel Lordik, PhD,
from the Technical University of Dresden, associate professor
Ana Nikezi¢, PhD, from the University of Belgrade and Filip
Niketi¢, PhD, from the project company Nicolas Fehlmann
Ingénieurs Conseils SA in Switzerland.

These Proceedings will furnish the scientists and professionals
with an excellent reference book. We are certain it will give an
impetus for further studies in all subject areas.

We thank all the authors and reviewers for their valuable
contributions. Special thanks go to our sponsors and the
members of the Organizational Committee and Working team.

Snjezana Maksimovic¢
Sandra Kosi¢-Jeremic¢
Editors

MPEArOBOP

M3y3eTHO HaM je 3a40B0OsbCTBO Hanncat oeaj lNMpegrosop 3a
360pHWK pagoBa ca MehyHapoaHe KoHdepeHumje CaBpemMeHa
Teopwja v npakca y rpagutessctey XV — CTEMIPAL.
KoHdepeHuuja je ogpxaHa 16. n 17. jyHa y TeXHOMOLWKOM
LeHTpy KoMnanuje JlaHako y banoj Jlyun. Kao 1 npeTxogHux
roavHa, KoHdepeHumja CTEMMPAL XV HacTasma Tpaguumnjy
noBe3unBarba UCTParKMBaYa, HACTaBHWMKA M CTPYYHbaKa 13
umjenor ceujeTa, ekcrepara rpaheBnHapCTBa, apxXMTEKTYpE,
reogesuje n cpoaHUx 061acTu, Na je oBe roguHe oKynmna
Yy4YeCHMKe 13 NeTHaecT pasmumtix 3eMassa. KoHpepeHuumja je
omoryhuna uHTepakuuWjy cTyaeHata, MIaavx HKerwepa u
Hay4YHWKa Ca UCKYCHWjMM YNaHOBMMA aKafeMCKe U CTpyyHe
3ajegHviLe y UMby AMCKYCYje 0 caBpeMeHuM TeHdeHuumjama y
rpaanTesscTay. HbrxoB AONPUHOC je YYMHMO 0Baj 360pHMK
n3y3eTHMM. ObjaBrbeHn pagoBK NPYHKajy YBUA Y aKTyeNHo
Hay4HO M CTPYYHO 3HaHe U3 pPaYyHCKe MexaHuKe,
MHMKEHEPCKMX KOHCTPYKLUMjA, rpaheBMHCKMX MaTepujana,
caobpahajHnua, eHepreTcke edrKacHoCTH, ypbaH3Ma,
APXUTEKTYpe, UCTOpUje apXMTEKType, reoaesuvje, obpasoBara
WHXKerepa, UTa.

04 ckopo ocampeceT gocTaBrbeHux pykonuca, 70 je
npuxsaheHo 1 KaTeropucaHo. CBaku pag je bwo npernegaH o4
CTpaHe ABa peLeH3eHTa, YnaHa HayuHor ogbopa. Kputepujymm
3a 0gabvp pagoBa cy 6unn kKXoBa akTyesnHoCT, 3Havaj U
[O0MPUHOC LWMPOKOj 06nacTv rpaamTessctaa. Mo3veHM
npegasayn oBe roguHe 6mnm cy npod. ap NopaaHa KannaH ca
TexHuukor yHuBep3uteTa Eckumwexunp y Typckoj, npod. ap
Hannen Nopavik ca TexHuYKor yHmBep3uTeTa y [pe3aeHy,
npod. ap AHa Hukesuh ca YHuBep3auteTta y beorpaay v ap
Ounmn Huketnh 13 npojekTHe KoMnanuje Nicolas Fehlmann
Ingénieurs Conseils SA y LLBajuapcKoj.

OBaj 360pHMK pagoBa he NoCnyXMTM Kao KopucHa pedepeHua
CTpyYHsaLMMa 1 UCTParKMBaYMMa Te CMo curypHu aa he
NPYXMTN NOACTMLAj 32 Aa/bHba UCTPaXKMBaHa Y NMpeaMeTHUM
obnactnma.

3axBasbyjeMo CBUM ayTopvMa W peLieH3eHTMa Ha hUX0BOM
n3y3eTHOM JonpuHocy. MocebHy 3axBanHocT ynyhyjemMo Hawmm
CroH30pMMa Te CBUM 4YnaHoBiMa OpraHu3aumoHor ogbopa m
PagHor tmma.

ChoerkaHa MakcumoBuh
CaHgpa Kocvh-Jepemuh
ypeaHnun
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COMPARATIVE ANALYSIS OF EXCAVATION AND TUNNEL
SOLUTIONS FOR THE ROAD DRENOVO - RAEC

Abstract

When withdrawing the route of the expressway Drenovo - Raec, the axis of the road is forced to
stretch near or through the mountain massifs. This created a general dilemma, whether to make
classical excavations or tunnel constructions in certain locations. Considerations were also made for
the decision on high embankments or viaducts. The characteristic location presented in this paper is
located between the existing national road and the river Raec. For this location, a comparative
analysis of the variant solutions for excavation and tunnel was made and the main parameters that
affect the final solution were indicated.

Keywords: road, route, excavation, slopes, tunnel, analysis.

KOMITAPATUBHA AHAJIM3A UCKOIIA 1 TYHEJICKE PEHIEIbA 3A
YT APEHOBO - PAEII

Caxcemax

[IpmmukoM moBmadema Tpace ayromyTa JpeHoso - Paer, ocoBuHa je nmpuHyleHa Aa ce mpoTexe y
ONM3MHU WM KPO3 IUIAHWHCKEe MacuBe. TO je CTBOPWJIO ONINTY JuiieMy Ja Ji Ha ojapeheHum
JIOKalMjamMa pajiiTy KJIaCHYHE MCKOIE WM TYHEJCKe KOHCTpYKIHje. PazmarpaHo je u o oty o
BUCOKUM HACUIIUMa WM BHjaaykTuMa. KapakrepuctuuHa jokaiuja npuKa3aHa y OBOM pajly Hajla3u
ce mmehy mocrojelier maructpanan nyt u peke Paer. 3a oBy nokanmjy ypaheHa je ynopemHa
aHaKM3a BapHjaHTHHUX Pelleha 3a UCKOI U TyHEJ U Ha3HAYEeHH Cy INIAaBHH MapaMeTPH KOjU yTUUY Ha
KOHAYHO PeIIeHeE.

Kmwyune pujeuu: nym, mpaca, uckon, kocune, mynei, anaiusd.



1. INTRODUCTION

The intensive construction of the road infrastructure in Macedonia started with the realization of the
project Al Prilep - Gradsko. As part of this project, three sections have been developed, two of
which are full expressway, and the middle section is a three-lane road.
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Figure 1. Overview map of sections

The critical section which is analyzed is the section between Raec and Drenovo. The length of this
section is 7 km and the road is a reduced highway with the total width of both roads of 25.4 m. The
reason for this solution is the possibility for physical separation of the roads in the part of the tunnel
constructions.

Figure 2. Geometric cross section

Characteristic of this part is that the axis must pass through a narrow gorge. The subject section that
is being analyzed is right next to the beginning of the route between two bridge constructions which
are two fixed points through which the route must pass. It should be noted here that the area where
the analysis is done belongs to the highest environmental protection area (at the level of national
parks).

2. DESIGN SOLUTIONS

With the geological characteristics and the disposition of the route, it is possible to prepare two
variant solutions with complete excavation with a height of over 40 m and a tunnel solution with a
middle overlay of about 30 m. The geological profile of the terrain at this location consists of three
Zones:

e Zone 1 - strongly cracked to crushed limestone;
e Zone 2 - weakened limestone;
e Zone 3 - relatively compact limestone.

2.1. DESIGN SOLUTION 1 - EXCAVATION

With this Technical Solution, the subject zone is designed as a classic cut, by applying the necessary
measures for stabilization and protection of the slopes, ie designing the geometry of the slopes in



accordance with the analysis and calculations and their protection. Due to the fact that the excavation
is unusually high, the first and last berm (seen from below) are widened by 2 m, for safety reasons,
but also to reduce the negative visual effect when driving, ie to get the impression that it is an
excavation with lower height. The excavation is 170 m long with a slope of 5:1, and the berms are
9 m high and 3 m wide. The protection of the slope from surface landslides is planned to be
performed with a steel mesh, anchored at the top of the slopes and additionally tightened with
finishing weights in the lower part. On the higher side of the terrain, a concrete trapezoidal ditch
with dimensions 0.5x0.5x0.5m is provided with sufficient capacity to receive surface water from the
surrounding terrain [1]. When making this solution, there is no need to expand the separation lane

and on this part the profile will remain with a fixed width as the cross-section profile shown above
(Figure 2).
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Figure 3. Cross section excavation profile
2.2. DESIGN SOLUTION 2 - TUNNELS

&

The second project solution consists of two tunnel pipes with an average length of 145 m. The
tunnels have a longitudinal slope of 0.3% and a maximum transverse slope of 2.5%. The width of
the lane is 2x3.5 m and the edge lanes on both sides are 2x1.00 m. According to the Bieniawski
Tunnel Classification (RMR - System), rock masses in these sections are classified into categories
111 and 1V. Several types of substructure are envisaged including: anchors, sprayed concrete, steel
arches and final concrete cladding. The New Austrian Tunneling Method (NATM) has been chosen
as the general method for tunnel construction. The entrance-exit portals are made with Cut & Cover
up to the first 20 m, with a slope of the portal slopes of 3: 1. The project tunnel solution also includes
two classic retaining walls located on the outside of the tunnel pipes to the terrain [2].

Figure 4. Cross section of tunnel solutions

3. COMPARATIVE ANALYSIS OF VARIETY SOLUTIONS

The following factors are taken into account in the comparative analysis: performance, maintenance,
safety and environmental impact. The comparison is made for the same climatic-hydrological

conditions, the same traffic load and the possibility of performance by parties. The analysis is made
by assessing the advantages and disadvantages of both variant solutions.



3.1. EXCAVATION

3.1.1. Advantages

e Easy, fast and relatively safe performance;

e No need for specialized mechanization and staff;

e The projected part of the route in the situational solution remains the same;

e Itis not necessary to redesign the facilities that are adjacent to that part of the route;
o Satisfactory safety in the exploitation phase.

3.1.2. Disadvantages

e Increased excavation;
e Need for new landfills;

e Unfavorable visual effect; Possible additional means for protection of the slopes from
erosion;

e Increased means for maintenance, in terms of local landslides in conditions of high waters
and winter maintenance;

e Additional expropriation;
e Adverse environmental impacts.

3.2. TUNNELS

3.2.1. Advantages

e Minimal excavation;

¢ No need for additional landfills;

e High reliability in the exploitation phase;

e Minimal maintenance;

e No further expropriation;

e Beneficial impacts on the environment.
3.2.2. Disadvantages

e Increased risk in the construction phase;

e Specialized mechanization and staff;

e Short distance between tunnel pipes (which affects increased costs);
o Difficulties in construction of the entry-exit portals;

e Increased construction time;

e Necessary relocation of adjacent structures (bridges, viaducts);

e The designed road axis changes;

e Higher cost for construction;

e Additional operating costs for electricity supply and substation.

3.3. ADOPTED SOLUTION

Both solutions have certain advantages and disadvantages, and in terms of the financial part, the
tunnels are about 10% more expensive than the excavation. But although the difference in cost is
greater and the time period for construction is longer, here the biggest factor for the final decision
will be the one for the environment. Thus, the final solution that would pass the route through the
hilly massif is a tunnel.

4. CONCLUSION

From the presented comparative analysis between a classic excavation and a two-pipe tunnel
solution, it can be seen that from a financial and time point of view the excavation is a more
acceptable solution, but since the most important factor in the final decision is the environmental
impact, the more expensive solution is adopted. The final decision for the adopted solution should
be made in coordination with the Consultant / Auditor and the Investor. According to the specific
example, the following general conclusions can be drawn:
e The choise between two or more solutions, whether it is a comparison between an excavation-
tunnel or an embankment-bridge, one should always make an appropriate analysis and
consider all relevant factors that would influence the solution;



In the analysis, the most important factors required in the given situation should be defined
first, whether it is a financial, time, safety or environmental aspect;

It is best to make such analyzes at an early stage of the design, to avoid any unforeseen effects
on the project;

The determination of the final geometry of the road should follow after the adoption of the
solution from the comparative analysis.
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