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ȺɈɉȷɅȽɆɇȽȺɆ 
 

ȼ ɡűɘůŰɎɛŮɜɖ ŭɘˊɚɤɛŬŰɘəɐ ɛŮŰŬˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɞɡ 

ɛŮŰŬˊŰɡɢɘŬəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ůˊɞɡŭɩɜ çɆɢŮŭɘŬůɛɧɠ əŬɘ ȾŬŰŬůəŮɡɐ ɈˊɞɔŮɑɤɜ 

Ȱɟɔɤɜè. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŭɘŬŰɛɖɛŬŰɘəɧ ɛŮŰŬˊŰɡɢɘŬəɧ ˊɟɧɔɟŬɛɛŬ ůˊɞɡŭɩɜ Űɞ ɞˊɞɑɞ 

ŭɘɞɟɔŬɜɩɜŮɘ ɖ ůɢɞɚɐ ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥ.ɀ.Ʉ. əŬɘ ɤɠ 

ůɡɜŮɟɔŬɕɧɛŮɜŬ ŰɛɐɛŬŰŬ ůɡɛɛŮŰɏɢɞɡɜ ɞɘ ůɢɞɚɏɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ əŬɘ ȷɔɟɞɜɧɛɤɜ 

əŬɘ ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥ.ɀ.Ʉ. ɀŮ Űɖɜ Ůəˊɧɜɖůɖ əŬɘ əŬŰɎɗŮůɖ Űɖɠ 

ɛŮŰŬˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɞ əɨəɚɞɠ ůˊɞɡŭɩɜ Űɞɡ ŭɘŬŰɛɖɛŬŰɘəɞɨ 

ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɘ ŬəɞɚɞɡɗŮɑ ɖ ŬˊɧəŰɖůɖ ŭɘˊɚɩɛŬŰɞɠ Master of Science. 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əɨɟɘɞ ȾɤɜůŰŬɜŰɑɜɞ ȿɞɡˊŬůɎəɖ, ȷɜŬˊɚɖɟɤŰɐ 

əŬɗɖɔɖŰɐ Űɖɠ ůɢɞɚɐɠ ɀɖɢŬɜɘəɩɜ ɀŮŰŬɚɚŮɑɤɜ-ɀŮŰŬɚɚɞɡɟɔɩɜ Űɞɡ Ⱥ.ɀ.Ʉ., ˊɞɡ ɛŮ 

ŮɛˊɘůŰŮɨɗɖəŮ, ɛɞɡ ŬɜɏɗŮůŮ  əŬɘ ɛŮ əŬɗɞŭɐɔɖůŮ ůŰɞ ˊŬɟɩɜ ŰŮɢɜɘəɧ ɗɏɛŬ. Ⱥˊɑůɖɠ ɛɞɡ 

ˊɟɞůɏűŮɟŮ ŰŮɢɜɘəɏɠ ɔɜɩůŮɘɠ əŬɘ ůɖɛŬɜŰɘəɐ ɓɞɐɗŮɘŬ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɞɡ 

ɗɏɛŬŰɞɠ. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ŮŰŬɘɟŮɑŬ ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ. 

ɔɘŬ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ɆŰŬɗɛɞɨ çȷɔɑŬ ȸŬɟɓɎɟŬè ˊɞɡ ɛɞɡ ŮɛˊɘůŰŮɨɗɖəŮ əŬɘ ˊŬɟŬɢɩɟɖůŮ 

ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ɛŮŰŬˊŰɡɢɘŬəɐɠ ŭɘŬŰɟɘɓɐɠ.   
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ɄȺɅȽȿȼɊȼ 
ȼ ůɡɜŮɢɐɠ Ŭɨɝɖůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ ůŰŬ ɛŮɔɎɚŬ ŬůŰɘəɎ əɏɜŰɟŬ ɏɢŮɘ ůŬɜ 

ŬˊɞŰɏɚŮůɛŬ Űɘɠ ŬɡɝŬɜɧɛŮɜŮɠ ŬˊŬɘŰɐůŮɘɠ ɤɠ ˊɟɞɠ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ ˊɞɚɘŰɩɜ Ŭˊɧ Űɖɜ 

ɛɑŬ ˊŮɟɘɞɢɐ ůŰɖɜ Ɏɚɚɖ ŮɜŰɧɠ ŬůŰɘəɞɨ ɘůŰɞɨ, ɔɟɐɔɞɟŬ əŬɘ ɛŮ ŬůűɎɚŮɘŬ. ɇɞ ŭɑəŰɡɞ Űɞɡ 

ɀŮŰɟɧ Űɤɜ ȷɗɖɜɩɜ ŭɟŬůŰɖɟɘɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ ŭŮəŬŮŰɑŬ Űɞɡ 90 ůŰɞɜ ŬůŰɘəɧ ɘůŰɧ Űɞɡ 

ɚŮəŬɜɞˊŮŭɑɞɡ Űɖɠ ȷŰŰɘəɐɠ əŬɘ ɖ ɨˊŬɟɝɖ Űɞɡ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŮŰŬűɏɟŮɘ Űɞɡɠ 

ˊɞɚɑŰŮɠ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ ŬŮɟɞŭɟɞɛɑɞɡ ɏɤɠ Űɞ ɚɘɛɎɜɘ Űɞɡ ɄŮɘɟŬɘɎ ůŮ ɚɘɔɧŰŮɟɞ Ŭˊɧ 

ɛɑŬ ɩɟŬ. ȾɎɗŮ ŮˊɏəŰŬůɖ Űɤɜ əɨɟɘɤɜ Ŭɝɧɜɤɜ ɏɟɢŮŰŬɘ ɜŬ ůɡɛɓɎɚŮɘ ɗŮŰɘəɎ ůŰɖɜ 

əŬɗɖɛŮɟɘɜɧŰɖŰŬ Űɤɜ ˊɞɚɘŰɩɜ əŬɘ ɜŬ ɓŮɚŰɘɩůŮɘ Űɘɠ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ əɡəɚɞűɞɟɘŬəɏɠ 

ŬɜɤɛŬɚɑŮɠ ůŰɞ ɞŭɘəɧ ŭɑəŰɡɞ Űɖɠ ˊɧɚɖɠ. 

 ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰŮɨŮŰŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ Űɞɡ ůŰŬɗɛɞɨ ɀŮŰɟɧ ȷɔɑŬ ȸŬɟɓɎɟŬ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ˊŬɟŬɛŮŰɟɘəɏɠ 

ŬɜŬɚɨůŮɘɠ ˊɞɡ ůəɞˊɧ ɏɢɞɡɜ Űɖɜ ɛŮɚɏŰɖ əŬɘ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ 

ŮŭŬűɘəɞɨ ůɢɖɛŬŰɘůɛɞɨ ɛŮ ŭɘɎűɞɟŮɠ ˊŬɟŬɚɚŬɔɏɠ ůŰɞ ůɨůŰɖɛŬ ŬɜŰɘůŰɐɟɘɝɖɠ Űɞɡ 

ůŰŬɗɛɞɨ. ȹŮɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ŮəůəŬűɐɠ. ȷɜŰɘɗɏŰɤɠ 

Ŭˊɧ Űɘɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ ŬɜŰɚɞɨɜŰŬɘ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɖɜ ɛŮɚɏŰɖ ɔɟŬűŮɑɞɡ əŬɘ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɘůɞŭɨɜŬɛŬ ɘŭŮŬŰɎ ɛɞɜŰɏɚŬ. ɆŰɞ Űɏɚɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

Ŭɝɘɞɚɧɔɖůɖ, ŮɝɎɢɗɖəŬɜ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ ůɡɔəɟɑɗɖəŬɜ ŰŬ ŭɘůŭɘɎůŰŬŰŬ ɘŭŮŬŰɎ 

ɛɞɜŰɏɚŬ ɧˊɤɠ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŬɜŬɚɨůŮɘɠ. ɇɞ ɚɞɔɘůɛɘəɧ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ Űɞ PLAXIS V8. ȳɚŬ ŰŬ 

ŬˊŬɟŬɑŰɖŰŬ ŭŮŭɞɛɏɜŬ əŬɘ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ Űɞɡ ɆŰŬɗɛɞɨ, ŮɚɐűɗɖůŬɜ Ŭˊɧ ŰŬ Űɖɜ ˊɟɞɛŮɚɏŰɖ ˊɞɡ ŮəˊɞɜɐɗɖəŮ Ŭˊɧ Űɖɜ 

ȷŰŰɘəɧ ɀŮŰɟɧ ȷ.Ⱥ.  

 ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟŬɛŮŰɟɘəɐɠ ŬɜɎɚɡůɖɠ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ŬɜŬŭɘɎŰŬɝɖ 

Űɤɜ Űɞɑɢɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ, Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ Ŭɔəɨɟɤɜ ɛŮ ŬɜŰɖɟɑŭŮɠ əŬɘ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɛɘəɟɞɨ ŬɜŬɢɩɛŬŰɞɠ ůŰɖ ɓɎůɖ Űɤɜ Űɞɑɢɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ. ȷˊɧ Űɘɠ 

ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ, ˊɟɞɏəɡɣŬɜ ŭɘŬɔɟɎɛɛŬŰŬ ɞɚɘəɩɜ, ɞɟɘɕɧɜŰɘɤɜ əŬɘ 

əŬŰŬəɧɟɡűɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ əŬɗɩɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ Ŭɝɞɜɘəɩɜ əŬɘ ŭɘŬŰɛɖŰɘəɩɜ 

ŭɡɜɎɛŮɤɜ əŬɘ ɟɞˊɩɜ əɎɛɣɖɠ Űɤɜ Űɞɑɢɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ. ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ 

ˊŬɟŬŰɖɟɐɗɖəŮ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬůűŬɚŮɑŬɠ, ɧˊɤɠ ˊɟɞɏəɡɣŮ 

ɝŮɢɤɟɘůŰɎ ɔɘŬ əɎɗŮ ŬɟɘɗɛɖŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ. 
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1. Introduction  

The geological background of the 

Attica basin consists of a number of 

geological formations, which form the 

Athenian Schist. The Athenian Schist 

ABSTRACT 
The present study deals with the behavior of the support system of the 

Agia Varvara Metro station. Parametric analyzes were performed to 

study the behavior and behavior of the soil formation with various 

variants in the station support system. No assessment of the actual 

excavation was made. On the contrary, from the analyzes that emerged, 

data are drawn from the geotechnical study as well as from the ground-

support system behavior and equivalent ideal models are constructed. In 

the end, an evaluation was performed, conclusions were drawn and the 

two-dimensional ideal models were compared as they emerged from the 

individual analyzes. The software used to solve the task was PLAXIS V8. 

All the necessary data and the specifications for the modeling of the 

support system of the Station, were obtained from the preliminary design 

data prepared by Attiko Metro SA. The object of the parametric analysis 

focuses on the rearrangement of the retaining walls, the replacement of 

the anchors with struts and the creation of a small embankment at the 

base of the retaining walls. From the analyzes performed, diagrams of 

total, horizontal and vertical displacements as well as diagrams of axial 

and shear forces and bending moments of the retaining walls emerged. 

Particular interest was observed in the calculation of the safety factor, as 

it emerged separately for each numerical simulation. 

 

 

consists of a series of different lithological formations, which are 

dominated by the schist-sandstone and limestone phase (ɀŬɟɑɜɞɠ, 1981). 

The lithological phases of the formation are the clayey, sandstone or 

sandstone-clay schist, sandstone-to-genuine calcareous schist and clays, 

marl or calcareous sandstones, sandstone or 
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limestone, cobblestone and limestone, sandstone and 

calcareous sandstone. They are spread in the space 

either horizontally or vertical (ɀŬɟɑɜɞɠ, 1981). In 

terms of its tectonic characteristics, the Athenian 

Schist consists of tectonic zones due to large shear 

stress. This results in loosening of the slate rock mass 

along the shear zones. The shear zones allow the 

penetration of groundwater, which has as a 

consequence the disintegration and degradation of the 

mechanical characteristics of the rock mass of the 

Athenian Schist (ȾŬɕɑɚɖ, 1981).  

Figure 1: Geotectonic units of the Athens basin. Maps of the 
western and central Basin respectively, where the occurrences of 

the upper formations are observed (PAPANIKOLAOU et al., 
2004). 

For the excavation of the Metro stations, three 

excavation methods are applied. For the selection of 

each excavation method, the geotechnical conditions 

of the formations of the material to be excavated are 

taken into account. The excavation methods are Cut 

and Cover, Cover and Cut and New Austrian 

Tunneling Methods (N.A.T.M.). In practice, the first 

two are applied either separately or in combination 

with the third method. Agia Varvara Station has been 

constructed using the Cut and Cover method. The 

excavation was carried out from top to bottom, and 

mechanical means were used (excavation, loaders, 

trucks, etc.). ground surface constructions. 

 

Figure 2: Excavation and lateral support process of the cut and 
cover method. The figure describes the support using struts 

(railsystem.net). 

2. Design parameters and support 

 

The Agia Varvara station is to be constructed in an 

area which in terms of its geotechnical behavior 

consists of formations of Lake Margaic Sediments 

which consist of the geotechnical formations of 

calcareous clays and siltstones (OBERMEYER 

PLANEN + BERATEN GmbH, 2013). In the current 

study, parametric analyzes of the design section 1-1 

will be performed. The geotechnical section (figure 3) 

from top to bottom consists of artificial embankments 

1.75m thick. Then follow the alluvial deposits 1.45m 

thick. Up to a depth of 3.20m the mechanical 

properties of the soil are low, mainly loose materials 

with a low cohesive value of about 10kPa and 20kPa. 

The aquifer is located at 2.34m above the ground. As 

the excavation depth increases, the formations show 

high mechanical properties and are found as 

calcareous limestones and clays with layers and 

alternations of margaric limestones to a depth of 11.70 
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m. Finally, the formation that follows from the depth 

of 11.70m and down is the calcareous siltstones and 

clay blocks (OBERMEYER PLANEN + BERATEN 

GmbH, 2013). 

 

Figure 3: Geotechnical design section in the area of the Station 
Section 1-1 (OBERMEYER PLANEN + BERATEN GmbH, 2013). 

The temporary support of the station starts with the 

excavation, reinforcement and concreting of 0.80m 

diameter and C20 / 25 quality concrete piles, which 

are arranged at a distance of 2.00 m from each other, 

and have a headband at the top. The vertical 

structural elements cover the entire perimeter of the 

trench. In order to take the horizontal loads in 

parallel with the excavation process in phases, 

prestressed anchorages and metal supports are 

installed, up to the appropriate excavation depth. The 

prestressed anchors consist of 3, 4, 5 or 6 clones 

(clone diameter 0.6 '') and the anchoring in their 

fixed part is carried out using unreinforced cement 

grout quality C16 / 20. The construction material of 

the anchors is quality steel 1700/1900 with leakage 

limit 238kN. With the evolution of the excavation in 

phases in each phase on the front that is created 

laterally, between the vertical piles reinforcement is 

carried out with reinforced spraying concrete quality 

C20 / 25 thickness 0.10m. In addition, to relieve the 

hydrostatic pressures, drainage holes are drilled on 

the slopes of the excavation (OBERMEYER 

PLANEN + BERATEN GmbH, 2013). 

3. Parametric analysis data 

 

The simulation process will be performed with the 

Plaxis 2D V8 finite element software. All support 

components are imported to simulate the parametric 

analyzes in the Plaxis 2D V8 software. The supporting 

elements that are simulated are the piles, the 

prestressed anchors and the metal struts. It is 

considered a Youngôs modulus Ⱥb = 25GPa. For the 

support elements mentioned above, the calculation of 

the "EA" axial stiffness and the "EI" flexural stiffness 

is required. 

¶ For the piles: 

ῴὃ  Ὁᶻ
ᶻ
  Ὧὔ                                              (3. 1) 

ȷb = ( *́D 2)/4  mm2  (pile area)                                        (3. 2) 

The input of the data in the Plaxis software of the 

inconvenience values are reduced per meter of length 

so they are divided by the axial distance of the stakes 

which is determined around 2.00m. 

ῴὃ    
ᶻ
ᶻ

   ὯὔȾά                                             (3. 3) 

ῴὍ Ὁᶻ
ᶻ
 Ὧὔzά                                       (3. 4) 

I = ( *́D 4)/64 m4  (The moment of inertia of the pile)                                                       
(3. 5)  

The input of the data in the Plaxis software of the 

flexural stiffness values are reduced per meter of 

length so they are divided by the axial distance of the 

piles which is determined around 2.00m. The retaining 

wall includes an intermediate wall 0.06m thick. So the 

final equations of magnitude are defined as follows: 

Axial stiffness 

ῴ΅  ῴᶻ
ᶻ
 Ὧὔάϳ                                       (3. 6) 

X: the axial distance between the piles 

D: the diameter of the piles 

W: the thickness of the partition wall 

Eb: the Youngôs modulus of concrete 
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From equations (3.3) and (3.6) resulting: 

Ὁὃ  Ὁὃ Ὁὃ ὯὔȾά                                      (3. 7) 

Flexural stiffness 

ῴΌ ῴᶻ
ᶻ
  Ὧὔzά                                         (3. 8) 

X: the axial distance between the piles 

D: the diameter of the piles 

W: the thickness of the partition wall 

Eb: the Youngôs modulus of concrete 

 

From equations (3.4) and (3.8) resulting: 

 

ὉὍ  ὉὍᴂ ὉὍ Ὧὔzά                             (3. 9) 

In addition, the weight of the retaining wall per 

current meter is determined with equivalent slab 

thickness d = 0.648m, and specific weight of 

concrete ɔ = 24kN / m3. 

 ὡ ‎z Ὠ  Ὧὔάϳ                                                    (3. 10) 

The Poisson ratio is 0,15. 

¶ For the prestressed anchors: 

 

Figure 4: Components of a ground anchor (P.J. SABATINI , 1999) 

The prestressed anchors used to solve the analysis 

are 3rd, 4th and 5th clone. The steel of the 

prestressed anchors is of quality S1700 / 1900 and 

Youngôs modulus Ⱥs = 210GPa. The diameter of 

each strand (cable) is 0.6 "(1,524 cm). 

΅
ᶻ
 ὧά    (clone area)                            (3. 11) 

For the anchor bond length: 

  ̈́ σz ὃ ὧά    (area for anchor, 3rd clone) (3. 12) 

  ̈́ τz ὃ ὧά   (area for anchor, 4th  clone) (3. 13) 

΅ υz ὃ ὧά   (area for anchor, 5th  clone) (3. 14) 

 

Axial stiffness for the anchor bond length: 

ῴ΅ Ὁ ὃz   Ὧὔ   (for 3rd clone)                 (3. 15) 

ῴ΅ Ὁ ὃz   Ὧὔ   (for 4th clone)                    (3. 16) 

ῴ΅ Ὁ ὃz   Ὧὔ     (for 5th clone)                  (3. 17) 

 

For the unbonded length: 

΅
ᶻ

ὃ  ὧά   (area for anchor, 3rd clone)(3. 18) 

΅
ᶻ

ὃ  ὧά    (area for anchor, 4th  clone)(3. 19) 

΅
ᶻ

ὃ ὧά    (area for anchor, 5th  clone)(3. 20) 

d: anchor diameter (figure 4) (d=10cm) 

 

Axial stiffness: 

ῴ΅ Ὁ ὃz  Ὁὃ  Ὧὔ                       (3. 21) 

ῴ΅ Ὁ ὃz  Ὁὃ  Ὧὔ                       (3. 22) 

ῴ΅ Ὁ ὃz  Ὁὃ  Ὧὔ                           (3. 23) 

Eb: The Youngôs modulus of the anchoring bulb cement 

mortar (Ⱥb = 15GPa) 

¶ For the metal struts 

Axial stiffness 

ῴ΅  ῴ ὃz  Ὧὔ                                                  (3. 24) 

΅ “z Ὀ Ὠ  ά                                                        (3. 25) 

Ⱥs = 210GPa Youngôs modulus of steel 

D: Outer diameter of the metal strut 

d: Inner diameter of metal strut 
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The placement distance of the struts (horizontal distance) 

was set at 4.5m (Lspacing). 

4. Results of design parametric analysis 

 

The parametric design analysis is called the initial 

analysis, ie the analysis of the current condition of 

the Metro station. An analysis of the numerical 

model (east and west supports) was performed, and 

diagrams of movement, axial and shear forces, 

bending moments were obtained. 

Figure 5: Total displacements of the numerical simulation of 
the eastern support system 

Figure 6: Evolution of the total displacements of the 
observation points of the eastern support system. 

Figure 7: Distribution of axial forces on the retaining wall of 
the eastern support system. 

 

 

Figure 8: Distribution of bending moments in the retaining wall 
of the eastern support system. 

 

 

Figure 9: Total displacements of the numerical simulation of 
the western support system 

 

Figure 10: Evolution of the total displacements of the 
observation points of the western support system. 
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Figure 11: Axial force distribution on the first retaining wall of 
the western support system. 

 

 

Figure 12: Distribution of shear forces in the first retaining wall 
of the western support system. 

 

 

Figure 13: Distribution of bending moments in the first 
retaining wall of the western support system. 

 

 

 

 

Figure 14: Axial force distribution on the second retaining wall 
of the western support system. 

 

 

Figure 15: Distribution of shear forces in the second retaining 
wall of the western support system. 

 

 

Figure 16: Distribution of bending moments in the second 
retaining wall of the western support system. 
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5. Results of parametric analysis type A, B, C 

To investigate the behaviour of the support system of 

the open type excavation (cut and cover) of Agia 

Varvara station, a solution of Section 1-1 was 

performed, from which technical conclusions 

emerged. In order to study in detail the soil-

construction behavior, three different types of 

parametric analyzes were selected. The analyzes aim 

at the study of the movements that the surface 

structures undergo with the progress of the 

excavation, but also the study of the development of 

soil pressures and bending moments that are exerted 

on the shell of the support system. 

Type A parametric analyze 

To perform the parametric analysis A, the solution of 

the eastern support system, 80cm diameter well pile 

was used, which is simulated in the software as a 

slab, and C20 / 25 quality concrete is used as the 

construction material. Additional structural elements 

were used metal struts with a modulus young of 

construction material of 210GPa. The metal struts 

were developed in two rows with a horizontal 

distance of 4.5m between them. Finally, three rows 

of prestressed anchors were used.

 
Figure 17: Numerical simulation of total displacements for the 
parametric analysis of type A. Simulation of eastern support 

system. 

Figure 18: Total displacements for the eastern support system (type A). 

 

Figure 19: Numerical simulation of total displacements for the 
parametric analysis of type A. Simulation of western support 

system. 

 

Figure 20: Total displacements for the western support system 
(type A). 

Type B parametric analyze 

Type B parametric analyzes aim at the soil-

construction interaction behavior, with the variant of 

increasing the width of the excavation by two meters 

relative to the outer side of the excavation.  

 

Figure 21: Numerical simulation of total displacements for the 
parametric analysis of type B. Simulation of eastern support 

system. 
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Specifically, the retaining wall will be changed in the 

eastern section by two meters to the left, while in the 

western section of the station, only the first retaining 

wall will be changed by two meters to the right. All 

other supporting components will remain the same 

as in the original analyzes. 

 

Figure 22: Total displacements for the eastern support system 
(type ɰ). 

 

Figure 23: Numerical simulation of total displacements for the 
parametric analysis of type B. Simulation of western support 

system. 

 

Figure 24: Total displacements for the western support system 
(type B). 

 

Type C parametric analyze 

Type C parametric analyzes aim at constructing an 

embankment at the base of the excavation bottom, 

right and left of the retaining walls. The location and 

slope of the embankment is selected based on the 

specifications of a circular tunnel with a diameter 

(outer diameter) of 9.50 m, which corresponds to the 

standard cross section of a metro tunnel, for the 

passage of trains in a two-way track. 

 

Figure 25:Numerical simulation of total displacements for the 
parametric analysis of type C. Simulation of eastern support 

system. 

 

Figure 26: Total displacements for the eastern support system 
(type C). 
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Figure 27: Numerical simulation of total displacements for the 
parametric analysis of type C. Simulation of western support 

system. 

 

Figure 28:Total displacements for the western support system 
(type C). 

6. Safety factor 

 

The calculation of the safety factor in the Plaxis V8 

2D program is performed by reducing the terms of 

shear strength, coherence and friction angle. For the 

calculation of the safety factor in each numerical 

simulation a separate calculation is performed, the 

first is done in the middle of the excavation, ie when 

the excavation is in the third phase, while the second 

calculation is performed during the final stage of the 

excavation, at the completion of the project. It is 

calculated as follows: 

ὛὥὪὩὸώ Ὂὥὧὸέὶ 
 

  
                (6. 1) 

ὛὥὪὩὸώ Ὂὥὧὸέὶ                                    (6. 2) 

The parameters c and ű are the initial design values, 

while the values cr and űr, express the reduced values. 

The final mathematical relation for calculating the 

safety factor is determined as follows: 

ὛὥὪὩὸώ Ὂὥὧὸέὶ                                     (6. 3) 

The following is a summary table for calculating the 

safety factor per numerical simulation model: 

 Eastern system Western  system 

Type of analysis 
Excavation 

phase 3 

Final 

excavation 

Excavation 

phase 3 

Final 

excavation 

First Analysis 3,246 2,378 0,865 2,480 
Analysis A 3,250 3,212 0,141 3,124 
Analysis B 3,320 2,325 4,138 2,518 
Analysis C 3,240 2,463 1,036 2,616 

 

Table  1: Determination of safety factors by type of analysis. 

 

Chart 1: Evaluation of the safety factor in the final phase of the 
excavation of the various types of analysis, the eastern support 

system. 

 

 

Chart 2:Evaluation of the safety factor in the final phase of the 
excavation of the various types of analysis, the western 

support system. 
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7. Conclusions 

 

In order to study the ground-support interaction of 

Agia Varvara station, three types of parametric 

analysis were solved, from which numerical 

simulation models emerged. The numerical 

simulation models as well as the accompanying 

diagrams of the numerical models were evaluated 

and conclusions were drawn about the behaviour of 

the excavation according to the transformations that 

occurred in the support system. In addition, 

observation points were defined in the resulting 

diagrams for a more detailed evaluation of the 

results. Finally, the safety factor was calculated per 

type of solution. In each excavation section (support 

system) two values of the safety factor were 

determined. The calculation is focused during the 

intermediate phase of the project, while the second 

calculation is set during the final phase of the work, 

with the completion of the excavation and support. 

 

The calculations revealed differences in the studied 

magnitudes, such as movements, axial forces 

(ground thrusts), bending moments, etc. 

Cumulatively from the data so far and from the three 

types of analysis, the example with the use of struts 

seems to show the best behaviour in terms of the 

development of movements and the behaviour of the 

ground on the support system, compared to the other 

types of solution. Regarding the calculation of the 

safety factor, the example of solving with the 

application of metal struts, showed better stability 

with the safety factor being set at 3,212 for the 

eastern system and 3,124 for the western system. 

 

The results obtained from the analysis are not 

intended to judge the design of the station but aim at 

understanding the behaviour of the support measures 

by parametrically changing their geometry. 
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ȾȺūȷȿȷȽɃ 1: ȼ ȺɄȺȾɇȷɆȼ ɇȼɆ ũɅȷɀɀȼɆ 3 ȾȷȽ Ƀ ɆɇȷŪɀɃɆ 

ɇȼɆ ȷũȽȷɆ ȸȷɅȸȷɅȷɆ 
 

1.1 ȼ ȷŰŰɘəɧ ɀŮŰɟɧ ȷ.Ⱥ. 

ȼ ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ. ŬˊɞŰŮɚŮɑ ɛɘŬ ůɨɔɢɟɞɜɖ ŮŰŬɘɟŮɑŬ ŭɖɛɞůɑɞɡ ůɡɛűɏɟɞɜŰɞɠ 

əŬɘ ŬůɢɞɚŮɑŰŬɘ Ůɝ ɞɚɞəɚɐɟɞɡ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ŭɘəŰɨɞɡ Űɞɡ ɀŮŰɟɧ Űɖɠ ȷɗɐɜŬɠ. ɆŰɖɜ 

ůɖɛŮɟɘɜɐ Ůˊɞɢɐ Űɞ ɀŮŰɟɧ Űɖɠ ȷɗɐɜŬɠ  ŭɘŮɡəɞɚɨɜŮɘ əŬɗɖɛŮɟɘɜɎ 938.000 ŮˊɘɓɎŰŮɠ 

(ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.) ɞɘ ɞˊɞɑɞɘ ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɖɜ ɛɑŬ Ɏəɟɖ Űɖɠ ȷŰŰɘəɐɠ ůŰɖɜ Ɏɚɚɖ 

ɛɏůɤ Űɤɜ ŭɨɞ ɓŬůɘəɩɜ ɔɟŬɛɛɩɜ Űɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ɀŮŰɟɧ Űɖɠ ȷɗɐɜŬɠ 

ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ŭɨɞ ůɡɔəɞɘɜɤɜɘŬəɞɨɠ ɎɝɞɜŮɠ Űɖɜ ũɟŬɛɛɐ 2 (ȷɜɗɞɨˊɞɚɖ-Ⱥɚɚɖɜɘəɧ), 

əŬɘ Űɖɜ ũɟŬɛɛɐ 3 (ȷɔɑŬ ɀŬɟɑɜŬ-ȹɞɡəɑůůɖɠ ɄɚŬəŮɜŰɘŬɠ ). ɇɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɤɜ ŭɡɞ 

ɔɟŬɛɛɩɜ ɡˊɞɚɞɔɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰŬ 59,7 km (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.)Ůɜɩ Űɞ ůɡɜɞɚɘəɧ ˊɚɐɗɞɠ 

Űɤɜ ůɨɔɢɟɞɜɤɜ ůŰŬɗɛɩɜ Űɞɡ ŮɑɜŬɘ ˊŮɟɑ Űɞɡɠ 40. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɞ ŭɑəŰɡɞ Űɤɜ 

ůŰŬɗɛɩɜ Űɞɡ ɀŮŰɟɧ ŮɜŰɎůůɞɜŰŬɘ əŬɘ ɞɘ ŰɏůůŮɟɘɠ ůŰŬɗɛɞɑ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ Űɖɜ ɔɟŬɛɛɐ 

ȹɞɡəɑůůɖɠ ɄɚŬəŮɜŰɑŬɠ-ȷŮɟɞŭɟɧɛɘɞ ɛŮ ůɡɜɞɚɘəɧ ɛɐəɞɠ ŬɜɎˊŰɡɝɖɠ ŰŬ 20,7 km 

(ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.), ɖ ɞˊɞɑŬ ŮɝɡˊɖɟŮŰŮɑŰŬɘ əŬɘ Ŭˊɧ Űɞɜ ɄɟɞŬůŰɘŬəɧ ůɘŭɖɟɧŭɟɞɛɞ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Űɞ ɧűŮɚɞɠ ˊɞɡ ŮˊɘűɏɟŮɘ ůŰɖɜ ˊɧɚɖ Űɤɜ ȷɗɖɜɩɜ Űɞ ɏɟɔɞ Űɞɡ 

ɀŮŰɟɧ ŮɑɜŬɘ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ əɑɜɖůɖɠ Űɤɜ ɞɢɖɛɎŰɤɜ ůŰɞ ɞŭɘəɧ ŭɑəŰɡɞ Űɖɠ ˊɧɚɖɠ, 

ɛŮ Űɖɜ ɛŮɑɤůɖ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ Űɤɜ Ƚ.ɉ. əŬŰɎ 250.000 ˊŮɟɑˊɞɡ ɖɛŮɟɖůɑɤɠ 

(ȾɃɈȾɃɈɇȷɆ, 2001, ȺɄɋɁɈɀɋɆ, çȺɜɖɛŮɟɤŰɘəɧ ȹŮɚŰɑɞè ɇ.Ⱥ.Ⱥ., 2156, ů. 129). ɇɞ ŮˊɑŰŮɡɔɛŬ ŬɡŰɧ ŮɑɜŬɘ 

ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ŭɘɧŰɘ ˊŮɟɘɞɟɑɕŮŰŬɘ ɖ ŬŰɛɞůűŬɘɟɘəɐ ɟɨˊŬɜůɖ, Ůɜɩ ɓŮɚŰɘɩɜŮŰŬɘ 

ůɖɛŬɜŰɘəɎ ɖ ˊɞɘɧŰɖŰŬ ɕɤɐɠ Űɤɜ ˊɞɚɘŰɩɜ. (ȾɃɈȾɃɈɇȷɆ, 2001, ȺɄɋɁɈɀɋɆ, çȺɜɖɛŮɟɤŰɘəɧ 

ȹŮɚŰɑɞè ɇ.Ⱥ.Ⱥ., 2156, ů. 129).  ȼ ŰŮɢɜɘəɐ Ůɝɏɚɘɝɖ Űɖɠ ŮŰŬɘɟŮɑŬɠ ŭŮɜ ŮɑɜŬɘ ůŰɎůɘɛɖ əŬɗɩɠ Űɞɜ 

ɀɎɟŰɘɞ Űɞɡ 2012 ɡˊɞɔɟɎűɖəŮ ɖ ůɨɛɓŬůɖ ɛŮ Űɞɜ ŬɜɎŭɞɢɞ ɔɘŬ Űɖɜ ŮˊɏəŰŬůɖ Űɖɠ 

ũɟŬɛɛɐɠ 3 Ŭˊɧ Űɖɜ ȷɔɑŬ ɀŬɟɑɜŬ ˊɟɞɠ Űɞɜ ɄŮɘɟŬɘɎ. ȼ ɢɎɟŬɝɖ Űɖɠ ɜɏŬɠ ũɟŬɛɛɐɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰŬ 7,6 km (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.) əŬɘ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ əŬŰŬůəŮɡɐ 6 

ɜɏɤɜ ůŰŬɗɛɩɜ ɛŮ ŰŮɟɛŬŰɘəɧ ůŰŬɗɛɧ ůŰɞ ȹɖɛɞŰɘəɧ ɗɏŬŰɟɞ Űɞɡ ɄŮɘɟŬɘɎ. ȼ ŮˊɏəŰŬůɖ 

ˊɟɞɠ ɄŮɘɟŬɘɎ ůŰɖɜ űɎůɖ Űɖɠ ɞɚɞəɚɐɟɤůɐɠ Űɖɠ ɗŬ ɛˊɞɟŮɑ ɜŬ ŮɝɡˊɖɟŮŰŮɑ ŮˊɘɓɎŰŮɠ Ŭˊɧ 

əŬɘ ˊɟɞɠ Űɞ ȷŮɟɞŭɟɧɛɘɞ ɛŮ ŰŬɢɨŰɖŰŬ əŬɘ ŬůűɎɚŮɘŬ (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.). 

ȺəŰɧɠ Ŭˊɧ Űɞ ŭɑəŰɡɞ Űɞɡ ɡˊɧɔŮɘɞɡ ůɘŭɖɟɧŭɟɞɛɞɡ Űɖɠ ȷɗɐɜŬɠ, ɖ ȷɇɇȽȾɃ ɀȺɇɅɃ 

ȷ.Ⱥ. ɏɢŮɘ ˊɟɞɢɤɟɐůŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɡˊɧɔŮɘɞɡ ůɘŭɖɟɧŭɟɞɛɞɡ Űɖɠ ˊɧɚɖɠ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ, ɛŮ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ŭɘəŰɨɞɡ Űɞɡ ɀŮŰɟɧ. ɇɞ ɏɟɔɞ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ əŮɜŰɟɘəɐ ũɟŬɛɛɐ ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ 9,6 km (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.) əŬɘ 
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ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 16 ůɨɔɢɟɞɜɞɡɠ ɆŰŬɗɛɞɨɠ. ȷˊɧ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ɏɟɔɞɡ əŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ 

ɞɘ ŮɟɔŬůɑŮɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɏɟɔɞɡ ŮɑɜŬɘ ůŮ ˊɟɞɢɤɟɖɛɏɜɞ ůŰɎŭɘɞ əŬɗɩɠ ɞɘ ŭɨɞ ɛɖɢŬɜɏɠ 

ɞɚɞɛɏŰɤˊɖɠ əɞˊɐɠ əŬŰŬůəŮɡɎɕɞɡɜ ŭɨɞ ˊŬɟɎɚɚɖɚŮɠ ůɐɟŬɔɔŮɠ ŭɘˊɚɐɠ ŰɟɞɢɘɎɠ ůŮ ɓɎɗɖ 

ˊɞɡ Ŭɔɔɑɕɞɡɜ ŰŬ 16 ɏɤɠ əŬɘ 31 m (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.). ȼ əŬŰŬůəŮɡɐ Űɞɡ ɀŮŰɟɧ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ ŬɝɘɞɚɞɔŮɑŰŬɘ ˊɤɠ ɗŬ ŮɑɜŬɘ ŰŮɢɜɘəɎ ŬɜɩŰŮɟɞ Ŭˊɧ ŮəŮɑɜɞ Űɤɜ ȷɗɖɜɩɜ.  

ɀɏůŬ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɡˊɧɔŮɘɞɡ ůɘŭɖɟɞŭɟɞɛɘəɞɨ ŭɘəŰɨɞɡ Űɖɠ 

ŪŮůůŬɚɞɜɑəɖɠ, ɏɢŮɘ ŮɜŰŬɢɗŮɑ əŬɘ ɖ ŮˊɏəŰŬůɖ ˊɟɞɠ ȾŬɚŬɛŬɟɘɎ, ɖ ɞˊɞɑŬ ɗŬ ŬɜŬˊŰɨůůŮŰŬɘ 

ůŮ ɛɐəɞɠ ɢɎɟŬɝɖɠ  4,8km əŬɘ ˊɟɞɓɚŮˊŮŰŬɘ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ˊɏɜŰŮ ɜɏɞɘ ůŰŬɗɛɞɑ əŬɘ 

ɗŬ ŮɝɖˊɡɟŮŰɞɨɜ əŬɗɖɛŮɟɘɜɎ 65.000 ŮˊɘɓɎŰŮɠ (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.). ɄŬɟɎɚɚɖɚŬ ɛŮ Űɘɠ 

ŮɟɔŬůɑŮɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɏɟɔɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɛŮɚŮŰɖŰɘəɧ ůŰɎŭɘɞ ɖ ŮˊɏəŰŬůɖ ˊɟɞɠ 

ɆŰŬɡɟɞɨˊɞɚɖ. ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ɏɟɔɤɜ Űɞɡ ɀŮŰɟɧ Űɖɠ ŪŮůůŬɚɞɜɑəɖɠ ɗŬ 

ŬɚɚɎɝŮɘ Ůɝ ɞɚɞəɚɐɟɞɡ ɖ əŬɗɖɛŮɟɘɜɧŰɖŰŬ Űɤɜ ˊɞɚɘŰɩɜ Űɖɠ ůɡɛˊɟɞŰŮɨɞɡůŬɠ. 

 

1.2 ȼ ŮˊɏəŰŬůɖ Űɖɠ ũɟŬɛɛɐɠ 3 

ȾɎɗŮ ɢɟɧɜɞ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞɘ ůɡɛˊɞɚɑŰŮɠ ɛŬɠ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ əŬŰŬűɗɎɜɞɡɜ 

ůŰŬ ɛŮɔɎɚŬ ŬůŰɘəɎ əɏɜŰɟŬ ŮˊɘəŬɚɞɨɛŮɜɞɘ ɚɧɔɞɡɠ ŮɟɔŬůɑŬɠ. ȼ ȷɗɐɜŬ ůŰɞ ɛɏɚɚɞɜ ɗŬ 

ɛŮŰŬŰɟŬˊŮɑ ůŮ ɛɑŬ ˊɟɎůɘɜɖ ˊɧɚɖ ɛŮ ɏɜŰɞɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰɘɠ ɡˊɧɔŮɘŮɠ 

ůɡɔəɞɘɜɤɜɘŬəɏɠ ɛŮŰŬűɞɟɏɠ. ȼ ɜɏŬ ŮˊɏəŰŬůɖ Űɖɠ ũɟŬɛɛɐɠ 3 çȷɔɘɎ ɀŬɟɑɜŬ ï ȹɖɛɞŰɘəɧ 

ŪɏŬŰɟɞ ɄŮɘɟŬɘɎè, ɗŬ ŬˊɞŰŮɚɏůŮɘ Űɞɜ ɡˊɧɔŮɘɞ ůɘŭɖɟɞŭɟɞɛɘəɧ ɎɝɞɜŬ ˊɞɡ ɗŬ ŮɜɩůŮɘ Űɞɜ 

ȹɘŮɗɜɐ ȷŮɟɞɚɘɛɏɜŬ ȷɗɖɜɩɜ çȷŮɟɞŭɟɧɛɘɞ ȺɚŮɡɗɏɟɘɞɠ ȸŮɜɘɕɏɚɞɠè ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ɚɘɛɎɜɘ Űɖɠ ɢɩɟŬɠ Űɞ ȿɘɛɎɜɘ Űɞɡ ɄŮɘɟŬɘɎ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɖɠ ɢɎɟŬɝɖɠ Űɞɡ ɏɟɔɞɡ ɏɟɢŮŰŬɘ 

ɜŬ ŭɩůŮɘ ɚɨůɖ ůŰŬ ˊɟɞɓɚɐɛŬŰŬ ɔɘŬ Űɞɡɠ əŬŰɞɑəɞɡɠ Űɤɜ ˊŮɟɘɞɢɩɜ (ɁɑəŬɘŬɠ, 

ȾɞɟɡŭŬɚɚɧɠ, ȷɔɑŬ ȸŬɟɓɎɟŬ), ɞɘ ɞˊɞɑɞɘ ɔɘŬ ˊɞɚɚɎ ɢɟɧɜɘŬ ŬɜŰɘɛŮŰɩˊɘɕŬɜ əɡəɚɞűɞɟɘŬəɎ 

ˊɟɞɓɚɐɛŬŰŬ əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɏɜŰɞɜŬ űŬɘɜɧɛŮɜŬ ůɡɜɤůŰɘůɛɞɨ ůŰŬ ɀɏůŬ ɀŬɕɘəɐɠ 

ɀŮŰŬűɞɟɎɠ (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.). Ƀ ɡˊɧɔŮɘɞɠ ůɘŭɖɟɧŭɟɞɛɞɠ ˊɚŮɞɜŮəŰŮɑ əŬŰɎ ˊɞɚɨ ůŮ 

ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ɀɏůŬ ɀŬɕɘəɐɠ ɀŮŰŬűɞɟɎɠ ŭɘɧŰɘ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɡŰɧɜɞɛɞ ɛɏůɞ 

ɛŮŰŬűɞɟɎɠ ɔɘŬ Űɖɜ ůɡɔəɞɘɜɤɜɑŬ Űɖɠ ˊɟɤŰŮɨɞɡůŬɠ. ɇɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ ɢɎɟŬɝɖɠ Űɖɠ 

ůɐɟŬɔɔŬɠ ŬɜɏɟɢŮŰŬɘ ůŰŬ 7,6km əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɝɘ ɜɏɞɡɠ ůŰŬɗɛɞɨɠ (ȷɔɑŬ ȸŬɟɓɎɟŬ, 

ȾɞɟɡŭŬɚɚɧɠ, ɁɑəŬɘŬ, ɀŬɜɘɎŰɘəŬ, ɄŮɘɟŬɘɎɠ, ȹɖɛɞŰɘəɧ ŪɏŬŰɟɞ) ŮɝɡˊɖɟɏŰɖůɖɠ ˊɞɚɘŰɩɜ 

(ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.). ɆɨɛűɤɜŬ ɛŮ ŰŬ ɛɏɢɟɘ ůŰɘɔɛɐɠ ůŰɞɘɢŮɑŬ Űɖɠ ȷŰŰɘəɧ ɀŮŰɟɧ ȷ.Ⱥ. ɞɘ 

ˊɟɩŰɞɘ ŰɟŮɑɠ ɜɏɞɘ ůŰŬɗɛɞɑ Űɖɠ ɔɟŬɛɛɐɠ ɗŬ ŮɝɡˊɖɟŮŰɞɨɜ əŬɗɖɛŮɟɘɜɎ ˊɎɜɤ Ŭˊɧ 653.000 

ŮˊɘɓɎŰŮɠ ůŰɞ ůɡɔəɞɘɜɤɜɘŬəɧ ŭɑəŰɡɞ Űɞɡ ɀŮŰɟɧ (ȷɇɇȽȾɃ ɀȺɇɅɃ ȷ.Ⱥ.). ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ 

ɧŰɘ ɛŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɏɟɔɞɡ ɖ ˊŮɟɘɞɢɐ Űɞɡ ɄŮɘɟŬɘɎ, ɗŬ ŬɜŬɓŬɗɛɘůŰŮɑ ŬəɧɛŬ 
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ˊŮɟɘůůɧŰŮɟɞ ŭɘɧŰɘ ɗŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɛŮɔɎɚɞ ůɡɔəɞɘɜɤɜɘŬəɧ ɏɟɔɞ ˊɞɡ ɗŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ũɟŬɛɛɐ 1 Űɖɜ ũɟŬɛɛɐ 3 əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɘɠ ɔɟŬɛɛɏɠ Űɞɡ ɇɟɎɛ əŬɘ 

Űɞɡ ɄɟɞŬůŰɘŬəɞɨ ůɘŭɖɟɧŭɟɞɛɞɡ. ȼ ůˊɞɡŭŬɘɧŰɖŰŬ Űɤɜ ɡˊɧɔŮɘɤɜ ɏɟɔɤɜ əŬɘ əɡɟɑɤɠ Űɞɡ 

ůɡɜɞɚɘəɞɨ ŭɘəŰɨɞɡ Űɞɡ ɀŮŰɟɧ Űɖɠ ȷɗɐɜŬɠ ɗŬ űŬɜŮɑ ůŰŬŭɘŬəɎ ůŰɞ ɛɏɚɚɞɜ.  

 

 

 

 

 

 

 

 

 

 

 

ʅ˔ʺ˃ʰ мΦ 1Υ ʋʱˊˍʹˌ ˃ʶ ˍʹ˄ ˔ʱˊʰ˅ʹ ˍʹˌ ʶˉʷˁˍʰˋʹˌ ˍʹˌ ɱˊʰ˃˃ʺˌ оΦ 

ȼ ɢɎɟŬɝɖ Űɞɡ ɏɟɔɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɖɜ ɉ.Ū. 1+418,552 əŬɘ ɞɚɞəɚɖɟɩɜŮŰŬɘ ůŰɖɜ 

ɉ.Ū. 8+968,954. ȼ ůɐɟŬɔɔŬ Űɤɜ ůɡɜɞɚɘəɎ 7,6km ŭɘŬɘɟŮɑŰŬɘ ůŮ ŭɨɞ ŰɛɐɛŬŰŬ, Ůə Űɤɜ 

ɞˊɞɑɤɜ Űɞ ˊɟɩŰɞ ŰɛɐɛŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ˊɟɩŰŬ 6,5km ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ Űɤɜ ɞˊɞɑɤɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɀɖɢɎɜɖɛŬ ɃɚɞɛɏŰɤˊɖɠ əɞˊɐɠ TBM, Ůɜɩ Űɞ ɡˊɧɚɞɘˊɞ ŰɛɐɛŬ Űɖɠ 

ɢɎɟŬɝɖɠ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɡˊɞ-ŰɛɐɛŬŰŬ ɏɜŬ ůŰɖɜ Ŭɟɢɐ əŬɘ ɏɜŬ ůŰɞ Űɏɚɞɠ Űɖɠ 

ɢɎɟŬɝɖɠ ɡɚɞˊɞɘŮɑŰŬɘ ɛŮ ɡˊɧɔŮɘŬ ŮəůəŬűɐ. ɇŬ əɨɟɘŬ əŬŰŬůəŮɡŬůŰɘəɎ ɏɟɔŬ əŬŰɎ ɛɐəɞɠ 

Űɞɡ ɏɟɔɞɡ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮɟɔŬůɑŬ Űɤɜ (ɄŬˊŬɡɔɏɟɖ ȷ. ũŮɤɟɔɑŬ, 2012, ůů. 38-39) ŮɑɜŬɘ:  

- Ƀ ůŰŬɗɛɧɠ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ əŬŰŬůəŮɡɎůŰɖəŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŬɜɞɘəŰɞɨ 

ɞɟɨɔɛŬŰɞɠ. 

- Ƀ ůŰŬɗɛɧɠ ȾɞɟɡŭŬɚɚɧɠ əŬŰŬůəŮɡɎůŰɖəŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŬɜɞɘəŰɞɨ 

ɞɟɨɔɛŬŰɞɠ. 

- Ƀ ůŰŬɗɛɧɠ ɁɑəŬɘŬ əŬŰŬůəŮɡɎůŰɖəŮ, Űɞ ɏɜŬ ŰɛɐɛŬ ɛŮ Űɖɜ ɛɏɗɞŭɞ ŬɜɞɘəŰɞɨ 

ɞɟɨɔɛŬŰɞɠ, əŬɘ Űɞ Ɏɚɚɞ ŰɛɐɛŬ ɛŮ ɡˊɧɔŮɘŬ ŮəůəŬűɐ Ɂ.ȷ.ɇ.ɀ. 

- Ƀ ůŰŬɗɛɧɠ ɀŬɜɘɎŰɘəŬ əŬŰŬůəŮɡɎůŰɖəŮ Ůɝô ɞɚɞəɚɐɟɞɡ ɛŮ ɡˊɧɔŮɘŬ 

ŮəůəŬűɐ. 
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- Ƀ ůŰŬɗɛɧɠ ɄŮɘɟŬɘɎ ɡɚɞˊɞɘɐɗɖəŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ cover and cut (ŮˊɘəɎɚɡɣɖ 

əŬɘ əɞˊɐ) ůŰɖɜ ɛɏɗɞŭɞ ŮəůəŬűɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ əŬŰŬəɧɟɡűŬ 

ˊŮŰɎůɛŬŰŬ ŭɘŬűɟŬɔɛŬŰɘəɞɑ Űɞɑɢɞɘ, ɚɧɔɤ ɨˊŬɟɝɖɠ ɏɜŰɞɜɞɡ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ. 

- Ƀ ůŰŬɗɛɧɠ ȹɖɛɞŰɘəɧ ŪɏŬŰɟɞ əŬŰŬůəŮɡɎɕŮŰŬɘ ɏɜŬ ŰɛɐɛŬ Űɞɡ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ əŬɘ Űɞ Ɏɚɚɞ ŰɛɐɛŬ Űɞɡ ɛŮ ɡˊɧɔŮɘŬ ŮəůəŬűɐ. 

- ȼ ůɐɟŬɔɔŬ ŭɘˊɚɐɠ ŰɟɞɢɘɎɠ ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ ůŰɞ űɟɏŬɟ Ůɘůɧŭɞɡ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ ɉŬɥŭŬɟɑɞɡ ɏɢŮɘ ɛɐəɞɠ 127m əŬɘ ŮəŰŮɑɜŮŰŬɘ ɏɤɠ Űɞ Űɏɚɞɠ Űɖɠ 

ůɐɟŬɔɔŬɠ Űɞɡ ŮˊɑůŰŬɗɛɞɡ ůŰɞ ůŰŬɗɛɧ Űɞɡ ɉŬɥŭŬɟɑɞɡ.  

- ȹɘɎɜɞɘɝɖ ɡˊɧɔŮɘŬɠ ůɐɟŬɔɔŬɠ ɛɐəɞɡɠ 6.505,522m ɛŮ ɢɟɐůɖ ɛɖɢŬɜɐɠ 

ɞɚɞɛɏŰɤˊɖɠ əɞˊɐɠ çɇȸɀè Ŭˊɧ Űɖɜ ɉ.Ū. 1+582,74 ɏɤɠ Űɖ ɉ.Ū. 8+748,262 

- ȹɘɎɜɞɘɝɖ ůɐɟŬɔɔŬɠ ɛɐəɞɡɠ 220,70m ɖ ɞˊɞɑŬ əŬŰŬůəŮɡɎɕŮŰŬɘ ɛŮ ɡˊɧɔŮɘŬ 

ŮəůəŬűɐ ɛŮŰŬɝɨ Űɤɜ ɉ.Ū. 8+748,262 əŬɘ ɉ.Ū. 8+968,954. 

Ⱥˊɘˊɚɏɞɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬŰŬəɧɟɡűŬ űɟɏŬŰŬ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɖɠ ɡˊɧɔŮɘŬɠ 

ůɐɟŬɔɔŬɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɞɡ ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ (ɄŬˊŬɡɔɏɟɖ ȷ. ũŮɤɟɔɑŬ, 2012, ůů. 38-39). ɇŬ 

əŬŰŬůəŮɡŬůŰɘəɎ ɏɟɔŬ ŰŬ ɞˊɞɑŬ ɡˊɞůŰɖɟɑɕɞɡɜ Űɞ ɡˊɧɔŮɘɞ ůɘŭɖɟɞŭɟɞɛɘəɧ ŭɑəŰɡɞ ŮɑɜŬɘ: 

- ūɟɏŬɟ Ⱥɘůɧŭɞɡ: ȾŬŰŬůəŮɡɎůŰɖəŮ ůŰɖɜ Ŭɟɢɐ Űɞɡ ɏɟɔɞɡ ɛŮ ůəɞˊɧ Űɖɜ Ůəəɑɜɖůɖ 

Űɞɡ ɇȸɀ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ɏɟɔɞɡ. ɇɞ űɟɏŬɟ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɏɟɔɞɡ 

ɗŬ ŮˊŬɜŮˊɘɢɤɗŮɑ. 

- ūɟɏŬɟ Ⱦɞɛɜɖɜɞɨ: ūɟɏŬɟ ŬŮɟɘůɛɞɨ, ŭɘŬɜɞɑɢɗɖəŮ ɛŮŰŬɝɨ Űɞɡ űɟɏŬŰɞɠ Ůɘůɧŭɞɡ 

əŬɘ ůŰŬɗɛɞɨ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ.  

- ūɟɏŬɟ ɀŮɔɎɚɞɡ ȷɚŮɝɎɜŭɟɞɡ: ūɟɏŬɟ ŬŮɟɘůɛɞɨ ŭɘŬɜɞɑɢɗɖəŮ ɛŮŰŬɝɨ Űɤɜ 

ůŰŬɗɛɩɜ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ əŬɘ ȾɞɟɡŭŬɚɚɞɨ. 

- ūɟɏŬɟ ɇŬɝɘŬɟɢɩɜ: ȷˊɞŰŮɚŮɑ űɟɏŬɟ ŬŮɟɘůɛɞɨ əŬɘ ɖɚŮəŰɟɞɛɖɢŬɜɞɚɞɔɘəɞɨ 

Ůɝɞˊɚɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ ï ȾɞɟɡŭŬɚɚɞɨ. 

- ūɟɏŬɟ ɄɘůɘŭɑŬɠ: ȸɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ ȾɞɟɡŭŬɚɚɞɨ əŬɘ ɁɑəŬɘŬɠ 

- ūɟɏŬɟ ȸɚŬɢɎəɞɡ: ȸɟɑůəŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ ɁɑəŬɘŬɠ əŬɘ ɀŬɜɘɎŰɘəŬ 

- ūɟɏŬɟ ɀŮɚɎ: ȷˊɞŰŮɚŮɑ űɟɏŬɟ ŬŮɟɘůɛɞɨ Űɞɡ ŰɛɐɛŬŰɞɠ ɀŬɜɘɎŰɘəŬ -ɄŮɘɟŬɘɎɠ 

- ūɟɏŬɟ Ʌɞɚɧɘ: ȷˊɞŰŮɚŮɑ űɟɏŬɟ ŬŮɟɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ůŰŬɗɛɩɜ ɄŮɘɟŬɘɎɠ əŬɘ 

ȹɖɛɞŰɘəɧ ɗɏŬŰɟɞ 

- ūɟɏŬɟ ȹŮɚɖɔɘɎɜɜɖ: ȸɟɑůəŮŰŬɘ ůŰɖɜ ˊɚŬŰŮɑŬ ȹŮɚɖɔɘɎɜɜɖ. ȼ əŬŰŬůəŮɡɐ Űɞɡ 

ɞˊɞɑɞɡ ɗŬ ŭɩůŮɘ ˊɟɧůɓŬůɖ ůŰɖɜ ůɐɟŬɔɔŬ Ɂȷɇɀ ˊɞɡ ɗŬ əŬŰŬůəŮɡŬůɗŮɑ ůŰɞɜ 

ŮˊɑůŰŬɗɛɞ, əŬɘ Ŭˊɧ Űɞ ɑŭɘɞ űɟɏŬɟ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ ɖ ŬɜɎůɡɟůɖ Űɞɡ 

ɇȸɀ. 
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- ūɟɏŬɟ ɄŬɜŮˊɘůŰɖɛɑɞɡ: ɇŮɟɛŬŰɘəɧ űɟɏŬɟ ŬŮɟɘůɛɞɨ. 

- ɆŮ ɧɚɞɡɠ Űɞɡɠ ůŰŬɗɛɞɨɠ ɏɢɞɡɜ ŭɘŬɜɞɘɢɗŮɑ űɟɏŬŰŬ ŮəŰɧɜɤůɖɠ/ŬŮɟɘůɛɞɨ. Ƀɘ 

əŬŰŬůəŮɡɏɠ ŬɡŰɏɠ ŮɑɜŬɘ ŮɜůɤɛŬŰɞɛɏɜŮɠ ůŮ əɎɗŮ ɆŰŬɗɛɧ ɐ ŬˊɞŰŮɚɞɨɜ ŬɡŰɧɜɞɛŬ 

ůɡůŰɐɛŬŰŬ ŬŮɟɘůɛɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ ɔɨɟɤ Ŭˊɧ əɎɗŮ ůŰŬɗɛɧ. 

 

ʅ˔ʺ˃ʰ мΦ 2Υ ʆˇ˃ʺ ˍˇˎ ʅˍʰʻ˃ˇˏ ɮʴʾʰˌ ɰʰˊʲʱˊʰˌ ˈˉ˖ˌ ʶʾ˄ʰʽ ˋˍʹ˄ ˍʶ˂ʽˁʺ ˍˇˎ ˈ˕ʹ ˇ ʅˍʰʻ˃ˈˌ όɮʆʆɹɼʁ 
ɾɳʆʄʁ ɮΦɳΦύ. 
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ȾȺūȷȿȷȽɃ 2: ũȺɋȿɃũȽȾȺɆ ȾȷȽ ɈȹɅɃȿɃũȽȾȺɆ ɆɈɁŪȼȾȺɆ Ⱦȷɇȷ 

ɀȼȾɃɆ ɇɃɈ ȺɅũɃɈ 
 

2.1ũŮɤɚɞɔɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ȷɗɖɜɩɜ 

ȼ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ Űɤɜ ȷɗɖɜɩɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɘŭɘŬɑŰŮɟɞ ɔŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ. 

Ƀɘ ůɢɖɛŬŰɘůɛɞɑ Űɞɡ ɔŮɤɚɞɔɘəɞɨ ɡˊɞɓɎɗɟɞɡ ŬˊɞəŬɚɞɨɜŰŬɘ ɛŮ Űɞɜ ɧɟɞ ɆɢɘůŰɧɚɘɗɞɘ Űɤɜ 

ȷɗɖɜɩɜ. Ƀ ɧɟɞɠ ŬɡŰɧɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ůŮɘɟɎ ˊɞɘəɑɚɤɜ ɚɘɗɞɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ, 

Ůˊɑ Űɤɜ ɞˊɞɑɤɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɖ ůɢɘůŰɞɣŬɛɛɘŰɘəɐ əŬɘ ɖ ŬůɓŮůŰɞɛŬɟɔŬɥəɐ űɎůɖ (ɀȷɅȽɁɃɆ, 

1981). ɆŰɟɤɛŬŰɞɔɟŬűɘəɎ ɞ ȷɗɖɜŬɥəɧɠ ůɢɘůŰɧɚɘɗɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɛŮɔɎɚɞ ɔŮɤɚɞɔɘəɧ űɎůɛŬ 

Űɞ ɞˊɞɑɞ ɢɟɞɜɞɚɞɔŮɑŰŬɘ Ŭˊɧ Űɞ ɄŬɚŬɘɞɕɤɥəɧ ɏɤɠ Űɞ ȯɜɤ ȾɟɖŰɘŭɘəɧ. ȹɘɎűɞɟɞɘ ŮɟŮɡɜɖŰɏɠ 

ŬɜŬɕɖŰɞɨɜ ůŰɞɘɢŮɑŬ, Ůɜɩ ŰŬ ŮˊɘəɟŬŰɏůŰŮɟŬ əɟɘŰɐɟɘŬ ɓɎůɖ Űɤɜ ɞˊɞɑɤɜ ŬˊɏŭɤůŬɜ əŬɘ ŰŬ ůŰɞɘɢŮɑŬ 

Űɖɠ ɖɚɘəɑŬɠ Űɞɡ, ŮɑɜŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬˊɞɚɘɗɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ɓɟɏɗɖəŬɜ əŬŰɎ Űɖɜ ˊɟɧɞŭɞ Űɤɜ 

ŮəůəŬűɩɜ. ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ űŬɑɜŮŰŬɘ ɜŬ ɡˊɎɟɢŮɘ ɔɘŬ Űɖɜ ȯɜɤ ȾɟɖŰɘŭɘəɐ ɖɚɘəɑŬ Űɤɜ 

ůɢɘůŰɞɚɑɗɤɜ, ɚɧɔɞ Űɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɏɢɞɡɜ ˊŮɟɘůɡɚɚɏɔŮɘ Ŭˊɧ Űɘɠ ŮɛűŬɜɑůŮɘɠ ŬůɓŮůŰɞɚɑɗɤɜ ůŰɞɡɠ 

ɚɧűɞɡɠ Űɞɡ ɚŮəŬɜɞˊŮŭɑɞɡ (ɀȷɅȽɁɃɆ, 1981).  

ɋɠ ˊɟɞɠ Űɖɜ ɚɘɗɞɚɞɔɘəɐ Űɞɡ ůɨůŰŬůɖ ɞ ȷɗɖɜŬɥəɧɠ ůɢɘůŰɧɚɘɗɞɠ ˊŮɟɘɏɢŮɘ Ŭɟɔɘɚɘəɞɨɠ 

ůɢɘůŰɞɚɑɗɞɡɠ, ɣŬɛɛɑŰŮɠ, ɛɎɟɔŮɠ, ŬůɓŮůŰɞɚɑɗɞɡɠ əŬɘ ɛŬɟɔŬɥəɞɨɠ ŬůɓŮůŰɞɚɑɗɞɡɠ ɏɢɞɜŰŬɠ  

ɧɚŬ ŰŬ Ůɑŭɖ Űɤɜ ɓŬůɘəɩɜ əŬɘ ŮɝŮɚɘɔɛɏɜɤɜ ɚɘɗɞɚɞɔɘəɩɜ űɎůŮɤɜ (ɀȷɅȽɁɃɆ, 1981). ɃˊɧŰŮ ɞɘ 

ŭɘɎűɞɟɞɘ Űɨˊɞɘ Űɤɜ ɚɘɗɞɚɞɔɘəɩɜ űɎůŮɤɜ ŮɑɜŬɘ ɞɘ Ŭɟɔɘɚɘəɞɑ, ɣŬɛɛɘŰɘəɞɑ ɐ 

ɣŬɛɛɘŰɞŬɟɔɘɚɘəɞɑ ůɢɘůŰɧɚɘɗɞɘ, ɣŬɛɛɘŰɞɛŬɟɔŬɥəɞɑ ɏɤɠ ɔɜɐůɘɞɘ ŬůɓŮůŰɘŰɘəɞɑ ůɢɘůŰɧɚɘɗɞɘ 

əŬɘ Ŭɟɔɘɚɘəɞɑ, ɛŬɟɔŬɥəɞɑ ɐ ŬůɓŮůŰɘŰɘəɞɑ ɣŬɛɛɑŰŮɠ, əɟɞəŬɚɞˊŬɔɐ, ɣŬɛɛɘŰɘəɏɠ əŬɘ 

ŬůɓŮůŰɞɚɘɗɘəɏɠ ɛɎɟɔŮɠ, ɣŬɛɛɞɨɢɞɡɠ ɐ ɛŬɟɔŬɥəɞɨɠ ŬůɓŮůŰɞɚɑɗɞɡɠ əŬɘ ɔɜɐůɘɞɡɠ 

ŬůɓŮůŰɞɚɑɗɞɡɠ (ɀȷɅȽɁɃɆ, 1981). ȼ ŮɝɎˊɚɤůɖ Űɤɜ ŬɜɤŰɏɟɤ ɚɘɗɞɚɞɔɘəɩɜ Űɨˊɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ɞɟɘɕɧɜŰɘŬ ŮɑŰŮ əŬŰŬəɧɟɡűŬ, ɛŮ Űɖɜ ůɖɛŬůɑŬ ɧŰɘ ɞɘ 

ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɞɑ ɞɟɑɕɞɜŰŮɠ ŭŮɜ ŮɑɜŬɘ ŮɡŭɘɎəɟɘŰɞɘ. ɆɡɜɞɣɑɕɞɜŰŬɠ Űɞ ůɨůŰɖɛŬ Űɤɜ 

ůɢɖɛŬŰɘůɛɩɜ Űɤɜ ȷɗɖɜɩɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟɘɠ ŮɜɧŰɖŰŮɠ: 

a. ɇɞɡɠ ŬɜɩŰŮɟɞɡɠ ůɢɘůŰɞɚɑɗɞɡɠ ɛŮ Űɞɡɠ ɛŬɟɔŬɥəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ 

b. ɊŬɛɛɘŰɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ əŬɘ ůɢɘůŰɞɚɑɗɞɡɠ 

c. ɇɞɡɠ ŬůɓŮůŰɞɚɑɗɞɡɠ Űɞɡ ȷɟŭɖŰɞɨ 

d. ȾŬŰɩŰŮɟɞɘ ůɢɘůŰɧɚɘɗɞɘ ɛŮ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɖəɎ ɧˊɤɠ ŮəŮɑɜŬ Űɤɜ 

ůɢɘůŰɞɣŬɛɛɑŰɤɜ. 

ɆɡɢɜɎ ŬɜŬűɏɟŮŰŬɘ ɧŰɘ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɤɜ ɔŮɤŰɟɖŰɘəɩɜ ŮɟŮɡɜɩɜ ůŰŬ ˊɚŬɑůɘŬ ɛŮɚɏŰɖɠ Űɤɜ 

ɏɟɔɤɜ Űɞɡ ɀŮŰɟɧ ɞ ŮˊɘəɟŬŰɏůŰŮɟɞɠ ɚɘɗɞɚɞɔɘəɧɠ Űɨˊɞɠ ŮɑɜŬɘ ŮəŮɑɜɞɠ Űɖɠ 
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ɣŬɛɛɘŰɞɛŬɟɔŬɥəɐɠ űɎůɖɠ, ɖ ɞˊɞɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ ůŰɟɩůŮɤɜ ɛŬɟɔɩɜ ɐ 

ŬůɓŮůŰɞɚɑɗɤɜ ŰŮűɟɞəɑŰɟɘɜɞɡ ɐ ɛŬɨɟɞɡ ɢɟɩɛŬŰɞɠ (ɀȷɅȽɁɃɆ, 1981).  

ȷˊɧ ɞɟɡəŰɞɚɞɔɘəɐɠ ůɨůŰŬůɖɠ ŰŬ əɡɟɘɧŰŮɟŬ ɞɟɡəŰɎ ˊɞɡ ŬˊŬɜŰɧɜŰŬɘ ůŰɞɡɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ ȷɗɖɜŬɥəɞɨ ůɢɘůŰɞɚɑɗɞɡ ŮɑɜŬɘ ɞ ɢŬɚŬɕɑŬɠ, ɞɘ ŬůŰɟɑɞɘ, ɞɘ ɛŬɟɛŬɟɡɔɑŮɠ 

(ɛɞůɢɞɓɑŰɖɠ-ůŮɟɘəɑŰɖɠ, ɓɘɞŰɑŰɖɠ), ˊɟɤŰɞɔŮɜɏɠ ɞɟɡəŰɧ ŬˊɞŰŮɚŮɑ ɞ ŬůɓŮůŰɑŰɖɠ, Ůˊɘˊɚɏɞɜ ɞ 

ɑŭɘɞɠ ŬˊŬɜŰŬŰŬɘ əŬɘ ůŬɜ ŭŮɡŰŮɟɞɔŮɜɏɠ ɞɟɡəŰɧ ůŮ űɚŮɓɑŭɘŬ ɐ ůŮ ˊɚɖɟɩůŮɘɠ əɞɘɚɞŰɐŰɤɜ əŬɘ 

Űɏɚɞɠ Ŭəɞɚɞɡɗɞɨɜ ŰŬ ŬɟɔɘɚɘəɎ ɞɟɡəŰɎ (ɀȷɅȽɁɃɆ, 1981). ɀɘəɟɧŰŮɟɖɠ ŮɛűɎɜɘůɖɠ ɞɟɡəŰɎ 

ŬˊɞŰŮɚɞɨɜ ɖ əŮɟɞůŰɑɚɓɖ, ɞ ɢɚɤɟɑŰɖɠ ˊɟɤŰɞɔŮɜɜɐɠ ɐ ŭŮɡŰŮɟɞɔŮɜɜɐɠ Ŭˊɧ ŮɝŬɚɚɞɑɤůɖ 

Ɏɚɚɤɜ ɞɟɡəŰɩɜ, ɎɛɞɟűŬ ˊɡɟɘŰɘəɎ ɞɟɡəŰɎ, Űɞ ɟɞɡŰɑɚɘɞ, ɞ ůɘŭɖɟɞˊɡɟɑŰɖɠ, ɞ ɛŬɔɜɖŰɑŰɖɠ əŬɘ 

ɎɚɚŬ ɞɝŮɑŭɘŬ ůɘŭɐɟɞɡ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ˊɟɞɏɚŮɡůɖɠ. ȳɚŬ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬɘ ɞɟɡəŰɎ 

ůɡɜɖˊɎɟɢɞɡɜ ɛŮ ŭɘɎűɧɟɞɡɠ ůɡɜŭɘŬůɛɞɨɠ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ůŮ ŭɘɎűɞɟŮɠ ŬɜŬɚɞɔɑŮɠ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬˊɞŰŮɚɞɨɜ ůɡůŰŬŰɘəɎ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ˊŮŰɟɞɚɞɔɘəɩɜ Űɨˊɤɜ 

(ɀȷɅȽɁɃɆ, 1981).  

2.2 ũŮɤɚɞɔɘəɐ ŭɞɛɐ əŬɘ ŰŮəŰɞɜɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ ȷɗɖɜŬɥəɞɨ ůɢɘůŰɞɚɑɗɞɡ 

Ƀɘ ůɢɖɛŬŰɘůɛɞɑ Űɞɡ ȷɗɖɜŬɥəɞɨ ůɢɘůŰɞɚɑɗɞɡ əŬɚɨˊŰɞɡɜ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ɔŮɤɚɞɔɘəɐ 

ŮɜɧŰɖŰŬ Űɞɡ ɡˊɞɓɎɗɟɞɡ Űɖɠ ȷŰŰɘəɐɠ. Ȱɢɞɡɜ ŭɘŬŰɡˊɤɗŮɑ ŭɘɎűɞɟŮɠ ɗŮɤɟɑŮɠ ɔɘŬ Űɖɜ ɔɏɜŮůɖ 

əŬɘ Űɖɜ ˊɟɞɏɚŮɡůɖ ŬɡŰɩɜ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ɞɘ ɞˊɞɑŮɠ ɞɟɔŬɜɩɜɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

ü ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ ůɢɘůŰɧɚɘɗɞɘ Űɤɜ ȷɗɖɜɩɜ ɛŮ Űɘɠ ŬůɓŮůŰɞɚɘɗɘəɏɠ ŮɛűŬɜɑůŮɘɠ 

ůŰɞɡɠ ɚɧűɞɡɠ Űɞɡ ɚŮəŬɜɞˊŮŭɑɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ Ŭˊɚɐ ŬɡŰɧɢɗɞɜŬ ɘɕɖɛŬŰɞɔŮɜɐ ůŮɘɟɎ 

ȾɟɖŰɘŭɘəɐɠ ɖɚɘəɑŬɠ ˊɞɡ ɛɞɘɎɕŮɘ ɛŮ Űɞɡɠ ɛŮŰŬɛɞɟűɤɛɏɜɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ 

ɈɛɖŰŰɞɨ. Ƀ ɘůɢɡɟɘůɛɧɠ ŬɡŰɧɠ ˊɟɞɐɚɗŮ Ŭˊɧ Űɞɜ ŮɟŮɡɜɖŰɐ Lepsious ɞ ɞˊɞɑɞɠ 

ɓŬůɑɕŮŰŬɘ ůŰɞ ɧŰɘ ɞ ȷɗɖɜŬɥəɧɠ ůɢɘůŰɧɚɘɗɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ Ůɑŭɞɠ űɚɨůɢɖ 

(ɀȷɅȽɁɃɆ, 1981). 

ü ȷˊɞŰŮɚŮɑ ŰɛɐɛŬ ɛŮɔɎɚɞɡ ŰŮəŰɞɜɘəɞɨ əŬɚɨɛɛŬŰɞɠ ɛŮ ŭɞɛɐ ˊŬɟɎɚɚɖɚɤɜ 

ŰŮəŰɞɜɘəɩɜ ɚŮˊɑɤɜ. Ƀ ŮɟŮɡɜɖŰɐɠ KOBER ŬɜŬűɏɟŮɘ ɧŰɘ ɞɘ ůɢɘůŰɧɚɘɗɞɘ Űɤɜ ȷɗɖɜɩɜ 

ŮɜŰɎůůɞɜŰŬɘ ɛŬɕɑ ɛŮ Űɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ȷɚŮˊɞɓɞɡɜɑɞɡ ůŰɖɜ ŬɜɩŰŮɟɖ ůŮɘɟɎ 

ůɢɖɛŬŰɘůɛɩɜ, ɞɘ ɞˊɞɑɞɘ ŮˊɤɗɐɗɖəŬɜ ɛŮ Űɖɜ ɛɞɟűɐ ŰŮəŰɞɜɘəɞɨ əŬɚɨɛɛŬŰɞɠ ˊɎɜɤ 

ůŰɖɜ əŬŰɩŰŮɟɖ ȷŰŰɘəɐ ůŮɘɟɎ (ɀȷɅȽɁɃɆ, 1981).   

ɋɠ ˊɟɞɠ ŰŬ ŰŮəŰɞɜɘəɎ ůŰɞɘɢŮɑŬ ɞ ȷɗɖɜŬɥəɧɠ ůɢɘůŰɧɚɘɗɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŮəŰɞɜɘəɏɠ ɕɩɜŮɠ 

ɞɘ ɞˊɞɑŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ Ůɑŭɖ (ȾȷȻȽȿȼ, 1981) : 
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a. ɆŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ŰŬ ŬɟɔɘɚɞɛŬɟɔŬɘəɎ ůŰɟɩɛŬŰŬ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ  

ŮűɘˊˊŮɨůŮɘɠ ɛɘəɟɐɠ əɚɑůɖɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊɞɚɨˊɚɞəɖɠ ɛɘəɟɞˊŰɨɢɤůɖɠ əŬɘ 

ŬɜŬŭɑˊɚɤůɖɠ ŬɡŰɩɜ 

b. ɄŬɟŬŰɖɟŮɑŰŬɘ ɏɜŰɞɜɖ ɟɖɔɛɎŰɤůɖ ɛŮ ɔɤɜɑŬ 45ɞ  ůŰɘɠ ˊɚŮɡɟɏɠ Űɤɜ ɚɧűɤɜ Űɞɡ 

ɚŮəŬɜɞˊŮŭɑɞɡ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŬˊŬɜŰɩɜŰŬɘ ɛɡɚɤɜɑŰŮɠ ůŮ ŬůɓŮůŰɞɚɘɗɘəɎ ˊŮŰɟɩɛŬŰŬ. 

Ƀɘ ɕɩɜŮɠ ŰŮəŰɞɜɘůɛɞɨ ɞűŮɑɚɞɜŰŬɘ ůŮ ŭɘŬŰɛɖŰɘəɐ əŬŰŬˊɧɜɖůɖ ŮɡɟŮɑŬɠ əɚɑɛŬəŬɠ. ȷɡŰɧ 

ɏɢŮɘɠ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɜŬ ˊɟɞəŬɚŮɑŰŬɘ ɢŬɚɎɟɤůɖ ůŰɖɜ ɓɟŬɢɞɛɎɕŬ Űɞɡ ůɢɘůŰɞɚɑɗɞɡ əŬŰɎ 

ɛɐəɞɠ Űɤɜ ɕɤɜɩɜ ŭɘɎŰɛɖůɖɠ. ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ űŬɘɜɧɛŮɜɞ ŮˊɘŰɟɏˊŮɘ Űɖɜ əŬŰŮɑůŭɡůɖ 

ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ůŬɜ ůɡɜɏˊŮɘŬ Űɖɜ ŬˊɞůɎɗɟɤůɖ əŬɘ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɤɜ 

ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ ɓɟŬɢɞɛɎɕŬɠ Űɞɡ ȷɗɖɜŬɥəɞɨ ůɢɘůŰɞɚɑɗɞɡ. ɆŰɘɠ 

ŰŮəŰɞɜɘůɛɏɜŮɠ ɕɩɜŮɠ ŬɜŬɛɏɜŮŰŬɘ ɢŬɛɖɚɐ ɖ Űɘɛɐ Űɖɠ ɚŮɘŰɞɡɟɔɘəɐɠ ŬɜŰɞɢɐɠ ɖ ɞˊɞɑŬ ŰŮɑɜŮɘ 

ɜŬ ŰŬɡŰɘůŰŮɑ ɛŮ Űɖɜ ˊŬɟŬɛɏɜɞɡůŬ ŬɜŰɞɢɐ. ɆŰɖɜ ŭŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ ůɢɖɛŬŰɘůɛɧɠ ŮɑɜŬɘ 

ŬɜŬɛɞɢɚŮɡɛɏɜɞɠ ůŰɘɠ ŰŮəŰɞɜɘůɛɏɜŮɠ ɕɩɜŮɠ ŰɧŰŮ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬəɧɛŬ ɛɘəɟɧŰŮɟɖ ŬɜŰɞɢɐ 

Űɖɠ ɓɟŬɢɞɛɎɕŬɠ (ȾȷȻȽȿȼ, 1981).  

2.3 ɈŭɟɞɔŮɤɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ 

ȼ ɚɘɗɞɚɞɔɘəɏɠ űɎůŮɘɠ ŬɚɚɎ əŬɘ Űɞ ŬɜɘůɧŰɟɞˊɞ ́ ŮɟɘɓɎɚɚɞɜ ˊɞɡ ŭɞɛŮɑ Űɞɜ ȷɗɖɜŬɥəɧ 

ůɢɘůŰɧɚɘɗɞ, ůɡɜŭɏŮŰŬɘ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɡŭɟɞɔŮɤɚɞɔɘəɞɨ ɢŬɟŬəŰɐɟŬ. ȿɧɔɤ Űɖɠ ɏɜŰɞɜɖɠ 

ŬɜɞɛɞɘɞɛɞɟűɑŬɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɘŬűɞɟŮŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɤɠ ˊɟɞɠ 

Űɖɜ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ Űɖɜ ɡŭŬŰɞŬɔɤɔɘɛɧŰɖŰŬ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ ɜŮɟɞɨ ŮɜŰɧɠ 

Űɤɜ ůɢɖɛŬŰɘůɛɩɜ (ɀɃɈũȽȷɅȼɆ Ɂ., 1981). 

Ɉɣɖɚɐ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɛɘəɟɐ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ŬɜŬɚɧɔɤɠ 

Űɞ ŮɜŮɟɔɧ ˊɞɟɩŭŮɠ Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ůɢɖɛŬŰɘůɛɞɑ Űɤɜ ɣŬɛɛɘŰɩɜ əŬɘ Űɤɜ 

ŬůɓŮůŰɞɚɑɗɤɜ. ȷɜŰɘɗɏŰɤɠ ɛɏŰɟɘŬ ɏɤɠ ɢŬɛɖɚɐ ɡŭɟɞˊŮɟŬŰɧŰɖŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ɛɎɟɔŮɠ 

əŬɘ ɞɘ ůɢɘůŰɧɚɘɗɞɘ. ȿɧɔɤ Űɖɠ ŬˊɞůɎɗɟɤůɖɠ ɞɘ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ əɡɟɑɤɠ ɞɘ ůɢɘůŰɞɣŬɛɛɘŰɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ, ˊŬɟɞɡůɘɎɕɞɡɜ 

ˊŮɟɘɞɟɘůɛɏɜɖ ŭɘɏɚŮɡůɖ ɡˊɧɔŮɘɞɡ ɜŮɟɞɨ. ȿɧɔɞ Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ ŭɘɏɚŮɡůɖɠ Űɞɡ ɡˊɧɔŮɘɞɡ 

ɜŮɟɞɨ, ůŰɞ ŰɛɐɛŬ ŬɡŰɧ ŬɟɢɑɕŮɘ əŬɘ ůɢɖɛŬŰɑɕŮŰŬɘ ɏɜŬɠ ɡˊɧɔŮɘɞɠ  ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ, ɞ 

ɞˊɞɑɞɠ ŮɛˊɚɞɡŰɑɕŮŰŬɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ŬˊŬɜŰɩɜŰŬɘ ɞɘ ŬůɓŮůŰɞɚɘɗɘəɞɑ əŬɘ ɣŬɛɛɘŰɘəɞɑ 

ůɢɖɛŬŰɘůɛɞɑ (ɀɃɈũȽȷɅȼɆ Ɂ., 1981). ɇɞ ɨɣɞɠ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ 

ŮŭɎűɞɡɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ˊŮɟɑ ŰŬ 4ɛ ɏɤɠ 6m, Ůɜɩ ɖ ŭɘɏɚŮɡůɐ Űɞɡ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɞ ɡɔɘɏɠ 

ˊɏŰɟɤɛŬ, Űɞ ɞˊɞɑɞ ŬˊŬɜŰɎŰŬɘ ůŰɞ əɎŰɤ ɛɏɟɞɠ Űɞɡ ŬˊɞůŬɗɟɤɛɏɜɞɡ ȷɗɖɜŬɥəɞɨ 

ůɢɘůŰɧɚɘɗɞɡ ɛŮ ɡŭŬŰɞůŰŮɔŬɜɐ ůɡɛˊŮɟɘűɞɟɎ. 
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ʅ˔ʺ˃ʰ нΦ 1: ɱʶ˖ˍʶˁˍˇ˄ʽˁʷˌ ʶ˄ˈˍʹˍʶˌ ˍˇˎ ˂ʶˁʰ˄ˇˉʶʵʾˇˎ ˍʹˌ ɮˍˍʽˁʺˌΦ ʋʱˊˍʶˌ ˍʹˌ ʵˎˍʽˁʺˌ ˁʰʽ ˍʹˌ ˁʶ˄ˍˊʽˁʺˌ 
˂ʶˁʱ˄ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˈˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˇʽ ʶ˃˒ʰ˄ʾˋʶʽˌ ˍ˖˄ ʰ˄˗ˍʶˊ˖˄ ˋ˔ʹ˃ʰˍʽˋ˃˗˄ (PAPANIKOLAOU et 

al., 2004). 

ȷɡɝɖɛɏɜɖ ɡŭŬŰɞɔɤɔɘɛɞŰɖŰŬ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɛɘəɟɐ ŬˊɞɗɖəŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ŬɜɩŰŮɟɞ ɞɟɑɕɞɜŰŬ Űɞɡ ȷɗɖɜŬɥəɞɨ 

ůɢɘůŰɞɚɑɗɞɡ. Ƀɘ ůɢɖɛŬŰɘůɛɞɑ ŬɡŰɞɑ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŰɞɜɖ ŬɜɘůɞŰɟɞˊɑŬ ɤɠ ˊɟɞɠ Űɖɜ 

ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ. ũŮɜɘəɎ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɐ Űɞɡ ɞ ȷɗɖɜŬɥəɧɠ ůɢɘůŰɧɚɘɗɞɠ 

ɗŮɤɟŮɑŰŬɘ ůŰŮɔŬɜɧɠ ůɢɖɛŬŰɘůɛɧɠ, Ůɜɩ ˊŬɟŬŰɖɟŮɑŰŬɘ ɘůɢɡɟɐ ɖ ɡŭɟŬɡɚɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ 

ůɨɛűɤɜŬ ɛŮ Űɞ ŭŮɡŰŮɟɞɔŮɜɏɠ ˊɞɟɩŭŮɠ. ɆɡɔəŮɜŰɟɤŰɘəɎ ɞ ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ ůŮ 
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ɛŮɟɘəɎůɖɛŮɑŬ ŬˊŬɜŰɎŰŬɘ ɤɠ ŮəŰŮŰŬɛɏɜɞɠ Ůɜɩ ůŮ ɎɚɚŬ ŭɘŬůˊɎŰŬɘ ůŮ ŭɘŬŭɞɢɘəɞɨɠ əŬɘ 

ŮˊɘəɟŮɛɎɛŮɜɞɡɠ ɞɟɑɕɞɜŰŮɠ ɢɤɟɑɠ ůɡɜŮɢɐ ŮˊɘəɞɘɜɤɜɑŬ (ɀɃɈũȽȷɅȼɆ Ɂ., 1981).  

 

2.4 ũŮɤɚɞɔɘəɐ ˊŮɟɘɔɟŬűɐ əŬŰɎ ɛɐəɞɠ Űɖɠ ɢɎɟŬɝɖɠ Űɞɡ ɏɟɔɞɡ 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ŮɟŮɡɜɖŰɏɠ ŬɚɚɎ əŬɘ Űɞɡɠ ɔŮɤɚɞɔɘəɞɨɠ ɢɎɟŰŮɠ ůɢɐɛŬ 2.1 (ɢɎɟŰɖɠ 

ɜŮɞŰŮəŰɞɜɘůɛɞɨ), ˊŮɟɘɔɟɎűŮŰŬɘ ɖ əŬŰɎůŰŬůɖ Űɤɜ ɟɖɔɛɎŰɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ Ŭˊɧ 

Ɏˊɞɣɖ ůŮɘůɛɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ (ɄȷɄȷɈũȺɅȼ ȷ. ũȺɋɅũȽȷ, ȷɅȸȷɁȽɇȼ Ʉ. ȷȽȾȷɇȺɅȽɁȼ, 2012). ɆŮ 

ɧɚɖ Űɖɜ ŭɘŬŭɟɞɛɐ Űɖɠ ɢɎɟŬɝɖɠ Űɞɡ ɏɟɔɞɡ ŰŬ ɟɐɔɛŬŰŬ ˊɞɡ Űɏɛɜɞɡɜ Űɞɜ ɎɝɞɜŬ Űɖɠ ůɐɟŬɔɔŬɠ 

ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ɗɏůŮɘɠ ɉ.Ū. 3+250 əŬɘ ůŰɖɜ ɉ.Ū. 6+500. 

ɆɢɐɛŬ 2. 2:ɁŮɞŰŮəŰɞɜɘəɧɠ ɢɎɟŰɖɠ ɚŮəŬɜɞˊŮŭɑɞɡ ȷɗɖɜɩɜ. (ŬɟɢŮɑɞ ɄŬˊŬɜɘəɞɚɎɞɡ ȹ. əŬɘ ůɡɜŮɟɔɎŰŮɠ 2002). 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ɔŮɤŰŮɢɜɘəɐɠ ɏɟŮɡɜŬɠ (ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ), ŬɚɚɎ 

əŬɘ Űɞɜ ɢɎɟŰɖ Űɞɡ ůɢɐɛŬŰɞɠ 2.2, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ Űɞ ɟɐɔɛŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ɉ.Ū. 

3+250, ɏɢŮɘ ˊɏɟŬɠ ˊɎɜɤ ůŰɞɜ ɎɝɞɜŬ Űɖɠ ɢɎɟŬɝɖɠ Űɞɡ ŭɘəŰɨɞɡ.  ɆŰɘɠ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ 

ɔŮɤŰɟɐůŮɘɠ ɖ ɨˊŬɟɝɖ Űɞɡ Ůɜ ɚɧɔɤ ɟɐɔɛŬŰɞɠ ŭŮɜ ůɡɛűɤɜŮɑ ɛŮ Űɞɜ ɢɎɟŰɖ, əŬɘ ˊɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ŭŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ əɎˊɞɘŬ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɖɜ ůŰɟɤɛŬŰɞɔɟŬűɑŬ Űɤɜ 
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ɔŮɤŰɟɐůŮɤɜ, ŬɡŰɧ ɛŬɠ ɞŭɖɔŮɑ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ Űɞ ɡˊɧ ɛŮɚɏŰɖ ɟɐɔɛŬ ɜŬ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɘɗŬɜɩɠ ŮɜŮɟɔɧ. ȷɜŰɘɗɏŰɤɠ  Űɞ ɟɐɔɛŬ ˊɞɡ ŭɘŬůŰŬɡɟɩɜŮŰŬɘ ɛŮ Űɖɜ 

ŭɘŬŭɟɞɛɐ Űɖɠ ɢɎɟŬɝɖɠ əŬɘ Űɖɜ ŰɏɛɜŮɘ əɎɗŮŰŬ ůŰɖɜ ɉ.Ū. 6+500 ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ 

ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ. ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɖ ɓɟŬɢɧɛŬɕŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɞɚɨ 

űŰɤɢɐ əŬɘ ŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ Űɞ ɧɟɘɞ Űɖɠ ɀɎɟɔŬɠ Űɞɡ ɄŮɘɟŬɘɎ (ɄȷɄȷɈũȺɅȼ ȷ. ũȺɋɅũȽȷ, 

ȷɅȸȷɁȽɇȼ Ʉ. ȷȽȾȷɇȺɅȽɁȼ, 2012). ɇɞ ɟɐɔɛŬ ŬɡŰɧ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ŬɜŮɜŮɟɔɧ.  

ʅ˔ʺ˃ʰ нΦ 3Υ ɱʶ˖˂ˇʴʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˔ʱˊʰ˅ʹˌ ˍʹˌ ˋʺˊʰʴʴʰˌ ʴʽʰ ˍʹ˄ ʶˉʷˁˍʰˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ о 

ζʋʰʿʵʱˊʽ-ʃʶʽˊʰʽʱˌη όK.BoronkayΣ ʆ˃ʺ˃ʰ ʆʶ˔˄ʽˁʺˌ ɱʶ˖˂ˇʴʾʰˌΣ ɮˍˍʽˁˈ ɾʶˍˊˈ ɮΦɳΦύ. 

ȷˊɧ ŮˊɘůŰɖɛɞɜɘəɏɠ ŬɜŬűɞɟɏɠ ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ Űɞ ɟɐɔɛŬ Űɖɠ ɄɎɟɜɖɗŬɠ ˊɞɡ ɏŭɤůŮ 

Űɞɜ ůŮɘůɛɧ Űɞɡ 1999, ŭŮɜ ŮˊɖɟɏŬůŮ ŰŬ ɟɐɔɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ Űɤɜ ȷɗɖɜɩɜ, ɞˊɧŰŮ ŭŮɜ 

ˊŬɟŬŰɖɟɐɗɖəŮ əɎˊɞɘŬ ůɢŮŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛŮŰŬəɘɜɐůŮɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ɆŰɞ 

ůɢŮŭɘŬůɛɧ Űɞɡ ɏɟɔɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɤɠ ˊɟɞɠ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ ˊɟɏˊŮɘ ɜŬ 
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ɚɖűɗŮɑ ɡˊɧɣɖ ɛɘŬ ˊɘɗŬɜɐ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ɟɐɔɛŬŰɞɠ. ɄŬɟŬŰɑɗŮŰŬɘ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ 

(ůɢɐɛŬ 2.3), Űɞɛɐ Űɞɡ ɡˊŮŭɎűɞɡɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ɔɟŬɛɛɐɠ ɢɎɟŬɝɖɠ Űɞɡ ɏɟɔɞɡ, Ŭˊɧ Űɞ 

ɇɛɐɛŬ ɇŮɢɜɘəɐɠ ũŮɤɚɞɔɑŬɠ Űɖɠ ȷŰŰɘəɧ ɀŮŰɟɧ ȷ.Ⱥ. ɇɞ ɔŮɤɚɞɔɘəɧ ɛɞɜŰɏɚɞ ŮəˊɞɜɐɗɖəŮ 

Ŭˊɧ Űɞɜ ə. K.Boronkay, ɞ ɞˊɞɑɞɠ ɓŬůɑůŰɖəŮ ůŮ ɔŮɤɚɞɔɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɡɜɏɚŮɝŮ Ŭˊɧ 

Ůˊɘ Űɧˊɞɡ ɏɟŮɡɜŮɠ əŬɘ Ŭˊɧ ŮˊɘůəɏɣŮɘɠ ˊɞɡ ɏəŬɜŮ ůŮ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ əŬŰɎ ɛɐəɞɠ Űɞɡ ɏɟɔɞɡ 

(ɄȷɄȷɈũȺɅȼ ȷ. ũȺɋɅũȽȷ, ȷɅȸȷɁȽɇȼ Ʉ. ȷȽȾȷɇȺɅȽɁȼ, 2012). 

2.5 ũŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ ůŰŬɗɛɞɨ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ 

 Ƀ ůŰŬɗɛɧɠ Űɖɠ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ ɧˊɤɠ ˊɟɞɓɚɏˊŮɘ ɖ çȰəɗŮůɖ ũŮɤŰŮɢɜɘəɐɠ 

ȷɝɘɞɚɧɔɖůɖɠ ɄŬɟŬɛɏŰɟɤɜ ɆɢŮŭɘŬůɛɞɨ ɆŰŬɗɛɞɨ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠè ˊɟɧəŮɘŰŬɘ ɜŬ 

ŭɘŬɜɞɘɢɗŮɑ əŬɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ŮɜŰɧɠ ɔŮɤŰŮɢɜɘəɐɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ůɢɖɛŬŰɘůɛɞɨɠ ȿɘɛɜŬɑɤɜ ɀŬɟɔŬɥəɩɜ ȽɕɖɛɎŰɤɜ ɞɘ ɞˊɞɑɞɘ ŭɞɛɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ 

ɔŮɤŰŮɢɜɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɤɜ ŬůɓŮůŰɘŰɘəɩɜ Ŭɟɔɘɚɞɚɑɗɤɜ əŬɘ ɘɚɡɞɚɑɗɤɜ (OBERMAYER 

PLANEN + BERATEN, 2013). ɉɤɟɞŰŬɝɘəɎ ɞ ůŰŬɗɛɧɠ ɞɟɘɞɗŮŰŮɑŰŮ Ŭˊɧ Űɘɠ ɉ.Ū. 2+150 əŬɘ ɉ.Ū. 

2+300.  

ʅ˔ʺ˃ʰ нΦ 4Υ ɼʱˍˇ˕ʹ ˍˇˎ ʅˍʰʻ˃ˇˏ ɮʴʾʰˌ ɰʰˊʲʱˊʰˌ  ˃ʶ ˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˍˇ˃˗˄ ˋ˔ʶʵʽʰˋ˃ˇˏ 
όɱΦʆΦʅΦύΦ όh.9wa9¸9w t[!b9b Ҍ .9w!¢9b DƳōIΣ нлмоύΦ  

ȷˊɧ Űɘɠ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ 25m 

ŮɜŰɞˊɑůɗɖəŮ  ɞ ůɢɖɛŬŰɘůɛɧɠ Űɤɜ ŬůɓŮůŰɘŰɘəɩɜ ɘɚɡɞɚɑɗɤɜ əŬɘ Ŭɟɔɘɚɘɚɑɗɤɜ ɞɘ ɞˊɞɑɞɘ 

ŬˊŬɜŰɩɜŰŬɘ ɛŮ ŮɜŬɚɚŬɔɏɠ əŬŰɎ Űɧˊɞɡɠ ɛŮ ɞɟɑɕɞɜŰŮɠ əŬɘ ůŰɟɩůŮɘɠ ɛŬɕɑ ɛŮ ɛŬɟɔŬɥəɞɨɠ 

ŬůɓŮůŰɞɚɑɗɞɡɠ. ȼ ȾŬŰɩŰŮɟɖ ŮɜɧŰɖŰŬ Űɤɜ ȷɗɖɜŬɥəɩɜ ůɢɘůŰɞɚɑɗɤɜ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞ 
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ɓɞɟŮɘɞŭɖŰɘəɧ ŰɛɐɛŬ Űɞɡ ůŰŬɗɛɞɨ ɛɏɢɟɘ Űɖɜ ɉ.Ū. 2+200, Ůɜɩ Űɞ ɓɎɗɞɠ ůŰɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Űɤɜ 28m. ȼ ŮɜɧŰɖŰŬ ŬɡŰɐ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŮűɟɞɨɠ ɛŮŰŬɥɚɡɞɚɑɗɞɡɠ, 

əŬŰɎ ɗɏůŮɘɠ ɛŮ ŮɜůŰɟɩůŮɘɠ ŰŮűɟɞɨ ɛŮŰŬɣŬɛɛɑŰɖ. ɇɏɚɞɠ Űɞ ɟɐɔɛŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ 

ˊŮɟɘɞɢɐ ŭɘŬəɧˊŰŮɘ Űɖɜ ůɡɜɏɢŮɘŬ Űɞɡ ůɢɖɛŬŰɘůɛɞɨ ˊɟɞɠ ɜɧŰɞ (OBERMAYER PLANEN + 

BERATEN, 2013). ũɘŬ Űɖɜ ˊɚɐɟɖ ɔŮɤŰŮɢɜɘəɐ ˊŮɟɘɔɟŬűɐ Űɞɡ ɡˊŮŭɎűɞɡɠ Űɞɡ ůŰŬɗɛɞɨ ȷɔɑŬ 

ȸŬɟɓɎɟŬ, ůɡɜŰɎɢɗɖəŬɜ əŬɘ ˊŬɟɞɡůɘɎůŰɖəŬɜ ŰɟŮɘɠ ũŮɤŰŮɢɜɘəɏɠ ɇɞɛɏɠ ɆɢŮŭɘŬůɛɞɨ ůɢɐɛŬ 

2.4. ȼ ˊɟɩŰɖ ũŮɤŰŮɢɜɘəɐ ɇɞɛɐ ɆɢŮŭɘŬůɛɞɨ (ũ.ɇ.Ɇ. 1) ŬűɞɟɎ Űɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ 

ɆŰŬɗɛɞɨ, ɖ ŭŮɨŰŮɟɖ ũ.ɇ.Ɇ. 2 Űɞ əŮɜŰɟɘəɧ ŰɛɐɛŬ Ůɜɩ ɖ ŰɟɑŰɖ ũ.ɇ.Ɇ. 3 ŬűɞɟɎ Űɞ ɜɧŰɘɞ ŰɛɐɛŬ 

Űɞɡ ɆŰŬɗɛɞɨ (OBERMAYER PLANEN + BERATEN, 2013).   
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2.5.1 ɄɟɩŰɖ ũŮɤŰŮɢɜɘəɐ ɇɞɛɐ ɆɢŮŭɘŬůɛɞɨ 

ȼ ˊɟɩŰɖ ɔŮɤŰŮɢɜɘəɐ Űɞɛɐ (ũ.ɇ.Ɇ. 1), ůɢɐɛŬ 2.5 ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŮɜŰŬŰɘəɐ 

əŬŰɎůŰŬůɖ Űɞɡ ŮŭɎűɞɡɠ ůŰɞ ɓɧɟŮɘɞ ŰɛɐɛŬ Űɞɡ ůŰŬɗɛɞɨ. ɆŰŬ ŬɜɩŰŮɟŬ ŰɛɐɛŬŰŬ Űɞɡ 

ŮŭɎűɞɡɠ ůɡɜŬɜŰɩɜŰŬɘ ŰŮɢɜɖŰɏɠ ˊɟɞůɢɩůŮɘɠ ɏɤɠ Űɞ 1,95m əŬɘ əɞɟɐɛŬŰŬ ɐ əɩɜɞɘ 

əɞɟɖɛɎŰɤɜ ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ 2,75m. ȼ ŮˊɘűŬɜŮɘŬəɐ ůŰɟɤɛŬŰɞɔɟŬűɑŬ ˊŬɟɞɡůɘɎɕŮɘ 

ɢŬɛɖɚɐɠ ˊɞɘɧŰɖŰŮɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ.  

ʅ˔ʺ˃ʰ нΦ 5Υɱʶ˖ˍʶ˔˄ʽˁʺ ʆˇ˃ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ м όh.9wa9¸9w t[!b9b Ҍ .9w!¢9b DƳōIΣ нлмоύΦ 

Ƀ ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ ŮɜŰɞˊɑůɗɖəŮ ůŮ ɓɎɗɞɠ 5,51m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɧůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ɓɎɗɞɠ ŮəůəŬűɐɠ ůɡɜŬɜŰɩɜŰŬɘ ɞɘ ŬůɓŮůŰɘŰɘəɞɑ ɘɚɡɑɚɘɗɞɘ 

əŬɘ Ŭɟɔɘɚɧɚɘɗɞɘ ɛŮ ŮɜůŰɟɩůŮɘɠ əŬɘ ŮɜŬɚɚŬɔɏɠ ɛŬɟɔŬɥəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ. Ƀɘ ůɢɖɛŬŰɘůɛɞɑ 
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ŬɡŰɐ ɏɢɞɡɜ ˊɎɢɞɠ 14,05m əŬɘ ŮəŰŮɑɜɞɜŰŬɘ ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ18,75m, ůŰɖɜ ŮˊŬűɐ ɛŮ Űɞɡɠ 

ŬůɓŮůŰɘŰɘəɞɨɠ ɘɚɡɧɚɘɗɞɡɠ əŬɘ Ŭɟɔɘɚɧɚɘɗɞɡɠ ˊɎɢɞɡɠ 9,5m. ɇɏɚɞɠ əɎŰɤ Ŭˊɧ Űɞ ŭɎˊŮŭɞ Űɞɡ 

ůŰŬɗɛɞɨ ůɡɜŬɜŰɩɜŰŬɘ ɞɘ ŰŮűɟɞɑ ɛŮŰŬɥɚɡɧɚɘɗɞɘ-Ŭɟɔɘɚɘəɞɑ ůɢɑůŰŮɠ. 

2.5.2 ȹŮɨŰŮɟɖ ũŮɤŰŮɢɜɘəɐ ɇɞɛɐ ɆɢŮŭɘŬůɛɞɨ 

 ȼ ŭŮɨŰŮɟɖ ũŮɤŰŮɢɜɘəɐ ɇɞɛɐ ɆɢŮŭɘŬůɛɞɨ ůɢɐɛŬ 2.6 ́ ŮɟɘɔɟɎűŮɘ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ 

ŮŭɎűɞɡɠ ůŰɞ əŮɜŰɟɘəɧ ŰɛɐɛŬ Űɞɡ ůŰŬɗɛɞɨ.  

ʅ˔ʺ˃ʰ нΦ 6Υɱʶ˖ˍʶ˔˄ʽˁʺ ʆˇ˃ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ н όh.9wa9¸9w t[!b9b Ҍ .9w!¢9b DƳōIΣ нлмоύΦ 

Ƀɘ ŮˊɘűŬɜŮɘŬəɞɑ ůɢɖɛŬŰɘůɛɞɑ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰŮɢɜɖŰɏɠ ŮˊɘɢɩůŮɘɠ ˊɎɢɞɡɠ 2,75m əŬɘ 

ůŰɖɜ ůɡɜɏɢŮɘŬ ŬˊŬɜŰɩɜŰŬɘ əɞɟɐɛŬŰŬ ɐ əɩɜɞɘ əɞɟɖɛɎŰɤɜ ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ 5,00m Ŭˊɧ 

Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. O ɡˊɧɔŮɘɞɠ ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ ŬˊɞəŬɚɨˊŰŮŰŬɘ ůŮ ɓɎɗɞɠ 
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3,88m. ȷˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 5,0m ɏɤɠ əŬɘ Űɞ ɓɎɗɞɠ Űɤɜ 16,70m ŬˊŬɜŰɩɜŰŬɘ ɞɘ ŬůɓŮůŰɘŰɘəɞɑ 

ɘɚɡɑɚɘɗɞɘ əŬɘ Ŭɟɔɘɚɧɚɘɗɞɘ ɛŮ ŮɜůŰɟɩůŮɘɠ əŬɘ ŮɜŬɚɚŬɔɏɠ ɛŬɟɔŬɥəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ. Ƀɘ 

Ŭɛɏůɤɠ ŮˊɧɛŮɜɞɘ ůɢɖɛŬŰɘůɛɞɑ əŬɘ ůŮ ɓɎɗɞɠ Ŭˊɧ16,70m ɏɤɠ əŬɘ ŰŬ 18,85m ŮɑɜŬɘ ɞɘ 

ɛŬɟɔŬɥəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ. ɇɏɚɞɠ ɞ əŬŰɩŰŮɟɞɠ ůɢɖɛŬŰɘůɛɧɠ ůɡɜŬɜŰɎŰŬɘ ůŰŬ 18,85m əŬɘ 

ŮɑɜŬɘ ŬůɓŮůŰɘŰɘəɞɑ ɘɚɡɧɚɘɗɞɘ əŬɘ Ŭɟɔɘɚɧɚɘɗɞɘ. Ƀɘ ɛŬɟɔŬɥəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ 

Űɘɠ ɡɣɖɚɧŰŮɟŮɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůŮ ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ. 

2.5.3 ɇɟɑŰɖ ũŮɤŰŮɢɜɘəɐ ɇɞɛɐ ɆɢŮŭɘŬůɛɞɨ 

ȼ ŰɟɑŰɖ ũŮɤŰŮɢɜɘəɐ ɇɞɛɐ ɆɢŮŭɘŬůɛɞɨ ůɢɐɛŬ 2.7 ́ ŮɟɘɔɟɎűŮɘ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ 

ŮŭɎűɞɡɠ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɞɡ ůŰŬɗɛɞɨ.  
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ȼ Űɞɛɐ ŬˊɞŰŮɚŮɑŰŬɘ ůŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰŬ Ŭˊɧ ŰŮɢɜɖŰɏɠ ŮˊɘɢɩůŮɘɠ ˊɎɢɞɡɠ ůŰɟɩɛŬŰɞɠ 

1,75m. ɆŰɖɜ ůɡɜɏɢŮɘŬ Ŭəɞɚɞɡɗɞɨɜ ɞɘ ŬɚɚɞɡɓɘŬəɏɠ ŬˊɞɗɏůŮɘɠ ˊɎɢɞɡɠ 1,45m. ɀɏɢɟɘ Űɞ 

ɓɎɗɞɠ Űɤɜ 3,20m ɞɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ ɢŬɛɖɚɏɠ, əɡɟɑɤɠ ɢŬɚŬɟɎ ɡɚɘəɎ 

ɛŮ ɢŬɛɖɚɐ Űɘɛɐ ůɡɜɞɢɐɠ ˊŮɟɑ ŰŬ 10kPa əŬɘ 20kPa. Ƀ ɡŭɟɞűɧɟɞɠ ɞɟɑɕɞɜŰŬɠ ɓɟɑůəŮŰŬɘ ůŰŬ 

2,34m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ȾŬɗɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ ɓɎɗɞɠ ŮəůəŬűɐɠ ɞɘ 

ůɢɖɛŬŰɘůɛɞɑ əɟɑɜɞɜŰŬɘ ɡɣɖɚɩɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ əŬɘ ŬˊŬɜŰɩɜŰŬɘ ɤɠ ŬůɓŮůŰɘŰɘəɞɑ 

ɘɚɡɧɚɘɗɞɘ əŬɘ Ŭɟɔɘɚɧɚɘɗɞɘ ɛŮ ŮɜůŰɟɩůŮɘɠ əŬɘ ŮɜŬɚɚŬɔɏɠ ɛŬɟɔŬɥəɩɜ ŬůɓŮůŰɞɚɑɗɤɜ ɏɤɠ Űɞ 

ɓɎɗɞɠ  Űɤɜ 11,70m. ɇɏɚɞɠ ɞ ůɢɖɛŬŰɘůɛɧɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ Ŭˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 11,70m əŬɘ 

ˊɟɞɠ ŰŬ əɎŰɤ ŮɑɜŬɘ ɞ ŬůɓŮůŰɘŰɘəɞɑ ɘɚɡɧɚɘɗɞɘ əŬɘ Ŭɟɔɘɚɧɚɘɗɞɘ. 

ȾȺūȷȿȷȽɃ 3:ɇȺɉɁȽȾȺɆ ȹȽȷɁɃȽɂȼɆ ȾȷȽ ɈɄɃɆɇȼɅȽɂȼɆ ɇɋɁ 

ɆɇȷŪɀɋɁ ɇɃɈ ɀȺɇɅɃ 

3.1 ɀɏɗɞŭɞɘ ŭɘɎɜɞɘɝɖɠ  

ȾŬŰɎ Űɞɜ Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ, ɖ Ůˊɘɚɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ ŭɘɎɜɞɘɝɖɠ Űɤɜ ůŰŬɗɛɩɜ Űɞɡ 

ɛŮŰɟɧ əŬɗɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ ŰŬ ŰŮɢɜɘəɞɞɘəɞɜɞɛɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ ɏɟɔɞɡ. ȼ ŮəůəŬűɐ Űɞɡ 

ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ ˊɟɞəɟɑɜŮŰŬɘ ɏɜŬɜŰɘ Űɤɜ ŰŮɢɜɘəɩɜ ɡˊɧɔŮɘŬɠ ŭɘɎɜɞɘɝɖɠ. ȸŬůɘəɧɠ 

ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ Ůˊɘɚɞɔɐ ŮɑɜŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ŮəůəŬűɐɠ (ɆɃūȽȷɁɃɆ, 2018). ȼ ɛɏɗɞŭɞɠ Űɞɡ 

ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɧŰŬɜ Űɞ ɓɎɗɞɠ ŮəůəŬűɐɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɧ, 

ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ ŰɎűɟɞɡ ɛŮ əɞˊɐ (cut), ˊŬɟɎɚɚɖɚŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ɡˊɞůŰɐɟɘɝɖ Űɤɜ ˊɟŬɜɩɜ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ŮˊɘəɎɚɡɣɖ (cover) Űɖɠ ɐŭɖ ŭɘŬɜɞɘɔɛɏɜɖɠ ŰɎűɟɞɡ (railsystem.net). ȷˊɧ Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ ɧŰŬɜ 

ɖ ɗɏůɖ Űɤɜ ůŰŬɗɛɩɜ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ɢɎɟŬɝɖɠ ˊŬɟɞɡůɘɎɕŮɘ ɢɤɟɞŰŬɝɘəɎ 

ˊɟɞɓɚɐɛŬŰŬ(ˊŮɟɘɞɟɘůɛɏɜɞɠ ɢɩɟɞɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ůŰŬɗɛɞɨ ůŰɞ ŮˊɘűŬɜŮɘŬəɧ ŬůŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ), ɐ ɧŰŬɜ ɞɘ ŭɨɞ əɚɎŭɞɘ Űɤɜ ůɖɟɎɔɔɤɜ Ůˊɘəɞɘɜɤɜɞɨɜ ŰɧŰŮ ɖ Ůˊɘɚɞɔɐ Űɖɠ 

ɡˊɧɔŮɘŬɠ ŭɘɎɜɞɘɝɖɠ ŮɑɜŬɘ ɛɞɜɧŭɟɞɛɞɠ. ȾɎɗŮ ůŰŬɗɛɧɠ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ 

ˊɘɞ ŮˊɘűŬɜŮɘŬəɧɠ (ɛɘəɟɧ ɓɎɗɞɠ ŮəůəŬűɐɠ), ɏŰůɘ ɩůŰŮ ɞɘ ŬˊŬɘŰɐůŮɘɠ ůŮ ɛɏŰɟŬ ɡˊɞůŰɐɟɘɝɖɠ 

ɜŬ ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ɡˊɧɔŮɘŬɠ ŭɘɎɜɞɘɝɖɠ ˊɞɡ Űɞ əɧůŰɞɠ 

ŬɡɝɎɜŮŰŬɘ ůɖɛŬɜŰɘəɎ ɚɧɔɤ ɨˊŬɟɝɖɠ Űɤɜ ɏɟɔɤɜ ɡˊɞůŰɐɟɘɝɖɠ (ɆɃūȽȷɁɃɆ, 2018). ɇɧůɞ ɖ 

ɡˊɧɔŮɘŬ ŮəůəŬűɐ ɧůɞ əŬɘ ɖ ŮəůəŬűɐ Űɞɡ ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ, ɡɚɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɘɠ 

əɎŰɤɗɘ ɛŮɗɧŭɞɡɠ: 

¶ ɈˊɧɔŮɘŬ ɛɏɗɞŭɞɠ ŮəůəŬűɐɠ Ɂȷɇɀ 

¶ ȷɜɞɘəŰɐ ŮəůəŬűɐ (Cut and Cover) 

¶ Ⱥˊɑɢɤůɖ əŬɘ ȺəůəŬűɐ (Cover and Cut) 
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3.1.1 ɈˊɧɔŮɘŬ ɛɏɗɞŭɞɠ ŮəůəŬűɐɠ Ɂȷɇɀ 

ȼ ɛɏɗɞŭɞɠ Ɂȷɇɀ, ŬɜŬˊŰɨɢɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɘɠ ȷɡůŰɟɘŬəɏɠ ȯɚˊŮɘɠ ɔɘŬ Űɖɜ 

ŭɘɎɜɞɘɝɖ ɡˊɧɔŮɘɤɜ ůɖɟɎɔɔɤɜ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ŰŮɢɜɘəɩɜ ŭɘɎɜɞɘɝɖɠ ůɖɟɎɔɔɤɜ 

əŬɘ ɡˊɞůŰɐɟɘɝɖɠ. ȼ ŭɘɎɜɞɘɝɖ ůɖɟɎɔɔɤɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ Ɂȷɇɀ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɧůɞ ůŮ 

ɢŬɚŬɟɎ ŮŭɎűɖ ɧůɞ əŬɘ ůŮ ɓɟŬɢɩŭŮɠ ůɢɖɛŬŰɘůɛɞɨɠ. ɇŮɢɜɘəɎ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ 

ŮɝŮɚɑůůŮŰŬɘ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ űɎůŮɘɠ ŮəůəŬűɐɠ. ȷɟɢɘəɎ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ ɖ Ɏɜɤ ŭɘŬŰɞɛɐ Űɖɠ ŰŮɚɘəɐɠ ŭɘɎɜɞɘɝɖɠ (top heading), ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɛɖɢŬɜɘəɎ ɛɏůŬ ɐ ɢɟɐůɖ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ, ŬɜŬɚɧɔɤɠ Űɖɜ əŬŰɎůŰŬůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ůɢɖɛŬŰɘůɛɞɨ (ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůɢɖɛŬŰɘůɛɞɨ, ɨˊŬɟɝɖ ŬůɡɜŮɢŮɘɩɜ əɚˊ). ɀŮɟɘəɏɠ űɞɟɏɠ 

ɧŰŬɜ ɞ ˊŮɟɘɓɎɚɚɞɜ ůɢɖɛŬŰɘůɛɧɠ ŮɑɜŬɘ ɏɜŰɞɜŬ ŰŮəŰɞɜɘůɛɏɜɞɠ ɐ ŬˊɞůŬɗɟɤɛɏɜɞɠ, ɖ ˊɟɩŰɖ 

űɎůɖ Űɖɠ ŮəůəŬűɐɠ, ŮəůəɎˊŰŮŰŬɘ ůŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ űɎůŮɘɠ əŬŰɎ Űɞ ˊɚɎŰɞɠ Űɖɠ 

ůɐɟŬɔɔŬɠ ůɢɐɛŬ 3.1. ɆɖɛŬɜŰɘəɐ ˊŬɟŬŰɐɟɖůɖ ŮɑɜŬɘ ɧŰɘ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɖɢŬɜɐɛŬŰŬ 

ɞɚɞɛɏŰɤˊɖɠ əɞˊɐɠ ɇȸɀ ɔɘŬ Űɖɜ ŭɘɎɜɞɘɝɖ  əŬɘ ŬɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ŭŮɜ ŬůəŮɑŰŬɘ əɎˊɞɘŬ 

ɛɞɟűɐɠ ˊɑŮůɖɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮŰɩˊɞɡ ŮəůəŬűɐɠ.  ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ 

ˊɟɞɢɩɟɖůɖɠ Űɖɠ ŮəůəŬűɐɠ ŬəɞɚɞɡɗŮɑ ɖ ˊɟɞůɤɟɘɜɐ ɡˊɞůŰɐɟɘɝɖ Űɞɡ ɡˊɧɔŮɘɞɡ ŬɜɞɑɔɛŬŰɞɠ 

ɛŮ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ (ɞˊɚɘůɛɏɜɞ ɐ Ɏɞˊɚɞ), ɢɟɐůɖ ɛŮŰŬɚɚɘəɩɜ ŭɘŬŰɞɛɩɜ Ƚ ɐ 

ŮɚŬűɟɞɨ Űɨˊɞɡ ɛŮŰŬɚɚɘəɩɜ ŭɘŬŰɞɛɩɜ (ɢŬɚɨɓŭɘɜŬ ˊɚŬɑůɘŬ) əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ŬɔəɨɟɘŬ 

ˊŬɗɖŰɘəɎ ɐ ˊɟɞŮɜŰŮŰŬɛɏɜŬ. ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊɟɩŰɖɠ ŭɘɎɜɞɘɝɖɠ (ˊɟɩŰɖ űɎůɖ 

ŮəůəŬűɐɠ) ɛŮ ɧɛɞɘɞ Űɟɧˊɞ ŬəɞɚɞɡɗŮɑ ɖ ŭŮɨŰŮɟɖ űɎůɖ ɛŮ ɛɞɟűɐ ɡˊŬɑɗɟɘŬɠ ɓŬɗɛɑŭŬɠ 

(bench), əŬɘ ůɡɜɏɢɘůɖ Űɤɜ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ. ȳŰŬɜ ɖ ŭɘɎɜɞɘɝɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůŬ 

ůŮ ɢŬɚŬɟɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ, ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ űŬɘɜɧɛŮɜŬ Ŭɜɨɣɤůɖɠ Űɞɡ ŭŬˊɏŭɞɡ Űɖɠ 

ɡˊɧɔŮɘŬɠ ŭɘŬŰɞɛɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɛɑŬ Ůˊɘˊɚɏɞɜ űɎůɖ ŮəůəŬűɐɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ 

ŭɘŬŰɞɛɐ ŬɜɎůŰɟɞűɞɡ Űɧɝɞɡ (ɢɟɐůɖ ŭɘŬŰɞɛɐɠ invert). ȼ ŭɘŬŰɞɛɐ ŬɡŰɐ ɛŮŰɎ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ 

Űɖɠ ɡˊɞůŰɖɟɑɕŮŰŬɘ ɛŮ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ˊɎɢɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡ Ŭˊɧ ŮəŮɑɜɞ Űɤɜ 

ŰɞɘɢɤɛɎŰɤɜ Űɖɠ ůɐɟŬɔɔŬɠ Ůɜɩ Ůˊɘˊɚɏɞɜ Ůɜɑůɢɡůɖ ˊɟɞůŭɑŭŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ɛŮŰŬɚɚɘəɩɜ 

ˊɚŬɘůɑɤɜ. 
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ʅ˔ʺ˃ʰ оΦ 1Υʅˍʱʵʽʰ ʶˁˋˁʰ˒ʺˌ όʵʽʱ˄ˇʽ˅ʹύ ˋʺˊʰʴʴʰˌ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ɿɮʆɾ ˋʶ ˍˊʶʽˌ ʵʽʰʵˇ˔ʽˁʷˌ ˒ʱˋʶʽˌ (HEALTH AND 

SAFETY EXECUTIVE, 1996). 

Ƀ Űɟɧˊɞɠ ŮűŬɟɛɞɔɐɠ Űɖɠ Ɂȷɇɀ ůŰɖɟɑɕŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŭɘɎɜɞɘɝɖ 

(ˊɟɞɢɩɟɖůɖ) Űɖ ŮəůəŬűɐɠ əŬɘ ŰŬɡŰɞɢɟɧɜɤɠ ɖ ŮűŬɟɛɞɔɐ Űɤɜ ɛɏŰɟɤɜ ˊɟɞůɤɟɘɜɐɠ 

ɡˊɞůŰɐɟɘɝɖɠ, ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ ɖ ŬɜŰɞɢɐ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ˊŮŰɟɩɛŬŰɞɠ ï ɓɟŬɢɧɛŬɕŬɠ ɛŮ Űɖɜ ɛɞɟűɐ Űɖɠ ŮɚŮɔɢɧɛŮɜɖɠ ůɨɔəɚɘůɖɠ Űɤɜ ŰɞɘɢɤɛɎŰɤɜ Űɖɠ 

ŮəůəŬűɐɠ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɤɜ ŰɎůŮɤɜ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůɢɖɛŬŰɘůɛɞɨ ɔɨɟɤ Ŭˊɧ ŰŬ ŰɞɘɢɩɛŬŰŬ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ. ɃˊɧŰŮ ɞɘ ˊɘɏůŮɘɠ ˊɞɡ 

ŬůəɞɨɜŰŬɘ ůŰɞ əɏɚɡűɞɠ Űɖɠ ˊɟɞůɤɟɘɜɐɠ ɡˊɞůŰɐɟɘɝɖɠ ŮɑɜŬɘ ɛŮɘɤɛɏɜŮɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

Ŭɟɢɘəɏɠ. 
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ʅ˔ʺ˃ʰ оΦ 2Υʅˍʱʵʽʰ ʶˁˋˁʰ˒ʺˌ (ʵʽʱ˄ˇʽ˅ʹˌύ ˋʺˊʰʴʴʰˌ ˃ ʶ ˍʹ˄ ˃ʷʻˇʵˇ ɿɮʆɾ ̀ ʶ ʷ˅ʽ ˒ʱˋʶʽˌ ˃ ʷˋʰ ˋʶ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ʷ˄ˍˇ˄ʰ 

ʶʵʰ˒ˇˉˇʽʹ˃ʷ˄ˇˎˌ (HEALTH AND SAFETY EXECUTIVE, 1996). 

ɆŰɞ ůɢɐɛŬ 3.3 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŭɘɎɔɟŬɛɛŬ ůɨɔəɚɘůɖɠ-ŬˊɞŰɧɜɤůɖɠ Űɖɠ 

ɓɟŬɢɧɛŬɕŬɠ ɛɏůŬ ůŰɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɘɎɜɞɘɝɖ əɡəɚɘəɐɠ ůɐɟŬɔɔŬɠ, Ůɜɩ ɛŮ ŰŬ 

ɚŬŰɘɜɘəɎ ɔɟɎɛɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰɟŮɘɠ ˊŮɟɘɞɢɏɠ Ŭɝɘɞɚɧɔɖůɖɠ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɘɞɢɐ 

(ˊŮɟɘɞɢɐ Ƚ), ɖ ˊɑŮůɖ P1 ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞ əɡəɚɘəɧ ɎɜɞɘɔɛŬ ŮɑɜŬɘ ŬɟəŮŰɎ 

ɡɣɖɚɐ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɎɛŮůɖɠ ɡˊɞůŰɐɟɘɝɖɠ. ȾŬɗɩɠ ˊɟɞɢɤɟɎ ɖ ŭɘɎɜɞɘɝɖ Űɖɠ 

ŭɘŬŰɞɛɐɠ ɖ əŬɛˊɨɚɖ ŬɟɢɑɕŮɘ ɜŬ ɛŮɘɩɜŮŰŬɘ ůɖɛŬɜŰɘəɎ əŬɘ ɖ ˊɑŮůɖ Ŭˊɧ Űɖɜ Űɘɛɐ P1 ˊɏűŰŮɘ 
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ůŰɖɜ P2 (ˊŮɟɘɞɢɐ ȽȽ). ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ŮəŰɧɠ Ŭˊɧ Űɖɜ ŬˊɞŰɧɜɤůɖ Űɖɠ ˊɑŮůɖɠ P ɏɢɞɡɜ 

ŬɜŬˊŰɡɢɗŮɑ əŬɘ ɛŮŰŬŰɞˊɑůŮɘɠ-ůɡɔəɚɑůŮɘɠ UR, ůŮ ŰɏŰɞɘɞ ɓŬɗɛɧ ɩůŰŮ ɞɘ Űɘɛɏɠ Űɞɡɠ ɜŬ ŮɑɜŬɘ 

ŬˊɞŭŮəŰɏɠ. ɆŰɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŬɡŰɧ ŮűŬɟɛɧɕŮŰŬɘ ɖ ˊɟɞůɤɟɘɜɐ ɡˊɞůŰɐɟɘɝɖ ɖ ɞˊɞɑŬ 

əŬɚŮɑŰŬɘ ɜŬ ŬɜŬɚɎɓŮɘ Űɖɜ Űɘɛɐ Űɖɠ ˊɑŮůɖɠ P2. ɇɏɚɞɠ ɖ ˊŮɟɘɞɢɐ ȽȽȽ, ůŰɖɜ əŬɛˊɨɚɖ 

ůɨɔəɚɘůɖɠ-ŬˊɞŰɧɜɤůɖɠ ŭŮɑɢɜŮɘ Űɖɜ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɖɠ ˊɑŮůɖɠ P (ˊɑŮůɖ Ŭˊɧ P2 ůŮ P3) 

ˊɞɡ ɞűŮɑɚŮŰŬɘ ɚɧɔɤ Űɖɠ ɢŬɚɎɟɤůɖɠ Űɖɠ ɓɟŬɢɧɛŬɕŬɠ ɛŮ ɎɛŮůɞ əɑɜŭɡɜɞ Űɖɜ əŬŰɎɟɟŮɡůɖ 

Űɖɠ ɞɟɞűɐɠ Űɞɡ əɡəɚɘəɞɨ ŬɜɞɑɔɛŬŰɞɠ. ɆŰɞ ůŰɎŭɘɞ Űɖɠ ˊŮɟɘɞɢɐɠ ȽȽȽ ɖ ŮűŬɟɛɞɔɐ ɛɏŰɟɤɜ 

ɡˊɞůŰɐɟɘɝɖɠ ŮɑɜŬɘ ŬɟəŮŰɎ əŬɗɡůŰŮɟɖɛɏɜɖ. 

ʅ˔ʺ˃ʰ оΦ 3Υɼʰ˃ˉˏ˂ʹ ˋˏʴˁ˂ʽˋʹˌ -ʰˉˇˍˈ˄˖ˋʹˌ ˍʹˌ ʲˊʰ˔ˇ˃ʱʸʰˌ ɳˉʽˊˊˇʺ ˍˇˎ ˔ˊˈ˄ˇˎ ˍˇˉˇʻʷˍʹˋʹˌ ˍ˖˄ ˃ʷˍˊ˖˄ 

ˉˊˇˋ˖ˊʽ˄ʺˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˋˍʹ˄ ˉʾʶˋʹ ˍʹˌ ʲˊʰ˔ˇ˃ʱʸʰˌ ʶˉʽ ˍʹˌ ˎˉˇˋˍʺˊʽ˅ʹˌ ˍʹˌ ˋʺˊʰʴʴʰˌ όɼɮɰɰɮɲɮʅΣ нл12). 

 

3.1.2 ȷɜɞɘəŰɐ ŮəůəŬűɐ Cut and Cover 

ȼ ɛɏɗɞŭɞɠ ŮəůəŬűɐɠ əɞˊɐɠ əŬɘ ŮˊŬɜŮˊɑɢɤůɖɠ (cut & cover) Űɞɡ ůɢɐɛŬŰɞɠ 3.4, 

ŬˊɞŰŮɚŮɑ ŰŮɢɜɘəɐ əŬŰŬůəŮɡɐɠ ůɖɟɎɔɔɤɜ əŬɘ ɡˊɧɔŮɘɤɜ ůŰŬɗɛɩɜ Űɞɡ ɛŮŰɟɧ ůŮ ŬůŰɘəɏɠ ɐ ɛɖ 

ˊŮɟɘɞɢɏɠ ɧˊɞɡ Űɞ ɓɎɗɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɏɟɔɞɡ ŮɑɜŬɘ ɡɣɖɚɧ (railsystem.net). ȸŬůɘəɐ 

ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ, ŬˊɞŰŮɚɞɨɜ ɞɘ ɔŮɤŰŮɢɜɘəɏɠ ůɡɜɗɐəŮɠ Űɞɡ 
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ŮŭɎűɞɡɠ. ɀŬɚŬəɞɑ ɓɟɎɢɞɘ ɐ ŮŭɎűɖ ɛŮ ɢŬɛɖɚɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ɡɚɘəɎ ŮɜŰɧɠ Űɤɜ 

ɞˊɞɑɤɜ ŮˊɘɚɏɔŮŰŬɘ ɖ  ɛɏɗɞŭɞɠ cut and cover. ɋɠ ˊɟɞɠ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɘŭɑɤɠ ůŮ ŬůŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ ɖ ɛɏɗɞŭɞɠ ŬɡŰɐ ɝŮəɘɜɎ ɛŮ Űɖɜ ŮəůəŬűɐ Űɞɡ ɞɟɨɔɛŬŰɞɠ ɛŮ əŬŰŮɨɗɡɜůɖ Ŭˊɧ 

ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ. ȼ ˊɟɞɢɩɟɖůɖ Űɤɜ űɎůŮɤɜ ŮəůəŬűɐɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɛɖɢŬɜɘəɎ 

ɛɏůŬ (ɢɤɛŬŰɞɡɟɔɘəɎ ɛɖɢŬɜɐɛŬŰŬ). ɇŬ ˊɟŬɜɐ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ 

Ůɝɏɚɘɝɖ Űɞɡ ɏɟɔɞɡ ŮɑɜŬɘ əŬŰŬəɧɟɡűŬ əŬɘ ɖ ŬɜŰɘůŰɐɟɘɝɐ Űɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɛɏŰɟŬ 

ˊɟɞůɤɟɘɜɐɠ ɐ ɛɧɜɘɛɖɠ ŬɜŰɘůŰɐɟɘɝɖɠ (railsystem.net). ȼ ŬɜŰɘůŰɐɟɘɝɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞɑɢɞɡɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ, ŭɘŬűɟŬɔɛŬŰɘəɞɨɠ Űɞɑɢɞɡ, ˊɟɞŮɜŰŮŰŬɛɏɜŮɠ ŬɔəɡɟɩůŮɘɠ əŬɘ ɛŮɟɘəɏɠ űɞɟɏɠ 

ɛŮŰŬɚɚɘəɏɠ ŬɜŰɖɟɑŭŮɠ.  

ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘɎɜɞɘɝɖɠ Űɖɠ ŰɎűɟɞɡ ŬəɞɚɞɡɗŮɑ ɖ əŬŰŬůəŮɡɐ Űɞɡ 

ɡˊɧɔŮɘɞɡ ůŰŬɗɛɞɨ. ɆŰɞ ůŰɎŭɘɞ ŬɡŰɧ ɞ űɏɟɞɜ ɞɟɔŬɜɘůɛɧɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬŰŬůəŮɡɎɕŮŰŬɘ 

ˊɚɐɟɤɠ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ɐ ŬəɧɛŬ Ŭˊɧ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŬ ŰɛɐɛŬŰŬ.  ɀɧɚɘɠ 

ɞɚɞəɚɖɟɤɗŮɑ ɖ əŬŰŬůəŮɡɐ Űɞɡ ɡˊɧɔŮɘɞɡ ŭɞɛɐɛŬŰɞɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮˊɘəɎɚɡɣɖ Űɖɠ 

ŮəůəŬűɐɠ, əŮɜɞɨ ɢɩɟɞɡ ɛŮŰŬɝɨ əŬŰŬůəŮɡɐɠ əŬɘ Ůˊɘˊɏŭɞɡ ŮˊɘűŬɜŮɑŬɠ. ɆŰɞ ŰŮɚɘəɧ ůŰɎŭɘɞ 

Űɤɜ ŮɟɔŬůɘɩɜ ˊɟɏˊŮɘ ɞ ɢɩɟɞɠ ˊɎɜɤ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ɞ ɡˊɧɔŮɘɞɠ ůŰŬɗɛɧɠ ɜŬ 

ŭɘŬɛɞɟűɤɗŮɑ ɧˊɤɠ Űɞ ɡˊɧɚɞɘˊɞ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ (ŮˊŬɜŬűɞɟɎ ɞŭɘəɞɨ ŭɘəŰɨɞɡ, 

ŭɘŬɛɧɟűɤůɖ ˊɚŬŰŮɘɩɜ ə.ɚ.ˊ.) (railsystem.net).  

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ ɛɏɗɞŭɞɠ cut and cover ŮɑɜŬɘ (railsystem.net): 

¶ ɄŬɟɞɡůɘɎɕŮɘ ŮɡəɞɚɑŬ ůŰɖɜ əŬŰŬůəŮɡɐ əŬɗɩɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɡɛɓŬŰɘəɐ ɛɏɗɞŭɞɠ 

ŮəůəŬűɐɠ (ŭɘɎɜɞɘɝɖ əŬŰŬəɧɟɡűɞɡ ɞɟɨɔɛŬŰɞɠ ɛŮ ɢɤɛŬŰɞɡɟɔɘəɎ ɛɖɢŬɜɐɛŬŰŬ) 

¶ Ƀ ɢɩɟɞɠ Űɖɠ ŮəůəŬűɐɠ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɞɠ ɔɘŬ Űɞɜ ɛɖɢŬɜɞɚɞɔɘəɧ Ůɝɞˊɚɘůɛɧ, əŬɘ 

Ůˊɘˊɚɏɞɜ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŬˊɞɗɐəŮɡůɖ ɡɚɘəɩɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ. 

¶ ɀˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůŰŮɔŬɜɞˊɞɑɖůɖ Űɞɡ ɢɩɟɞɡ ŮəůəŬűɐɠ ŭɘɧŰɘ ɞɘ ŮɝɤŰŮɟɘəɏɠ 

ˊɚŮɡɟɏɠ Űɞɡ ɢɩɟɞɡ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛŮɠ. 

ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ ŮəůəŬűɐɠ cut and cover ŮɑɜŬɘ (railsystem.net): 

¶ ɇɞ ˊɚɎŰɞɠ Űɞɡ ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ ˊɟɏˊŮɘ ɜŬ əŬŰŬůəŮɡɎɕŮŰŬɘ ɚɑɔɞ ɛŮɔŬɚɨŰŮɟɞ ůŮ 

ůɢɏůɖ ɛŮ ŮəŮɑɜɞ Űɖɠ ɛŮɗɧŭɞɡ cover and cut. 

¶ ȼ ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ ŮŭɎűɞɡɠ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛɧɜɞ ɧŰŬɜ əŬŰŬůəŮɡŬůɗŮɑ ˊɚɐɟɤɠ 

ɧɚɖ ɖ ɡˊɧɔŮɘŬ əŬŰŬůəŮɡɐ. 

¶ ȷˊŬɘŰŮɑŰŬɘ ɖ ɢɟɐůɖ ˊɟɞůɤɟɘɜɩɜ ɐ ɛɧɜɘɛɤɜ ɛɏŰɟɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ (ɧˊɤɠ ŬɔəɨɟɘŬ, 

ŬɜŰɖɟɑŭŮɠ, ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ə.Ŭ.) əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŮəůəŬűɐɠ. 
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ʅ˔ʺ˃ʰ оΦ 4Υʅˍʱʵʽʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˃ʶʻˈʵˇˎ Ŏǳǘ ŀƴŘ ŎƻǾŜǊ όǊŀƛƭǎȅǎǘŜƳΦƴŜǘύΦ 

 

3.1.3 Ⱥˊɑɢɤůɖ əŬɘ ȺəůəŬűɐ Cover and Cut 

ȼ ŬɜɞɘəŰɐ ŮəůəŬűɐ cover and cut, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ůəɞˊɧ Űɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ 

ɡˊɧɔŮɘɞɡ ɢɩɟɞɡ (ůɐɟŬɔɔŬ, ůŰŬɗɛɞɑ ɛŮŰɟɧ ə.Ŭ.), əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. 

ȹɘŬűɏɟŮɘ Ŭˊɧ Űɖɜ ɛɏɗɞŭɞ cut and cover ɤɠ ˊɟɞɠ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɡˊɧɔŮɘɞɡ ŭɞɛɐɛŬŰɞɠ 

ɖ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ. ȼ Ůɜ ɚɧɔɤ ŰŮɢɜɘəɐ ɝŮəɘɜɎ ɛŮ Űɖɜ ɧɟɡɝɖ 

əŬŰŬəɧɟɡűɤɜ ˊŮŰŬůɛɎŰɤɜ (űɟŮŬŰɞˊɎůůŬɚɞɘ, ŭɘŬűɟŬɔɛŬŰɘəɧɠ Űɞɑɢɞɠ) Ŭˊɧ ɞˊɚɘůɛɏɜɞ 

ůəɡɟɧŭŮɛŬ (railsystem.net). ɆŰɖɜ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊɟɩŰɖ ŮəůəŬűɐ ɛŮ ɛɖɢŬɜɘəɎ 

ɛɏůŬ. ȼ ɡˊɞůŰɐɟɘɝɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ ˊŮŰŬůɛɎŰɤɜ ɛŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊɟɩŰɖɠ 

űɎůɖɠ ŮəůəŬűɐɠ ŮɜɘůɢɨŮŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ɛŮŰŬɚɚɘəɩɜ ŬɜŰɖɟɑŭɤɜ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɖɜ 

ɎɛŮůɖ ŬˊɞəŬŰɎůŰŬůɖ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ɢɩɟɞɡ, əŬŰŬůəŮɡɎɕŮŰŬɘ ɖ ɞɟɞűɐ Űɖɠ ŮəůəŬűɐɠ ɖ 

ɞˊɞɑŬ əŬɚɨˊŰŮɘ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɞɡ ŭɖɛɘɞɡɟɔɖɗɏɜŰɞɠ ɞɟɨɔɛŬŰɞɠ (railsystem.net). ȼ Ůɝɏɚɘɝɖ 

Űɖɠ ŮəůəŬűɐɠ ˊɟɞɢɤɟɎ ˊɚɏɞɜ ɛŮ ŮəůəŬűɐ (əɞˊɐ) əŬɘ ŰɞˊɞɗɏŰɖůɖ ŬɜŰɖɟɑŭɤɜ ŬɚɚɎ əŬɘ 

Űɤɜ ˊɟɩŰɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ŭɞəŬɟɘɩɜ, Űɖɠ ŰŮɚɘəɐɠ ŮəůəŬűɐɠ. ɀɧɚɘɠ ɖ ŮəůəŬűɐ 
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űŰɎůŮɘ ůŰɞ ŮˊɘɗɡɛɖŰɧ ɓɎɗɞɠ, ŰɧŰŮ ɛŮ ŬɜŰɑůŰɟɞűɖ ˊɞɟŮɑŬ (Ŭˊɧ əɎŰɤ ˊɟɞɠ ŰŬ ˊɎɜɤ) 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɏɔŮɟůɖ Űɞɡ ɡˊɧɔŮɘɞɡ ŭɞɛɐɛŬŰɞɠ əŬɘ ɖ ůŰŬŭɘŬəɐ ŬűŬɑɟŮůɖ Űɤɜ 

ˊɟɞůɤɟɘɜɩɜ ŬɜŰɖɟɑŭɤɜ. ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɡˊɧɔŮɘŬɠ əŬŰŬůəŮɡɐɠ, Űɞ əŮɜɧ ˊɞɡ 

ˊŬɟŬɛɏɜŮɘ ɛŮŰŬɝɨ ɞɟɞűɐɠ ŮəůəŬűɐɠ əŬɘ əŬŰŬůəŮɡɐɠ ŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ ŮŭŬűɘəɧ ɡɚɘəɧ ɏŰůɘ 

ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ˊɚɐɟɖɠ ůɡɜɎűŮɘŬ əŬŰŬůəŮɡɐɠ əŬɘ ŮˊɘűɎɜŮɘŬɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (railsystem.net). 

ȼ ɛɏɗɞŭɞɠ cover and cut ˊɚŮɞɜŮəŰŮɑ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɛɏɗɞŭɞ cut and cover ŭɘɧŰɘ 

(railsystem.net): 

¶ ȺˊɘŰɟɏˊŮɘ Űɖɜ ɎɛŮůɖ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ ˊɎɜɤ Ŭˊɧ Űɖɜ 

ŮəůəŬűɐ. 

¶ ȼ ɢɟɐůɖ ŬɜŰɖɟɑŭɤɜ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŮəůəŬűɐɠ ˊɟɞůŭɑŭŮɘ ɎɛŮůɖ ˊɟɞůɤɟɘɜɐ 

ůŰɐɟɘɝɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ ˊŮŰŬůɛɎŰɤɜ əŬɘ ŬˊɞŰŮɚŮɑ ˊɘɞ ɞɘəɞɜɞɛɘəɐ ɛɏɗɞŭɞɠ 

ůŰɐɟɘɝɖɠ Ŭˊɧ ŮəŮɑɜɖ Űɤɜ Ŭɔəɡɟɑɤɜ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŬɜɏɔŮɟůɖɠ 

Űɞɡ ŭɞɛɐɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬűŬɑɟŮůɖ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ŬɜŰɖɟɑŭɤɜ. 

¶ ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ŮŭɎűɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ˊɟɘɜ ɖ ŮəůəŬűɐ ˊɟɞɢɤɟɐůŮɘ ŬɟəŮŰɎ, ɖ əŬŰŬůəŮɡɐ Űɖɠ ɞɟɞűɐɠ ˊɞɡ əŬɚɨˊŰŮɘ Űɞ 

ɎɜɞɘɔɛŬ Űɞɡ ɞɟɨɔɛŬŰɞɠ ɛŮ ůɢŮŰɘəɎ ˊɘɞ Ůɨəɞɚɞ Űɟɧˊɞ (əŬŰŬůəŮɡɐ ɞɟɞűɐɠ Ŭˊɧ 

ɏɔɢɡŰɞ ůəɡɟɧŭŮɛŬ) 

ɇŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ ŮůŰɘɎɕɞɜŰŬɘ ůŮ (railsystem.net): 

¶ ȷŭɡɜŬɛɑŬ ŮɝɤŰŮɟɘəɐɠ ůŰŮɔŬɜɧŰɖŰŬɠ ɏɝɤ Ŭˊɧ Űɞɡɠ Űɞɑɢɞɡɠ Űɖɠ ɡˊɧɔŮɘŬɠ 

əŬŰŬůəŮɡɐɠ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŭŮɜ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɖ ɖ ˊɑůɤ ˊɚŮɡɟɎ Űɤɜ. 

¶ ɄŮɟɘɞɟɘůɛɏɜɞɠ ɢɩɟɞɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɡˊɧɔŮɘɞɡ ŭɞɛɐɛŬŰɞɠ. 

¶ Ⱦɑɜŭɡɜɞɠ ŬůŰɞɢɑŬɠ Űɤɜ ŭɘŬűɟŬɔɛŬŰɘəɩɜ Űɞɑɢɤɜ əŬŰɎ Űɞ ůŰɎŭɘɞ ŬűŬɑɟŮůɖɠ Űɤɜ 

ŬɜŰɖɟɑŭɤɜ ɚɧɔɤ ŮɔəŬŰɎůŰŬůɖɠ Űɤɜ Űɞɑɢɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ. 
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ʅ˔ʺ˃ʰ оΦ 5Υʅˍʱʵʽʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˃ʶʻˈʵˇˎ ŎƻǾŜǊ ŀƴŘ Ŏǳǘ (railsystem.net). 

 

3.2 ɀɏŰɟŬ ˊɟɞůɤɟɘɜɐɠ ŬɜŰɘůŰɐɟɘɝɖɠ ˊɟŬɜɩɜ ŮəůəŬűɐɠ 

 ȼ ŬɜŰɘůŰɐɟɘɝɖ ˊɟɞůɤɟɘɜɐ ɐ ɛɧɜɘɛɖ ŮűŬɟɛɧɕŮŰŬɘ ɛŮ ůəɞˊɧ Űɖɜ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ŮəůəŬűɐɠ ɏɜŬɜŰɘ ŬůŰɞɢɑŬɠ Űɞɡ ŮŭɎűɞɡɠ. ɆŰŬ ůɨɔɢɟɞɜŬ ŰŮɢɜɘəɎ ɏɟɔŬ ɞ ɛɖɢŬɜɘəɧɠ əŬɚŮɑŰŬɘ 

ɜŬ ŮˊɘɚɏɝŮɘ ɛŮŰŬɝɨ ŭɘŬűɧɟɤɜ ɛŮɗɧŭɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ Űɖɜ ɓɏɚŰɘůŰɖ ɚɨůɖ ɖ ɞˊɞɑŬ ɗŬ  

ˊɟɞůŭɩůŮɘ Űɞ ŮˊɘɗɡɛɖŰɧ ŬˊɞŰɏɚŮůɛŬ. ɆŰɖɜ ůɨɔɢɟɞɜɖ ɛɖɢŬɜɘəɐ ɞ ɧɟɞɠ ŬɜŰɘůŰɐɟɘɝɖ 

əŬŰŬəɧɟɡűɤɜ ˊɟŬɜɩɜ ˊŬɟŬˊɏɛˊŮɘ, ůŮ ɛɏŰɟŬ ˊɟɞůɤɟɘɜɐɠ ɡˊɞůŰɐɟɘɝɖɠ ɛŮ ɢɟɐůɖ Űɞɑɢɤɜ 

ŬɜŰɘůŰɐɟɘɝɖɠ, ɢŬɚɨɓŭɘɜŮɠ ˊŬůůŬɚɞůŬɜɑŭŮɠ, ŬɜŰɖɟɑŭŮɠ ŬɔəɨɟɘŬ ŮŭɎűɞɡɠ ɐ ɓɟɎɢɞɡ, 

ŭɘŬűɟŬɔɛŬŰɘəɞɑ Űɞɑɢɞɘ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ə.Ŭ. (ɆɃūȽȷɁɃɆ, 2018)ȼ Ůˊɘɚɞɔɐ Űɤɜ 

ŬɜɤŰɏɟɤ əŬɗɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ Űɞɡ ŮŭɎűɞɡɠ ɧˊɤɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, 

ɨˊŬɟɝɖ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ ə.Ŭ. ȿɧɔɤ Űɖɠ űɨůɖɠ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɠ 

ŬůűɎɚŮɘŬɠ Űɤɜ ŮəůəŬűɩɜ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ŭɘŬűɟŬɔɛŬŰɘəɞɑ Űɞɑɢɞɘ ɐ Űɞɑɢɞɘ ŬɜŰɘůŰɐɟɘɝɖɠ, Ŭˊɧ 
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ɞˊɚɘůɛɏɜɞɡɠ ˊŬůůɎɚɞɡɠ Űɨˊɞɡ ˊɟɞɓɧɚɞɡ, ɛŮ ŮɜŭɘɎɛŮůɞ ůŬɜɑŭɤɛŬ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

ˊɟɞŮɜŰŮŰŬɛɏɜŮɠ ŬɔəɡɟɩůŮɘɠ ɐ ŬɜŰɖɟɑŭŮɠ.  

 

Ƀ ŰŮɚɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɤɜ ɛɏŰɟɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ (ɆɃūȽȷɁɃɆ, 2018): 

¶ Űɖɜ űɨůɖ Űɞɡ ɡɚɘəɞɨ(ŮŭɎűɞɡɠ) ˊɟɞɠ ŮəůəŬűɐ əŬɘ ŬɜŰɘůŰɐɟɘɝɖ 

¶ Űɖɜ ɨˊŬɟɝɖ ŬɚɚɎ əŬɘ Űɞ ɨɣɞɠ ŮɛűɎɜɘůɖɠ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ 

¶ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ŮəůəŬűɐɠ (ɓɎɗɞɠ əŬɘ ˊɚɎŰɞɠ) 

¶ Űɖɜ ŭɘŬɛɧɟűɤůɖ Űɞɡ ŰŮɚɘəɞɨ űɏɟɞɜŰŬ ɞɟɔŬɜɘůɛɞɨ ɛɏůŬ ůŰɖɜ ŮəůəŬűɐ, əŬɘ 

Ŭɜ ŬɡŰɧɠ ŮɜůɤɛŬŰɤɗŮɑ ůŰɖɜ ŬɜŰɘůŰɐɟɘɝɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ ˊɟŬɜɩɜ. 

¶ Űɖɜ ŭɘŬůűɎɚɘůɖ Űɖɠ ŮəůəŬűɐɠ ůŮ ůɢɏůɖ ɛŮ ɔŮɘŰɞɜɘəɎ əŰɐɟɘŬ. 

¶ Űɞ ŰŮɚɘəɧ űɞɟŰɑɞ ˊɞɡ ˊɟɞůŰɑɗŮŰŬɘ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŮˊŬɜŮˊɑɢɤůɖɠ 

(ɛɏɗɞŭɞɠ cut & cover), əŬɘ ŭɘŬɛɞɟűɩɜŮŰŬɘ ŬɜɎɚɞɔŬ Űɘɠ ůɡɜɗɐəŮɠ Űɞɡ 

ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ (ɨˊŬɟɝɖ ŭɟɧɛɞɡ əɡəɚɞűɞɟɑŬ, ˊɚŬŰŮɘɩɜ əɚˊ) 

 

3.2.1 ɇɞɑɢɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ 

ɋɠ Űɞɑɢɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ ɜɞŮɑŰŬɘ Űɞ ˊɏŰŬůɛŬ Űɞ ɞˊɞɑɞ ɞɟɘɞɗŮŰŮɑ əŬɘ ŬɜŰɘůŰɖɟɑɕŮɘ ŰŬ 

əŬŰŬəɧɟɡűŬ ɐ əŮəɚɘɛɏɜŬ ˊɟŬɜɐ ɞɟɡɔɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŭɘŬɜɞɑɔɞɜŰŬɘ ůŮ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, 

ɚɞűɩŭŮɘɠ ˊŮɟɘɞɢɏɠ əŬɘ ůŰŬ ˊɟŬɜɐ Űɤɜ ŬɡŰɞəɘɜɖŰɞŭɟɧɛɤɜ. ȾŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ 

ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ, Űɞ ɨɣɞɠ Űɞɡɠ ˊɞɘəɑɚŮɘ ŬɜŬɚɧɔɤɠ Űɖɜ űɨůɖ Űɞɡ ɏɟɔɞɡ. ɇɡˊɘəɎ ɨɣɖ 

Űɤɜ Űɞɑɢɤɜ ŬɜŰɘůŰɐɟɘɝɖɠ ɝŮəɘɜɞɨɜ Ŭˊɧ ŰŬ 8 ɛŮ 10m əŬɘ űɗɎɜɞɡɜ ɏɤɠ əŬɘ ŰŬ 30m. 

ȾŬŰŬůəŮɡŬůŰɘəɎ ɞ Űɞɑɢɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ űɟŮŬŰɞˊŬůůɎɚɞɡɠ ɛŮɔɎɚɖɠ 

ŭɘŬɛɏŰɟɞɡ, ŭɘŬɜɞɑɔŮŰŬɘ  ɞˊɐ ˊŬůůɎɚɞɡ ɛŮ ɘŭɘəɧ ŭɘŬŰɟɖŰɘəɧ ɛɖɢɎɜɖɛŬ (ˊŬůůŬɚɘɏɟŬ) ůŰɖɜ 

ůɡɜɏɢŮɘŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ɞ ɞˊɚɘůɛɧɠ Ŭˊɧ ůɑŭŮɟŬ (ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əɚɤɓɧ ɛŮ ɢŬɚɨɓŭɘɜŬ 

ůɑŭŮɟŬ ɛɐəɞɡɠ ɧůɞ əŬɘ Űɞ ɨɣɞɠ Űɞɡ ˊŬůůɎɚɞɡ) əŬɘ ůŰɞ Űɏɚɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏəɢɡůɖ 

ůəɡɟɞŭɏɛŬŰɞɠ ŮɜŰɧɠ Űɖɠ ɞˊɐɠ. ɀŮŰɎ Űɖɜ ˊɚɐɟɤůɖ ɞɚɧəɚɖɟɖɠ Űɖɠ ɏəɢɡůɖɠ ůəɡɟɞŭɏɛŬŰɞɠ 

ůŮ ɞɚɧəɚɖɟɖ Űɖɜ ůŰɐɚɖ Űɞɡ ˊŬůůɎɚɞɡ, ɖ əŬŰŬůəŮɡɐ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɛŮ Űɖɜ ŭɘŬɛɧɟűɤůɖ 

Űɞɡ əŮűŬɚɧŭŮůɛɞɡ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ (ɆɃūȽȷɁɃɆ, 2018). ȼ ŭɘɎŰŬɝɖ Űɤɜ ɞˊɚɘůɛɏɜɤɜ 

əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ ŮɑɜŬɘ ŬůɡɜŮɢɐɠ (ůɢɐɛŬ 3.6 Ŭ) ɐ ůɡɜŮɢŮɑɠ, ŮűŬˊŰɧɛŮɜɞɘ (ůɢɐɛŬ 3.6 

ɓ). ȼ ŭɘɎŰŬɝɖ ŰŮɛɜɧɛŮɜɤɜ ɐ ůɡɜŮɢɩɜ űɟŮŬŰɞˊŬůůɎɚɤɜ, ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŮɜŬɚɚŬɔɏɠ 

ɞˊɚɘůɛɏɜɤɜ əŬɘ Ɏɞˊɚɤɜ əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ Ŭˊɧ ůəɡɟɧŭŮɛŬ. ȾŬŰŬůəŮɡŬůŰɘəɎ ůŰɖɜ 

Ŭɟɢɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɧɟɡɝɖ əŬɘ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Ɏɞˊɚɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ˊɟɞůŭɑŭŮŰŬɘ 

ůŰɞ ɏŭŬűɞɠ ɛɘŬ ˊɟɩŰɖ Ůɜɑůɢɡůɖ, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ Ŭəɞɚɞɡɗɞɨɜ ɞɘ ɞˊɚɘůɛɏɜɞɘ 

űɟŮŬŰɞˊɎůůŬɚɞɘ ɞɘ ɞˊɞɑɞɘ əŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡɠ ŮˊɘəŬɚɨˊŰɞɡɜ Űɞɡ Ɏɞˊɚɞɡɠ ɏŰůɘ ɩůŰŮ 
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ůŰɖɜ ŰŮɚɘəɐ Űɞɡ ɛɞɟűɐ ɖ ŭɘɎŰŬɝɖ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ ɛɞɘɎɕŮɘ ɛŮ Űɞ (ůɢɐɛŬ 3.6 ɓ). ɇɞ 

ůɨůŰɖɛŬ ŬɡŰɧ ˊɟɞůŭɑŭŮɘ ůŰɞɜ ŰŮɚɘəɧ Űɞɑɢɞ ůɖɛŬɜŰɘəɎ ɡɣɖɚɐ ŬɜŰɞɢɐ (ɆɃūȽȷɁɃɆ, 2018). ȷˊɧ 

Űɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ ɖ ŭɘɎŰŬɝɖ Űɤɜ ŬůɡɜŮɢɩɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɧɟɡɝɖ 

əŬɘ əŬŰŬůəŮɡɐ ɞˊɚɘůɛɏɜɤɜ űɟŮŬŰɞˊŬůůɎɚɤɜ ɞɘ ɞˊɞɑɞɘ ɓɟɑůəɞɜŰŬɘ ůŮ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ 

Űɞɡɠ. ɃɘəɞɜɞɛɘəɎ ɡˊŮɟŰŮɟɞɨɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ Űɤɜ ůɡɜŮɢɩɜ ɐ ŰŮɛɜɧɛŮɜɤɜ ˊŬůůɎɚɤɜ 

ŬɚɚɎ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ ɔɟɐɔɞɟɞ Űɟɧˊɞ əŬŰŬůəŮɡɐɠ. ȼ ŭɘɎŰŬɝɖ ŬɡŰɐ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɜ 

əŬŰŬůəŮɡɐɠ Űɞɡ ɞɟɨɔɛŬŰɞɠ, ˊɚŬɘůɘɩɜŮŰŬɘ ɛŮ ůŬɜɑŭɤɛŬ Ŭˊɧ ůəɡɟɧŭŮɛŬ ɏŰůɘ ɩůŰŮ əŬŰɎ Űɞ 

ŰŮɚɘəɧ ůŰɎŭɘɞ əŬŰŬůəŮɡɐɠ Űɞɡ ɞɟɨɔɛŬŰɞɠ ɜŬ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬɠ ŮɜɘŬɑɞɠ Űɞɑɢɞɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ ɞ ɞˊɞɑɞɠ ɜŬ ŮɛˊŮɟɘɏɢŮɘ Űɞɡɠ ˊŬůůɎɚɞɡɠ ůŮ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ (ɆɃūȽȷɁɃɆ, 

2018). 

 

 

ʅ˔ʺ˃ʰ оΦ 6Υɲʽʱˍʰ˅ʹ ˉʰˋˋʱ˂˖˄ ˋʶ ˁʱˍˇ˕ʹΦ όʰύ ɮˋˎ˄ʶ˔ʺˌ ˉʰˋˋʰ˂ˈˍˇʽ˔ˇˌΣ όʲύ ʆˇʾ˔ˇˌ ˍʶ˃˄ˈ˃ʶ˄˖˄ ʺ 
ˋˎ˄ʶ˔˗˄ ˉʰˋˋʱ˂˖˄ (BURRAS Ltd CIVIL ENGINEERING AND PILING CONTRACTORS). 

3.2.2 ȷɔəɨɟɘŬ ŮŭɎűɞɡɠ-ɄɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ 

 ɇɞ Ŭɔəɨɟɘɞ ɤɠ ɏɜŬ ůŰɞɘɢŮɑɞ ŬɜŰɘůŰɐɟɘɝɖɠ ɏɢŮɘ Űɖɜ ɘŭɘɧŰɖŰŬ ɜŬ ɛŮŰŬɓɘɓɎɕŮɘ 

ŮűŮɚəɡůŰɘəɧ űɞɟŰɑɞ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ ůŰɖɜ ɞˊɞɑŬ ŮŭɟɎɕŮŰŬɘ ɛɏůŬ ůŰɞɜ ŮŭŬűɘəɧ 

ůɢɖɛŬŰɘůɛɧ. ɇɞ Ŭɔəɨɟɘɞ ŮŭɎűɞɡɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ɢŬɚɨɓŭɘɜɤɜ ɜŮɡɟɩůŮɤɜ 

(əɚɩɜɞɡɠ), ɞɘ ɞˊɞɑɞɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŮɜŰɧɠ ŭɘŬŰɟɐɛŬŰɞɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɡůˊɘɏɕŮŰŬɘ 

ˊɞůɧŰɖŰŬ ŮɜŮɛŬŰɘəɞɨ ɛɑɔɛŬŰɞɠ, ɛŮ ůəɞˊɧ Űɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ-ˊɎəŰɤůɖ ŰɛɐɛŬŰɞɠ Űɤɜ 

ɢŬɚɨɓŭɘɜɤɜ əɚɩɜɤɜ, ɖ ŭɘɎůŰŬůɖ ˊɞɡ əŬɚɨˊŰŮɘ Űɞ ŮɜŮɛŬŰɘəɧ ɛɑɔɛŬ ɞɜɞɛɎɕŮŰŬɘ ɛɐəɞɠ 

ˊɎəŰɤůɖɠ. ɇɞ ɡˊɧɚɞɘˊɞ ŰɛɐɛŬ əŬɚŮɑŰŬɘ ŮɚŮɨɗŮɟɞ ɛɐəɞɠ. ȾŬŰɎ Űɖɜ Ůɝɏɚɘɝɖ Ůɜɧɠ ŰŮɢɜɘəɞɨ 
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ɏɟɔɞɡ ůŮɘɟɏɠ Ŭɔəɡɟɑɤɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ Ŭˊɏɢɞɡɜ ŬˊɧůŰŬůɖ Ŭ ɛŮŰŬɝɨ Űɞɡɠ. ȼ 

ŬˊɧůŰŬůɖ Űɤɜ Ŭɔəɡɟɑɤɜ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Űɤɜ ůŮɘɟɩɜ Ŭɔəɨɟɤůɖɠ əŬɗɞɟɑɕɞɡɜ Űɞɜ 

əɎɜɜŬɓɞ Ŭɔəɨɟɤůɖɠ (ɄȷɄȷɆɄɈɅɃɈ, 1985). ȼ ŭɘɎŰŬɝɖ Ůɜɧɠ Ŭɔəɡɟɑɞɡ ŮŭɎűɞɡɠ ɛɏůŬ ůŮ 

ɢŬɚŬɟɧ ůɢɖɛŬŰɘůɛɧ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 3.7. 

 

ʅ˔ʺ˃ʰ оΦ 7Υʅˁʰˊʾ˒ʹ˃ʰ ˉˊˇʶ˄ˍʶˍʰ˃ʷ˄ˇˎ h ʴˁˎˊʾˇˎΦ ʅˍˇ ˋ˔ʺ˃ʰ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ˃ʷˊʹ ʰˉˈ ˍʰ ˇˉˇʾʰ 
ʰˉˇˍʶ˂ʶʾˍʰʽ ˍˇ ʰʴˁˏˊʽˇ όʃɮʃɮʅʃʇʄʁʇΣ мфурύ. 

 

1. ȾŮəɚɘɛɏɜɞ ŭɘɎŰɟɖɛŬ 

2. ȺɜŮɛŬŰɘəɧ ɛɑɔɛŬ ˊŮɟɘɛŮŰɟɘəɎ Űɞɡ ŮɚŮɨɗŮɟɞɡ Ɏəɟɞɡ 

3. ɄɟɞůŰŬŰŮɡŰɘəɧ ˊŮɟɑɓɚɖɛŬ 

4. ɄɟɞůŰŬůɑŬ ɏɜŬɜŰɘ ŭɘɎɓɟɤůɖɠ 

5. ɇɏɜɞɜŰŬɠ (əɚɩɜɞɠ) 

6. ɄɩɛŬ 

7. ȸɞɚɓɧɠ ŮɜɏɛŬŰɞɠ 

8. ɄɚɎəŬ ɏŭɟŬůɖɠ Űɖɠ əŮűŬɚɐɠ 

9. ȾŮűŬɚɐ ůŰŮɟɏɤůɖɠ 

10. ɄɟɘůɛŬŰɘəɐ ɓɎůɖ (ůűɐɜŬ) 

11. ȹɞɛɘəɧ ůŰɞɘɢŮɑɞ (ˊ.ɢ. Űɞɑɢɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ) 
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ɇŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɞɡ Ŭɔəɡɟɑɞɡ (ɄȷɄȷɆɄɈɅɃɈ, 1985) ˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ 3.7 

ŮɑɜŬɘ: 

¶ Ƀ ŰɏɜɞɜŰŬɠ: ɞɜɞɛɎɕŮŰŬɘ ɏŰůɘ ɖ ɢŬɚɨɓŭɘɜɖ ɟɎɓŭɞɠ ɐ Űɞ ɢŬɚɨɓŭɘɜɞ əŬɚɩŭɘɞ ɐ 

əɚɩɜɞɠ ˊɞɡ ůɡɜŭɏŮɘ Űɖɜ əŮűŬɚɐ Űɞɡ Ŭɔəɡɟɑɞɡ ɛŮ Űɞ ˊŬəŰɤɛɏɜɞ ŰɛɐɛŬ. ȼ 

ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞ ɏŭŬűɞɠ ŭɘŬɛɏůɞ Űɞɡ ŰɏɜɞɜŰŬ. 

¶ ȼ əŮűŬɚɐ Űɞɡ Ŭɔəɡɟɑɞɡ: ˊɟɧəŮɘŰŬɘ ɔɘŬ Űɞ ɛŮŰŬɚɚɘəɧ ůŰɞɘɢŮɑɞ Űɞ ɞˊɞɑɞ ůɡɜŭɏŮɘ 

Űɞɜ ŰɏɜɞɜŰŬ Űɞɡ Ŭɔəɡɟɑɞɡ ɛŮ Űɖɜ əŬŰŬůəŮɡɐ ˊɎɜɤ ůŰɖɜ ɞˊɞɑŬ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ. 

ȷˊɧ Űɖɜ əŮűŬɚɐ Űɞɡ Ŭɔəɡɟɑɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊɟɞɏɜŰŬůɐɠ Űɞɡ.   

¶ ɇɞ ɛɐəɞɠ ˊɎəŰɤůɖɠ: ŮɑɜŬɘ Űɞ ŰɛɐɛŬ Űɞɡ Ŭɔəɡɟɑɞɡ Űɞ ɞˊɞɑɞ ˊŬəŰɩɜŮŰŬɘ ůŰɞ 

ɏŭŬűɞɠ ɛŮ ɢɟɐůɖ ŰůɘɛŮɜŰŮɜɏɛŬŰɞɠ. ȼ ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ ˊɟɞɏɜŰŬůɖɠ əŬŰŬɚɐɔŮɘ 

ůŰɞ ˊŬəŰɤɛɏɜɞ ŰɛɐɛŬ əŬɘ Ůɜ ŰɏɚŮɘ ŭɘŬɢɏŮŰŬɘ ůŰɖɜ ɛɎɕŬ Űɞɡ ŮŭŬűɘəɞɨ 

ůɢɖɛŬŰɘůɛɞɨ. Ƀ ŰɏɜɞɜŰŬɠ Űɞɡ Ŭɔəɡɟɑɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɞ ˊŬəŰɤɛɏɜɞ ŰɛɐɛŬ əŬɘ 

əŬŰŬɚɐɔŮɘ ůŰɖɜ əŮűŬɚɐ Űɞɡ Ŭɔəɡɟɑɞɡ. 

ɇŬ ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ ɏɢɞɡɜ ɛɐəɞɠ ˊɞɡ ɝŮəɘɜɎ Ŭˊɧ ŰŬ 8m əŬɘ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ əŬɘ 

ŰŬ 50m Ůɜɩ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ɛŮŰŬɓɘɓɎɕɞɡɜ ůŰɞ ɏŭŬűɞɠ ŬɜɏɟɢɞɜŰŬɘ Ŭˊɧ 150 ɏɤɠ 2500kN 

əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ űŰɎůɞɡɜ əŬɘ ŰŬ 10000kN. Ƀ ɢɎɚɡɓŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ŰɏɜɞɜŰŬ ŮɑɜŬɘ ɢɎɚɡɓŬɠ ˊɟɞɏɜŰŬůɖɠ ɛŮ ɡɣɖɚɐ 

ŬɜŰɞɢɐ. ȾɎɗŮ Ŭɔəɨɟɘɞ ŬˊɧŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ ŰɏɜɞɜŰŬ. ɇŬ ˊɞɚɨəɚɤɜŬ 

əŬɚɩŭɘŬ (ŰɏɜɞɜŰŮɠ), ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ ŮɨəŬɛˊŰŮɠ ɟɎɓŭɞɡɠ ɛŮ ŭɘɎɛŮŰɟɞ 4mm. ȼ 

ɛɘəɟɐ ŭɡůəŬɛɣɑŬ Űɤɜ ɟɎɓŭɤɜ ŭɘŮɡəɞɚɨɜŮɘ ůŰɞɡɠ ɢŮɘɟɘůɛɞɨɠ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŰɎɜɡůɖɠ. 

ȼ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ˊɟɞŮɜŰŮŰŬɛɏɜɤɜ Ŭɔəɡɟɑɤɜ ŮűŬɟɛɧɕŮŰŬɘ Űɧůɞ ůŮ ŮŭŬűɘəɞɨɠ 

ůɢɖɛŬŰɘůɛɞɨɠ ɧůɞ əŬɘ ůŮ ɓɟŬɢɩŭɖ ˊŮŰɟɩɛŬŰŬ. ȿŮɘŰɞɡɟɔɘəɎ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ 

ɧɛɤɠ ɖ ŭɘŬűɞɟɎ ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɜ Űɟɧˊɞ ŭɘɎŰɟɖůɐɠ Űɞɡɠ əŬɘ ůŰɞ ˊŬəŰɤɛɏɜɞ ŰɛɐɛŬ ˊɞɡ 

ŮɑŰŮ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰůɘɛŮɜŰɏɜŮɛŬ ŮɑŰŮ ɟɖŰɘɜɘəɧ ɏɜŮɛŬ (ɄȷɄȷɆɄɈɅɃɈ, 1985). Ƀɘ ˊŬɟɎɔɞɜŰŮɠ 

Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ əŬɗɞɟɑɕŮŰŬɘ Űɞ Ůɑŭɞɠ Űɤɜ Ŭɔəɡɟɑɤɜ ŮɑɜŬɘ (ɄȷɄȷɆɄɈɅɃɈ, 1985): 

¶ ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ ˊɟɞůɤɟɘɜɎ ɐ ɛɧɜɘɛŬ ŬɜɎɚɞɔŬ Űɖɜ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡɠ 

¶ ȼ ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ Űɞɡɠ 

¶ Ƀɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŮŭɎűɞɡɠ ůŰɞ ɞˊɞɑɞ ɛŮŰŬɓɘɓɎɕɞɡɜ Űɖɜ ŮűŮɚəɡůŰɘəɐ 

ŭɨɜŬɛɖ ŰɎɜɡůɖɠ. 
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ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ŰŬ ɛɧɜɘɛŬ ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ ŭɘŬűɏɟɞɡɜ Ŭˊɧ ŰŬ ˊɟɞůɤɟɘɜɎ 

ŭɘɧŰɘ ůɢŮŭɘɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ɏɢɞɡɜ ɢɟɧɜɞ ɕɤɐɠ ɑŭɘɞ ɛŮ Űɞɜ ɢɟɧɜɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɏɟɔɞɡ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɞ ɢɎɚɡɓŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡɠ ɜŬ ˊɟɞůŰŬŰŮɨŮŰŬɘ 

Ŭˊɧ Űɖɜ ŭɘɎɓɟɤůɖ (ɄȷɄȷɆɄɈɅɃɈ, 1985). Ƀ Űɟɧˊɞɠ ŰɞˊɞɗɏŰɖůɐɠ Űɞɡɠ ŮɑɜŬɘ ɞ ɑŭɘɞɠ. 

ʅ˔ʺ˃ʰ оΦ 8Υɳ˒ʰˊ˃ˇʴʺ ˉˊˇʶ˄ˍʶˍʰ˃ʷ˄˖˄ ʰʴˁˎˊ˗ˋʶ˖˄ ʴʽʰ ˍʹ˄ ʰ˄ˍʽˋˍʺˊʽ˅ʹ ˁʰˍʰˁˈˊˎ˒ˇˎ ˉˊʰ˄ˇˏˌ 
ʶˁˋˁʰ˒ʺˌ ʰ˄ˇʽˁˍˇˏ ˇˊˏʴ˃ʰˍˇˌ (ELEBOR A.E.B.E., 2013). 
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ʅ˔ʺ˃ʰ оΦ 9Υ ɲʽʰʵʽˁʰˋʾʰ ˉˊˇʷ˄ˍʰˋʹˌ ̱ ˖˄ ʰʴˁˎˊʾ˖˄ ʶʵʱ˒ˇˎˌ (ELEBOR A.E.B.E., 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅ˔ʺ˃ʰ оΦ 10Υ ʆʶ˔˄ʽˁˈ ˋˁʰˊʾ˒ʹ˃ʰ ʰˉˈ ˍʰ ˃ʷˊʹ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʷ˄ʰ ʰʴˁˏˊʽˇ ʶʵʱ˒ˇˎˌ ˋˍˇ ʶ˃ˉˈˊʽˇ 
(ELEBOR A.E.B.E., 2013) . 
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3.2.3 ȷɜŰɖɟɑŭŮɠ 

ȺəŰɧɠ Ŭˊɧ Űɘɠ ˊɟɞŮɜŰŮŰŬɛɏɜŮɠ ŬɔəɡɟɩůŮɘɠ Űɖɜ ŮɛűɎɜɘůɐ Űɞɡɠ ɔɘŬ Űɖɜ 

ŬɜŰɘůŰɐɟɘɝɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ ˊɟŬɜɩɜ Ůɜɧɠ ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ, əɎɜɞɡɜ əŬɘ ɞɘ 

ɛŮŰŬɚɚɘəɏɠ ŬɜŰɖɟɑŭŮɠ (ɆɃūȽȷɁɃɆ, 2018). ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ŬɓŬɗɐɠ 

ŮəůəŬűɏɠ ɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŬɔəɡɟɩůŮɘɠ ůŮ ɓŬɗɘɏɠ ŮəůəŬűɏɠ ůŮ 

ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŮ ůŰŬɗɛɞɨɠ ɛŮŰɟɧ (ɓɚɏˊŮ ůɢɐɛŬ 3.9). Ƀ 

ůəɞˊɧɠ Űɞɡɠ ŮɑɜŬɘ ɜŬ ˊŮɟɘɞɟɑůɞɡɜ Űɘɠ ˊɚŮɡɟɘəɏɠ ˊɘɏůŮɘɠ ˊɞɡ ŬůəŮɑ Űɞ ɏŭŬűɞɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɤɜ əŬŰŬəɧɟɡűɤɜ ˊɟŬɜɩɜ, ɩůŰŮ ɜŬ ŬˊɞŰɟŬˊŮɑ ɖ ŬůŰɞɢɑŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ 

ɖ ɟɞɐ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ŮəůəŬűɐɠ (ɆɃūȽȷɁɃɆ, 2018). ȺɜŰɎůůɞɜŰŬɘ 

ůŰŬ ˊɟɞůɤɟɘɜɎ ɛɏŰɟŬ ŬɜŰɘůŰɐɟɘɝɖɠ əŬɘ ɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŮ ŰŮɢɜɘəɎ ɏɟɔŬ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ɛɞɟűɐ əŬɘ Űɖɜ ŭɘɎŰŬɝɖ Űɖɠ əŬŰŬůəŮɡɐɠ, Űɖɜ ɔŮɤŰŮɢɜɘəɐ əŬŰɎůŰŬůɖ Űɞɡ 

ŮŭɎűɞɡɠ, Űɞɜ ɏɚŮɔɢɞ Űɤɜ ŮŭŬűɘəɩɜ ɛŮŰŬəɘɜɐůŮɤɜ əŬɘ Űɖɜ ɔŮɜɘəɐ ɛɏɗɞŭɞ əŬŰŬůəŮɡɐɠ 

Űɞɡ ɏɟɔɞɡ. ȼ ŬɜɎɚɖɣɖ űɞɟŰɑɤɜ Ŭˊɧ Űɘɠ ŬɜŰɖɟɑŭŮɠ, ɧŰŬɜ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ 

ɓŬɗɘɏɠ ŮəůəŬűɏɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ əɡɟɑɤɠ ɧŰŬɜ Űɞ ɡɚɘəɧ ŮəůəŬűɐɠ ŮɑɜŬɘ 

ɡˊŮɟůŰŮɟŮɞˊɞɘɖɛɏɜɖ Ɏɟɔɘɚɞɠ. 

 

 

 

 

 

 

 

 

 

ʅ˔ʺ˃ʰ оΦ 11Υɳ˒ʰˊ˃ˇʴʺ ʰ˄ˍʹˊʾʵ˖˄ ˋˍʺˊʽ˅ʹˌ ˍ˖˄ ˁʰˍʰˁˈˊˎ˒˖˄ ˉˊʰ˄˗˄Φ όʰύ ʅˁʰˊʾ˒ʹ˃ʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍ˖˄ ʰ˄ˍʹˊʾʵ˖˄ 
ˋˍʺˊʽ˅ʹˌ ˋʶ ˁʰˍʰˁˈˊˎ˒ʹ ʶˁˋˁʰ˒ʺΦ (BARNES, 2005)Φ όʲύ ɯˉˇ˕ʹ ʰˉˈ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ʶˁˋˁʰ˒ʺˌ ʰ˄ˇʽˁˍˇˏ 

ˇˊˏʴ˃ʰˍˇˌ ˋˍˇ˄ ˋˍʰʻ˃ˈ ɮ˄ʻˇˏˉˇ˂ʹˌ όɮʆʆɹɼʁ ɾɳʆʄʁ ɮΦɳΦύ. 

 

3.2.4 ȺəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ 

ɇɞ ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ ŬˊɞŰŮɚŮɑ ŭɘŬŭɘəŬůɑŬ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ 

ŬɜŰɘůŰɐɟɘɝɖɠ ůŰɞ ůŰɎŭɘɞ əŬŰŬůəŮɡɐɠ Ůɜɧɠ ŰŮɢɜɘəɞɨ ɏɟɔɞɡ. ɃɟɑɕŮŰŬɘ ɤɠ Űɞ ůəɡɟɧŭŮɛŬ 

Űɞ ɞˊɞɑɞ ŭɘŬůŰɟɩɜŮŰŬɘ ɛŮ ŮəŰɧɝŮɡůɖ Ŭˊɧ Ŭəɟɞűɨůɘɞ ŮˊɎɜɤ ůŮ ɛɑŬ ŮˊɘűɎɜŮɘŬ ɩůŰŮ ɜŬ 

ɡˊɎɟɢŮɘ ůɡɜɎűŮɘŬ ůŰɟɩůɖɠ ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ ŮˊɘűɎɜŮɘŬɠ (ɆɃūȽȷɁɃɆ , 2015). 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɧůɞ ůŮ ɏɟɔŬ ɡˊɧɔŮɘɤɜ ůɖɟɎɔɔɤɜ ɧůɞ əŬɘ ůŮ ŮəůəŬűɏɠ ŬɜɞɘəŰɩɜ 
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ɞɟɡɔɛɎŰɤɜ. ɄŬɟŬůəŮɡɎɕŮŰŬɘ Ůˊɑ Űɧˊɞɡ ůŰɞɜ ɢɩɟɞ Űɞɡ ɏɟɔɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑŰŮ 

Ɏɞˊɚɞ ŮɑŰŮ ɞˊɚɘůɛɏɜɞ. ȼ ɧˊɚɘůɐ Űɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŰɞˊɞɗɏŰɖůɖ ŭɞɛɘəɞɨ 

ˊɚɏɔɛŬŰɞɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɟɞɠ ɡˊɞůŰɐɟɘɝɖ ɐ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ 

ŮəŰɞɝŮɨɞɜŰɎɠ Űɞ ɛŮ Ůɘŭɘəɐ ˊɟɏůŬ, ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɢŬɚɨɓŭɘɜŮɠ ɑɜŮɠ ɐ ɑɜŮɠ ɡŬɚɞɜɐɛŬŰɞɠ 

əŬŰɎ Űɖɜ ɏɝɞŭɧ Űɞɡ Ŭˊɧ Űɞ ɛɖɢɎɜɖɛŬ, ɞˊɧŰŮ əŬŰɎ Űɖɜ ŮəŰɧɝŮɡůɐ Űɞɡ ŮəŰɞɝŮɨŮŰŬɘ ɛŬɕɑ 

ɛŮ Űɘɠ ŮɜɘůɢɡŰɘəɏɠ ɑɜŮɠ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ɛɑɔɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɧˊɤɠ ŮəŮɑɜɞɠ Űɖɠ 

ˊŬɟŬůəŮɡɐɠ ůəɡɟɞŭɏɛŬŰɞɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ əŬŰɎ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ ɛɑɔɛŬŰɞɠ ˊɟɏˊŮɘ 

ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɞ ɚɧɔɞɠ ɜŮɟɞɨ ˊɟɞɠ ŰůɘɛɏɜŰɞ (Ɂ/ɇ), ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ 

ɛɑɔɛŬŰɞɠ ůŮ ŬɏɟŬ, ɞ ɓŬɗɛɧɠ ůɡɛˊɨəɜɤůɖɠ, əŬɘ Ůˊɘˊɚɏɞɜ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ 

Űɖɜ ŭɘŬɓɎɗɛɘůɖ Űɤɜ ŬŭɟŬɜɩɜ ɡɚɘəɩɜ əŬɘ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ŰůɘɛɏɜŰɞ (ɆɃūȽȷɁɃɆ , 

2015) ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ŮɝŮŰɎɕŮŰŬɘ ɞ ɚɧɔɞɠ ɜŮɟɞɨ ˊɟɞɠ 

ŰůɘɛɏɜŰɞ (Ɂ/ɇ), ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ŬɏɟŬ, əŬɘ ɞ ɓŬɗɛɧɠ ůɡɛˊɨəɜɤůɖɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ əŬɜɞɜɘůɛɞɨ ȺɁ 197-1 ŰŬ ŮˊɘŰɟŮˊŰɎ ŰůɘɛɏɜŰŬ 

ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ŮəŰɞɝŮɡɧɛŮɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ŮɑɜŬɘ Űɨˊɞɡ Portland.  ɆŮ ůˊɎɜɘŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰůɘɛɏɜŰŬ  CEM I 42.5 ɐ CEM I 52.5 ŬɚɚɎ əŬɘ CEM II  

42.5 ŭɘɧŰɘ əŬŰŬɜŬɚɩɜɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ŮˊɘŰŬɢɡɜŰɐ əŬŰɎ Űɞ ůŰɎŭɘɞ ŮəŰɧɝŮɡůɐɠ 

Űɞɡɠ (ɆɃūȽȷɁɃɆ , 2015). ũɘŬ Űɖɜ ŬɜɎɛŮɘɝɖ Űɤɜ ɡɚɘəɩɜ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ ŮəŰɞɝŮɡɧɛŮɜɞɡ 

ůəɡɟɞŭɏɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜŮɠ ɛɏɗɞŭɞɘ, ɖ ɝɖɟɐ əŬɘ ɖ ɡɔɟɐ 

ɛɏɗɞŭɞɠ. ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ 

ŰŬ ɡɚɘəɎ ůɡɜŬɜŰɘɞɨɜŰŬɘ ůŰɞ Ŭəɟɞűɨůɘɞ Űɖɠ ˊɟɏůŬɠ ɚɑɔɞ ˊɟɘɜ Űɖɜ ŮəŰɧɝŮɡůɖ. ɆŰɖɜ ɝɖɟɐ 

ɛɏɗɞŭɞ ŰŬ ɡɚɘəɎ űŰɎɜɞɡɜ ůŰɞ Ŭəɟɞűɨůɘɞ ɝŮɢɤɟɘůŰɎ, ůŮ ůɢɏůɖ ɛŮ Űɖɜ ɡɔɟɐ ɛɏɗɞŭɞ 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ɜŮɟɧ əŬɘ ɝɖɟɧ ɛŮɑɔɛŬ űŰɎɜɞɡɜ ɛŬɕɑ. 

 

ʅ˔ʺ˃ʰ оΦ 12Υɾʹ˔ʰ˄ʺ˃ʰˍʰ ʶˁˍˈ˅ʶˎˋʹˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˅ʹˊʺˌ ˁʰʽ ˎʴˊʺˌ ˃ʶʻˈʵˇˎ ʰ˄ˍʾˋˍˇʽ˔ʰ (SIKA 

HELLAS ABEE). 
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ʅ˔ʺ˃ʰ оΦ 13Υʃˊˇˁʰˍʰˊˁˍʽˁʺ ˒ʱˋʹ ʶ˒ʰˊ˃ˇʴʺ ʶˁˍˇ˅ʶˎˈ˃ʶ˄ˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌΦ ɮˊʽˋˍʶˊʱ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˇ 
ˁʰʻʰˊʽˋ˃ˈˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶ˒ʰˊ˃ˇʴʺˌ ʰˉˈ ˍʹ˄ ˋˁˈ˄ʹ ˃ʶ ˔ˊʺˋʹ ˄ʶˊˇˏΣ ʶ˄˗ ʵʶ˅ʽʱ ʵʽʰˁˊʾ˄ʶˍʰʽ ʹ ˋ˖ˋˍʺ 

ʰˉˈˋˍʰˋʹ ʰˁˊˇ˒ˏˋʽˇˎ ˁʰʽ ʶˉʽ˒ʱ˄ʶʽʰˌ ʶ˒ʰˊ˃ˇʴʺˌ (SIKA HELLAS ABEE) . 

 

ʅ˔ʺ˃ʰ оΦ 14Υɲʽʰʵʽˁʰˋʾʰ ˕ʶˁʰˋ˃ˇˏ ʶˁˍˇ˅ʶˎ˃ʷ˄ˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌ (SIKA HELLAS ABEE). 

 

3.3 ɀɏɗɞŭɞɠ ŭɘɎɜɞɘɝɖɠ əŬɘ ɛɏŰɟŬ ŬɜŰɘůŰɐɟɘɝɖɠ ůŰŬɗɛɞɨ ȷɔɑŬɠ ȸŬɟɓɎɟŬɠ. 

Ƀ ůŰŬɗɛɧɠ Űɞɡ ɀŮŰɟɧ ȷɔɑŬ ȸŬɟɓɎɟŬ ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

ŬɜɞɘəŰɞɨ ɞɟɨɔɛŬŰɞɠ cut and cover (OBERMAYER PLANEN + BERATEN, 2013). ȾŬŰɎ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ ŮəůəŬűɐɠ Űɞɡ ůŰŬɗɛɞɨ ɛŮ űɞɟɎ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ 

əŬŰŬəɧɟɡűŬ ˊɟŬɜɐ, ŰŬ ɞˊɞɑŬ ɢɟɐɕɞɡɜ ɛɏŰɟŬ ˊɟɞůɤɟɘɜɐɠ ŬɜŰɘůŰɐɟɘɝɖɠ. ũɘŬ Űɖɜ 

ŬɜŰɘůŰɐɟɘɝɖɠ Űɖɠ ŮəůəŬűɐɠ ŬɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɧɟɡɝɖ, ɧˊɚɘůɖ əŬɘ ůəɡɟɞŭɏŰɖůɖ 

űɟŮŬŰɞˊŬůůɎɚɤɜ ŭɘŬɛɏŰɟɞɡ 0,80m, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ŭɘŬŰŮŰŬɔɛɏɜɞɘ ůŮ ŬˊɧůŰŬůɖ 2,00 m 

ɛŮŰŬɝɨ Űɞɡɠ, əŬɘ űɏɟɞɡɜ əŮűŬɚɧŭŮůɛɞ ůŰɖɜ əɞɟɡűɐ Űɞɡɠ. ɇŬ əŬŰŬəɧɟɡűŬ ŭɞɛɘəɎ 

ůŰɞɘɢŮɑŬ əŬɚɨˊŰɞɡɜ ˊŮɟɘɛŮŰɟɘəɎ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɞɡ ɞɟɨɔɛŬŰɞɠ, ůɡɜɞɚɘəɧ ɛɐəɞɠ 

Űɞɑɢɞɡ ůŮ ŬɜɎˊŰɡɔɛŬ 415m. Ƀɘ űɟŮŬŰɞˊɎůůŬɚɞɘ ůŰɞ ůɨɜɞɚɧ Űɞɡɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 27 

ɞɛɎŭŮɠ, ɖ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ɞˊɞɑɤɜ ɏɔɘɜŮ ɓɎůɖ Űɞɡ ɨɣɞɡɠ Űɞɡ ŬɜŰɘůŰɖɟɘɕɧɛŮɜɞɡ 
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ˊɟŬɜɞɨɠ, Űɞ ɨɣɞɠ ůŰɎɗɛɖɠ ůŰɞ ɞˊɞɑɞ əŬŰŬůəŮɡɎůɗɖəŮ ɞ əŮűŬɚɧŭŮůɛɞɠ əŬɘ Űɞ 

ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɞɡ əɎɗŮ ˊŬůůɎɚɞɡ. ɆɢŮŭɘŬůŰɘəɎ ɞ əɎɗŮ əŮűŬɚɧŭŮůɛɞɠ ɏɢŮɘ 

ŭɘŬůŰɎůŮɘɠ ɨɣɞɠ 0,50m əŬɘ ɓɎɗɞɠ 1,00 m Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŮŭɎűɞɡɠ. ũɘŬ ɚɧɔɞɡɠ 

ŬůűŬɚŮɑŬɠ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ Ůˊɑ Űɤɜ əŮűŬɚɧŭŮůɛɤɜ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŰɞɘɢɑŬ ɨɣɞɡɠ 

1,30m, əɡɟɑɤɠ ɔɘŬ Ŭˊɞűɡɔɐ ɓɟŬɢɞˊŰɩůŮɤɜ əŬɘ Ůɘůɟɞɐ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ ŮɜŰɧɠ Űɞɡ 

ɞɟɨɔɛŬŰɞɠ (OBERMAYER PLANEN + BERATEN, 2013).  

ũɘŬ Űɖɜ ŬɜɎɚɖɣɖ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ŮəůəŬűɐɠ ůŮ űɎůŮɘɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŰɞˊɞɗɏŰɖůɖ ˊɟɞŮɜŰŮŰŬɛɏɜɤɜ ŬɔəɡɟɩůŮɤɜ, əŬɘ 

ɛŮŰŬɚɚɘəɩɜ ŬɜŰɖɟɑŭɤɜ, ɏɤɠ Űɞ əŬŰɎɚɚɖɚɞ ɓɎɗɞɠ ŮəůəŬűɐɠ. ɇŬ ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 3, 4, 5 ɐ 6 əɚɩɜɞɡɠ əŬɘ ɖ ˊɎəŰɤůɖ ůŰɞ ˊŬəŰɤɛɏɜɞ ŰɛɐɛŬ Űɞɡɠ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɢɟɐůɖ Ɏɞˊɚɞɡ ŰůɘɛŮɜŰŮɜɏɛŬŰɞɠ. ɀŮ Űɖɜ Ůɝɏɚɘɝɖ Űɖɠ ŮəůəŬűɐɠ ůŮ 

űɎůŮɘɠ ůŮ əɎɗŮ űɎůɖ ůŰɞ ɛɏŰɤˊɞ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ˊɚŮɡɟɘəɎ, ɛŮŰŬɝɨ Űɤɜ 

əŬŰŬəɧɟɡűɤɜ ˊŬůůɎɚɤɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ůɜɑůɢɡůɖ ɛŮ ɞˊɚɘůɛɏɜɞ ŮəŰɞɝŮɡɧɛŮɜɞ 

ůəɡɟɧŭŮɛŬ ˊɎɢɞɡɠ 0,10m. Ⱥˊɘˊɚɏɞɜ ɔɘŬ Űɖɜ ŬˊɞŰɧɜɤůɖ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ˊɘɏůŮɤɜ 

ɞɟɨůůɞɜŰŬɘ ɞˊɏɠ ŬˊɞůŰɟɎɔɔɘůɖɠ ůŰŬ ˊɟŬɜɐ Űɞɡ ɞɟɨɔɛŬŰɞɠ (OBERMAYER PLANEN + 

BERATEN, 2013).  

ɆŰɘɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɓɧɟŮɘɞɡ əŬɘ Űɞɡ ɜɧŰɘɞɡ ɛŮŰɩˊɞɡ ůŰɘɠ ˊɚŮɡɟɏɠ Űɞɡ ůŰŬɗɛɞɨ Ŭˊɧ Űɘɠ 

ɞˊɞɑŮɠ ɗŬ ɔɑɜŮɘ ɖ ŭɘɏɚŮɡůɖ Űɞɡ ɇȸɀ, ɖ ŬɜŰɘůŰɐɟɘɝɖ Űɞɡ ůəɎɛɛŬŰɞɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮ 

ŮɔəŬŰɎůŰŬůɖ űɟŮŬŰɞˊŬůůɎɚɤɜ ɏɤɠ Űɞ ɓɎɗɞɠ Űɤɜ 17m əŬɘ 12m ŬɜŰɑůŰɞɘɢŬ ɞɘ ɞˊɞɑɞɘ 

ŮɑɜŬɘ ŬɜŬɟŰɖɛɏɜɞɘ ɛŮ əŮűŬɚɧŭŮůɛɞ, Ůɜɩ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ 

. ȿɧɔɤ ɨˊŬɟɝɖɠ ɗɧɚɞɡ ůɐɟŬɔɔŬɠ ɔɘŬ Űɖɜ ŭɘɏɚŮɡůɖ Űɞɡ ɇȸɀ ɞɘ ˊŬůůŬɚɞůŰɞɘɢŮɑŮɠ əɎŰɤ 

Ŭˊɧ ŰŬ ɓɎɗɖ Űɤɜ 17m əŬɘ 12m ŭɘŬəɧˊŰɞɜŰŬɘ. ũɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ Űɖɠ ŬůűɎɚŮɘŬɠ Űɞɡ 

ɏɟɔɞɡ əŬŰŬůəŮɡɎůɗɖəŮ ŭɞəɎɟɘ ɞˊɚɘůɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ  ɛŮɔɎɚɖɠ ŬəŬɛɣɑŬɠ, Űɞ 

ɞˊɞɑɞ ůɡɜŭɏŮɘ Űɘɠ ŬˊɞəɞˊŰɩɛŮɜŮɠ ůŮɘɟɏɠ ˊŬůůɎɚɤɜ ůŰɘɠ Ŭɘɢɛɏɠ Űɞɡɠ. ɇɏɚɞɠ ɔɘŬ Űɖɜ 

ŬɜŮɛˊɧŭɘůŰɖ ŭɘɏɚŮɡůɖ Űɖɠ ɛɖɢŬɜɐɠ ɞɚɞɛɏŰɤˊɖɠ əɞˊɐɠ Ŭˊɧ Űɞɜ ɢɩɟɞ Űɞɡ ůŰŬɗɛɞɨ ůŰɞ 

ɓɧɟŮɘɞ əŬɘ ɜɧŰɘɞ ɛɏŰɤˊɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ŬɔəɨɟɘŬ ɡŬɚɞɥɜɩɜ əŬɘ ŮəŰɞɝŮɡɧɛŮɜɞ 

ɘɜɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ. ɆŰɞɜ əŮɜŰɟɘəɧ ŰɞɛɏŬ Űɞɡ ůŰŬɗɛɞɨ əŬŰŬůəŮɡɎɕŮŰŬɘ ŰŮɢɜɖŰɧ 

ˊɟŬɜɏɠ. ũɘŬ Űɖɜ ŮɡůŰɎɗŮɘŬ Űɞɡ ŰŮɢɜɖŰɞɨ ˊɟŬɜɞɨɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞˊɚɘůɛɏɜɞ 

ŮəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ əŬɘ ˊŬɗɖŰɘəɎ ŬɔəɨɟɘŬ (OBERMAYER PLANEN + BERATEN, 2013). 
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ʅ˔ʺ˃ʰ оΦ 15Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˍʰʻ˃ˇˏ ˃ʶˍˊˈ ʆˇ˃ʺ н-2 (OBERMAYER PLANEN + BERATEN, 2013). 

 

ʃʾ˄ʰˁʰˌ оΦ 1Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˇ˃ʱʵʰˌ ˉʰˋˋʱ˂˖˄ ɿˇ у ϧ ф ʴʽʰ ˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˋˏˋˍʹ˃ʰ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍʹˌ ʆˇ˃ʺˌ н-2 (OBERMAYER PLANEN + BERATEN, 2013). 

 

ʃʾ˄ʰˁʰˌ оΦ 2Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˇ˃ʱʵʰˌ ˉʰˋˋʱ˂˖˄ ɿˇ но ʴʽʰ ˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˋˏˋˍʹ˃ʰ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍʹˌ ʆˇ˃ʺˌ н-2 (OBERMAYER PLANEN + BERATEN, 2013). 

 

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ɞ
)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ɞ
)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

1.1 1st +57,09 10 0 3 9,50 5,00 14,50 364 258

1.2 2nd +53,09 10 0 3 8,00 5,00 13,00 304 223

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɃɀȷȹȷɆ ɄȷɆɆȷȿɋɁ Ɂɞ 8 & 9 (ɄȷɆɆȷȿɃȽ Ɂɞ 33-40)

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

2.1 1st +41,84 10 20* 4 7,50 5,00 12,50 801 591

2.2 2nd +37,84 10 20* 4 7,50 5,00 12,50 714 527

2.3 3rd +33,84 10 20* 4 5,50 5,00 10,50 814 603

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɃɀȷȹȷɆ ɄȷɆɆȷȿɋɁ Ɂɞ 23 (ɄȷɆɆȷȿɃȽ Ɂɞ 159-164)



 

64 | P a g e 
 

ʃʾ˄ʰˁʰˌ оΦ 3Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˇ˃ʱʵʰˌ ˉʰˋˋʱ˂˖˄ ɿˇ нм ʴʽʰ ˍˇ ʵˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ 
ˍʹˌ ʆˇ˃ʺˌ н-2 (OBERMAYER PLANEN + BERATEN, 2013). 

 

ʅ˔ʺ˃ʰ оΦ 16Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˍʰʻ˃ˇˏ ˃ʶˍˊˈΣ ʆˇ˃ʺ р-5 (OBERMAYER PLANEN + BERATEN, 2013). 

 

 

ʃʾ˄ʰˁʰˌ оΦ 4Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˇ˃ʱʵʰˌ ˉʰˋˋʱ˂˖˄ ɿˇ н ʴʽʰ ˍˇ ʵˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍʹˌ 
ʆˇ˃ʺˌ р-5 (OBERMAYER PLANEN + BERATEN, 2013). 

 

 

 

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

3.1 1st +58.25 15 0 4 14.00 5.00 19.00 559 414

3.2 2nd +55.25 15 0 4 14.00 5.00 19.00 680 504

3.3 3rd +51.25 15 0 5 12.50 6.00 18.50 774 573

3.4 4th +47.25 15 0 5 11.00 5.00 16.00 731 542

3.5 5th +43.25 15 0 5 9.00 6.00 15.00 827 613

3.6 6th +39.25 15 0 4 6.00 5.00 11.00 608 450

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɃɀȷȹȷɆ ɄȷɆɆȷȿɋɁ Ɂɞ 21 (ɄȷɆɆȷȿɃȽ Ɂɞ 127, 129, 130, 132-135)

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

3.1 1st +60.25 15 0 5 17.00 6.00 23.00 796 589

3.2 2nd +56.75 15 0 5 18.00 6.00 24.00 847 628

3.3 3rd +53.25 15 0 5 17.50 6.00 23.50 815 604

3.4 4th +49.75 15 0 5 16.00 6.00 22.00 845 626

3.5 5th +46.25 15 0 5 14.50 6.00 20.50 829 614

3.6 6th +42.75 15 0 5 13.00 6.00 19.00 851 631

3.7 7th +39.25 15 0 5 11.00 6.00 17.00 787 582

3.8 8th +36.25 15 0 4 10.00 6.00 15.00 680 506

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɃɀȷȹȷɆ ɄȷɆɆȷȿɋɁ Ɂɞ 2 (ɄȷɆɆȷȿɃȽ Ɂɞ 141-147, 151-154, 156-158)
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ʃʾ˄ʰˁʰˌ оΦ 5Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˇ˃ʱʵʰˌ ˉʰˋˋʱ˂˖˄ ɿˇ п ʴʽʰ ˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˋˏˋˍʹ˃ʰ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ 
ˍʹˌ ʆˇ˃ʺˌ р-5 (OBERMAYER PLANEN + BERATEN, 2013). 

 

ʅ˔ʺ˃ʰ оΦ 17Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˍʰʻ˃ˇˏ ˃ʶˍˊˈ ʆˇ˃ʺ с-6 (OBERMAYER PLANEN + BERATEN, 2013). 

 

ʃʾ˄ʰˁʰˌ оΦ 6Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˇ˃ʱʵʰˌ ˉʰˋˋʱ˂˖˄ ɿˇ н ʴʽʰ ˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˋˏˋˍʹ˃ʰ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ 
ˍʹˌ ʆˇ˃ʺˌ р-5 (OBERMAYER PLANEN + BERATEN, 2013). 

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

3.1 1st +58.75 10 25 6 21.00 7.00 28.00 1110 810

3.2 2nd +55.25 10 25 5 14.50 6.00 20.50 840 622

3.3 3rd +51.75 10 25 5 17.50 6.00 23.50 849 628

3.4 4th +48.25 10 25 5 16.00 6.00 22.00 868 641

3.5 5th +44.75 10 25 5 14.50 6.00 20.50 843 623

3.6 6th +41.25 10 25 6 12.50 7.00 19.50 949 701

3.7 7th +37.25 10 25 6 9.50 7.00 16.50 1040 770

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɃɀȷȹȷɆ ɄȷɆɆȷȿɋɁ Ɂɞ 4 (ɄȷɆɆȷȿɃȽ Ɂɞ 16 - 20)

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

3.1 1st +58.50 15 15 5 19.00 6.00 25.00 1065 786

3.2 2nd +56.25 15 15 4 15.00 5.00 20.00 613 455

3.3 3rd +53.25 15 15 5 17.50 6.00 23.50 863 639

3.4 4th +50.25 15 15 5 17.00 6.00 23.00 805 596

3.5 5th +47.25 15 15 5 16.00 6.00 22.00 923 684

3.6 6th +43.75 15 15 6 14.00 7.00 21.00 988 732

3.7 7th +40.25 15 15 6 12.50 7.00 19.50 977 724

3.8 8th +36.75 15 15 6 12.00 5.00 17.00 999 740

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɃɀȷȹȷɆ ɄȷɆɆȷȿɋɁ Ɂɞ 2 (ɄȷɆɆȷȿɃȽ Ɂɞ 6, 7, 9, 202)
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ʃʾ˄ʰˁʰˌ оΦ 7Υɼʰˍʰˋˁʶˎʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʰʴˁˎˊʾ˖˄ ˉʱˋˋʰ˂ˇˌ ɿˇ у ʴʽʰ ˍˇ ʵˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍʹˌ ʆˇ˃ʺˌ 
5-5 (OBERMAYER PLANEN + BERATEN, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number 

of Anchor

ɆȺȽɅȷ 

ȷũȾɈɅȽɋɁ

ɆɇȷŪɀȼ 

(m)

ȾȿȽɆȼ/ɃɅȽȻɃɁɇȽɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȾȿȽɆȼ/ ȾȷɇȷȾ/ūɃ 

ȺɄȽɄȺȹɃ (
ˇ)

ȷɅ. 

ȾȿɋɁɋɁ
LŮɚ (m)LˊŬəŰ (m)Lɞɚ (m)

ūɃɅɇȽɃ 

ɆɉȺȹȽȷɆɀɃɈ  

(kN)

ɉȷɅȷȾɇȼɅȽɆɇȽȾɃ 

ūɃɅɇȽɃ (kN)

3.1 1st +58.50 8 0 5 20.50 6.00 26.50 1003 741

3.2 2nd +56.25 8 0 4 15.50 5.00 20.50 578 429

3.3 3rd +53.25 8 0 5 19.00 6.00 25.00 813 602

3.4 4th +50.25 8 0 5 18.50 5.00 23.50 759 562

3.5 5th +47.25 8 0 5 17.50 6.00 23.50 869 644

3.6 6th +43.75 8 0 5 15.50 7.00 22.50 931 690

3.7 7th +40.25 8 0 6 13.50 7.00 20.50 921 682

3.8 8th +36.75 8 0 5 12.50 5.00 17.50 941 698

ȾȷɇȷɆȾȺɈȷɆɇȽȾȷ ɆɇɃȽɉȺȽȷ ȷũȾɈɅȽɋɁ                                                                                                                                                                                                                                                   

ɄȷɆɆȷȿɃɆ Ɂɞ 8
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ʃʾ˄ʰˁʰˌ оΦ 8Υɱʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉʰˋˋʰ˂ˈˍˇʽ˔˖˄ bƻ м (OBERMAYER PLANEN + BERATEN, 2013). 

 

 

 

 

 

 

Ƀɀȷȹȷ ɄȷɆɆȷȿɋɁ

ũȺɋɇȺɉɁȽȾȼ 

ɇɃɀȼ 

ɆɉȺȹȽȷɆɀɃɈ

ȹȽȷɀȺɇɅɃɆ 

ɄȷɆɆȷȿɋɁ

ɈɊɃɀȺɇɅɃ 

ȾȺūȷȿȼɆ 

ɄȷɆɆȷȿɋɁ

ɈɊɃɀȺɇɅɃ 

ȾȺūȷȿɃȹȺɆɀɃɈ 

(Ɏɜɤ ˊŬɟŮɘɎ)

ɄɃɆɃɇȼɇȷ
ɀȼȾɃɆ 

ɄȷɆɆȷȿɋɁ (m)

ɈɊɃɆ ɄȷɆɆȷȿɃɇɃȽɉɃɈ 

(m)

ɀȼȾɃɆ ȺɀɄȼɂȼɆ 

(m)

ūɃɅɇȽȷ ȺɄȽ 

ȺȹȷūɃɈɆ (kPa)

ɆɉȺȹȽȷɆɇȽȾȼ 

ɇɃɀȼ

1 1 Å 80 +61,25 +61,75 5 14,7 28,34 0,00 10 3

н  ˉʱˋˋʰ˂ˇʽ                  

ɿˇ сΣ тΣ нлн
1 Å 80 +61,25 +61,75 5(+1*) 31,9 28,37 4,03 10+50+20+30 6

н ˉʱˋˋʰ˂ˇʽ                  

ɿˇ мпмπмптΣ мрмπмрпΣ 

156, 158

1 Å 80 +61,25 +61,75 13) 31,9 28,37 4,03 10+50+20+30 5

н ˉʱˋˋʰ˂ˇʽ                  

ɿˇ уΣ мпуΣ мпфΣ мрлΣ 

155

1 Å 80 +61,25 +61,75 4 31,9 28,37 4,03 10+50+20+30 17

3 1 Å 80 +60,75 +61,25 6 31,4 27,9 4,00 10+50+30 11

4 1 Å 80 +60,25 +60,75 5 30,9 27,4 4,00 10+50+30 5

5 1 Å 80 +59,75 +60,25 4 34,05 30,55 4,00 10+50 13

6 1 Å 80 +59,25 +59,75 2 19,4 15,81 4,09 10+50+30 12

7 1 Å 80 +58,75 +59,25 6 18,9 15,81 4,09 10+50+30 12

8 2 Å 80 +58,59 +59,09 3 9,90-12,20 Җ9,74 4,09 10+50+20 2

9 2 Å 80 +58,59 +59,09 5 18,75 9,74 9,01 10+50+20 2

10 2 Å 80 +58,09 +58,59 18 18,25 14,75 4,00 120+10+70 4

11                   

ˉʱˋˋʰ˂ˇʽ                  

ɿˇ рфΣ соπсф

3 Å 80 +57,59 +58,09 8 28,35 24,86 3,99 10+50+30+20+70 7

мм ˉʱˋˋʰ˂ˇʽ 3 Å 80 +57,59 +58,09 3 28,35 24,86 3,99 10+50+30+20+70 19
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ʃʾ˄ʰˁʰˌ оΦ 9Υɱʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉʰˋˋʰ˂ˈˍˇʽ˔˖˄ bƻ н (OBERMAYER PLANEN + BERATEN, 2013). 

 

* ɆŰɖɜ ɞɛɎŭŬ 2 ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ɞ ˊɎůůŬɚɞɠ Ɂɞ 202 Űɞɡ ɞˊɞɑɞɡ ɖ ůŰɎɗɛɖ əŮűŬɚɐɠ ˊɟɞɓɚɏˊŮŰŬɘ ůŰɞ ɡɣɧɛŮŰɟɞ +59.15 ɔɘŬ Űɖ ŭɘŮɡəɧɚɡɜůɖ 

Űɖɠ ŭɘɏɚŮɡůɖɠ Űɞɡ ɔŮɘŰɞɜɘəɞɨ Ŭɔɤɔɞɨ ɞɛɓɟɑɤɜ. Ƀɘ ˊɎůůŬɚɞɘ Űɤɜ ɞɛɎŭɤɜ 1 əŬɘ 14 ŭŮɜ ŮɛˊɖɔɜɨɞɜŰŬɘ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ əŬɗɧůɞɜ ŭŮɜ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛɏɢɟɘ Űɖɜ ŰŮɚɘəɐ ůŰɎɗɛɖ ŮəůəŬűɐɠ, Ŭűɞɨ ɏɢŮɘ ˊɟɞɖɔɖɗŮɑ ɖ ŭɘɏɚŮɡůɖ Űɞɡ ɇȸɀ. 

** ũɘŬ Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ Ŭɔəɡɟɑɤɜ Űɤɜ əŬŰɩŰŮɟɤɜ ɡɣɞɛŮŰɟɘəɎ ˊŬůůɎɚɤɜ (ɞɘ ůŮɘɟɏɠ Űɤɜ ɞˊɞɑɤɜ Ŭˊɏɢɞɡɜ ůŮ əɎŰɞɣɖ ɏɤɠ əŬɘ 20 ɛɏŰɟŬ 

Ŭˊɧ Űɘɠ ŬɜɩŰŮɟŮɠ ɡɣɞɛŮŰɟɘəɎ ůŮɘɟɏɠ) ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛɧɜɘɛɞ űɞɟŰɑɞ ɡˊŮɟəŮɘɛɏɜɤɜ ɔŬɘɩɜ Ůˊɑ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɞ ŮəɎůŰɞŰŮ ŮˊɑˊŮŭɞ əŮűŬɚɧŭŮůɛɞɡ  

ŬɜɎɚɞɔɞ ɛŮ Űɞ ɨɣɞɠ Űɤɜ ɡˊŮɟəŮɘɛɏɜɤɜ ɔŬɘɩɜ ˊɞɡ ŬɜŰɘůŰɖɟɑɕɞɡɜ ɞɘ ŬɜɩŰŮɟŮɠ ůŮɘɟɏɠ ˊŬůůɎɚɤɜ.  

Ƀɀȷȹȷ ɄȷɆɆȷȿɋɁ

ũȺɋɇȺɉɁȽȾȼ 

ɇɃɀȼ 

ɆɉȺȹȽȷɆɀɃɈ

ȹȽȷɀȺɇɅɃɆ 

ɄȷɆɆȷȿɋɁ

ɈɊɃɀȺɇɅɃ 

ȾȺūȷȿȼɆ 

ɄȷɆɆȷȿɋɁ

ɈɊɃɀȺɇɅɃ 

ȾȺūȷȿɃȹȺɆɀɃɈ 

(Ɏɜɤ ˊŬɟŮɘɎ)

ɄɃɆɃɇȼɇȷ
ɀȼȾɃɆ 

ɄȷɆɆȷȿɋɁ (m)

ɈɊɃɆ ɄȷɆɆȷȿɃɇɃȽɉɃɈ 

(m)

ɀȼȾɃɆ ȺɀɄȼɂȼɆ 

(m)

ūɃɅɇȽȷ ȺɄȽ 

ȺȹȷūɃɈɆ (kPa)

ɆɉȺȹȽȷɆɇȽȾȼ 

ɇɃɀȼ

ɿˇ слπсн

12 3 Å 80 +57,09 +57,59 5 27,85 24,36 3,99 10+50+30+20+70 1

13 3 Å 80 +56,59 +57,09 13 27,35 23,86 4,49 10+50+20+30 8

14 3 Å 80 +56,59 +57,09 5 10,2 23,86 0 10+50 3

15 3 Å 80 +57,25 +57,75 9 8,35-11,95 Җ8,45 4 10+50+20+30 1, 8

16 3 Å 80 +57,75 +58,25 6 13,35-18,75 ҖмрΣно 4,02 10+50+30 7

мт ˉʱˋˋʰ˂ˇʽ               

ɿˇ ммлπммп
3 Å 80 +58,25 +58,75 5 29 25,45 4,05 30 16

мт ˉʱˋˋʰ˂ˇʽ               

ɿˇ млуπмлф
3 Å 80 +58,75 +58,75 5 29 25,45 4,05 30 18

18 2 Å 80 +59,25 +59,25 4 29,5 21,53 8,47 30 15

19 2 Å 80 +59,75 +59,75 5 30 22,03 8,47 20+30+20 4

20 2 Å 80 +60,25 +60,25 3 30,5 22,5 8,5 20+30 14

21 2 Å 80 +60,75 +60,75 7 31 22,99 5,86 20+30 2

21a 2 Å 80 +60,75 +60,75 2 31 22,99 5,86 10 10

22 1 Å 80 +61,25 +61,25 5 31,5 23,48 8,52 20+30+20 13

23 2 Å 80 +43,84 +43,84 6 17,65 14,15 4 320** 2

24 2 Å 80 +43,84 +43,84 18 14 10,5 4 320** 4

24a 2 Å 80 +43,84 +43,84 2 14 10,5 4 320** 9

нр ˉʱˋˋʰ˂ˇʽ             

ɿˇ мусπнлм
3 Å 80 +53,14 - +42,52 +53,14 - +42,52 16 13,28-23,41 ҖнлΣпл 4 180** 1, 7, 8

нр ˉʱˋˋʰ˂ˇˌ ɿˇ мур3 Å 80 +42,52 +42,52 1 13,28-23,41 ҖнлΣпл 4 180** 20
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ɆŰɞɜ ˊɑɜŬəŬ 3.14 ˊɞɡ ŬəɞɚɞɡɗŮɑ ŭɑɜɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɧɚŮɠ ɞɘ ɓŬůɘəɏɠ ˊŬɟŬŭɞɢɏɠ əŬɘ ŰŬ 

ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ɆŰŬɗɛɞɨ. 

 

ʃʾ˄ʰˁʰˌ оΦ 10Υʃʰˊʰʵˇ˔ʷˌ ˁʰʽ ˎ˂ʽˁʱ ˁʰˍʰˋˁʶˎʺˌ (OBERMAYER PLANEN + BERATEN, 2013). 

 

 

 

 

 

 

 

1. ūɞɟŰɑŬ ɛŮɚɏŰɖɠ ɇɘɛɐ

Ȳŭɘɞ ɓɎɟɞɠ ɔŬɘɩɜ Ⱥ.ũ.ȷ.Ʉ.Ɇ

Ȳŭɞ ɓɎɟɞɠ ɞˊɚɘůɛɏɜɞɡ ůəɡɟɞŭɏɛŬŰɞɠ25.00 kN/m
3

ɺʵʽˇ ʲʱˊˇˌ ʵˇ˃ʽˁˇˏ ˔ʱ˂ˎʲʰ78.50 kN/m
3

ȺˊɘűɞɟŰɑůŮɘɠ Ŭˊɧ əŰɐɟɘŬ əŬɘ əŬŰŬůəŮɡɏɠ10.00 kN/m
2
 / ɧɟɞűɞ

ȺˊɘűɞɟŰɑůŮɘɠ Ŭˊɧ ɞɘəɞŭɞɛɘəɞɨɠ ɔŮɟŬɜɞɨɠ30.00 kN/m
2 

ȺɟɔɞŰŬɝɘŬəɧ űɞɟŰɑɞ
50.00 kN/m

2 
/
 
 10.00 kN/m

2 

(Ⱥȷȸ) 

ɆŮɘůɛɘəɐ ŮˊɘŰɎɢɡɜůɖ ŮŭɎűɞɡɠŬ=0.16g

2. ɈɚɘəɎ əŬŰŬůəŮɡɐɠɇɘɛɐ

Ƀˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ C20/25

ȯɞˊɚɞ ůəɡɟɧŭŮɛŬ C16/20

ɳˁˍˇ˅ʶˎˈ˃ʶ˄ˇ ˋˁˎˊˈʵʶ˃ʰ C20/25

ɉɎɚɡɓŬɠ ɞˊɚɘůɛɩɜ B500C

ɉɎɚɡɓŬɠ ŭɞɛɘəɞɨ ˊɚɏɔɛŬŰɞɠB500A

ɉɎɚɡɓŬɠ ˊɟɞŮɜŰŮŰŬɛɏɜɤɜ ŬɔəɡɟɑɤɜS1700/1900

ɉɎɚɡɓŬɠ ŬɜŰɖɟɑŭɤɜ S235

ȼɚɩůŮɘɠ fiberglass F=360kN

3. ȺˊɘəŬɚɨɣŮɘɠ ɞˊɚɘůɛɩɜɇɘɛɐ

ɄɎůůŬɚɞɘ 60mm

ȾŮűŬɚɧŭŮůɛɞɘ 50mm

ȺəŰɞɝŮɡɧɛŮɜɞ ůəɡɟɧŭŮɛŬ20mm

ɇɞɘɢŮɑŬ 40mm
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ȾȺūȷȿȷȽɃ 4: ȺɄȽȿɈɆȼ ɇɃɈ ɆɈɆɇȼɀȷɇɃɆ ȷɁɇȽɆɇȼɅȽɂȼɆ ɀȺ 

ɉɅȼɆȼ ȷɅȽŪɀȼɇȽȾɋɁ ɀȺŪɃȹɋɁ 
 

4.1 ɇɞ ˊɟɧɔɟŬɛɛŬ PLAXIS 

 ȼ Ůˊɑɚɡůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ Plaxis V8. ɇɞ 

ɚɞɔɘůɛɘəɧ Plaxis ŮɑɜŬɘ ɏɜŬ ˊɟɧɔɟŬɛɛŬ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŮəŰŮɚŮɑ ŬɜŬɚɨůŮɘɠ 

ůŮ ŭɨɞ ŭɘŬůŰɎůŮɘɠ, ˊɟɞɓɚɖɛɎŰɤɜ ˊŬɟŬɛɧɟűɤůɖɠ əŬɘ ŮɡůŰɎɗŮɘŬɠ ůŮ ɔŮɤŰŮɢɜɘəɎ ɏɟɔŬ. 

Ɇəɞˊɧɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ ɜŬ ́ɟɞůŭɘɞɟɑůŮɘ ŭɘɎűɞɟŬ ůŮɜɎɟɘŬ ŬɜŬɚɨůŮɤɜ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ Űɖɠ ŮəůəŬűɐɠ. ȼ ŬɟɘɗɛɖŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɘɠ ŬɜŬɚɨůŮɘɠ Űɤɜ ˊɟɞɓɚɖɛɎŰɤɜ ŮɑɜŬɘ ŮəŮɑɜɖ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, ɖ ɞˊɞɑŬ 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ůˊɑɚɡůɖ ɛŮɟɘəɩɜ ŭɘŬűɞɟɘəɩɜ ŮɝɘůɩůŮɤɜ. ȾŬŰɎ Űɖɜ ŬɟɘɗɛɖŰɘəɐ ŬɡŰɐ 

ɛɏɗɞŭɞ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɖ ůɡɜɞɚɘəɐ ŬɚɚɖɚɞɡɢɑŬ Űɤɜ űɎůŮɤɜ ŮəůəŬűɐɠ əŬɘ 

ɡˊɞůŰɐɟɘɝɖɠ (ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ Ůɜɧɠ ůŰŬɗɛɞɨ ɀŮŰɟɧ), ɞˊɧŰŮ ɛŮɚŮŰɎŰŬɘ ɖ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɞɡ ŮŭɎűɞɡɠ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɡˊɞůŰɐɟɘɝɖɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ŭɘŬɔɟŬɛɛɎŰɤɜ ɛŮŰŬəɘɜɐůŮɤɜ, Ŭɝɞɜɘəɩɜ əŬɘ ŭɘŬŰɛɖŰɘəɩɜ ŭɡɜɎɛŮɤɜ əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ ɟɞˊɩɜ əɎɛɣŮɤɠ. 

 ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ŮɘůŬɔɤɔɐ ůŰɞ ˊɟɧɔɟŬɛɛŬ Űɤɜ ůɡɜɗɖəɩɜ Űɤɜ ŮŭŬűɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ (Ůɘŭɘəɧ ɓɎɟɞɠ, ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ, ůɡɜɞɢɐ, ɔɤɜɑŬ ŮůɤŰŮɟɘəɐɠ Űɟɘɓɐɠ 

ə.ɚˊ.), ůɢŮŭɘɎɕɞɜŰŬɘ ŰŬ ɧɟɘŬ Űɤɜ ůŰɟɤɛɎŰɤɜ əŬɘ ɞɟɑɕŮŰŬɘ Űɞ ɔŮɤŰŮɢɜɘəɧ ɛɞɜŰɏɚɞ. ȼ 

ɡˊɞůŰɐɟɘɝɖ Űɖɠ ŮəůəŬűɐɠ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɘŬűɟŬɔɛŬŰɘəɧ Űɞɑɢɞ, 

ˊɟɞŮɜŰŮŰŬɛɏɜɤɜ Ŭɔəɡɟɑɤɜ ə.Ŭ. ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɛŮ ůŰɞɘɢŮɑŬ ŭɞəɞɨ əŬɘ 

Ŭɔəɡɟɑɤɜ (ɛɐəɞɠ ˊɎəŰɤůɖɠ, ŮɚŮɨɗŮɟɞ ɛɐəɞɠ). ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ ɧɚɤɜ Űɤɜ 

ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ, ɞɟɑɕɞɜŰŬɘ Ŭɜ ɡˊɎɟɢɞɡɜ əŬɘ ŮɝɤŰŮɟɘəɎ űɞɟŰɑŬ (əŰɑɟɘŬ ɐ ɞˊɞɘŬŭɐˊɞŰŮ 

Ɏɚɚɖ ŮˊɘűŬɜŮɘŬəɐ əŬŰŬůəŮɡɐ), ŬəɞɚɞɡɗŮɑ ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ůŰɘɠ ŭɘŬŭɞɢɘəɏɠ 

űɎůɖɠ ŮəůəŬűɐɠ əŬɘ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ ˊɟɞəɨˊŰɞɡɜ ůɡɛˊŮɟɎůɛŬŰŬ. Ƀɘ ŭɘŬŭɞɢɘəɏɠ 

űɎůŮɘɠ ŮəůəŬűɐɠ əŬɘ ɡˊɞůŰɐɟɘɝɖɠ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɞ ɤɠ Ůɝɐɠ: 

¶ ūɎůɖ 1ɖ: ɆŮ ɧɚŬ ŰŬ ɔŮɤŰŮɢɜɘəɎ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ŮˊɘɚɨɞɜŰŬɘ ɛŮ ŬɟɘɗɛɖŰɘəɏɠ 

ɛŮɗɧŭɞɡɠ, Űɞ ˊɟɩŰɞ ůŰɎŭɘɞ ŮɑɜŬɘ ŮəŮɑɜɞ ˊɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ ˊɟɘɜ Űɖɜ ŮəůəŬűɐ. 

ɇɞ ˊɟɩŰɞ ůŰɎŭɘɞ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ɔŮɤůŰŬŰɘəɧ ŭɘɧŰɘ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŮɜŰŬŰɘəɐ 

əŬŰɎůŰŬůɖ Űɞɡ ŮŭɎűɞɡɠ ˊɟɘɜ Űɖɜ ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɏɛɓŬůɖ (ŮəůəŬűɐ). Ʉɞɚɚɏɠ 

űɞɟɏɠ ůŰɞ ůŰɎŭɘɞ ŬɡŰɧ ŭɑɜɞɜŰŬɘ əŬɘ əɎˊɞɘŬ Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ˊɟɘɜ Űɖɜ ŮəůəŬűɐ (ɧˊɤɠ űɟŮŬŰɞˊɎůůŬɚɞɘ) ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɧŭɞɡ cut and cover ɐ cover and cut ŮɑŰŮ ŬəɧɛŬ ɧŰŬɜ ɔɑɜŮŰŬɘ 
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ɢɟɐůɖ ˊɘɞ ŮɝŮɚɘɔɛɏɜɤɜ ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ ůɖɟɎɔɔɤɜ ɧˊɤɠ ŮəŮɑɜɤɜ Űɤɜ 

ŭɞəɩɜ ˊɟɞˊɞɟŮɑŬɠ. 

¶ ūɎůɖ 2ɖ: ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ˊɟɩŰɖ ŮəůəŬűɐ əŬɘ ɖ ɡˊɞůŰɐɟɘɝɐ Űɖɠ. ɆŰɞ 

ůŰɎŭɘɞ ŬɡŰɧ ɞ ŮŭŬűɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ ŬɟɢɑɕŮɘ ɜŬ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ əŬɘ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬɜŬəŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ. ɇŬ ɛɏŰɟŬ ˊɟɞůɤɟɘɜɐɠ 

ɡˊɞůŰɐɟɘɝɖɠ ɛɧɚɘɠ ŮűŬɟɛɞůŰɞɨɜ ɓɟɑůəɞɜŰŬɘ ůŮ əŬŰɎůŰŬůɖ ɖɟŮɛɑŬɠ ŮɑɜŬɘ 

ŭɖɚŬŭɐ ŬűɧɟŰɘůŰŬ. ŪŬ əɚɖɗɞɨɜ ɜŬ ŬɜŬɚɎɓɞɡɜ űɞɟŰɑŬ Ŭˊɧ Űɖɜ ůŰɘɔɛɐ Űɖɠ 

ŰɞˊɞɗɏŰɖůɐɠ Űɞɡɠ əŬɘ ɧůɞ ɞ ŮŭŬűɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ ŬɟɢɑɕŮɘ ɜŬ 

ˊŬɟŬɛɞɟűɩɜŮŰŬɘ. Ɇəɞˊɧɠ Űɖɠ ɡˊɞůŰɐɟɘɝɖɠ ŮɑɜŬɘ ɜŬ ŬɜŬɚɎɓŮɘ ŰŬ űɞɟŰɑŬ ˊɞɡ 

ŰŮɑɜɞɡɜ ɜŬ ŬůŰɞɢɐůɞɡɜ Űɖɜ ŮəůəŬűɐ.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 4. 1: ɄŬɟɎŭŮɘɔɛŬ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ˊɘɏůŮɤɜ ɧˊɤɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ əŬɗɩɠ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮəůəŬűɐ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ ůŮ ŭɘɎűɞɟŮɠ űɎůŮɘɠ. 
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¶ ūɎůɖ ɜɖ: ȼ ŭŮɨŰŮɟɖ, ɇɟɑŰɖ, ɜɘɞůŰɐ űɎůɖ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ŬɜŬɚɧɔɤɠ Űɤɜ 

Ŭɟɘɗɛɧ Űɤɜ űɎůŮɤɜ ŮəůəŬűɐɠ əŬɘ ɡˊɞůŰɐɟɘɝɖɠ Űɞɡ ɏɟɔɞɡ ɏɤɠ Űɞ ŮˊɘɗɡɛɖŰɧ 

ɓɎɗɞɠ ŮəůəŬűɐɠ. ɆŰɖɜ Ůɜ ɚɧɔɤ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŰŬ ůŰɞɘɢŮɑŬ ˊɟɞůɤɟɘɜɐɠ 

ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŮɑɜŬɘ ɞ Űɞɑɢɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ əŬɘ ŰŬ 

ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɘɠ ůɡɜɗɐəŮɠ Űɞɡ ŮŭɎűɞɡɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ɖ ɨˊŬɟɝɖ Űɞɡ ɡŭɟɞűɧɟɞɡ ɞɟɑɕɞɜŰŬ. ȾŬŰɎ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŬɜɤŰɏɟɤ űɎůŮɤɜ ŮəůəŬűɐɠ əŬɘ ɡˊɞůŰɐɟɘɝɖɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ɖ ŬɜŬəŬŰŬɜɞɛɐ Űɤɜ ɡŭɟɞůŰŬŰɘəɩɜ ˊɘɏůŮɤɜ ɧˊɤɠ ŬɡŰɏɠ 

ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ŬɜɎ űɎůɖ ŮəůəŬűɐɠ ůŰɞ ˊŬɟɎŭŮɘɔɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 4.1. 

 

ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɤɜ űɎůŮɤɜ ŮəůəŬűɐɠ ŭɑɜŮŰŬɘ ɖ ŰŮɚɘəɐ Űɞɛɐ Űɖɠ ŮəůəŬűɐɠ əŬɘ Űɤɜ 

ɛɏŰɟɤɜ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬůűŬɚŮɑŬɠ Űɖɠ ŭɘŬŰɞɛɐɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ əŬɘ ůŰɞ Űɏɚɞɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮŰŬəɘɜɐůŮɤɜ, ŰɎůŮɤɜ əŬɘ 

ɟɞˊɩɜ əɎɛɣŮɤɠ Űɤɜ ůŰɞɘɢŮɑɤɜ ɡˊɞůŰɐɟɘɝɖɠ. 

4.2 ɆɇɃȽɉȺȽȷ ȷɁɇȽɆɇȼɅȽɂȼɆ ȺɄȽȿɈɆȺɋɁ. 

ȰɢɞɜŰŬɠ ŰŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŬŰɞɛɐɠ Űɞɡ ůŰŬɗɛɞɨ Űɞɛɐ 1-1, 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŮɜɎɟɘŬ  ŬɜŬɚɨůŮɤɜ Ŭˊɧ ɧˊɞɡ ˊɟɞəɨˊŰɞɡɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ Űɤɜ ŮŭŬűɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ ɡˊɞůŰɐɟɘɝɖɠ. ɆŰɘɠ 

ŬɜŬɚɨůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ űɟŮŬŰɞˊɎůůŬɚɞɘ, ɖ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ɞˊɞɑɤɜ ɔɑɜŮŰŬɘ ɛŮ 

Űɖɜ ɛɞɟűɐ ɘůɞŭɨɜŬɛɤɜ ˊɚŬəɩɜ. ɄɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ, ŰŬ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɗɖəŬɜ 

ůŮ ˊŬəŰɤɛɏɜɞ əŬɘ ɛɖ ˊŬəŰɤɛɏɜɞ ŰɛɐɛŬ Űɞ ɛɐəɞɠ Űɤɜ ɞˊɞɑŬ ˊɞɘəɑɚɚŮɘ ŬɜɎ ůŮɘɟɎ 

ŰɞˊɞɗɏŰɖůɖɠ. ɇɏɚɞɠ ůŰŬ ůŮɜɎɟɘŬ ŬɜŬɚɨůŮɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɛŮŰŬɚɚɘəɏɠ 

ŬɜŰɖɟɑŭŮɠ ŬɜŰɘůŰɐɟɘɝɖɠ. ũɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ůŰɞ ɚɞɔɘůɛɘəɧ 

ˊɟɞůɞɛɞɑɤůɖɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŭɡůŰɏɜŮɘŬɠ çȺȷè əŬɘ əŬɛˊŰɘəɐɠ 

ŭɡůəŬɛɣɑŬɠ çȺȽè. 

4.2.1 ūɟŮŬŰɞˊɎůůŬɚɞɘ ŬɜŰɘůŰɐɟɘɝɖɠ 

 ũɘŬ Űɘɠ ŮˊɘɚɨůŮɘɠ Űɤɜ ůŮɜŬɟɑɤɜ ŬɜŬɚɨůŮɤɜ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ  Űɞɑɢɞɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůŰɞɘɢŮɑŬ əŬŰŬəɧɟɡűɤɜ űɟŮŬŰɞˊŬůůɎɚɤɜ ŭɘŬɛɏŰɟɞɡ 

ū80 (80cm),  Ůɜɩ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ˊɞɘɧŰɖŰŬɠ C20/25 ɔɘŬ Űɖɜ 

əŬŰŬůəŮɡɐ Űɞɡɠ. ȼ Ŭɝɞɜɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ˊŮɟɑ ŰŬ 2.00m. ȼ 

ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ŮəŮɑɜɖ Űɖɠ ŭɘɎŰɟɖůɖɠ əŬɘ Ůˊɘ Űɧˊɞɡ ůəɡɟɞŭɏŰɖůɖɠ Ůɜɩ ůŰɞ 

Ɏɜɤ ŰɛɐɛŬ əɎɗŮ ˊŬůůɎɚɞɡ ůəɡɟɞŭŮŰŮɑŰŮ əŮűŬɚɧŭŮůɛɞɠ. ɇɞ ɓɎɗɞɠ ŬɜɎˊŰɡɝɖɠ əɎɗŮ 

əŬŰŬəɧɟɡűɞɡ ˊŬůůɎɚɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ ŬɜŬɚɧɔɤɠ Űɖɜ ɗɏůɖ ŰɞˊɞɗɏŰɖůɐɠ Űɤɜ. ũɘŬ Űɖɜ 
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ˊŮɟɘɔɟŬűɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ůŰɞ ɚɞɔɘůɛɘəɧ ˊɟɞůɞɛɞɑɤůɖɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ŭɡůŰɏɜŮɘŬɠ çȺȷè əŬɘ əŬɛˊŰɘəɐɠ ŭɡůəŬɛɣɑŬɠ çȺȽè. ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ ŭɑŭŮŰŬɘ ɤɠ 

Ⱥb = 25GPa. 

ȹɡůŰɏɜŮɘŬ: 

ῴὃ  Ὁᶻ
ᶻ
  Ὧὔ                                                                               (Ⱥɝɑůɤůɖ 4. 1) 

ȳˊɞɡ: ȷb = (ˊ*D2)/4  mm2 ɇɞ ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ Űɞɡ űɟŮŬŰɞˊŬůůɎɚɞɡ. 

ȯɟŬ: 

EbAb = 12566371kN 

ȼ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɞ ɚɞɔɘůɛɘəɧ Plaxis Űɤɜ Űɘɛɩɜ ŭɡůŰɏɜŮɘŬɠ 

ŬɜɎɔɞɜŰŬɘ ŬɜɎ ɛɏŰɟɞ ɛɐəɞɡɠ ɞˊɧŰŮ ŭɘŬɘɟɞɨɜŰŬɘ ɛŮ Űɖɜ Ŭɝɞɜɘəɐ ŬˊɧůŰŬůɖ Űɤɜ 

ˊŬůůɎɚɤɜ ɖ ɞˊɞɑŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ˊŮɟɑ ŰŬ 2.00m. ȼ Űɘɛɐ ŮɘůŬɔɤɔɐɠ ŮɑɜŬɘ: 

ῴὃ    
ᶻ
ᶻ

   ὯὔȾά                                                                                         (Ⱥɝɑůɤůɖ 4. 2)

  

╔╫═╫  ▓╝Ⱦ□ 

ȾŬɛˊŰɘəɐ ŭɡůəŬɛɣɑŬ: 

ῴὍ Ὁᶻ
ᶻ
 Ὧὔzά                                                                            (Ⱥɝɑůɤůɖ 4. 3) 

ȳˊɞɡ: I = (ˊ*D4)/64 m4 ȼ ɟɞˊɐ ŬŭɟŬɜŮɑŬɠ Űɞɡ Űɞɡ űɟŮŬŰɞˊŬůůɎɚɞɡ. 

ȯɟŬ:  

ɞbI = 502655 kN*m2 

ȼ ŮɘůŬɔɤɔɐ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɞ ɚɞɔɘůɛɘəɧ Plaxis Űɤɜ Űɘɛɩɜ əŬɛˊŰɘəɐɠ 

ŭɡůəŬɛɣɑŬɠ ŬɜɎɔɞɜŰŬɘ ŬɜɎ ɛɏŰɟɞ ɛɐəɞɡɠ ɞˊɧŰŮ ŭɘŬɘɟɞɨɜŰŬɘ ɛŮ Űɖɜ Ŭɝɞɜɘəɐ ŬˊɧůŰŬůɖ 

Űɤɜ ˊŬůůɎɚɤɜ ɖ ɞˊɞɑŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ˊŮɟɑ ŰŬ 2.00m. ȼ Űɘɛɐ ŮɘůŬɔɤɔɐɠ ŮɑɜŬɘ: 

╔╫◦  ▓╝□ 

ɆŰɞɜ Űɞɑɢɞ ŬɜŰɘůŰɐɟɘɝɖɠ ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ əŬɘ ŮɜŭɘɎɛŮůɞɠ Űɞɑɢɞɠ ˊɎɢɞɡɠ 0,06m. ȯɟŬ 

ɞɘ ŰŮɚɘəɏɠ Űɘɛɏɠ Űɤɜ ɛŮɔŮɗɩɜ əŬɗɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

¶ ȹɡůŰɏɜŮɘŬ: 

ῴ΅  ῴᶻ
ᶻ
 Ὧὔάϳ                                                                          (Ⱥɝɑůɤůɖ 4. 4) 

ȳˊɞɡ: 
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X: ɖ Ŭɝɞɜɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ űɟŮŬŰɞˊŬůůɎɚɤɜ 

D: ɖ ŭɘɎɛŮŰɟɞɠ Űɤɜ űɟŮŬŰɞˊŬůůɎɚɤɜ 

W: Űɞ ˊɎɢɞɠ Űɞɡ ŮɜŭɘɎɛŮůɞɡ Űɞɑɢɞɡ  

Eb: Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ 

ȯɟŬ:  

ῴ΅ ωπππππ Ὧὔάϳ  

ȼ ŰŮɚɘəɐ Űɘɛɐ Űɖɠ ŭɡůŰɏɜŮɘŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

Ὁὃ  Ὁὃ Ὁὃ ὯὔȾά                                                                              (Ⱥɝɑůɤůɖ 4. 5) 

╔═◌╪■■  ▓╝Ⱦ□ 

¶ ȾŬɛˊŰɘəɐ ŭɡůəŬɛɣɑŬ: 

ῴΌ ῴᶻ
ᶻ
  Ὧὔzά                                                                                 (Ⱥɝɑůɤůɖ 4. 6) 

ȳˊɞɡ: 

X: ɖ Ŭɝɞɜɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ űɟŮŬŰɞˊŬůůɎɚɤɜ 

D: ɖ ŭɘɎɛŮŰɟɞɠ Űɤɜ űɟŮŬŰɞˊŬůůɎɚɤɜ 

W: Űɞ ˊɎɢɞɠ Űɞɡ ŮɜŭɘɎɛŮůɞɡ Űɞɑɢɞɡ  

Eb: Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ 

ȯɟŬ:  

ῴὍ ςχπ Ὧὔzά 

ȼ ŰŮɚɘəɐ Űɘɛɐ Űɖɠ ŭɡůŰɏɜŮɘŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ: 

ὉὍ  ὉὍᴂ ὉὍ Ὧὔzά                                                                                (Ⱥɝɑůɤůɖ 4. 7) 

╔╘◌╪■■  ▓╝□ 

ɇɏɚɞɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Űɞ ɓɎɟɞɠ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ ŬɜɎ Űɟɏɢɞɜ ɛɏŰɟɞ ɛŮ ɘůɞŭɨɜŬɛɞ 

ˊɎɢɞɠ ˊɚɎəŬɠ d = 0.648m, əŬɘ Ůɘŭɘəɧ ɓɎɟɞɠ ůəɡɟɞŭɏɛŬŰɞɠ ɔ=24kN/m3.  

ὡ ‎z Ὠ  Ὧὔάϳ                                                                                       (Ⱥɝɑůɤůɖ 4. 8) 

 

╦ ȟ  ▓╝Ⱦ□ 

Ƀ ɚɧɔɞɠ Poisson ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɤɠ 0,15. 
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4.2.2 ɄɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ 

ɇŬ ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ Űɤɜ 

ŬɜŬɚɨůŮɤɜ ŮɑɜŬɘ 3ɤɜ , 4ɤɜ əŬɘ 5 əɚɩɜɤɜ. Ƀ ɢɎɚɡɓŬɠ Űɤɜ ˊɟɞŮɜŰŮŰŬɛɏɜɤɜ Ŭɔəɡɟɑɤɜ ŮɑɜŬɘ 

ˊɞɘɧŰɖŰŬɠ S1700/1900 əŬɘ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥs = 210GPa. ȼ ŭɘɎɛŮŰɟɞɠ əɎɗŮ 

əɚɩɜɞɡ(əŬɚɤŭɑɞɡ) ŮɑɜŬɘ 0,6ôô (1,524 cm). ɇɞ ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ əɎɗŮ əɚɩɜɞɡ ŮɑɜŬɘ: 

΅
ᶻ
 ὧά                                                                                                             (Ⱥɝɑůɤůɖ 4. 9) 

═▼  ȟ  ╬□ 

ɥʂ ʌɻʆʐʖʈʘʉʋ ʐʈʙʈɻ 

¶ ɚɾʆʞʍʅɻ ʈʀ σ ʆʇʡʉʋʑʏȡ 

                    ̈́ σz ὃ ὧά                                                                               (Ⱥɝɑůɤůɖ 4. 10) 

═▼ ȟ ᶻ  □  

ȹɡůŰɏɜŮɘŬ Ŭɔəɡɟɑɤɜ ɛŮ 3 əɚɩɜɞɡɠ: 

                 ῴ΅ Ὁ ὃz   Ὧὔ                                                                (Ⱥɝɑůɤůɖ 4. 11) 

◖◒▼  ▓╝ 

¶ ɚɾʆʞʍʅɻ ʈʀ 4 ʆʇʡʉʋʑʏȡ 

                    ̈́ τz ὃ ὧά                                                                               (Ⱥɝɑůɤůɖ 4. 12) 

═▼ ȟ ᶻ  □  

ȹɡůŰɏɜŮɘŬ Ŭɔəɡɟɑɤɜ ɛŮ 4 əɚɩɜɞɡɠ: 

                 ῴ΅ Ὁ ὃz   Ὧὔ                                                                (Ⱥɝɑůɤůɖ 4. 13) 

◖◒▼  ▓╝ 

 

¶ ɚɾʆʞʍʅɻ ʈʀ 5 ʆʇʡʉʋʑʏȡ 

                    ̈́ υz ὃ ὧά                                                                               (Ⱥɝɑůɤůɖ 4. 14) 

═▼ ȟ ᶻ  □  

ȹɡůŰɏɜŮɘŬ Ŭɔəɡɟɑɤɜ ɛŮ 5 əɚɩɜɞɡɠ: 

                 ῴ΅ Ὁ ὃz   Ὧὔ                                                                (Ⱥɝɑůɤůɖ 4. 15) 

◖◒▼  ▓╝ 

 

ɩɻʆʐʖʈʘʉʋ ʐʈʙʈɻ 

¶ ɚɾʆʞʍʅɻ ʈʀ σ ʆʇʡʉʋʑʏȡ 

                    ̈́
ᶻ

ὃ  ὧά                                                                  (Ⱥɝɑůɤůɖ 4. 16) 
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ȳˊɞɡ:  

d: ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ ɓɞɚɓɞɨ ˊɎəŰɤůɖɠ (d=10cm) 

═╫ ȟ ᶻ  □  

ȹɡůŰɏɜŮɘŬ Ŭɔəɡɟɑɤɜ ɛŮ 3 əɚɩɜɞɡɠ: 

                 ῴ΅ Ὁ ὃz  Ὁὃ  Ὧὔ                                             (Ⱥɝɑůɤůɖ 4. 17) 

ȳˊɞɡ:  

Eb: ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ŰůɘɛŮɜŰɞəɞɜɘɎɛŬŰɞɠ ɓɞɚɓɞɨ ˊɎəŰɤůɖɠ (Ⱥb=15GPa) 

◖◒╫  ▓╝ 

¶ ɚɾʆʞʍʅɻ ʈʀ 4 ʆʇʡʉʋʑʏȡ 

                    ̈́
ᶻ

ὃ  ὧά                                                                  (Ⱥɝɑůɤůɖ 4. 18) 

ȳˊɞɡ:  

d: ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ ɓɞɚɓɞɨ ˊɎəŰɤůɖɠ (d=10cm) 

═╫ ȟ ᶻ  □  

ȹɡůŰɏɜŮɘŬ Ŭɔəɡɟɑɤɜ ɛŮ 4 əɚɩɜɞɡɠ: 

                 ῴ΅ Ὁ ὃz  Ὁὃ  Ὧὔ                                             (Ⱥɝɑůɤůɖ 4. 19) 

ȳˊɞɡ:  

Eb: ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ŰůɘɛŮɜŰɞəɞɜɘɎɛŬŰɞɠ ɓɞɚɓɞɨ ˊɎəŰɤůɖɠ (Ⱥb=15GPa) 

◖◒╫  ▓╝ 

¶ ɚɾʆʞʍʅɻ ʈʀ 5 ʆʇʡʉʋʑʏȡ 

                    ̈́
ᶻ

ὃ  ὧά                                                                  (Ⱥɝɑůɤůɖ 4. 20) 

ȳˊɞɡ:  

d: ȼ ŭɘɎɛŮŰɟɞɠ Űɞɡ ɓɞɚɓɞɨ ˊɎəŰɤůɖɠ (d=10cm) 

═╫ ȟ ᶻ  □  

ȹɡůŰɏɜŮɘŬ Ŭɔəɡɟɑɤɜ ɛŮ 5 əɚɩɜɞɡɠ: 

                 ῴ΅ Ὁ ὃz  Ὁὃ  Ὧὔ                                             (Ⱥɝɑůɤůɖ 4. 21) 

ȳˊɞɡ:  

Eb: ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ŰůɘɛŮɜŰɞəɞɜɘɎɛŬŰɞɠ ɓɞɚɓɞɨ ˊɎəŰɤůɖɠ (Ⱥb=15GPa) 

◖◒╫  ▓╝ 



 

77 | P a g e 
 

4.2.3 ɀŮŰŬɚɚɘəɏɠ ŬɜŰɖɟɑŭŮɠ ŬɜŰɘůŰɐɟɘɝɖɠ 

ɀŮ Űɞɜ ɧɟɞ ɛŮŰŬɚɚɘəɏɠ ŬɜŰɖɟɑŭŮɠ ɞɜɞɛɎɕŮŰŬɘ ɏɜŬ ůɨůŰɖɛŬ Ŭˊɧ ɛŮŰŬɚɚɘəɏɠ 

ŭɞəɞɨɠ əɡəɚɘəɐɠ ŭɘŬŰɞɛɐɠ ɞɘ ɞˊɞɑŮɠ ŬɜŰɘůŰɖɟɑɕɞɡɜ Űɘɠ ŭɨɞ əŬŰŬəɧɟɡűŮɠ ˊŬɟŮɘɏɠ ɛɘŬɠ 

ŬɜɞɘəŰɐɠ ŮəůəŬűɐɠ. ũɘŬ Űɖɜ Ůˊɑɚɡůɖ Ůɜɧɠ ŰɏŰɞɘɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊŬɘŰŮɑŰŬɘ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ  Űɖɠ ŭɡůŰɏɜŮɘŬɠ Ⱥȷ əɎɗŮ ɛŮŰŬɚɚɘəɐɠ ŬɜŰɖɟɑŭŬɠ. 

ῴ΅  ῴ ὃz  Ὧὔ                                                                                                          (Ⱥɝɑůɤůɖ 4. 22) 

ȳˊɞɡ: 

¶ Ⱥs = 210GPa Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ɢɎɚɡɓŬ 

¶ ȷs: ɇɞ ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ Űɖɠ ŬɜŰɖɟɑŭŬɠ. 

΅ “z Ὀ Ὠ  ά                                                                                 (Ⱥɝɑůɤůɖ 4. 23) 

ȳˊɞɡ: 

¶ D: ȺɝɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞɠ əɞɟɛɞɨ ŬɜŰɖɟɑŭŬɠ. 

¶ d: ȺůɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞɠ əɞɟɛɞɨ ŬɜŰɖɟɑŭŬɠ. 

ȯɟŬ: 

╔═ ȟ ᶻ  ▓╝ 

ȼ ŬˊɧůŰŬůɖ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ ŬɜŰɖɟɑŭɤɜ (ɞɟɘɕɧɜŰɘŬ ŬˊɧůŰŬůɖ) əŬɗɞɟɑůŰɖəŮ ůŰŬ 4,5m 

(Lspacing). 

4.3 ȺɄȽȿɈɆȼ ȷɁȷūɃɅȷɆ-ȷɂȽɃȿɃũȽɆȼ ȷɄɃɇȺȿȺɆɀȷɇɋɁ 

 ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɑɚɡůɖ 

ŬɜŬűɞɟɎɠ ůŮ ɡˊɞɗŮŰɘəɎ ůɡůŰɐɛŬŰŬ ŬɜŰɘůŰɐɟɘɝɖɠ. ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ɏɢɞɡɜ ɡˊɞůŰŮɑ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɎ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ.  

 ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɚɞɔɘůɛɘəɧ Plaxis V8 2D, ˊɟɞɏəɡɣŮ Űɞ ŬɟɘɗɛɖŰɘəɧ 

ˊɟɞůɞɛɞɑɤɛŬ (ŮəůəŬűɐɠ-ŬɜŰɘůŰɐɟɘɝɖɠ) ɔɘŬ Űɞ ŬɜŬŰɞɚɘəɧ əŬɘ ŭɡŰɘəɧ ůɨůŰɖɛŬ Űɞɡ 

ůŰŬɗɛɞɨ ŬɜŰɑůŰɞɘɢŬ.  

4.3.1  ȷɝɘɞɚɧɔɖůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɜŬŰɞɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ 

ŬɜŬűɞɟɎɠ Űɖɠ ŮəůəŬűɐɠ 

ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ŬɜŬűɞɟɎɠ Űɖɠ ŮəůəŬűɐɠ,  Űɞɡ ŬɜŬŰɞɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ űɟŮŬŰɞˊɎůůŬɚɞɘ ŭɘŬɛɏŰɟɞɡ 80cm əŬŰŬůəŮɡŬůɛɏɜɞɘ 

Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ˊɞɘɧŰɖŰŬɠ C20/25, ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ɓŬůɘəɧɠ 

əɞɟɛɧɠ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ. ɄɎɜɤ ůŰɞɜ Űɞɑɢɞ ŬɜŰɘůŰɐɟɘɝɖɠ ŰɞˊɞɗŮŰɐɗɖəŬɜ ŬɜɎ 

ŮˊɑˊŮŭɞ ŮəůəŬűɐɠ ˊɟɞŮɜŰŮŰŬɛɏɜŬ ŬɔəɨɟɘŬ 3ɤɜ, 4ɤɜ əŬɘ 5əɚɩɜɤɜ. ɋɠ ɡɚɘəɧ ŬɡŰɩɜ 

ŮˊɘɚɏɢɗɖəŮ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S1700/1900 əŬɘ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥs = 210GPa, 

Ůɜɩ ɖ ŭɘɎɛŮŰɟɞɠ əɎɗŮ əɚɩɜɞɡ Ŭɔəɨɟɤůɖɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰŬ 1,524cm. ɇɞ ɛɐəɞɠ 
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ˊɎəŰɤůɖɠ əɎɗŮ Ŭɔəɡɟɑɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰŬ 5,00m əŬɘ 6,00m Ůɜɩ ɔɘŬ Űɖɜ ˊɎəŰɤůɐ 

Űɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ 15GPa ũɘŬ Űɘɠ 

ˊɟɞŮɜŰŮŰŬɛɏɜŮɠ ŬɔəɡɟɩůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɏɝɘ ůŮɘɟɏɠ Ŭɔəɡɟɑɤɜ. 

 ȷˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ŬɜŬŰɞɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŮəůəŬűɐɠ əŬɘ ŬɜŰɘůŰɐɟɘɝɖɠ 

ˊɟɞɏəɡɣŮ Űɞ ˊŬɟŬɛɞɟűɤɛɏɜɞ ŬɟɘɗɛɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 4.2. 

ʅ˔ʺ˃ʰ пΦ 2Υʃˊˇˋˇ˃ˇʾ˖˃ʰ ˉʰˊʰ˃ˈˊ˒˖ˋʹˌ ʰ˄ʰˍˇ˂ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʶˁˋˁʰ˒ʺˌ ˁʰʽ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 

ɀŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ŬɜŬŰɞɚɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ Űɞɡ ůɢɐɛŬŰɞɠ 4.3, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ɞɘ ůɡɜɞɚɘəɏɠ ɛŮŰŬəɘɜɐůŮɘɠ, ɜŬ ŮɑɜŬɘ Űɖɠ 

ŰɎɝŮɤɠ Űɤɜ 15,86mm. ȼ ŮɛűɎɜɘůɖ ŬɡŰɩɜ ŭɘŬˊɘůŰɩɜŮŰŬɘ ůŰɞɜ əŮűŬɚɧŭŮůɛɞ Űɞɡ Űɞɑɢɞɡ 

ŬɜŰɘůŰɐɟɘɝɖɠ əŬɘ ůŰɖ ɓɎůɖ Űɞɡ əŰɖɟɑɞɡ 7Ʉ (ȹɖɛŬɟɢŮɑɞɡ). ɆŰɞ ůɢɐɛŬ 4.4 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ. Ⱥˊɑ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ ɖ ɛɏɔɘůŰɖ Űɘɛɐ 

15,86mm Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞɜ əŮűŬɚɧŭŮůɛɞ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ. 

ɇɞ ˊɟɧůɖɛɞ (-) ůŰɖɜ Űɘɛɐ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 4.4, əŬɗɞɟɑɕŮɘ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɤɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ, ɖ űɞɟɎ ŭŮɑɢɜŮɘ ɛŮŰŬəɑɜɖůɖ ŬɜŰɑɟɟɞˊɖ ɛŮ Űɖɜ ŮəůəŬűɐ. ȷɡŰɧ ŮɑɜŬɘ 

űŬɜŮɟɧ əŬɘ ůŰɞ ˊɟɞůɞɛɞɑɤɛŬ (ůɢɐɛŬ 4.2) ˊŬɟŬɛɧɟűɤůɖɠ əŬŰɎ Űɞ ɞˊɞɑɞ ɞ 

əŮűŬɚɧŭŮůɛɞɠ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ ˊŬɟŬɛɞɟűɩɜŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑɗŮŰɖ ˊɚŮɡɟɎ Űɞɡ 

ɢɩɟɞɡ ŮəůəŬűɐɠ. ȾŬɘ ůŰŬ ŰɟɑŬ ɡűɘůŰɎɛŮɜŬ ůɢɐɛŬŰŬ 4.2, 4.3, 4.4, ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɖɜ 

ɓɎůɖ Űɞɡ Űɞɑɢɞɡ (ɛɐəɞɠ ˊɎəŰɤůɖɠ) ŬɛŮɚɖŰɏŬ ɛŮŰŬəɑɜɖůɖ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 2,00 ɏɤɠ 

4,00mm. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ůŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 4.1, 4.2, 4.3 Űɞ ůɖɛŮɑɞ Ƚ ˊɞɡ ɓɟɑůəŮŰŬɘ 
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ůŰɖɜ ɓɎůɖ Űɞɡ Űɞɑɢɞɡ ůŰɞɜ ˊɡɗɛɏɜŬ Űɖɠ ŮəůəŬűɐɠ, ˊŬɟɞɡůɘɎɕŮɘ ŬɜŮˊŬɑůɗɖŰŬ 

űŬɘɜɧɛŮɜɞ Ŭɜɨɣɤůɖ ˊɡɗɛɏɜŬ. ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ 

ɞɟɑůŰɖəŬɜ ůɖɛŮɑŬ ˊŬɟŬŰɐɟɖůɖɠ ŰŬ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ůɢɐɛŬ 4.3.  

 

ʅ˔ʺ˃ʰ пΦ 3Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋʹ˃ʶʾ˖˄ ˉʰˊʰˍʺˊʹˋʹˌ ʶ˄ˍˈˌ ˍˇˎ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ 
ˋˎˋˍʺ˃ʰˍˇˌΦ 
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ʅ˔ʺ˃ʰ пΦ 4Υʅˎ˄ˇ˂ʽˁʷˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍˇˎ ʰˊʽʻ˃ʹˍʽˁˇˏ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ  ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ. 

 

ɲʽʱʴˊʰ˃˃ʰ пΦ 1Υɳ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˋˎ˄ˇ˂ʽˁ˗˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉʰˊʰˍʺˊʹˋʹˌΦ 

 



 

81 | P a g e 
 

ʅ˔ʺ˃ʰ пΦ 5Υ ʁˊʽʸˈ˄ˍʽʶˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍˇˎ ʰˊʽʻ˃ʹˍʽˁˇˏ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ  ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ. 

ɇŬ ůŰɞɘɢŮɑŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 4.1, ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ Ůɝɏɚɘɝɖ Űɤɜ ůɡɜɞɚɘəɩɜ 

ɛŮŰŬəɘɜɐůŮɤɜ Űɞɡ ůɢɐɛŬŰɞɠ 4.4, ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ əŬɛˊɨɚɖ Űɞɡ ůɖɛŮɑɞ D Űɞ ɞˊɞɑɞ 

ɓɟɑůəŮŰŬɘ ůŰɞɜ əŮűŬɚɧŭŮůɛɞ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮŰŬŰɞˊɘůɛɏɜɖ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ əŬɛˊɨɚŮɠ Űɤɜ ɡˊɧɚɞɘˊɤɜ ůɖɛŮɑɤɜ ˊŬɟŬŰɐɟɖůɖɠ.  

ɲʽʱʴˊʰ˃˃ʰ пΦ 2:ɳ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˇˊʽʸˈ˄ˍʽ˖˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉʰˊʰˍʺˊʹˋʹˌ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 
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ʅ˔ʺ˃ʰ пΦ 6Υ ɼʰˍʰˁˈˊˎ˒ʶˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍˇˎ ʰˊʽʻ˃ʹˍʽˁˇˏ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ  ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 

ȷɜŰɑůŰɞɘɢŬ ɔɘŬ Űɖɜ ɓɎůɖ Űɞɡ əŰɖɟɑɞɡ 7Ʉ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əŬɛˊɨɚŮɠ Űɤɜ 

ůɖɛŮɑɤɜ ˊŬɟŬŰɐɟɖůɖɠ ȷ əŬɘ ȸ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ 4.3. ȼ Ůɝɏɚɘɝɖ Űɤɜ əŬɛˊɡɚɩɜ 

ŮɑɜŬɘ Ůɡɜɞɥəɐ əŬɗɩɠ ɞɘ Űɘɛɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŮɑɜŬɘ űɡůɘɞɚɞɔɘəɏɠ. 

ɲʽʱʴˊʰ˃˃ʰ пΦ 3:ɳ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˁʰˍʰˁˈˊˎ˒˖˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˉʰˊʰˍʺˊʹˋʹˌΦ 
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 ɆŰɞ ůɢɐɛŬ 4.6, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬəɘɜɐůŮɘɠ. ȼ Űɘɛɐ ŬɡŰɩɜ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰŬ 12,38mm. ɆŰɞ ŭɘɎɔɟŬɛɛŬ 4.3 ˊŮɟɘɔɟɎűŮŰŬɘ ɖ Ůɝɏɚɘɝɖ Űɤɜ 

əŬŰŬəɧɟɡűɤɜ ɛŮŰŬəɘɜɐůŮɤɜ Űɤɜ ůɖɛŮɑɤɜ ˊŬɟŬŰɐɟɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɧɞŭɞ Űɖɠ 

ŮəůəŬűɐɠ. ɇɞ ůɡɛˊɏɟŬůɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ əŬŰŬəɧɟɡűɤɜ ɛŮŰŬəɘɜɐůŮɤɜ-

ɓɡɗɑůŮɤɜ Űɤɜ ůɖɛŮɑɤɜ ȷ, ȸ, C ɚɧɔɤ ɨˊŬɟɝɖɠ Űɞɡ əŰɖɟɑɞɡ 7Ʉ (ȹɖɛŬɟɢŮɑɞ) ɛŮ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ɨˊŬɟɝɖ ŬɜŮˊŬɑůɗɖŰɖɠ ŭɘŬűɞɟɘəɐɠ əŬɗɑɕɖůɖɠ. ɇŬ ɡˊɧɚɞɘˊŬ ůɖɛŮɑŬ D, 

E, F, G, H, I ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɧŰŮɟɖɠ ŰɎɝɖɠ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬəɘɜɐůŮɘɠ. ȷəɞɚɞɡɗɞɨɜ 

ŭɘŬɔɟɎɛɛŬŰŬ, ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ůɡɜɞɚɘəɩɜ ɛŮŰŬəɘɜɐůŮɤɜ, Ŭɝɞɜɘəɩɜ-

ŭɘŬŰɛɖŰɘəɩɜ ŭɡɜɎɛŮɤɜ əŬɘ ɟɞˊɩɜ əɎɛɣŮɤɠ ɔɘŬ Űɞɜ Űɞɑɢɞ ŬɜŰɘůŰɐɟɘɝɖɠ. 

ɆŰɞ ŭɘɎɔɟŬɛɛŬ 4.4 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɢɤɟɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ůɡɜɞɚɘəɩɜ 

ɛŮŰŬəɘɜɐůŮɤɜ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ, ɖ ɛɏɔɘůŰɖ Űɘɛɐ ŬɡŰɩɜ ŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰɞɜ 

əŮűŬɚɧŭŮůɛɞ əŬɘ ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 16,05mm. ɇŬ ɓɏɚɖ ŭŮɑɢɜɞɡɜ Űɖɜ əŬŰŮɨɗɡɜůɖ 

Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɞɡ Űɞɑɢɞɡ ŬɜŰɘůŰɐɟɘɝɖɠ.  

ɲʽʱʴˊʰ˃˃ʰ пΦ 4:ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˋˎ˄ˇ˂ʽˁ˗˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˋˍˇ˄ ˍˇʾ˔ˇ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 
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ɲʽʱʴˊʰ˃˃ʰ пΦ 5Υ ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʵʽʰˍ˃ʹˍʽˁ˗˄ όˍʶ˃˄ˇˎˋ˗˄ύ ʵˎ˄ʱ˃ʶ˖˄ ˋˍˇ˄ ˍˇʾ˔ˇ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ 
ˋˎˋˍʺ˃ʰˍˇˌ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 

ɲʽʱʴˊʰ˃˃ʰ пΦ 6:ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ  ʵʽʰˍ˃ʹˍʽˁ˗˄ όˍʶ˃˄ˇˎˋ˗˄ύ ʵˎ˄ʱ˃ʶ˖˄ ˋˍˇ˄ ˍˇʾ˔ˇ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ 
ˋˎˋˍʺ˃ʰˍˇˌ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 
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ɲʽʱʴˊʰ˃˃ʰ пΦ 7:ʋ˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˁʰ˃ˉˍʽˁ˗˄ ˊˇˉ˗˄ ˋˍˇ˄ ˍˇʾ˔ˇ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 

ɇɏɚɞɠ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬůűŬɚŮɑŬɠ Űɖɠ Űɞɛɐɠ Űɞɡ ŬɜŬŰɞɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ 

ˊɟɞɏəɡɣŮ ůŮ FS= 3,246. ȼ ɛŮɗɞŭɞɚɞɔɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɞˊɞɑɞɡ ŬɜŬɚɨŮŰŬɘ ŭɘŮɝɞŭɘəɎ 

ůŰɞ ȾŮűɎɚŬɘɞ 6.0. 
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4.3.2 ȷɝɘɞɚɧɔɖůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɡŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŬɜŰɘůŰɐɟɘɝɖɠ 

ŬɜŬűɞɟɎɠ Űɖɠ ŮəůəŬűɐɠ 

ũɘŬ Űɖɜ Ůˊɑɚɡůɖ ŬɜŬűɞɟɎɠ Űɖɠ ŮəůəŬűɐɠ,  Űɞɡ ŭɡŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ŬɜŰɘůŰɐɟɘɝɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ űɟŮŬŰɞˊɎůůŬɚɞɘ ŭɘŬɛɏŰɟɞɡ 80cm əŬŰŬůəŮɡŬůɛɏɜɞɘ 

Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ˊɞɘɧŰɖŰŬɠ C20/25, ɞɘ ɞˊɞɑɞɘ ˊɟɞůɞɛɞɘɩɜɞɡɜ Űɞɜ Űɞɑɢɞ 

ŬɜŰɘůŰɐɟɘɝɖɠ. ɆŰɖɜ Ůˊɑɚɡůɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ Űɞɑɢɞɘ ŬɜŰɘůŰɐɟɘɝɖɠ  ɞɘ ɞˊɞɑɞɘ 

ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɞ ɛɐəɞɠ ŬɜɎˊŰɡɝɐɠ Űɞɡɠ əŬɘ Űɞ ɓɎɗɞɠ (ɡɣɧɛŮŰɟɞ) ŬɜɎɟŰɖůɐɠ Űɞɡɠ. 

ɄɎɜɤ ůŰɞɡɠ űɟŮŬŰɞˊŬůůɎɚɞɡɠ əŬɘ ŬɜɎ ŮˊɑˊŮŭɞ ŮəůəŬűɐɠ ɞɟɨůůɞɜŰŬɘ ˊɟɞŮɜŰŮŰŬɛɏɜŬ 

ŬɔəɨɟɘŬ 3ɤɜ əŬɘ 5 əɚɩɜɤɜ. ɋɠ ɡɚɘəɧ ŬɡŰɩɜ ŮˊɘɚɏɢɗɖəŮ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S1700/1900 

əŬɘ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥs = 210GPa, Ůɜɩ ɖ ŭɘɎɛŮŰɟɞɠ əɎɗŮ əɚɩɜɞɡ Ŭɔəɨɟɤůɖɠ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰŬ 1,524cm. ɇɞ ɛɐəɞɠ ˊɎəŰɤůɖɠ əɎɗŮ Ŭɔəɡɟɑɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰŬ 

5,00m əŬɘ 6,00m Ůɜɩ ɔɘŬ Űɖɜ ˊɎəŰɤůɐ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ ɛɏŰɟɞɡ 

ŮɚŬůŰɘəɧŰɖŰŬɠ 15GPa  ũɘŬ Űɘɠ ˊɟɞŮɜŰŮŰŬɛɏɜŮɠ ŬɔəɡɟɩůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůɡɜɞɚɘəɎ 

ŰɏůůŮɟɘɠ ůŮɘɟɏɠ Ŭɔəɡɟɑɤɜ. 

ȷˊɧ Űɖɜ Ůˊɑɚɡůɖ Űɞɡ ŭɡŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŮəůəŬűɐɠ əŬɘ ŬɜŰɘůŰɐɟɘɝɖɠ ˊɟɞɏəɡɣŮ Űɞ 

ˊŬɟŬɛɞɟűɤɛɏɜɞ ŬɟɘɗɛɖŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 4.7. 

ʅ˔ʺ˃ʰ пΦ 7Υ ʃˊˇˋˇ˃ˇʾ˖˃ʰ ˉʰˊʰ˃ˈˊ˒˖ˋʹˌ ʵˎˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʶˁˋˁʰ˒ʺˌ ˁʰʽ ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 

 

ɆŰɞ ůɢɐɛŬ 4.8, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊɟɞůɞɛɞɑɤɛŬ Űɞɡ ŭɡŰɘəɞɨ ŰɛɐɛŬŰɞɠ Űɞɡ 

ůŰŬɗɛɞɨ, ůŰɞ ɞˊɞɑɞ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ ůɡɜɞɚɘəɩɜ ɛŮŰŬəɘɜɐůŮɤɜ ůŮ ɧɚɖ Űɖɜ 

ɏəŰŬůɖ Űɖɠ ŭɡŰɘəɐɠ Űɞɛɐɠ. ȼ ɢɟɤɛŬŰɘəɐ əɚɑɛŬəŬ ŮɑɜŬɘ ŮəŮɑɜɖ ɓɎůɖ Űɖɠ ɞˊɞɑŬ 
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ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ əŬŰŬɜɞɛɐ Űɤɜ ɛŮɔŮɗɩɜ. ȼ Űɘɛɐ Űɤɜ ɞɚɘəɩɜ ɛŮŰŬəɘɜɐůŮɤɜ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰŬ 9,59mm. Ⱥˊɘˊɚɏɞɜ ɔɘŬ Űɖɜ ˊɚɐɟɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ɞɟɑůŰɖəŬɜ ůɖɛŮɑŬ ˊŬɟŬŰɐɟɖůɖɠ. ȼ ŭɘɎŰŬɝɖ Űɤɜ ůɖɛŮɑɤɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ůɢɐɛŬ 4.8. 

ʅ˔ʺ˃ʰ пΦ 8Υ ɮˉʶʽˁˈ˄ʽˋʹ ˋʹ˃ʶʾ˖˄ ˉʰˊʰˍʺˊʹˋʹˌ ˍˇˎ ˉˊˇˋˇ˃ˇʽ˗˃ʰˍˇˌ ˍˇˎ ʵˎˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ 
ʰ˄ˍʽˋˍʺˊʽ˅ʹˌΦ 

ʃʄʍʆʁʅ ʆʁɹʋʁʅ 

ɲɳʇʆɳʄʁʅ ʆʁɹʋʁʅ 




















































































































































































































































