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ɄŮɟɑɚɖɣɖ 

 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ůɢŮŭɘŬůɛɧɠ, ɖ ŬɜɎɚɡůɖ əŬɘ ɖ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Ůɜɧɠ ɛŮŰŬɚɚɘəɞɨ ůŰŮɔɎůŰɟɞɡ ɛŮ əŬɛˊɨɚɖ ůŰɏɔɖ əŬɘ əŬɛˊɨɚɞɡɠ 

ˊɟɞɓɧɚɞɡɠ, ɛɐəɞɡɠ 40m əŬɘ ˊɚɎŰɞɡɠ 96m. ɇɞ əŰɑɟɘɞ ˊɟɧəŮɘŰŬɘ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ȷŰŰɘəɐɠ (ɗɏůɖ Ʉɟɩɖɜ ȷɜŬŰɞɚɘəɞɨ ȷŮɟɞŭɟɞɛɑɞɡ) əŬɘ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŮəɗŮůɘŬəɧ əɏɜŰɟɞ. ɇɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ 

əŬŰɖɔɞɟɑŬɠ S355. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɚŬɑůɘŬ ˊɞɡ ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ŬɜɎ 6m, ŰŬ ɞˊɞɑŬ 

ŮŭɟɎɕɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ ɤɠ ˊɎəŰɤůɖ ůŰɞɜ ɎɝɞɜŬ ɉ əŬɘ ɤɠ Ɏɟɗɟɤůɖ ůŰɞɜ ɎɝɞɜŬ Y. 

ȺˊɘɚɏɔŮŰŬɘ ŬɡŰɧ Űɞ ůɨůŰɖɛŬ ɗŮɛŮɚɑɤůɖɠ ɔɘŬ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ˊɚŬɘůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ ůŰɞɜ 

ɘůɢɡɟɧ ɎɝɞɜŬ əŬɘ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ůŰɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ. ɆŰɖɜ 

ŮɟɔŬůɑŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ůŰŬŰɘəɎ űɞɟŰɑŬ ˊɞɡ ŮɑɜŬɘ ŰŬ ɑŭɘŬ ɓɎɟɖ, ŰŬ ˊɟɧůɗŮŰŬ ɛɧɜɘɛŬ 

űɞɟŰɑŬ, Űɞ əɘɜɖŰɧ űɞɟŰɑɞ ůŰɏɔɖɠ, ɞ ɎɜŮɛɞɠ əŬɘ Űɞ ɢɘɧɜɘ əŬɘ ŰŬ ŭɡɜŬɛɘəɎ űɞɟŰɑŬ (ůŮɘůɛɧɠ), 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ űɞɟɏŬ əŬɘ ŮɚɏɔɢŮŰŬɘ ɖ 

ŮˊɎɟəŮɘŬ ɛŮŰŬəɘɜɐůŮɤɜ əŬɘ ɞ ˊŮɟɘɞɟɘůɛɧɠ ɓɚŬɓɩɜ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊɘɞ 

ůɖɛŬɜŰɘəɏɠ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ ɛŮɚɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɡˊɞɚɞɔɘůɛɧɠ 

Űɞɡ ůɡɜɞɚɘəɞɨ ɓɎɟɞɡɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ əŬɘ Űɞɡ ůɡɜɞɚɘəɞɨ əɧůŰɞɡɠ Űɞɡ. ȼ ɛŮɚɏŰɖ, ɖ 

ŬɜɎɚɡůɖ əŬɘ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ űɞɟɏŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ɢɟɐůɖ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ Robot Structural Analysis 2017 Űɖɠ Autodesk, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɘůɢɨɞɜŰŮɠ 

ŮɡɟɤˊŬɥəɞɨɠ əŬɜɞɜɘůɛɞɨɠ (ŮɡɟɤəɩŭɘəŬɠ 0,1,3,8) əŬɘ ŰŬ ŮɚɚɖɜɘəɎ ŮɗɜɘəɎ ˊɟɞůŬɟŰɐɛŬŰŬ. 

Ƀ ŰŮɚɘəɧɠ ůŰɧɢɞɠ Űɖɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɜŬ ŮˊɘɚŮɔɞɨɜ ɞɘ ɓɏɚŰɘůŰŮɠ ŭɘŬŰɞɛɏɠ ɔɘŬ Űɖɜ ɛɧɟűɤůɖ 

Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ ˊɞɡ ɗŬ ɘəŬɜɞˊɞɘɞɨɜ Űɧůɞ ŰŬ əɟɘŰɐɟɘŬ ŬɜŰɞɢɐɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ 

ɧůɞ əŬɘ Űɘɠ ɞɘəɞɜɞɛɘəɏɠ ŬˊŬɘŰɐůŮɘɠ. 
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Abstract 

The aim of the present thesis is the design, analysis and dimensioning of a steel shelter with 

a curved roof and curved cantilevers, 40m long and 96m wide. The building will be 

constructed in Hellinikon, Attica (at the location of the former Eastern Airport) and will be 

used as an exhibition center.The construction material is S355 Structural Steel. It consists 

of frames that are repeated every 6m, which are based on the ground, fixed on the X-axis 

and pinned on the Y-axis. This foundation system is chosen to ensure frame operation on 

the strong axis and operation of the bracing joints on the weak axis. In the study the static 

loads, which are the self-weights, the additional permanent loads, the roofôs mobile load, 

the wind and snow as well as the dynamic loads (earthquake) are calculated, the structural 

elements of the body are dimensioned and the adequacy of movements and the limitation of 

damages are checked. Moreover, the most important connections between members of the 

construction are presented and the total weight of the shelter and its total cost are 

calculated. The study, analysis and dimensioning of the body was carried out using the 

Autodesk Robot Structural Analysis 2017 program, in accordance with applicable 

European regulations (Eurocode 0,1,3,8) and the Greek national appendices. The ultimate 

purpose of the dissertation is to select the optimal cross sections for the formation of the 

bodyôs members, which will meet both the durability and functionality criteria and the 

economic requirements. 
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ȺɡɢŬɟɘůŰɑŮɠ 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ɚɏəŰɞɟŬ Űɖɠ Ɇɢɞɚɐɠ ɄɞɚɘŰɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ 

Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, əɨɟɘɞ ŪŬɜɧˊɞɡɚɞ ɄŬɨɚɞ, ɔɘŬ Űɖɜ ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ 

ɛŬɠ, Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ Űɞɡ əŬɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Űɞɡ əŬɗɞŭɐɔɖůɖ ˊɞɡ 

ůɡɜɏɓŬɚɚŬɜ ůŰɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɖɜ Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ əŬɘ ůŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖɜ ɣɡɢɞɚɞɔɘəɐ, 

ůɡɜŬɘůɗɖɛŬŰɘəɐ əŬɘ ɡɚɘəɐ ɡˊɞůŰɐɟɘɝɐ Űɞɡɠ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɤɜ ŬəŬŭɖɛŬɥəɩɜ ɛɞɡ 

ɡˊɞɢɟŮɩůŮɤɜ. 

 

 

ȷűɘɏɟɤůɖ 

 

ȷűɘŮɟɩɜɤ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ ɛɞɡ ŮɟɔŬůɑŬ ůŰɖɜ ɛɜɐɛɖ Űɞɡ ˊŬŰɏɟŬ ɛɞɡ, ȷɜŬůŰŬůɑɞɡ 

ȿɎɛˊɟɞɡ, ˊɞɡ ɐŰŬɜ Űɞ ůŰɐɟɘɔɛŬ ɛɞɡ ůŰɘɠ ɧɛɞɟűŮɠ əŬɘ ŭɨůəɞɚŮɠ ůŰɘɔɛɏɠ Űɖɠ ɕɤɐɠ ɛɞɡ. 
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1 ɄŮɟɘɔɟŬűɐ Űɞɡ Ȱɟɔɞɡ 

1.1 ȺɘůŬɔɤɔɐ 
 

   Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ, ɖ ŬɜɎɚɡůɖ əŬɘ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Ůɜɧɠ ɛŮŰŬɚɚɘəɞɨ 

ůŰŮɔɎůŰɟɞɡ, ŮɛɓŬŭɞɨ 3.840m
2
 əŬɘ ůɡɜɞɚɘəɞɨ ɨɣɞɡɠ 16m. ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ 

ŭɟɎůŮɤɜ ˊɞɡ əŬŰŬˊɞɜɞɨɜ Űɖɜ əŬŰŬůəŮɡɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ɘůɢɨɞɜŰŮɠ ŮɡɟɤˊŬɥəɞɑ 

əŬɜɞɜɘůɛɞɑ: 

¶ ȺɡɟɤəɩŭɘəŬɠ 0 ï ȸɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ ŭɞɛɖɛɎŰɤɜ 

¶ ȺɡɟɤəɩŭɘəŬɠ 1 ï ȸɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ əŬɘ ŭɟɎůŮɤɜ ůŰɘɠ əŬŰŬůəŮɡɏɠ 

¶ ȺɡɟɤəɩŭɘəŬɠ 3 ï ɆɢŮŭɘŬůɛɧɠ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ 

¶ ȺɡɟɤəɩŭɘəŬɠ 8 ï ȷɜŰɘůŮɘůɛɘəɧɠ əŬɜɞɜɘůɛɧɠ Űɤɜ əŬŰŬůəŮɡɩɜ 

 

   ɆŰɞ 1
ɞ
 əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɔŮɜɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɛŮɚɏŰɖɠ əŬɘ ɛɑŬɠ ŮɜŬɚɚŬəŰɘəɐɠ 

ɚɨůɖɠ ůŰŮɔɎůŰɟɞɡ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ ɛɧɜɞ ůŰɞ ŮˊɑˊŮŭɞ. Ⱥˊɘˊɚɏɞɜ, ŬɜŬűɏɟɞɜŰŬɘ 

ɚ́ɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ. 

   ɆŰɞ 2
ɞ
 əŮűɎɚŬɘɞ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ ɖ əŬŰŬůəŮɡɐ 

əŬɘ ŭɑŭɞɜŰŬɘ ŬɜŬɚɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɢɟɖůɘɛɧŰɖŰŬ əŬɘ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ůŰɖɜ 

əŬŰŬůəŮɡɐ. 

   ɆŰɞ 3
ɞ
 əŮűɎɚŬɘɞ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ űɞɟŰɑŬ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ůŰɏɔŬůŰɟɞ. ɇŬ ɑŭɘŬ ɓɎɟɖ 

əŬɘ Űɞ əɘɜɖŰɧ űɞɟŰɑɞ ůŰɏɔɖɠ, ŰŬ űɞɟŰɑŬ Ŭɜɏɛɞɡ ɛŮ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Vb=33m/s, əŬŰɖɔɞɟɑŬ 

ŮŭɎűɞɡɠ ȽȽ, ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ůŰɞɜ űɞɟɏŬ ɛŮ əŬŰŮɨɗɡɜůɖ 0Ü əŬɘ 90Á, ɚɧɔɤ ůɡɛɛŮŰɟɑŬɠ Űɞɡ 

űɞɟɏŬ. Ⱥˊɑůɖɠ, ůŰɖɜ ůŰɏɔɖ ŮˊɘɓɎɚɚŮŰŬɘ űɞɟŰɑɞ ɢɘɞɜɘɞɨ. ũɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ 

Űɞɡ əŰɘɟɑɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ŭɡɜŬɛɘəɐ űŬůɛŬŰɘəɐ ɛɏɗɞŭɞɠ ɛŮ ɢɟɐůɖ Űɞɡ űɎůɛŬŰɞɠ Űɞɡ 

EC8 ɔɘŬ ůŮɘůɛɧ ɛŮ ŮˊɘŰɎɢɡɜůɖ ŬɜŬűɞɟɎɠ ŬgR=0,16g əŬɘ ůɡɜŰŮɚŮůŰɐ ůɡɛˊŮɟɘűɞɟɎɠ q=1,50. 

ɇɏɚɞɠ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɧɚɞɘ ɞɘ ůɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ ůŮ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ əŬɘ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. 

   ɆŰɞ 4
ɞ
 əŮűɎɚŬɘɞ ɛŮɚŮŰɩɜŰŬɘ əŬɘ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ ůŰɞ ŮˊɑˊŮŭɞ 

(ŮˊɘɓɎɚɚɞɜŰŬɘ ɧɚŬ ŰŬ űɞɟŰɑŬ ˊɚɐɜ Űɞɡ Ŭɜɏɛɞɡ 90Ü) əŬɘ ŮˊɘɚɏɔŮŰŬɘ ŮəŮɑɜɞ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ 

ůŰɞɜ ɢɩɟɞ, ɛŮ ɓɎůɖ Űɞ ɓɎɟɞɠ əŬɘ, ůɡɜŮˊɩɠ, Űɞ əɧůŰɞɠ Űɞɡɠ əŬɘ Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ. 

   ɆŰɞ 5
ɞ
 əŮűɎɚŬɘɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɚɐɟɖɠ ŬɜɎɚɡůɖ Űɞɡ ŮˊɘɚŮɔɧɛŮɜɞɡ ůŰŮɔɎůŰɟɞɡ, 

ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ŭɘŬŰɞɛɏɠ Űɤɜ ŭɞɛɘəɩɜ ɛŮɚɩɜ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮˊɎɟəŮɘŬ Űɞɡɠ ůŮ Ůɚɏɔɢɞɡɠ 

ŭɘŬŰɞɛɐɠ əŬɘ ɛŮɚɩɜ. 

   ɆŰɞ 6
ɞ
 əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɞ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ əŬɘ ɞ ɏɚŮɔɢɞɠ ɛŮŰŬəɘɜɐůŮɤɜ Űɞɡ 

űɞɟɏŬ. 

   ɆŰɞ 7
ɞ
 əŮűɎɚŬɘɞ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ŰɏůůŮɟɘɠ ɓŬůɘəɏɠ ůɡɜŭɏůŮɘɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ɆɨɜŭŮůɖ 

ɡˊɞůŰɡɚɩɛŬŰɞɠ ï əŬɛˊɨɚɖɠ ŭɞəɞɨ, ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ɛŮ Űɞ ɡˊɞůŰɨɚɤɛŬ, 

ŬˊɞəŬŰɎůŰŬůɖ ůɡɜɏɢŮɘŬɠ ůŰɖɜ əŬɛˊɨɚɖ ŭɞəɧ əŬɘ ɏɚŮɔɢɞɠ ɓɎůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɛŮ ɢɟɐůɖ 

ɛŮŰŬɚɚɘəɐɠ ˊɚɎəŬɠ əŬɘ Ŭɔəɡɟɑɤɜ. 

    ɆŰɞ 8
ɞ
 əŮűɎɚŬɘɞ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ɓɎɟɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ɏɜŬ ŮɜŭŮɘəŰɘəɧ əɧůŰɞɠ Űɖɠ. 

    ɆŰɞ 9
ɞ
 əŮűɎɚŬɘɞ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬŰɎ Űɖɜ 

ɡɚɞˊɞɑɖůɖ Űɖɠ ŮɟɔŬůɑŬɠ. 
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1.2 ȰɛˊɜŮɡůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 
 

   ȼ ɏɛˊɜŮɡůɖ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɞɡ əŬɛˊɨɚɞɡ ůŰŮɔɎůŰɟɞɡ ˊɟɞɐɚɗŮ Ŭˊɧ Űo Paul Horn Halle, 

Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ŰŬ 10 ůɡɔəɟɞŰɐɛŬŰŬ əŰɘɟɑɤɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ŮəɗŮůɘŬəɧ əŬɘ 

Ůɛˊɞɟɘəɧ əɏɜŰɟɞ Messe Stuttgart, Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŰɖɜ ɆŰɞɡŰɔəɎɟŭɖ Űɖɠ ũŮɟɛŬɜɑŬɠ. Ƀɘ 

ɜɏŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ ůɡɔəɟɞŰɐɛŬŰɞɠ ɗŮɛŮɚɘɩɗɖəŬɜ Űɞ 2007 əŬɘ ɞɚɞəɚɖɟɩɗɖəŬɜ ɛɑŬ 

ŭŮəŬŮŰɑŬ ŬɟɔɧŰŮɟŬ. ȼ ɔŮɤɔɟŬűɘəɐ Űɞɡ ɗɏůɖ (Űɞ ŮəɗŮůɘŬəɧ əŮɜŰɟɞ Messe Stuttgart 

ɓɟɑůəŮŰŬɘ ŭɑˊɚŬ ůŰɞ ŬŮɟɞŭɟɧɛɘɞ Űɖɠ ˊɧɚɖɠ), ɞ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɛɏůɤɜ ɛŬɕɘəɐɠ ɛŮŰŬűɞɟɎɠ 

ˊɞɡ ɏɢɞɡɜ ůŰŬɗɛɞɨɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɘɞɢɐ, ɞ ˊɟɤŰɧŰɡˊɞɠ ŬɟɢɘŰŮəŰɞɜɘəɧɠ ůɢŮŭɘŬůɛɧɠ Űɞɡ 

əŬɘ ɖ ŭɘŬűɐɛɘůɐ Űɞɡ, ˊɟɞůŮɚəɨɞɡɜ ŮəŬŰɞɛɛɨɟɘŬ Ůɛˊɧɟɞɡɠ, ˊŮɚɎŰŮɠ əŬɘ ŮˊɘůəɏˊŰŮɠ ůŮ 

ŮŰɐůɘŬ ɓɎůɖ. 

   ɇɞ əŰɑɟɘɞ Paul Horn Halle (Hall 10) ŮɑɜŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ əŬɘ ˊɘɞ ůɨɔɢɟɞɜɞ ŰɛɐɛŬ Űɞɡ 

Ůɛˊɞɟɘəɞɨ əɏɜŰɟɞɡ. ȯɜɞɘɝŮ Űɘɠ ˊɨɚŮɠ Űɞɡ Űɞ 2018 əŬɘ əŬŰŬɚŬɛɓɎɜŮɘ ɏəŰŬůɖ 14.600 

ŰŮŰɟŬɔɤɜɘəɩɜ ɛɏŰɟɤɜ. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ ŮɑɜŬɘ 95 ɛɏŰɟŬ ɛɐəɞɠ əŬɘ 153 ɛɏŰɟŬ ˊɚɎŰɞɠ. ȼ 

ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟɖ, əŬɗɩɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɞɡ 

űɤŰɧɠ əŬɘ Ŭˊɧ Űɘɠ 4 ˊɚŮɡɟɏɠ Űɞɡ, ɢɎɟɖ ůŰŬ ɛŮɔɎɚŬ ˊŬɟɎɗɡɟŬ ˊɞɡ ŭɘŬɗɏŰŮɘ əŬɘ Ŭˊɧ Űɖɜ 

ɨˊŬɟɝɖ Űɖɠ əŬɛˊɨɚɖɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ əŬɘ ɞ ɚɧɔɞɠ ˊɞɡ ɗŬ ɛŮɚŮŰɐůɞɡɛŮ Űɞ əŬɛˊɨɚɞ 

ůŰɏɔŬůŰɟɞ. 

 

 
ȺɘəɧɜŬ 1.1 Ʉɟɧůɞɣɖ Paul Horn Halle (Hall 10) 

 

 
ȺɘəɧɜŬ 1.2 ūɤŰɞɔɟŬűɑŬ: ɁɡɢŰŮɟɘɜɐ ŮɘəɧɜŬ Paul Horn Halle (Hall 10) 
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1.3 ȷɟɢɘŰŮəŰɞɜɘəɐ ŭɞɛɐ ůŰŮɔɎůŰɟɞɡ 1 
   ȷɜŬűɏɟɞɜŰŬɘ ɓŬůɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 1 əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ əɨɟɘŬ ɧɣɖ, ɖ 

ˊɚɎɔɘŬ ɧɣɖ əŬɘ ɖ əɎŰɞɣɐ Űɞɡ. 

   ɇɞ ůŰɏɔŬůŰɟɞ 1 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ɛŮɔɎɚɖ əŬɛˊɨɚɖ ˊɞɡ ɏɢŮɘ ůŰɟŬɛɛɏɜŬ ŰŬ əɞɑɚŬ Űɖɠ 

ˊɟɞɠ ŰŬ əɎŰɤ əŬɘ əŬŰŬɚɐɔŮɘ ůŮ ŭɨɞ ɡˊɞůŰɡɚɩɛŬŰŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ɏŭŬűɞɠ. ȹŮɝɘɎ 

əŬɘ ŬɟɘůŰŮɟɎ Űɖɠ əŬɛˊɨɚɖɠ əŬɘ ůŰɞ ůɖɛŮɑɞ ůɨɜŭŮůɐɠ Űɖɠ ɛŮ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ůɡɜŭɏɞɜŰŬɘ 

ŭɨɞ ˊɟɧɓɞɚɞɘ, əŬɛˊɨɚɖɠ ɛɞɟűɐɠ əŬɘ ŬɡŰɞɑ. ɇŬ ɎəɟŬ Űɤɜ ˊɟɞɓɧɚɤɜ ůɡɔəɟŬŰɞɨɜŰŬɘ Ŭˊɧ 

ɏɜŬɜ ŬɜŬɟŰɐɟŬ ˊɞɡ əŬŰŬɚɐɔŮɘ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɖɛŮɑɞ Űɖɠ əŬɛˊɨɚɖɠ. ũɘŬ 

ůɢŮŭɘŬůŰɘəɞɨɠ ɚɧɔɞɡɠ, ɖ əŬɛˊɨɚɖ Űɖɠ ůŰɏɔɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3 ŬɜŮɝɎɟŰɖŰŬ əŬɛˊɨɚŬ 

ŰɛɐɛŬŰŬ. ȹɨɞ ɛɘəɟɏɠ əŬɛˊɨɚŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŭŮɝɑ əŬɘ ŬɟɘůŰŮɟɧ ŰɛɐɛŬ Űɖɠ ůŰɏɔɖɠ, 

ˊɞɡ ɝŮəɘɜɞɨɜ Ŭˊɧ Űɞ ůɖɛŮɑɞ ůɨɜŭŮůɖɠ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ əŬɘ Űɖɠ əŬɛˊɨɚɖɠ Űɞɡ 

ˊɟɞɓɧɚɞɡ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɞ ůɖɛŮɑɞ ˊɞɡ ůɡɜŬɜŰɎ Űɞɜ ŬɜŬɟŰɐɟŬ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞ űɞɟɏŬɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧɠ ɤɠ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ y əŬɘ z. 

Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ űɞɟɏŬ ŮɑɜŬɘ: 

¶ 40m ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 2 ɡˊɞůŰɡɚɤɛɎŰɤɜ. 

¶ 16m Űɞ ůɡɜɞɚɘəɧ Űɞɡ ɨɣɞɠ, Ŭˊɧ Űɞ ɏŭŬűɞɠ ɏɤɠ Űɖɜ əɞɟɡűɐ Űɖɠ əŬɛˊɨɚɖɠ. 

¶ 9m Űɞ ɨɣɞɠ Űɤɜ 2 ɡˊɞůŰɡɚɤɛɎŰɤɜ 

¶ 96m Űɞ ˊɚɎŰɞɠ Űɞɡ űɞɟɏŬ, Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɞ űɞɟɏŬɠ ɗŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 16 űŬŰɜɩɛŬŰŬ, ɧɛɞɘŬ ɛŮ Űɖɜ ˊɟɧůɞɣɖ, ůŮ ŬˊɧůŰŬůɖ 6m ɛŮŰŬɝɨ 

Űɞɡɠ. 

¶ ɇɞ ůɡɜɞɚɘəɧ ŮɛɓŬŭɧɜ Űɞɡ űɞɟɏŬ ŮəŰɘɛɎŰŬɘ ůŮ ȷůŰŮɔɎůŰɟɞɡ1 = 40m * 96m = 3840m
2
. 

¶ ȼ ˊɟɞɓɞɚɐ Űɤɜ ˊɟɞɓɧɚɤɜ ůŰɞ ɏŭŬűɞɠ ɏɢŮɘ ɛɐəɞɠ 11m. 

 

 

 

 
ȺɘəɧɜŬ 1.3 ɇɟɘůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1 ůŰɞ ˊɟɧɔɟŬɛɛŬ 
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ȺɘəɧɜŬ 1.4 Ʉɟɧůɞɣɖ ůŰŮɔɎůŰɟɞɡ ɛŮɚɏŰɖɠ 

 

 
ȺɘəɧɜŬ 1.5 ɄɚɎɔɘŬ ɧɣɖ ůŰŮɔɎůŰɟɞɡ ɛŮɚɏŰɖɠ 

 

 

ȺɘəɧɜŬ 1.6 ȾɎŰɞɣɖ ůŰŮɔɎůŰɟɞɡ ɛŮɚɏŰɖɠ 
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1.3.1 ɀɐəɖ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŰŮɔɎůŰɟɞɡ 1 

 

ɄɑɜŬəŬɠ 1.1 ȹɞɛɘəɎ ůŰɞɘɢŮɑŬ əɨɟɘŬɠ ɧɣɖɠ ůŰŮɔɎůŰɟɞɡ 1 əŬɘ ɛɐəɖ 

ȹɞɛɘəɎ ɆŰɞɘɢŮɑŬ ɆŰŮɔɎůŰɟɞɡ 1 Ɇɡɜɞɚɘəɧ ɀɐəɞɠ (m) 

ȷɜŬɟŰɐɟŬɠ 15,35 

ɀŮɔɎɚɖ ȾŬɛˊɨɚɖ 32,26 

ɀɘəɟɐ ȾŬɛˊɨɚɖ 5,93 

Ʉɟɧɓɞɚɞɘ 11,30 

ɈˊɞůŰɡɚɩɛŬŰŬ 9,00 

 

1.4 ȺɜŬɚɚŬəŰɘəɐ ȿɨůɖ 
ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ əɨɟɘŬ ɧɣɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 2 ˊɞɡ ɗŬ ŭɘŬůŰŬůɘɞɚɞɔɖɗŮɑ ůŰɞ ŮˊɑˊŮŭɞ. 

ɆɡɔəɟɑɜɞɜŰŬɘ ŰŬ ŭɨɞ əŰɑɟɘŬ əŬɘ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ ɚɨůɖ ůŰɞɜ ɢɩɟɞ ŮəŮɑɜɞ ˊɞɡ ɏɢŮɘ ɛɘəɟɧŰŮɟɖ 

ɛɎɕŬ əŬɘ ŮɑɜŬɘ ɞɛɞɟűɧŰŮɟɞ ŬɟɢɘŰŮəŰɞɜɘəɎ. 

ȷɜŬűɏɟŮŰŬɘ ɖ əɨɟɘŬ ɧɣɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 2 ɛŮ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡ, ɞ Űɟɧˊɞɠ ˊɞɡ 

ůɢŮŭɘɎɕŮŰŬɘ ůŰɞ Autocad əŬɘ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ɛɐəɖ ɧɚɤɜ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ 

űɞɟɏŬ. 

1.4.1 ȾɨɟɘŬ ɧɣɖ űɞɟɏŬ ůŰŮɔɎůŰɟɞɡ 2 

ɇɞ ůŰɏɔŬůŰɟɞ 2 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ɛŮɔɎɚɖ əŬɛˊɨɚɖ ˊɞɡ ɏɢŮɘ ůŰɟŬɛɛɏɜŬ ŰŬ əɞɑɚŬ Űɖɠ 

ˊɟɞɠ ŰŬ Ɏɜɤ əŬɘ ŰŬ ɎəɟŬ Űɖɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŭɨɞ ɡˊɞůŰɡɚɩɛŬŰŬ ˊɞɡ əŬŰŬɚɐɔɞɡɜ ůŰɞ 

ɏŭŬűɞɠ. ȹŮɝɘɎ əŬɘ ŬɟɘůŰŮɟɎ Űɖɠ əŬɛˊɨɚɖɠ əŬɘ ůŰɞ ůɖɛŮɑɞ ůɨɜŭŮůɐɠ Űɖɠ ɛŮ ŰŬ 

ɡˊɞůŰɡɚɩɛŬŰŬ ůɡɜŭɏɞɜŰŬɘ ŭɨɞ ˊɟɧɓɞɚɞɘ, əŬɛˊɨɚɖɠ ɛɞɟűɐɠ əŬɘ ŬɡŰɞɑ. ɇŬ ɎəɟŬ Űɤɜ 

ˊɟɞɓɧɚɤɜ ůɡɔəɟŬŰɞɨɜŰŬɘ Ŭˊɧ ɏɜŬɜ ŬɜŬɟŰɐɟŬ ˊɞɡ əŬŰŬɚɐɔŮɘ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ůɖɛŮɑɞ 

Űɖɠ əŬɛˊɨɚɖɠ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞ űɞɟɏŬɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧɠ ɤɠ ˊɟɞɠ  

Űɞɡɠ ɎɝɞɜŮɠ y əŬɘ z. 

 

Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ űɞɟɏŬ ŮɑɜŬɘ: 

¶ 40m ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 2 ɡˊɞůŰɡɚɤɛɎŰɤɜ. 

¶ 16m Űɞ ɨɣɞɠ Űɤɜ 2 ɡˊɞůŰɡɚɤɛɎŰɤɜ, ˊɞɡ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ ůɡɜɞɚɘəɧ ɨɣɞɠ Űɞɡ 

űɞɟɏŬ. 

¶ 96m Űɞ ˊɚɎŰɞɠ Űɞɡ űɞɟɏŬ, Űɞ ɞˊɞɑɞ ˊɟɞəɨˊŰŮɘ ɗŮɤɟɩɜŰŬɠ ɧŰɘ ɞ űɞɟɏŬɠ ɗŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 16 űŬŰɜɩɛŬŰŬ, ɧɛɞɘŬ ɛŮ Űɖɜ ˊɟɧůɞɣɖ ˊɞɡ ɗŬ ˊŬɟɞɡůɘɎůɞɡɛŮ, ɛŮ 

ŬˊɧůŰŬůɖ 6m ɛŮŰŬɝɨ Űɞɡɠ. 

¶ ɇɞ ůɡɜɞɚɘəɧ ŮɛɓŬŭɧɜ Űɞɡ űɞɟɏŬ ŮəŰɘɛɎŰŬɘ ůŮ ȷůŰŮɔɎůŰɟɞɡ2 = 40m * 96m = 3840m
2
. 

¶ ȼ ˊɟɞɓɞɚɐ Űɤɜ ˊɟɞɓɧɚɤɜ ůŰɞ ɏŭŬűɞɠ ɏɢŮɘ ɛɐəɞɠ 11m. 
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ȺɘəɧɜŬ 1.7 ȹɘŬůŰɎůŮɘɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ ůŰŮɔɎůŰɟɞɡ 2 

 

1.4.2 ɀɐəɖ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŰŮɔɎůŰɟɞɡ  

ɆŰɞɜ Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɛɐəɖ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ 

ŭɘŬɛɞɟűɩɜɞɡɜ Űɞ ůŰɏɔŬůŰɟɞ 1. 

 

ɄɑɜŬəŬɠ 1.2 ȹɞɛɘəɎ ůŰɞɘɢŮɑŬ əŬɘ ɛɐəɖ əɨɟɘŬɠ ɧɣɖɠ ůŰŮɔɎůŰɟɞɡ 2 

ȹɞɛɘəɎ ɆŰɞɘɢŮɑŬ ɆŰŮɔɎůŰɟɞɡ 2 Ɇɡɜɞɚɘəɧ ɀɐəɞɠ (m) 

ȷɜŬɟŰɐɟŬɠ 11,28 

ȾŬɛˊɨɚɖ 41,06 

Ʉɟɧɓɞɚɞɘ 11,82 

ɈˊɞůŰɡɚɩɛŬŰŬ 16,00 

 

1.5 ɄŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ůŰŮɔɎůŰɟɤɜ 
 

ȾŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ 2 ůŰŮɔɎůŰɟɤɜ, ŮˊɘŭɘɩəŮŰŬɘ ɜŬ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɎ əɞɘɜɎ ůŰɞɘɢŮɑŬ 

ɤɠ ˊɟɞɠ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɞɡɠ əŬɘ ɜŬ ŭɘŬűɏɟɞɡɜ ɛɧɜɞ ɤɠ ˊɟɞɠ Űɖɜ əɡɟŰɧŰɖŰŬ Űɖɠ əŬɛˊɨɚɖɠ 

əŬɘ Űɞ ɨɣɞɠ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɗŬ ůɡɛɓɎɚŮɘ ůŰɖɜ ŬɜŰɘəŮɘɛŮɜɘəɧŰŮɟɖ 

ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡɠ, Ŭűɞɨ ŰŬ űɞɟŰɑŬ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ ŬɡŰɎ əŬɘ, ůɡɜŮˊɩɠ, ŰŬ 

ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ əŬɘ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɗŬ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟŬ əŬɘ 

ŬɜŰɘəŮɘɛŮɜɘəɧŰŮɟŬ ůɡɔəɟɑůɘɛŬ ɛŮŰŬɝɨ Űɞɡɠ. ȰŰůɘ, ɗŬ ŮˊɘɚŮɔŮɑ ɛŮ ɞɟɗɧŰŮɟŬ əɟɘŰɐɟɘŬ Űɞ 

ůŰɏɔŬůŰɟɞ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ. 
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1.6 Ɉɚɘəɧ ȾŬŰŬůəŮɡɐɠ 
 

ɇŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ůŰŮɔɎůŰɟɤɜ ůɡɜŰɑɗŮɜŰŬɘ Ŭˊɧ ɢɎɚɡɓŬ ˊɞɘɧŰɖŰŬɠ S355.  

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ əŬɘ ŰŬ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ŭɞɛɘəɞɨ ɢɎɚɡɓŬ S355, ɓŬůɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŬɡŰɧ Űɞ ŭɞɛɘəɧ ɡɚɘəɧ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰɎ Űɞɡ. 

1.6.1 ȹɞɛɘəɧɠ ɉɎɚɡɓŬɠ S355 

Ƀ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ S355 ŮɑɜŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ɢɎɚɡɓŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ, Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ůŰŮɔɎůŰɟɤɜ ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ ůŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

Ƀɘ ɘŭɘɧŰɖŰŮɠ əŬɘ ŰŬ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɖɜ ŮɡɟɤˊŬɥəɐ 

ˊɟɞŭɘŬɔɟŬűɐ ȺɁ 10025. ɆŰɞɜ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɘɛɏɠ Űɞɡ ɞɟɑɞɡ 

ŭɘŬɟɟɞɐɠ fy əŬɘ Űɖɠ ŮűŮɚəɡůŰɘəɐɠ ŬɜŰɞɢɐɠ (ɧɟɘɞ ɗɟŬɨůɖɠ) fu Űɞɡ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ S355. 

 

¶ ɀɏŰɟɞ ȺɚŬůŰɘəɧŰɖŰŬɠ                             E = 210.000MPa 

¶ ȿɧɔɞɠ Poisson                                         ɜ = 0,30 

¶ ɀɏŰɟɞ ȹɘɎŰɛɖůɖɠ                                   G = 81.000 MPa 

¶ Ⱥɘŭɘəɧ ȸɎɟɞɠ                                           ɔs = 78,50 kN/m
3
 

¶ ɄɡəɜɧŰɖŰŬ                                               ɟ = 7850 kg/m
3
 

¶ ɆɡɜŰŮɚŮůŰɐɠ ŪŮɟɛɘəɐɠ ȹɘŬůŰɞɚɐɠ          Ŭ = 12*10-6
 /ÁC (ɔɘŬ ɇ Ò 100ÁC) 

¶ ɇɎůɖ ɆɢŮŭɘŬůɛɞɨ                                    fyd= fyk/ɔɀ, ɔɀ =1 

 

ɄɑɜŬəŬɠ 1.3 ɀɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ S355 

ɄɟɧŰɡˊɞ əŬɘ ˊɞɘɧŰɖŰŬ 

ɢɎɚɡɓŬ əŬŰɎ ȺɁ 

10025 

ɄɎɢɞɠ  

ůŰɞɘɢŮɑɞɡ t   

ɄɎɢɞɠ 

ůŰɞɘɢŮɑɞɡ t   

  t Ò 40 mm   

40 mm Ò t 

Ò80 mm   

  fy (MPa) fu (MPa) fy (Mpa) fu (Mpa) 

S355 355 490 325 470 

 

1.6.2 Ƀ ɢɎɚɡɓŬɠ ɤɠ ŭɞɛɘəɧ ůŰɞɘɢŮɑɞ 

Ƀ ɢɎɚɡɓŬɠ (ŬŰůɎɚɘ) ŮɑɜŬɘ əɟɎɛŬ ůɘŭɐɟɞɡ ï ɎɜɗɟŬəŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ɚɘɔɧŰŮɟɞ Ŭˊɧ 2,14% 

əŬŰɎ ɓɎɟɞɠ ɎɜɗɟŬəŬ (carbon), ɚɘɔɧŰŮɟɞ Ŭˊɧ 1,0% ɛŬɔɔɎɜɘɞ (manganese) əŬɘ ˊɎɟŬ ˊɞɚɨ 

ɛɘəɟɎ ˊɞůɞůŰɎ ˊɡɟɘŰɑɞɡ, űɤůűɧɟɞɡ, ɗŮɑɞɡ əŬɘ ɞɝɡɔɧɜɞɡ. Ƀɘ əɟŬɛŬŰɤɛɏɜɞɘ ɢɎɚɡɓŮɠ, ɧˊɤɠ 

ŮɑɜŬɘ ɞɘ ŬɜɞɝŮɑŭɤŰɞɘ ɢɎɚɡɓŮɠ əŬɘ ɞɘ ŮɟɔŬɚŮɘɞɢɎɚɡɓŮɠ ŬˊɞŰŮɚɞɨɜ Ůɘŭɘəɐ əŬŰɖɔɞɟɑŬ ɢŬɚɨɓɤɜ 

ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ Ɏɚɚɤɜ ɛŮŰɎɚɚɤɜ. ȼ ŬɜɎɛŮɘɝɖ ůɘŭɐɟɞɡ (Fe) ůŮ əɟɎɛŬ 

ɛŬɕɑ ɛŮ ɎɜɗɟŬəŬ (C) ɓŮɚŰɘɩɜŮɘ ˊɎɟŬ ˊɞɚɨ Űɖɜ ŬɜŰɞɢɐ ůŮ ɗɟŬɨůɖ əŬɘ ůŮ əɟɞɨůɖ, ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɞɜ əŬɗŬɟɧ ůɑŭɖɟɞ. Ⱥˊɑůɖɠ, ɡˊɎɟɢŮɘ əŬɘ ɞ ŬɜɞɝŮɑŭɤŰɞɠ ɢɎɚɡɓŬɠ, ɞ ɞˊɞɑɞɠ 

https://el.wikipedia.org/wiki/%CE%9A%CF%81%CE%AC%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%A3%CE%AF%CE%B4%CE%B7%CF%81%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
https://el.wikipedia.org/wiki/%CE%86%CE%BD%CE%B8%CF%81%CE%B1%CE%BA%CE%B1%CF%82
https://el.wikipedia.org/wiki/%CE%9C%CE%B1%CE%B3%CE%B3%CE%AC%CE%BD%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%A0%CF%85%CF%81%CE%AF%CF%84%CE%B9%CE%BF
https://el.wikipedia.org/wiki/%CE%A6%CF%8E%CF%83%CF%86%CE%BF%CF%81%CE%BF%CF%82
https://el.wikipedia.org/wiki/%CE%98%CE%B5%CE%AF%CE%BF
https://el.wikipedia.org/wiki/%CE%9F%CE%BE%CF%85%CE%B3%CF%8C%CE%BD%CE%BF
https://el.wikipedia.org/wiki/%CE%91%CE%BD%CE%BF%CE%BE%CE%B5%CE%AF%CE%B4%CF%89%CF%84%CE%BF%CF%82_%CF%87%CE%AC%CE%BB%CF%85%CE%B2%CE%B1%CF%82
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ɏɢŮɘ ŮɝŬɘɟŮŰɘəɐ ŬɜŰɞɢɐ ůŰɖɜ ɞɝŮɑŭɤůɖ əŬɘ Űɖɜ ŭɘɎɓɟɤůɖ əŬɘ ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ ˊŮɟɑˊɞɡ 

11% ɢɟɩɛɘɞ (Cr). 

1.6.3 ɄɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ 

Ƀ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ, ɧˊɤɠ əŬɘ ɧɚŬ ŰŬ ɡˊɧɚɞɘˊŬ ŭɞɛɘəɎ ɡɚɘəɎ ɏɢɞɡɜ əɎˊɞɘŬ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɧůɞ Űɘɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŰŬ ɛɖɢŬɜɘəɎ Űɞɡɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧůɞ  

əŬɘ Űɖɜ ŬɔɞɟɎ Űɞɡ əŬɘ Űɞɜ Űɟɧˊɞ ɢɟɐůɖɠ Űɞɡ ůŰɘɠ əŬŰŬůəŮɡɏɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ ɀŮɔɎɚɖ ŬɜŰɞɢɐ əŬɘ ŭɡůəŬɛɣɑŬ ɤɠ ˊɟɞɠ Űɞ ɓɎɟɞɠ 

¶ ɀŮɑɤůɖ Űɤɜ ɘŭɑɤɜ ɓŬɟɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ 

¶ ȹɡɜŬŰɧŰɖŰŬ ɕŮɨɝɖɠ ɛŮɔɎɚɤɜ ŬɜɞɘɔɛɎŰɤɜ 

¶ ȷˊŬɑŰɖůɖ ɛɘəɟɧŰŮɟɖɠ əŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟɖɠ ɗŮɛŮɚɑɤůɖɠ 

¶ ɃɚəɘɛɧŰɖŰŬ ï əŬɚɐ ŬɜŰɘůŮɘůɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

¶ ɇŬɢɨŰɖŰŬ ŬɜɏɔŮɟůɖɠ  ɇɡˊɞˊɞɑɖůɖ ˊŬɟŬɔɤɔɐɠ (ɓɘɞɛɖɢŬɜɘəɧ ˊɟɞɥɧɜ) ï ˊɞɘɞŰɘəɧɠ 

ɏɚŮɔɢɞɠ ï ŮɟɔŬůɑŬ ŮəŰɧɠ ŮɟɔɞŰŬɝɑɞɡ 

¶ ȹɡɜŬŰɧŰɖŰŬ ɛɧɟűɤůɖɠ ŮˊɘɗɡɛɖŰɩɜ ŭɘŬŰɞɛɩɜ 

¶ ɀŮɔɎɚɞ ˊɚɐɗɞɠ ŭɘŬŰɞɛɩɜ ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ ůŰɖɜ ŬɔɞɟɎ 

¶ ȹɡɜŬŰɧŰɖŰŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɞɡ ɡɚɘəɞɨ 

¶ ȹɡɜŬŰɧŰɖŰŬ ŮˊɏəŰŬůɖɠ əŬɘ Űɟɞˊɞˊɞɑɖůɖɠ ɡűɘůŰɎɛŮɜɤɜ əŬŰŬůəŮɡɩɜ 

¶ Ⱥɨəɞɚɞɠ ŮɜŰɞˊɘůɛɧɠ əŬɘ ŬˊɞəŬŰɎůŰŬůɖ ɓɚŬɓɩɜ 

1.6.4 ɀŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ 

ɆŰɞɜ ŬɜŰɑˊɞŭŬ ɡˊɎɟɢɞɡɜ ɞɟɘůɛɏɜŬ ŬɟɜɖŰɘəɎ ůŰɖɜ ɢɟɐůɖ Űɞɡ ɢɎɚɡɓŬ ůŰɘɠ əŬŰŬůəŮɡɏɠ. ɇŬ 

ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɞɡ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

¶ ɀŮɔɎɚɞ əɧůŰɞɠ ˊɟɩŰɖɠ ɨɚɖɠ 

¶ ȷɜɎɔəɖ ˊɡɟɞˊɟɞůŰŬůɑŬɠ 

¶ ȷɜɎɔəɖ ˊɟɞůŰŬůɑŬɠ Ŭˊɧ Űɖ ŭɘɎɓɟɤůɖ 

¶ ȷɜɎɔəɖ ůɡɜŰɐɟɖůɖɠ 

¶ Ⱥɘŭɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ ůɡɜŭɏůŮɤɜ 

¶ ȿɘɔɧŰŮɟɖ ŰŮɢɜɞɔɜɤůɑŬ ůŰɖɜ ȺɚɚɎŭŬ 
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2 ȸŬůɘəɎ ůŰɞɘɢŮɑŬ ɛŮŰŬɚɚɘəɩɜ ůŰŮɔɎůŰɟɤɜ 
 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ 

ɛŮŰŬɚɚɘəɩɜ ɛɞɜɩɟɞűɤɜ əŰɘɟɑɤɜ, ˊŬɟɞɡɘɎɕɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ůŰɏɔŬůŰɟɞ 

ɛŬɠ əŬɘ ŬɜŬɚɨɞɜŰŬɘ Űɞɜ ůəɞˊɧ ɢɟɐůɖɠ Űɞɡɠ əŬɘ ˊɩɠ ůɡɜŰɑɗŮɜŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ. 

2.1 ɀŮŰŬɚɚɘəɏɠ əŬŰŬůəŮɡɏɠ 
 

   ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɞ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ əɡɟɘŬɟɢŮɑ ůŰɞɜ ɢɩɟɞ Űɤɜ əŬŰŬůəŮɡɩɜ. ɇŬ 

ˊɟɩŰŬ əŰɑɟɘŬ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŬɜ Ŭˊɧ ŭɞɛɘəɧ ɢɎɚɡɓŬ ɐŰŬɜ ɓɘɞɛɖɢŬɜɘəɎ əŰɑɟɘŬ, ɧˊɤɠ 

ɓɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ, ůŰɏɔŬůŰɟŬ əŬɘ ŬˊɞɗɐəŮɠ. ȼ əŬŰŬůəŮɡɐ ɢŬɚɨɓŭɘɜɤɜ əŰɘɟɑɤɜ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ůŰŮɔɎůŰɟɤɜ ɛŮ ɛŮɔɎɚŬ ŬɜɞɑɔɛŬŰŬ, ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ɨˊŬɟɝɖɠ 

ŮɜŭɘɎɛŮůɤɜ ůŰɖɟɑɝŮɤɜ (ɡˊɞůŰɡɚɤɛɎŰɤɜ). ȰŰůɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ˊŮɟɘůůɧŰŮɟɞɠ 

ŮəɛŮŰŬɚɚŮɨůɘɛɞɠ ɢɩɟɞɠ, ˊɞɡ ɗŬ ŮɝɡˊɖɟŮŰŮɑ əɎɗŮ Ůɑŭɞɡɠ ɓɘɞɛɖɢŬɜɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. 

Ⱥˊɘˊɚɏɞɜ, ɏɜŬ ɛŮŰŬɚɚɘəɧ əŰɑɟɘɞ ɛˊɞɟŮɑ ɜŬ ŮˊŮəŰŬɗŮɑ ɔɟɐɔɞɟŬ əŬɘ ŬˊɚɎ, Ŭəɧɛɖ əŬɘ ɜŬ  

ŬˊɞůɡɜŬɟɛɞɚɞɔɖɗŮɑ əŬɘ ɜŬ ɛŮŰŬűŮɟɗŮɑ. 

   ɇŬ ɞűɏɚɖ ŬɡŰɞɨ Űɞɡ Űɟɧˊɞɡ əŬŰŬůəŮɡɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ɡɣɖɚɐ ˊɞɘɧŰɖŰŬ Űɞɡ 

ŭɞɛɘəɞɨ ɢɎɚɡɓŬ ɩɗɖůŬɜ Űɞɡɠ ɛŮɚŮŰɖŰɏɠ əŬɘ əŬŰŬůəŮɡŬůŰɏɠ ɛɖɢŬɜɘəɞɨɠ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ Űɞ ɡɚɘəɧ ŬɡŰɧ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ əŬɘ ˊɘɞ ůɨɜɗŮŰŮɠ əŬŰŬůəŮɡɏɠ (ɔɏűɡɟŮɠ, 

ůɐɟŬɔɔŮɠ, ˊɞɚɡɩɟɞűŬ əŰɐɟɘŬ, ɘůŰɞɑ ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ, ůɘɚɧ). 

2.1.1 ɄɚŮɞɜŮəŰɐɛŬŰŬ ɛŮŰŬɚɚɘəɩɜ ɛɞɜɩɟɞűɤɜ əŬŰŬůəŮɡɩɜ 

Á Ƀ ɢɎɚɡɓŬɠ ɏɢŮɘ ɛɘəɟɧ ɑŭɘɞɜ ɓɎɟɞɠ əŬɘ ɛŮɔɎɚɖ ŬɜŰɞɢɐ. Ⱥˊɞɛɏɜɤɠ, ɛŮɘɩɜŮŰŬɘ Űɞ 

ɛɧɜɘɛɞ űɞɟŰɑɞ Űɖɠ əŬŰŬůəŮɡɐɠ, ŮɝɞɘəɞɜɞɛŮɑŰŬɘ ɡɚɘəɧ əŬɘ ɢɩɟɞɠ, ɛŮɘɩɜŮŰŬɘ ɖ 

ŬŭɟŬɜŮɘŬəɐ ůŮɘůɛɘəɐ ŭɟɎůɖ əŬɘ ɔɑɜŮŰŬɘ ˊɘɞ Ŭˊɚɐ ɖ ɗŮɛŮɚɑɤůɖ, ŮɘŭɘəɎ ůŮ əŬəɐɠ 

ˊɞɘɧŰɖŰŬɠ ŮŭɎűɖ. 

Á ȽəŬɜɞˊɞɘɖŰɘəɐ əŬɘ ŮɚŮɔɢɧɛŮɜɖ Ŭˊɧəɟɘůɖ ůŮ ůɡɜɗɐəŮɠ ůŮɘůɛɞɨ, ɞűŮɘɚɞɨɛŮɜɖ 

əɡɟɑɤɠ ůŰɖɜ ɛŮɔɎɚɖ ɞɚəɘɛɧŰɖŰŬ Űɞɡ ɢɎɚɡɓŬ əŬɘ ůŰŬ ɛɘəɟɎ ŬŭɟŬɜŮɘŬəɎ űɞɟŰɑŬ. 

Á ɀɞɟűɞɚɞɔɘəɐ ŮɚŮɡɗŮɟɑŬ əŬɘ ŮɡəɞɚɑŬ ŮˊɘůəŮɡɐɠ, Űɟɞˊɞˊɞɑɖůɖɠ əŬɘ Ůɜɑůɢɡůɖɠ Űɖɠ 

ɡˊɎɟɢɞɡůŬɠ əŬŰŬůəŮɡɐɠ. 

Á ɃɛɞɘɞɔɏɜŮɘŬ ɡɚɘəɞɨ. Ƀ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ ɏɢŮɘ ůŰŬɗŮɟɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŮ əɎɗŮ 

ůɖɛŮɑɞ Űɖɠ ɛɎɕŬɠ Űɞɡ ɡɚɘəɞɨ. ȰŰůɘ, ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ˊŬɟŬŭɞɢɩɜ 

ŬɜɎɚɡůɖɠ əŬɘ Űɤɜ Ůɚɏɔɢɤɜ ŬɜŰɞɢɐɠ. 

Á ɀɞɜɘɛɧŰɖŰŬ ɡɚɘəɞɨ. ȺɝŬůűŬɚɑɕŮŰŬɘ ŬˊŮɟɘɧɟɘůŰɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ ůŰɖɜ əŬŰŬůəŮɡɐ 

ɚɧɔɤ ŬɛŮŰɎɓɚɖŰɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŰɞɜ ɢɟɧɜɞ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ 

əŬŰɎɚɚɖɚɖ ůɡɜŰɐɟɖůɖ. 
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2.1.2 ɀŮɘɞɜŮəŰɐɛŬŰŬ ɛŮŰŬɚɚɘəɩɜ ɛɞɜɩɟɞűɤɜ əŬŰŬůəŮɡɩɜ 

Á Ɉɣɖɚɧ əɧůŰɞɠ ˊɟɩŰɖɠ ɨɚɖɠ 

Á ȷɡɝɖɛɏɜɖ ŬɜɎɔəɖ ˊɟɞůŰŬůɑŬɠ Ŭˊɧ ŭɘɎɓɟɤůɖ əŬɘ ˊɡɟɞˊɟɞůŰŬůɑŬɠ 

Á ȷɜɎɔəɖ ůɡɜŰɐɟɖůɖɠ 

Á Ⱥɘŭɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ ůɡɜŭɏůŮɤɜ 

2.1.3 ȹɞɛɘəɎ ůŰɞɘɢŮɑŬ ůŰŮɔɎůŰɟɞɡ 

ɇɞ ůŰɏɔŬůŰɟɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰŬ Ůɝɐɠ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ: 

ü Ⱦɨɟɘɞɠ ūɞɟɏŬɠ ï ɄɚŬɑůɘɞ 

ü ȷɜŬɟŰɐɟŮɠ 

ü ɇŮɔɑŭŮɠ 

ü ɀɖəɑŭŮɠ 

ü ȾŮűŬɚɞŭɞəɞɑ 

ü ɀŮŰɤˊɘəɎ ɡˊɞůŰɡɚɩɛŬŰŬ 

ü ɃɟɘɕɧɜŰɘɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

ü ȾŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

2.1.4 Ⱦɨɟɘɞɠ ūɞɟɏŬɠ ï ɄɚŬɑůɘɞ 

   Ƀɘ əɨɟɘɞɘ űɞɟŮɑɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ ŮɑɜŬɘ ŭɘŬŰŮŰŬɔɛɏɜɞɘ ŬɜɎ 6m ɛŮŰŬɝɨ Űɞɡɠ. ȷˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ, Űɖɜ əŬɛˊɨɚɖ əŬɘ Űɞɡɠ ˊɟɞɓɧɚɞɡɠ. ũɘŬ ŰŬ ˊɚŬɑůɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ 

ŮˊɘɚɏɔɞɜŰŬɘ ŭɘŬŰɞɛɏɠ Ŭˊɧ Űɖɜ ůŮɘɟɎ HEA əŬɘ ȼȺȸ. ȺˊɘɚɏɔɞɜŰŬɘ ˊɚŬŰɨˊŮɚɛŮɠ ŭɘŬŰɞɛɏɠ  

ŭɘɧŰɘ ˊɟɞůűɏɟɞɡɜ ɛɑŬ ɘůɞɟɟɞˊɖɛɏɜɖ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ŬɜŰɞɢɐ ɏɜŬɜŰɘ Űɞɡ ɚɡɔɘůɛɞɨ ɢɤɟɑɠ 

ɜŬ ŬɡɝɎɜŮŰŬɘ ůɖɛŬɜŰɘəɎ Űɞ ɓɎɟɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ, ůɡɜŮˊɩɠ, Űɞ əɧůŰɞɠ Űɖɠ.  

   ɆŰɞɜ űɞɟɏŬ  ˊɟɞɓɚɏˊŮŰŬɘ ˊɚŬɘůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ ɔɘŬ Űɖɜ ˊŬɟŬɚŬɓɐ Űɤɜ űɞɟŰɑɤɜ ˊɞɡ Űɖɜ 

əŬŰŬˊɞɜɞɨɜ. ȰŰůɘ, ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ əɨɟɘɤɜ Ŭɝɧɜɤɜ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ Űɞɡ 

ɕɡɔɩɛŬŰɞɠ ɏɔɘɜŮ ɛŮ Űɟɧˊɞ, ɩůŰŮ ɞ ɘůɢɡɟɧɠ ɎɝɞɜŬɠ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ŮɜŰɧɠ Űɞɡ ˊɚŬɘůɑɞɡ. 

ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŮɑɜŬɘ ˊŬəŰɤɛɏɜŬ ůŰɖɜ ɓɎůɖ Űɞɡɠ ŮɜŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɞɡ ˊɚŬɘůɑɞɡ  

(ŭɘŮɨɗɡɜůɖ X) əŬɘ ŬɟɗɟɤɛɏɜŬ ŮəŰɧɠ ŬɡŰɞɨ (ŭɘŮɨɗɡɜůɖ Y). 

   ȺˊɘɚɏɔŮŰŬɘ ŬɛűɑˊŬəŰɞ ˊɚŬɑůɘɞ əŬɘ ɧɢɘ ŬɛűɘŬɟɗɟɤŰɧ ɔɘŬ Űɖɜ ŮɡɜɞɥəɧŰŮɟɖ əŬŰŬɜɞɛɐ Űɤɜ 

əŬɛˊŰɘəɩɜ ɟɞˊɩɜ əŬɘ Űɖɜ ɛŮɑɤůɖ Űɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ɡˊɧ Űɖɜ Ůˊɘɓɞɚɐ əŬŰŬəɧɟɡűɤɜ əŬɘ 

ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ. ȷɡŰɧ ŮɑɜŬɘ ɘŭɘŬɘŰɏɟɤɠ ůɞɓŬɟɧ ɕɐŰɖɛŬ ɔɘŬ Űɞɡɠ Ůɚɏɔɢɞɡɠ ůŰɖɜ ɞɟɘŬəɐ 

əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ (ɏɚŮɔɢɞɠ ɛŮŰŬəɘɜɐůŮɤɜ, ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ) ɔɘŬ Űɞ 

ɡˊɧ ɛŮɚɏŰɖ ůŰɏɔŬůŰɟɞ ˊɞɡ ɏɢŮɘ ɛŮɔɎɚŬ ŬɜɞɑɔɛŬŰŬ. ũɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŮɔəŬŰɎůŰŬůɖ 

ŬɛűɑˊŬəŰɞɡ ˊɚŬɘůɑɞɡ ŬˊŬɘŰŮɑŰŬɘ əŬɚɐɠ ˊɞɘɧŰɖŰŬɠ ɏŭŬűɞɠ ɗŮɛŮɚɑɤůɖɠ əŬɘ ůɡɜɗŮŰɧŰŮɟɖ 

ɚŮˊŰɞɛɏɟŮɘŬ ɏŭɟŬůɖɠ Ůˊɑ Űɞɡ ɗŮɛŮɚɑɞɡ.  

2.1.5 ȷɜŬɟŰɐɟŮɠ 

   Ƀɘ ŬɜŬɟŰɐɟŮɠ ŮɑɜŬɘ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ŮɚəɡůŰɐɟŮɠ ɐ ɗɚɘˊŰɐɟŮɠ 

ŬɜɎɚɞɔŬ Űɖɜ űɧɟŰɘůɖ ˊɞɡ ŭɏɢɞɜŰŬɘ əɎɗŮ ůŰɘɔɛɐ. ɆŰɞ ůŰɏɔŬůŰɟɞ Űɞ ɏɜŬ Ɏəɟɞ Űɞɡɠ 

ůɡɜŭɏŮŰŬɘ ůŰɞ ůɖɛŮɑɞ ŮˊŬűɐɠ ɛŮŰŬɝɨ Űɖɠ ɛɘəɟɐɠ əŬɘ Űɖɠ ɛŮɔɎɚɖɠ əŬɛˊɨɚɖɠ əŬɘ Űɞ Ɏɚɚɞ 

ůŰɞ Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ. Ƀ ɓŬůɘəɧɠ Űɞɡɠ ɟɧɚɞɠ ŮɑɜŬɘ ɜŬ ůɡɔəɟŬŰŮɑ Űɞ Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ 

əŬɘ ɜŬ ɛɖɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛŮɔɎɚɤɜ ɓŮɚɩɜ ˊɞɡ ɗŬ ŭɡůɢŮɟŬɑɜɞɡɜ Űɖɜ 
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ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɞɡ űɞɟɏŬ. Ⱥˊɘˊɚɏɞɜ ɖ ˊŬɟɞɡůɑŬ Űɞɡ ˊɟɞɓɧɚɞɡ ˊɟɞəŬɚŮɑ ůɡɜɗɐəŮɠ 

ŰɏŰɞɘŮɠ ɩůŰŮ ɞ ˊɟɧɓɞɚɞɠ ɜŬ ɛɖɜ ɏɢŮɘ Űɖɜ ɨˊŬɟɝɖ ŮɚŮɨɗŮɟɞɡ Ɏəɟɞɡ əŬɘ  ɜŬ ůɡɛˊŮɟɘűɏɟŮŰŬɘ 

ŬɛűɑˊŬəŰŬ. 

   Ƀɘ ŬɜŬɟŰɐɟŮɠ ůɢŮŭɘɎɕɞɜŰŬɘ ɤɠ ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ŭɏɢɞɜŰŬɘ ɎɚɚŬ 

űɞɟŰɑŬ, ˊɚɖɜ Űɞɡ ɑŭɘɞɡ ɓɎɟɞɡɠ Űɞɡɠ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ŮɛűŬɜɑɕɞɡɜ ɛŮɔɎɚŮɠ Ŭɝɞɜɘəɏɠ 

ŭɡɜɎɛŮɘɠ əŬɘ ˊɞɚɨ ɛɘəɟɏɠ ŰɏɛɜɞɡůŮɠ ŭɡɜɎɛŮɘɠ əŬɘ ɟɞˊɏɠ əɎɛɣɖɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰŬ ɑŭɘŬ 

ɓɎɟɖ. ȷˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮɔɎɚŮɠ 

ɗɚɘˊŰɘəɏɠ ŭɡɜɎɛŮɘɠ (ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŮűŮɚəɡůŰɘəɏɠ) əŬɘ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡɠ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ɗɚɑɣɖ.  

   Ƀɘ ŬɜŬɟŰɐɟŮɠ ɏɢɞɡɜ ɛŮɔɎɚɞ ɛɐəɞɠ (15,35m) əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɞɡɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɧɠ ɔɘŬ Űɖɜ əŬɚɐ ůŰŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ űɞɟɏŬ əŬɘ Űɖɜ Ŭˊɞűɡɔɐ ŬůŰɞɢɑŬɠ Űɞɡɠ. 

ȺˊɘɚɏɔŮŰŬɘ əɞɑɚɖ əɡəɚɘəɐ ŭɘŬŰɞɛɐ CHS ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡɠ, ŭɘɧŰɘ ŮɛűŬɜɑɕɞɡɜ əŬɚɐ 

ůɡɛˊŮɟɘűɞɟɎ ůŰɖɜ ɗɚɑɣɖ.  

2.1.6 ɇŮɔɑŭŮɠ 

   Ƀɘ ŰŮɔɑŭŮɠ ŬˊɞŰŮɚɞɨɜ ŭŮɡŰŮɟŮɨɞɜŰŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɘɠ ůŰɏɔŮɠ Űɤɜ 

əŰɘɟɑɤɜ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɕɡɔɤɛɎŰɤɜ. ȾɨɟɘŬ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŮɑɜŬɘ ɜŬ ɛŮŰŬűɏɟɞɡɜ ŰŬ 

əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ (əɘɜɖŰɧ, ɎɜŮɛɞɠ, ɢɘɧɜɘ) ůŰɞɡɠ əɨɟɘɞɡɠ űɞɟŮɑɠ. Ƀ ŭŮɡŰŮɟŮɨɤɜ ɟɧɚɞɠ 

Űɞɡɠ ŮɑɜŬɘ ɧŰɘ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ůŰɞɘɢŮɑŬ ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɡɠ ɞɟɘɕɧɜŰɘɞɡɠ ůɡɜŭɏůɛɞɡɠ  

ŭɡůəŬɛɣɑŬɠ əŬɘ ˊɟɞůűɏɟɞɡɜ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ ůŰŬ ɕɡɔɩɛŬŰŬ. 

   Ƀɘ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ŰŮɔɑŭɤɜ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 1,30m əŬɘ 4,00m. ȼ Ůˊɘɚɞɔɐ Űɖɠ 

ŬˊɧůŰŬůɖɠ əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɞɢɐ əŬɘ Űɖɜ ŭɡůəŬɛɣɑŬ Űɤɜ űɨɚɚɤɜ 

ŮˊɘəɎɚɡɣɖɠ, Űɖɜ ɛɧɟűɤůɖ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ, Űɞɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ 

Űɨˊɞ ŭɘŬŰɞɛɐɠ ɔɘŬ Űɘɠ ŰŮɔɑŭŮɠ əŬɘ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ŭɟɎůŮɤɜ. ȼ ɞɘəɞɜɞɛɘəɧŰɖŰŬ Űɖɠ 

ŮˊɘɚŮɔɧɛŮɜɖɠ ŭɘɎŰŬɝɖɠ ůɡɜŭɏŮŰŬɘ ɛŮ ůɢŮŰɘəɏɠ ɛŮɔŬɚɨŰŮɟŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ŰŮɔɑŭɤɜ. ȼ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ŬˊɧůŰŬůɖ ŮɑɜŬɘ ɑůɖ ˊɟɞɠ Űɖɜ ŮɜŭŮɘəŰɘəɐ ŭɘɎůŰŬůɖ Űɤɜ 1,80m. 

ɆŰɞ ůŰɏɔŬůŰɟɞ ɛŮɚɏŰɖɠ ɞɘ ŰŮɔɑŭŮɠ ŭɘŬŰɎůůɞɜŰŬɘ ůŮ ŬˊɞůŰɎůŮɘɠ Ŭˊɧ 1,79m ɏɤɠ 1,84m. 

ȷɡŰɐ ɖ Ŭˊɧəɚɘůɖ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ɘŭɘɞɛɞɟűɑŬ Űɖɠ ůŰɏɔɖɠ (əŬɛˊɨɚɞ ůɢɐɛŬ).  

   Ƀɘ ŰŮɔɑŭŮɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŮɑŰŮ ɤɠ ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ əɨɟɘɤɜ 

űɞɟɏɤɜ ŮɑŰŮ ɤɠ ůɡɜŮɢŮɑɠ ŭɞəɞɑ. ɇŬ ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŬˊɚɧŰɖŰŬ ůŰɘɠ 

ůɡɜŭɏůŮɘɠ ɛŮ Űɞɜ əɨɟɘɞ űɞɟɏŬ əŬɘ ŮɡəɞɚɑŬ ůŰɖɜ ŬɜɏɔŮɟůɖ. ȾŬŰɎ Űɖɜ əŬŰŬˊɧɜɖůɐ Űɞɡɠ Ŭˊɧ 

ŰŬ űɞɟŰɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ŬɜŬˊŰɨůůɞɡɜ ɛŮɔɎɚŮɠ əŬɛˊŰɘəɏɠ ɟɞˊɏɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ. ɇŮɔɑŭŮɠ ůɡɜŮɢŮɑɠ Ůˊɑ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ŬɜɞɘɔɛɎŰɤɜ ɏɢɞɡɜ 

ŮɡɜɞɥəɧŰŮɟɖ əŬŰŬɜɞɛɐ Űɤɜ əŬɛˊŰɘəɩɜ ɟɞˊɩɜ əŬŰɎ ɛɐəɞɠ Űɞɡɠ əŬɘ ɛɘəɟɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, 

ŬɚɚɎ ŬˊŬɘŰɞɨɜ ůɡɜŭɏůŮɘɠ ŬˊɞəŬŰɎůŰŬůɖɠ Űɖɠ ůɡɜɏɢŮɘŬɠ ůŮ ˊɞɚɚɏɠ ŮɜŭɘɎɛŮůŮɠ ɗɏůŮɘɠ.  

   ȼ ɢɟɐůɖ əɞɢɚɘɩɜ ɔɘŬ Űɘɠ ůɡɜŭɏůŮɘɠ ůŰɞ Ɏɜɤ ˊɏɚɛŬ Űɤɜ ŰŮɔɑŭɤɜ, ŭɡůɢŮɟŬɑɜŮɘ Űɖɜ 

ŰɞˊɞɗɏŰɖůɖ Űɤɜ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ. ɆŰɞ ůŰɏɔŬůŰɟɞ ɞɘ ŰŮɔɑŭŮɠ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ɤɠ 

ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ Ůɜɧɠ ŬɜɞɑɔɛŬŰɞɠ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɕɡɔɤɛɎŰɤɜ. Ƀɘ ŰŮɔɑŭŮɠ 

əŬŰŬˊɞɜɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ əɎɛɣɖ əŬɘ ɔɘŬ Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡɠ ŮˊɘɚɏɔŮŰŬɘ ŭɘŬŰɞɛɐ 

Ŭˊɧ Űɖɜ ůŮɘɟɎ IPE. 
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2.1.7 ɀɖəɑŭŮɠ  

   Ƀɘ ɛɖəɑŭŮɠ ŮɑɜŬɘ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ ˊɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɘ 

ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ ɐ ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ. ȼ əɨɟɘŬ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ 

ŮɑɜŬɘ ɖ ˊŬɟŬɚŬɓɐ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ, əɡɟɑɤɠ Űɤɜ ŬɜŮɛɞˊɘɏůŮɤɜ. Ƀɘ ɛɖəɑŭŮɠ ůɢŮŭɘɎɕɞɜŰŬɘ 

əŬŰɎ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ ɛŮ ŬɡŰɧɜ Űɤɜ ŰŮɔɑŭɤɜ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɑŭɘŬ 

ŭɘŬŰɞɛɐ. 

   Ƀɘ ɛɖəɑŭŮɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ůɡɜɐɗɤɠ ɤɠ ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ, ŬɚɚɎ ɛˊɞɟɞɨɜ ɜŬ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ ɤɠ ŬɟɗɟɤŰɏɠ ŭɞəɞɑ. ɆŰɞ ůŰɏɔŬůŰɟɞ ɛŮɚɏŰɖɠ ɞɘ ɛɖəɑŭŮɠ 

ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ŬɛűɘɏɟŮɘůŰŮɠ ŭɞəɞɑ. Ƀɘ ůɡɜɖɗɘůɛɏɜŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

ɛɖəɑŭɤɜ ŮɑɜŬɘ 1,50m ɏɤɠ 2,50m. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɞɘ ŬˊɞůŰɎůŮɘɠ Űɤɜ ɛɖəɑŭɤɜ ˊɞɡ 

ůɡɜŭɏɞɡɜ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŮɑɜŬɘ 2,18m, Ůɜɩ ɞɘ ɛɖəɑŭŮɠ Űɤɜ ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ Ŭˊɏɢɞɡɜ 

Ŭˊɧ 1,66m ɏɤɠ 2,18m. ȺˊɘɚɏɔŮŰŬɘ ŭɘŬŰɞɛɐ Ŭˊɧ Űɖɜ ůŮɘɟɎ IPE ɔɘŬ Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɐ 

Űɞɡɠ. 

2.1.8 ȾŮűŬɚɞŭɞəɧɠ 

   ȼ əŮűŬɚɞŭɞəɧɠ ŮɑɜŬɘ ɞɟɘɕɧɜŰɘɞ ɔɟŬɛɛɘəɧ ůŰɞɘɢŮɑɞ ˊɞɡ ůɡɜŭɏŮɘ Űɘɠ əŮűŬɚɏɠ Űɤɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ əɎɗŮ ˊɚŬɘůɑɞɡ əŬɘ ŭɘŬŰɟɏɢŮɘ Űɞ ɛɐəɞɠ Űɞɡ əŰɘɟɑɞɡ əŬŰɎ Űɞɜ ɎɝɞɜŬ y 

(ůɡɜŭɏŮɘ ŰŬ ɕɡɔɩɛŬŰŬ ɛŮŰŬɝɨ Űɞɡɠ). Ƀɘ əɨɟɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɖɠ əŮűŬɚɞŭɞəɞɨ ŮɑɜŬɘ: 

Ŭ) Ƀɘ əŮűŬɚɞŭɞəɞɑ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖɜ ůɡɜŬɟɛɞɚɧɔɖůɖ Űɞɡ űɞɟɏŬ ůŰɖɜ 

űɎůɖ Űɖɠ ŬɜɏɔŮɟůɖɠ, ŭɘɧŰɘ ůɡɜŭɏɞɡɜ ŮɔəɎɟůɘŬ Űɞɡɠ ŬɜŮɔŮɘɟɧɛŮɜɞɡɠ ŭɘŬŭɞɢɘəɎ ŮɔəɎɟůɘɞɡɠ 

űɞɟŮɑɠ. ȼ ůɨɜŭŮůɖ, əŬŰɎ Űɖɜ űɎůɖ ŬɡŰɐ, Űɞɡ ɜɏɞɡ ŰɞˊɞɗŮŰɞɨɛŮɜɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɛŮ Űɞ 

ˊɟɞɖɔɞɨɛŮɜɧ Űɞɡ, ɛɏůɤ Űɖɠ əŮűŬɚɞŭɞəɞɨ, ůɡɛɓɎɚŮɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ Ŭəɟɘɓɞɨɠ  

ɗɏůɖɠ Űɞɡ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ əŬɘ ɡɣɞɛŮŰɟɘəɎ. 

ɓ) Ƀɘ ůŮɘůɛɘəɏɠ əŬɘ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ŮˊɘəɎɚɡɣɖɠ, 

ɛɏůɤ Űɤɜ əŮűŬɚɞŭɞəɩɜ, ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ɞɟɘɕɧɜŰɘɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ, 

ɛŮŰŬűɏɟɞɜŰŬɘ əŬɘ ɘůɞəŬŰŬɜɏɛɞɜŰŬɘ ůŰŬ əŬŰŬəɧɟɡűŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ, ɩůŰŮ ɞɘ 

ɤɗɐůŮɘɠ ɜŬ əŬŰŬɚɐɔɞɡɜ ůŰɖɜ ɗŮɛŮɚɑɤůɖ ɛɏůɤ ˊŮɟɘůůɧŰŮɟɤɜ ɗɏůŮɤɜ ůŰɐɟɘɝɖɠ əŬɘ ɜŬ 

ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŬ ůɖɛŮɑŬ Ŭˊɞɟɟɧűɖůɖɠ ůŮɘůɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ˊŮɟɑˊŰɤůɖ ůŮɘůɛɘəɐɠ 

əŬŰŬˊɧɜɖůɖɠ. 

   Ƀɘ əŮűŬɚɞŭɞəɞɑ ůɡɜŭɏɞɡɜ Űɘɠ əɞɟɡűɏɠ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ, əŬɗɩɠ əŬɘ ŰŬ ɛɏɔɘůŰŬ 

ůɖɛŮɑŬ Űɖɠ əŬɛˊɨɚɖɠ əɎɗŮ ˊɚŬɘůɑɞɡ. ɇɞ ůŰŬŰɘəɧ ůɨůŰɖɛŬ Űɤɜ əŮűŬɚɞŭɞəɩɜ ˊɞɡ 

ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɤɠ ŬɛűɘɏɟŮɘůŰŮɠ ŭɞəɞɑ ɔɘŬ 

əŬŰŬůəŮɡŬůŰɘəɞɨɠ ɚɧɔɞɡɠ. ȺˊɘɚɏɔɞɜŰŬɘ ŭɘŬŰɞɛɏɠ Ŭˊɧ Űɖɜ ůŮɘɟɎ HEA. 

2.1.9 ɀŮŰɤˊɘəɎ ɡˊɞůŰɡɚɩɛŬŰŬ 

   ɇŬ ɛŮŰɤˊɘəɎ ɡˊɞůŰɡɚɩɛŬŰŬ ɐ ɛŮŰɤˊɘəɞɑ ůŰɨɚɞɘ, ɧˊɤɠ ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɖɗɏůŰŮɟŬ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ɛŮŰɩˊɤɜ Űɞɡ əŰɖɟɑɞɡ. ɇɞˊɞɗŮŰɞɨɜŰŬɘ ŬɜɎ 

ŬˊɞůŰɎůŮɘɠ ˊɞɡ ŬˊɞűŬůɑɕŮɘ ɞ ɛɖɢŬɜɘəɧɠ. ɆŰɞ ůŰɏɔŬůŰɟɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ɞɘ ůŰɨɚɞɘ 

ŮŭɟɎɕɞɜŰŬɘ ůŰŬ ɗŮɛɏɚɘŬ əŬɘ ůŰɖɟɑɕɞɜŰŬɘ Ɏɜɤ ůŰŬ ˊɚŬɑůɘŬ. Ɇəɞˊɧɠ Űɤɜ ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ 

ŮɑɜŬɘ: 

ü ȷˊɞŰŮɚɞɨɜ ɎɛŮůɖ ůŰɐɟɘɝɖ Űɤɜ ɛɖəɑŭɤɜ ˊɟɧůɞɣɖɠ əŬɘ ˊɑůɤ ɧɣɖɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ 

əŬɘ ɏɛɛŮůɖ ůŰɐɟɘɝɖ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ˊɚŬɔɘɞəɎɚɡɣɖɠ. 
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ü ɄŬɟŬɚŬɛɓɎɜɞɡɜ ŰŬ űɞɟŰɑŬ Űɖɠ ŮˊɘəɎɚɡɣɖɠ Űɤɜ ŭɨɞ ɧɣŮɤɜ (ˊɟɧůɞɣɖɠ əŬɘ ˊɑůɤ 

ɧɣɖɠ) ɛɏůɤ Űɤɜ ɛɖəɑŭɤɜ. 

ü Ƀɘ ɛŮŰɤˊɘəɞɑ ůŰɨɚɞɘ əŬŰŬˊɞɜɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŰŬ űɞɟŰɑŬ Űɞɡ Ŭɜɏɛɞɡ, ɞˊɧŰŮ ɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɖɠ ŭɘŬŰɞɛɐɠ Űɞɡɠ ɔɑɜŮŰŬɘ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɞ ɘůɢɡɟɧɠ Űɞɡɠ 

ɎɝɞɜŬɠ ɜŬ ˊŬɟŬɚŬɛɓɎɜŮɘ Űɖɜ ŬɜŮɛɞˊɑŮůɖ. ȼ ɓŬůɘəɐ əŬŰŬˊɧɜɖůɖ Űɤɜ ɛŮŰɤˊɘəɩɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ ŮɑɜŬɘ ɖ əɎɛɣɖ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ Űɞɡɠ ɎɝɞɜŬ əŬɘ ɖ ɗɚɑɣɖ Űɞɡɠ 

ŮɝŬɘŰɑŬɠ Űɤɜ ɛɧɜɘɛɤɜ űɞɟŰɑɤɜ  (ɑŭɘɞɜ ɓɎɟɞɠ ŮˊɘəɎɚɡɣɖɠ ůŰɨɚɤɜ əŬɘ ɛɖəɑŭɤɜ). 

Ƀɘ ůŰɨɚɞɘ Űɞɡ ůŰŮɔɎůŰɟɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 

4,25m ɏɤɠ 5,36m. ũɘŬ Űɞ ůŰɏɔŬůŰɟɞ ɛŮɚɏŰɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɘŬŰɞɛɏɠ Ŭˊɧ Űɘɠ  

əŬŰɖɔɞɟɑŮɠ HEA ɐ HEB. 

2.1.10  ɃɟɘɕɧɜŰɘɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

   Ƀɘ ɞɟɘɕɧɜŰɘɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ, əŬŰɎ əŬɜɧɜŬ, ŭɘəŰɡɤŰɞɑ űɞɟŮɑɠ ˊɞɡ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ ɕɡɔɤɛɎŰɤɜ Űɤɜ ˊɚŬɘůɑɤɜ əŬɘ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ ŭɘɎůŰɖɛŬ 

ɛŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ əɨɟɘɤɜ űɞɟɏɤɜ. ɃɜɞɛɎɕɞɜŰŬɘ əŬɘ ůɨɜŭŮůɛɞɘ ůŰɏɔɖɠ. ȷɜ əŬɘ 

ɞɜɞɛɎɕɞɜŰŬɘ çɞɟɘɕɧɜŰɘɞɘè, ɞɘ ůɨɜŭŮůɛɞɘ ŬɡŰɞɑ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ əɚɑůɖ Űɤɜ ɕɡɔɤɛɎŰɤɜ Űɤɜ 

əɨɟɘɤɜ űɞɟɏɤɜ əŬɘ ŭŮɜ ŮɑɜŬɘ ŮˊɑˊŮŭɞɘ. ȺˊŮɘŭɐ ɖ əɚɑůɖ Űɞɡɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɛɘəɟɐ, ɧŰŬɜ 

ɔɑɜɞɜŰŬɘ Ŭɟɢɘəɞɑ ɐ Ŭˊɚɞˊɞɘɖɛɏɜɞɘ ɡˊɞɚɞɔɘůɛɞɑ, ɞɘ ŭɘəŰɡɤŰɞɑ ŬɡŰɞɑ űɞɟŮɑɠ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ 

ɗŮɤɟɞɨɜŰŬɘ ŮˊɑˊŮŭɞɘ, ŭɖɚŬŭɐ ˊŬɟɎɚɚɖɚɞɘ ˊɟɞɠ Űɞ ŭɎˊŮŭɞ Űɞɡ əŰɘɟɑɞɡ. ɆŰɞ ůŰɏɔŬůŰɟɞ ɞɘ 

ůɨɜŭŮůɛɞɘ ůŰɏɔɖɠ Űɞɡ əŬɛˊɨɚɞɡ ŰɛɐɛŬŰɞɠ ůɡɜŭɏɞɜŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɤɜ ŭɘŬŰɞɛɩɜ 

Űɞɡ. ȺˊɘɚɏɔŮŰŬɘ əɞɑɚɖ ŰŮŰɟŬɔɤɜɘəɐ ŭɘŬŰɞɛɐ ˊɞɡ ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ ŭɘŬŰɞɛɩɜ TCAR.  

Ɇəɞˊɧɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ: 

ü ȼ ɛŮŰŬűɞɟɎ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ (ŬɜŮɛɞˊɘɏůŮɤɜ), ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ 

Űɖɠ ŮˊɘůŰɏɔŬůɖɠ əɎɗŮŰŬ ůŰŬ ŮˊɑˊŮŭŬ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ, ůŰŬ əŬŰŬəɧɟɡűŬ 

ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ (ˊɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ). 

ü ȼ ɛŮŰŬűɞɟɎ ůŰŬ əŬŰŬəɧɟɡűŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůŮɘůɛɘəɩɜ 

ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ ɕɡɔɤɛɎŰɤɜ. 

ü ȼ ůɡɛɓɞɚɐ ůŰɖɜ ŮɡůŰɎɗŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ ůŰɖɜ űɎůɖ Űɖɠ ŬɜɏɔŮɟůɖɠ ɔɘŬ Űɖɜ 

ŭɘŮɡəɧɚɡɜůɖ Űɤɜ ŮɟɔŬůɘɩɜ ůɡɜŬɟɛɞɚɧɔɖůɖɠ. ȼ ŮɡůŰɎɗŮɘŬ ˊɟɏˊŮɘ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ 

əŬɘ ůŰŬ ŮɜŭɘɎɛŮůŬ ůŰɎŭɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧɜ, ɞɘ ůɨɜŭŮůɛɞɘ 

ůŰɏɔɖɠ ɛɞɟűɩɜɞɜŰŬɘ ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ ˊŬɟŮɛˊɞŭɑɕɞɜŰŬɘ ɞɘ ˊɚŮɡɟɘəɏɠ ɛŮŰŬəɘɜɐůŮɘɠ 

Űɧůɞ Űɤɜ ɛŮɛɞɜɤɛɏɜɤɜ ŰɛɖɛɎŰɤɜ, ɧůɞ əŬɘ Űɞɡ ůɡɜɧɚɞɡ Űɖɠ əŬŰŬůəŮɡɐɠ. ɆɡɜŮˊɩɠ, 

ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ůɡɜŭɏůɛɤɜ ŭŮɜ əŬɗɞɟɑɕɞɜŰŬɘ ɛɧɜɞ ɓɎůŮɘ Űɤɜ űɞɟŰɑɤɜ Ŭɜɏɛɞɡ. 

Ⱥˊɑůɖɠ, ɔɘŬ Ůˊɘɛɐəɖ əŰɐɟɘŬ ŮɜŭŮɑəɜɡŰŬɘ ɜŬ ɛɖɜ ŭɘŬŰɎůůɞɜŰŬɘ ɛɧɜɞ ůŰŬ ŭɨɞ ɎəɟŬ ɞɘ 

ŬɜŰɘŬɜŮɛɘəɞɑ ůɨɜŭŮůɛɞɘ. 

ü ȼ ɛŮɑɤůɖ Űɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ Űɞɡ əŬɛˊɨɚɞɡ ŰɛɐɛŬŰɞɠ Űɞɡ əŰɖɟɑɞɡ, ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɓɏɚŰɘůŰɖ əŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɐ Űɞɡ. 

 

ũɘŬ Űɞɡɠ ɞɟɘɕɧɜŰɘɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ŮˊɘɚɏɔɞɜŰŬɘ əɞɑɚŮɠ ŰŮŰɟŬɔɤɜɘəɏɠ 

ŭɘŬŰɞɛɏɠ TCAR. 
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2.1.11  ȾŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

   ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ɞɟɘɕɧɜŰɘŬ űɞɟŰɑŬ ŭɟɞɡɜ əŬŰɎ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ, 

ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŬɡŰɞɨɠ, ɛɏůɤ Űɖɠ ˊɚŬɘůɘŬəɐɠ Űɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ 

ůŰɖɜ ɗŮɛŮɚɑɤůɖ. ȼ ˊɚŬɘůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ŭɘŬɛɧɟűɤůɖ əɧɛɓɤɜ ɛŮ 

ɘəŬɜɧŰɖŰŬ ˊŬɟŬɚŬɓɐɠ Ŭɝɞɜɘəɩɜ əŬɘ ŰŮɛɜɞɡůɩɜ ŭɡɜɎɛŮɤɜ əŬɘ əŬɛˊŰɘəɩɜ ɟɞˊɩɜ. ȳŰŬɜ ŰŬ 

űɞɟŰɑŬ ŭɟɞɡɜ əŬŰɎ Űɖɜ ŮɔəɎɟůɘŬ ŭɘŮɨɗɡɜůɖ, ɖ ˊŬɟŬɚŬɓɐ Ŭˊɧ ŰŬ ɞɟɘɕɧɜŰɘŬ ůɡůŰɐɛŬŰŬ 

ŭɡůəŬɛɣɑŬɠ əŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɖɜ ɗŮɛŮɚɑɤůɖ ŮˊɘŰɡɔɢɎɜŮŰŬɘ: 

ɛɏůɤ ŭɨůəŬɛˊŰɤɜ űŬŰɜɤɛɎŰɤɜ, ŭɘəŰɡɤŰɐɠ ɛɞɟűɐɠ, ˊɞɡ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ ůŮ ŮˊɘɚŮɔɛɏɜŮɠ ɗɏůŮɘɠ (ŬɜŰɘŬɜɏɛɘɞɘ ůɨɜŭŮůɛɞɘ ɛŮŰŬɝɨ ɡˊɞůŰɡɚɤɛɎŰɤɜ ɐ 

əŬŰŬəɧɟɡűŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ) ɛɏůɤ ŬɜŰɑůŰɞɘɢɤɜ ˊɚŬɘůɑɤɜ ˊɞɡ ɗŬ ŭɘŬɛɞɟűɤɗɞɨɜ 

əŬŰɎɚɚɖɚŬ. 

Ɇəɞˊɧɠ Űɤɜ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ: 

ü ȼ ˊŬɟŬɚŬɓɐ Ŭˊɧ ŰŬ ɞɟɘɕɧɜŰɘŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ ˊɞɡ 

ŭɟɞɡɜ əŬŰɎ Űɖɜ ŭɘŬɛɐəɖ ŭɘŮɨɗɡɜůɖ Űɞɡ əŰɖɟɑɞɡ əŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɖɜ 

ɗŮɛŮɚɑɤůɖ. 

ü ȼ ˊŬɟɞɢɐ Ůɜɧɠ ŭɨůəŬɛˊŰɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ Ŭˊɞɚɐɔɞɡɜ ɞɘ ɛɖəɑŭŮɠ ˊɞɡ 

ˊŬɟɏɢɞɡɜ ůŰɐɟɘɝɖ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. ɇŬ ŭɨůəŬɛˊŰŬ ůɡůŰɐɛŬŰŬ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŭɘŬɗɏŰɞɡɜ ˊɟɧůɗŮŰɖ ŬɜŰɞɢɐ ɔɘŬ Űɖɜ ˊŬɟŬɚŬɓɐ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ŭɡɜɎɛŮɤɜ 

ˊɚŮɡɟɘəɐɠ ůŰɐɟɘɝɖɠ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ (ŮəŰɧɠ Űɖɠ ŬɜŰɞɢɐɠ ˊɞɡ ɏɢɞɡɜ ɔɘŬ ɜŬ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ ŰŬ űɞɟŰɑŬ Űɞɡ Ŭɜɏɛɞɡ əŬɘ Űɞɡ ůŮɘůɛɞɨ). Ƀɘ ŭɡɜɎɛŮɘɠ ŬɡŰɏɠ 

űŰɎɜɞɡɜ ůŰɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ɛɏůɤ Űɤɜ ɛɖəɑŭɤɜ, ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ɛŮ 

Űɘɠ ŰŮɔɑŭŮɠ əŬɘ Űɞɡɠ ɞɟɘɕɧɜŰɘɞɡɠ ůɡɜŭɏůɛɞɡɠ. 

ü ȼ ŮɝŬůűɎɚɘůɖ ˊɟɞůɤɟɘɜɐɠ ŮɡůŰɎɗŮɘŬɠ ůŰɖɜ əŬŰŬůəŮɡɐ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 

ŬɜɏɔŮɟůɐɠ Űɖɠ. 

ü ȼ ɛŮɑɤůɖ Űɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ Űɞɡ ůŰŮɔɎůŰɟɞɡ, ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɓɏɚŰɘůŰɖ əŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɐ Űɞɡ. 

 

ũɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ŮˊɘɚɏɔɞɜŰŬɘ əɞɑɚŮɠ ŰŮŰɟŬɔɤɜɘəɏɠ 

ŭɘŬŰɞɛɏɠ TCAR. 
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3 ȹɟɎůŮɘɠ Ⱥˊɑ Űɖɠ ȾŬŰŬůəŮɡɐɠ 
 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŭɟɎůŮɘɠ (űɞɟŰɑŬ) ˊɞɡ əŬŰŬˊɞɜɞɨɜ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ 

əŬɘ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɧɚɞɘ ɞɘ ůɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ ˊɞɡ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ Ŭůəɖɗɞɨɜ ůŮ 

ŬɡŰɎ. 

3.1 ũŮɜɘəɎ 
ɆɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ 1 (ȸŬůɘəɏɠ ȷɟɢɏɠ ɆɢŮŭɘŬůɛɞɨ əŬɘ ȹɟɎůŮɤɜ ůŰɘɠ 

ȾŬŰŬůəŮɡɏɠ) ůŮ ɛɑŬ əŬŰŬůəŮɡɐ ŮɜŮɟɔɞɨɜ ŰɟɑŬ Ůɑŭɖ ŭɟɎůŮɤɜ ɓɎůŮɘ Űɖɠ ŭɘŬəɨɛŬɜůɐ Űɞɡɠ 

ůŰɞɜ ɢɟɧɜɞ: 

¶ ɀɧɜɘɛŮɠ ȹɟɎůŮɘɠ (G), ůŰɘɠ ɞˊɞɑŮɠ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ Űɞ ɑŭɘɞɜ ɓɎɟɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ, 

ɞ ůŰŬɗŮɟɧɠ Ůɝɞˊɚɘůɛɧɠ, ɞɘ ŮˊɘůŰɟɩůŮɘɠ, ɞɘ ɏɛɛŮůŮɠ ŭɟɎůŮɘɠ Ŭˊɧ ůɡůŰɞɚɐ ɝɐɟŬɜůɖɠ 

əŬɘ ɞɘ ŭɘŬűɞɟɘəɏɠ əŬɗɘɕɐůŮɘɠ, 

¶ ɀŮŰŬɓɚɖŰɏɠ ȹɟɎůŮɘɠ (Q), ůŰɘɠ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ɤűɏɚɘɛŬ űɞɟŰɑŬ Űɘɠ 

əŬŰŬůəŮɡɐɠ, ɞɘ ˊɘɏůŮɘɠ Űɞɡ Ŭɜɏɛɞɡ, ŰŬ űɞɟŰɑŬ Űɞɡ ɢɘɞɜɘɞɨ əŬɘ ŰŬ űɞɟŰɑŬ Ŭˊɧ 

ɔŮɟŬɜɞɔɏűɡɟŮɠ, 

¶ ɇɡɢɖɛŬŰɘəɏɠ ȹɟɎůŮɘɠ (ȷ), ɞɘ ɞˊɞɑŮɠ ɞűŮɑɚɞɜŰŬɘ ůŮ ŮəɟɐɝŮɘɠ, ˊɟɧůəɟɞɡůɖ ɞɢɐɛŬŰɞɠ 

ɐ ˊɡɟəŬɔɘɎ. 

¶ ɆŮɘůɛɘəɏɠ ȹɟɎůŮɘɠ (Ⱥ) 

3.2 ɀɧɜɘɛŮɠ ŭɟɎůŮɘɠ 
 

   ɀŮ Űɞɜ ɧɟɞ ñɀɧɜɘɛŮɠ ȹɟɎůŮɘɠò ɜɞɞɨɜŰŬɘ ɧɚŬ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ˊɞɡ ŭɟɞɡɜ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ ɛɑŬɠ ŭŮŭɞɛɏɜɖɠ ˊŮɟɘɧŭɞɡ ŬɜŬűɞɟɎɠ (ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ ɏɟɔɞɡ) əŬɘ ɔɘŬ Űɖɜ ɞˊɞɑŬ 

ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. ɀɧɜɘɛŮɠ ŭɟɎůŮɘɠ ŮɑɜŬɘ ɧɚŬ ŰŬ 

əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ˊɞɡ ŭɟɞɡɜ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ɧˊɤɠ ŮɑɜŬɘ Űɞ 

ɑŭɘɞɜ ɓɎɟɞɠ Űɤɜ űŮɟɧɜŰɤɜ ůŰɞɘɢŮɑɤɜ, ŮˊɘůŰɟɩůŮɘɠ əŬɘ ɛɞɜɩůŮɘɠ ŭŬˊɏŭɤɜ, Űɞɑɢɞɘ 

ˊɚɖɟɩůŮɤɠ, ŮˊɘəŬɚɨɣŮɘɠ əŬɘ ŮˊŮɜŭɨůŮɘɠ, ɣŮɡŭɞɟɞűɏɠ, ɡŭɟŬɡɚɘəɎ əŬɘ ɖɚŮəŰɟɘəɎ 

ůɡůŰɐɛŬŰŬ, əɚɘɛŬŰɘůŰɘəɎ ůɡůŰɐɛŬŰŬ. ɄɘɗŬɜɏɠ ɛŮɚɚɞɜŰɘəɏɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰŬ ɛɧɜɘɛŬ 

űɞɟŰɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡố ɧɣɖ ůŰɖɜ ɛŮɚɏŰɖ.  

   ɇŬ ɛɧɜɘɛŬ űɞɟŰɑŬ ˊɞɡ ŭɟɞɡɜ ůŰŬ ůŰɏɔŬůŰɟŬ ˊɞɡ ɛŮɚŮŰɎɛŮ ŮɑɜŬɘ ŰŬ ŬəɧɚɞɡɗŬ (ůŮ 

ˊŬɟɏɜɗŮůɖ ŮɛűŬɜɑɕŮŰŬɘ Űɞ ɧɜɞɛŬ Űɤɜ űɞɟŰɑɤɜ ˊɞɡ ŭɧɗɖəŬɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ): 

 

1. Ȳŭɘɞɜ ɓɎɟɞɠ űŮɟɧɜŰɤɜ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ 

ɇɞ ɑŭɘɞɜ ɓɎɟɞɠ ɢɎɚɡɓŬ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ Ůɘŭɘəɧ ɓɎɟɞɠ Űɞɡ ɢɎɚɡɓŬ  

(ɔs=78,50 kN/m
3
) Ůˊɑ Űɞ ŮɛɓŬŭɧɜ Űɖɠ ŭɘŬŰɞɛɐɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ Űɤɜ ɛŮɚɩɜ. ɇɞ űɞɟŰɑɞ 

ŬɡŰɧ ɡˊɞɚɞɔɑɕŮŰŬɘ ŬɡŰɞɛɎŰɤɠ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ. 

 

2. ɄɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ 

ɇŬ ˊɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ ɔɘŬ ŰŬ ůŰɏɔŬůŰɟɎ ɛŬɠ ŬůəɞɨɜŰŬɘ ůŰɖɜ ŭɘůŭɘɎůŰŬŰɖ ŬɜɎɚɡůɖ, 

ɛɧɜɞ ůŰɖɜ ůŰɏɔɖ əŬɘ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ. ȷɡŰɎ ŮɑɜŬɘ Űɞ ŮˊɘűŬɜŮɘŬəɧ űɞɟŰɑɞ Űɤɜ űɨɚɚɤɜ 

ŮˊɘəɎɚɡɣɖɠ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ qŮˊɘəɎɚɡɣɖɠ = 0,204 kN/m
2
 əŬɘ Űɞɡ ɖɚŮəŰɟɞɛɖɢŬɜɞɚɞɔɘəɞɨ 

Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ qȼ/ɀ = 0,150 kN/m
2
. ȷɗɟɞɑɕɞɜŰŬɠ ŰŬ ŭɨɞ űɞɟŰɑŬ, ˊŬɑɟɜɞɡɛŮ Űɞ  
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ůɡɜɞɚɘəɧ ŮˊɘűŬɜŮɘŬəɧ ˊɟɧůɗŮŰɞ ɛɧɜɘɛɞ űɞɟŰɑɞ Űɤɜ ůŰŮɔɎůŰɟɤɜ.  

qadditional=0,354 kN/m
2
.  

3.3 ɀŮŰŬɓɚɖŰɏɠ ŭɟɎůŮɘɠ 
 

   ɆŰɘɠ ɛŮŰŬɓɚɖŰɏɠ ŭɟɎůŮɘɠ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

Űɖɜ ɢɟɐůɖ Űɞɡ əŰɘɟɑɞɡ əŬɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Ŭɜɗɟɩˊɤɜ, Ůˊɑˊɚɤɜ, əɘɜɖŰɞɨ 

Ůɝɞˊɚɘůɛɞɨ, ŬˊɞɗɖəŮɡɛɏɜɤɜ ŬɔŬɗɩɜ əŬɘ ɞɢɖɛɎŰɤɜ. ȿɧɔɤ Űɖɠ űɨůɖɠ Űɤɜ űɞɟŰɑɤɜ ŬɡŰɩɜ 

ŭŮɜ ŮɑɜŬɘ ŮˊŬəɟɘɓɏɠ Űɞ ɓɎɟɞɠ əŬɘ ɖ ɗɏůɖ Űɞɡɠ. ȰŰůɘ, ŰŬ ɛŮŰŬɓɚɖŰɎ űɞɟŰɑŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ 

ůŰŬŰɘůŰɘəɎ. Ƀɘ Űɘɛɏɠ Űɞɡɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ əŬɘ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ 

əŬŰɎ Űɞɜ ˊɚɏɞɜ ŭɡůɛŮɜɐ Űɟɧˊɞ ůŰɞɜ űɞɟɏŬ əŬɘ ɜŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŭɡůɛŮɜɏůŰŮɟɖ Ůˊɘɟɟɞɐ 

Űɞɡɠ. ȺˊŮɘŭɐ ɧɛɤɠ ɖ ˊɘɗŬɜɧŰɖŰŬ ŰŬɡŰɧɢɟɞɜɖɠ űɧɟŰɘůɖɠ ɧɚɞɡ Űɞɡ űɞɟɏŬ ɛŮ ɛŮŰŬɓɚɖŰɏɠ 

ŭɟɎůŮɘɠ ŮɑɜŬɘ ɛɘəɟɐ, ˊɟɞɓɚɏˊɞɜŰŬɘ əɎˊɞɘɞɘ ůɡɜŰŮɚŮůŰɏɠ ŬˊɞɛŮɑɤůɖɠ.  

   ɇŬ ɛɧɜɘɛŬ űɞɟŰɑŬ, ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ, ŮɑɜŬɘ Űɞ əɘɜɖŰɧ űɞɟŰɑɞ ůŰɏɔɖɠ (LIVELOADS). 

ŪŮɤɟɞɨɛŮ ɧŰɘ ɏɢɞɡɛŮ ɛɖ ɓŬŰɐ ůŰɏɔɖ əŬɘ Űɞ űɞɟŰɑɞ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ, ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ˊŬɟɞɡůɑŬ əɎˊɞɘɞɡ ŮɟɔɎŰɖ ˊɞɡ ŬɜŮɓŬɑɜŮɘ ůŰɖɜ ůŰɏɔɖ ɔɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐůŮɘ ɛɑŬ ŮˊɘůəŮɡɐ 

ɐ ɜŬ əŬɗŬɟɑůŮɘ Űɖɜ ˊŮɟɘɞɢɐ. 

qlive=0,50kN/m
2
. 

3.4 ȹɟɎůŮɘɠ Ŭɜɏɛɞɡ 
 

ɆŮ əɎɗŮ əŬŰŬůəŮɡɐ ɛŮɚŮŰɎŰŬɘ Űɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ Űɖɜ əŬŰŬˊɞɜŮɑ ůŰɘɠ ŰɏůůŮɟɘɠ 

ŭɘŮɡɗɨɜůŮɘɠ Űɞɡ ɞɟɑɕɞɜŰŬ, ŭɖɚŬŭɐ +ɉ, +Ɉ, -ɉ, -Ɉ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰŬ ɛɏɚɖ əŬɘ ŭɘŬůŰŬůɘɞɚɞɔŮɑŰŬ ɘɞ űɞɟɏŬɠ ɛŮ Űɞɜ ŭɡůɛŮɜɏůŰŮɟɞ 

ůɡɜŭɡŬůɛɧ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŮɝŬɘŰɑŬɠ Űɖɠ ůɡɛɛŮŰɟɘəɧŰɖŰŬɠ Űɞɡ űɞɟɏŬ ɤɠ ˊɟɞɠ Űɞɡɠ 

ɎɝɞɜŮɠ Ɉ,Ȼ, ŬɟəŮɑ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ɎɜŮɛɞɘ ɛŮ ŭɘŮɨɗɡɜůɖ +ɉ əŬɘ +Ɉ. ũɘŬ Űɖɜ 

ˊɟɞŭɘŬůŰŬůɘɞɚɧɔɖůɖ ůŮ ŭɘŬůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ, ɢɟŮɘɎɕŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ ɛɧɜɞ ɔɘŬ Űɞɜ 

ɎɜŮɛɞ +ɉ. ȳɚɖ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŭɟɎůŮɤɜ Űɞɡ 

Ŭɜɏɛɞɡ, ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞɜ ȺɡɟɤəɩŭɘəŬ 1, ɛɏɟɞɠ 1-4 (ȺɁ 1991-1-4). 

3.4.1 Ɉˊɞɚɞɔɘůɛɧɠ ɄɑŮůɖɠ ɇŬɢɨŰɖŰŬɠ ȷɘɢɛɐɠ 

3.4.1.1 ȾŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ 

ȳɚŮɠ ɞɘ ˊŮɟɘɞɢɏɠ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŬɜɎɔɚɡűɞ Űɞɡ ŮŭɎűɞɡɠ Űɞɡɠ. 

ɀɏůŬ Ŭˊɧ ŬɡŰɐ Űɖ ŭɘŬŭɘəŬůɑŬ, ˊɟɞəɨˊŰɞɡɜ ŰŬ ɨɣɖ zoəŬɘ zmin.  

ȷəɧɛɖ, ɡˊɎɟɢɞɡɜ ɎɚɚŬ ŭɨɞ ɨɣɖ ˊɞɡ ɢɟɖůɘɛŮɨɞɡɜ ůŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ. 

ɇɞ zmax əŬɘ Űɞ z0,II. 

¶ zmax, ŮɑɜŬɘ Űɞ ɛɏɔɘůŰɞ ɨɣɞɠ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɑůɞ ɛŮ 200m 

¶ zo ŮɑɜŬɘ Űɞ ɛɐəɞɠ ŰɟŬɢɨŰɖŰŬɠ əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 

¶ zmin, ŮɑɜŬɘ Űɞ ŮɚɎɢɘůŰɞ ɨɣɞɠ ˊɞɡ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 

¶ z0,II ŮɑɜŬɘ Űɞ ɛɐəɞɠ ŰɟŬɢɨŰɖŰŬɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮŭɎűɞɡɠ ȽȽ əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ 

ŮɡɟɤəɩŭɘəŬ 
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ɇɞ ůŰɏɔŬůŰɟɞ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ȷŰŰɘəɐɠ. Ⱥˊɘɚɏɔɤ 

əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ ȽȽ - ˊŮɟɘɞɢɐ ɛŮ ɢŬɛɖɚɐ ɓɚɎůŰɖůɖ ɧˊɤɠ ɔɟŬůɑŭɘ əŬɘ ɛŮɛɞɜɤɛɏɜŬ 

ŮɛˊɧŭɘŬ (ŭɏɜŰɟŬ, əŰɑɟɘŬ) ɛŮ ŬˊɧůŰŬůɖ ŰɞɡɚɎɢɘůŰɞɜ 20 űɞɟɏɠ Űɞ ɨɣɞɠ Űɤɜ Ůɛˊɞŭɑɤɜ. 

z0=0,05m əŬɘ zmin=2m  

 

3.4.1.2 ȸŬůɘəɐ ɇŬɢɨŰɖŰŬ Űɞɡ ȷɜɏɛɞɡ 

ȼ ɗŮɛŮɚɘɩŭɖɠ Űɘɛɐ Űɖɠ ɓŬůɘəɐɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, vb,0, ŮɑɜŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ 10 

ɚŮˊŰɩɜ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖ ŭɘŮɨɗɡɜůɐ Űɞɡ əŬɘ Ŭˊɧ Űɖɜ Ůˊɞɢɐ 

Űɞɡ ɏŰɞɡɠ, ůŰŬ 10m ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ůŮ ŬɜɞɘəŰɐ ˊŮɟɘɞɢɐ ɛŮ ɢŬɛɖɚɐ ɓɚɎůŰɖůɖ ɧˊɤɠ 

ɔɟŬůɑŭɘ əŬɘ ɛŮ ɛŮɛɞɜɤɛɏɜŬ ŮɛˊɧŭɘŬ ůŮ ŬˊɧůŰŬůɖ ŰɞɡɚɎɢɘůŰɞɜ 20 űɞɟɏɠ Űɞ ɨɣɞɠ Űɤɜ 

Ůɛˊɞŭɑɤɜ. ɆɨɛűɤɜŬ ɛŮ Űɞ Ůɗɜɘəɧ ˊɟɞůɎɟŰɖɛŬ, ɖ ɗŮɛŮɚɘɩŭɖɠ Űɘɛɐ Űɖɠ ɓŬůɘəɐɠ ŰŬɢɨŰɖŰŬɠ 

Űɞɡ Ŭɜɏɛɞɡ, Vb,0, ɞɟɑɕŮŰŬɘ ɔɘŬ ɏɜŬɜ Űɡˊɘəɧ ɎɜŮɛɞ ůŰɖɜ ȺɚɚɎŭŬ ůŮ: 

o 33m/s ɔɘŬ ŰŬ ɜɖůɘɎ əŬɘ ˊŬɟɎɚɘŬ ɛɏɢɟɘ 10km Ŭˊɧ Űɖɜ ŬəŰɐ  

o 27m/s ɔɘŬ Űɖɜ ɡˊɧɚɞɘˊɖ ɢɩɟŬ. 

o  

ȼ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

Vb = Cdir*Cseason*Vb,0                                                                                                       (3-1)     

 

ɧˊɞɡ: 

¶ Vb ŮɑɜŬɘ ɖ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ, ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ŭɘŮɨɗɡɜůɖɠ 

Űɞɡ Ŭɜɏɛɞɡ əŬɘ Űɖɠ Ůˊɞɢɐɠ Űɞɡ ɏŰɞɡɠ, ůŰŬ 10m ˊɎɜɤ Ŭˊɧ ɏŭŬűɞɠ əŬŰɖɔɞɟɑŬɠ ȽȽ 

¶ Vb,0 ŮɑɜŬɘ ɗŮɛŮɚɘɩŭɖɠ Űɘɛɐ Űɖɠ ɓŬůɘəɐɠ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ˊɞɡ ůɨɛűɤɜŬ ɛŮ Űɞ 

Ůɗɜɘəɧ ˊɟɞůɎɟŰɖɛŬ əŬɘ Űɖɜ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ əŬŰŬůəŮɡɐɠ Űɞɡ ɏɟɔɞɡ, ɖ Űɘɛɐ Űɖɠ 

ɘůɞɨŰŬɘ ɛŮ Vb,0 = 33m/s 

¶ Cdir ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŭɘŮɨɗɡɜůɖɠ, ɖ Űɘɛɐ Űɞɡ ɞˊɞɑɞɡ ɔɘŬ ŭɘɎűɞɟŮɠ ŭɘŮɡɗɨɜůŮɘɠ 

Ŭɜɏɛɞɡ ɘůɞɨŰŬɘ ɛŮ 1Ÿ Cdir  = 1 

¶ Cseason ŮɑɜŬɘ ɞ Ůˊɞɢɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ, ɖ Űɘɛɐ Űɞɡ ɞˊɞɑɞɡ ɘůɞɨŰŬɘ ɛŮ 1Ÿ Cseason =1  

 

Vb=Cdir*Cseason*Vb,0=1*1*33(m/s)=33m/s Ÿ Vb=33m/s 

 

 

3.4.1.3 ɆɡɜŰŮɚŮůŰɐɠ ɇɟŬɢɨŰɖŰŬɠ 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ, Cr(z), ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɛɏůɖɠ ŰŬɢɨŰɖŰŬɠ 

Ŭɜɏɛɞɡ ůŰɖ ɗɏůɖ Űɖɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ: 

      ï    Űɞɡ ɨɣɞɡɠ ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ 

      ï    Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ˊɟɞůɐɜŮɛɖɠ ˊŮɟɘɞɢɐɠ ůŰɖ ɗŮɤɟɞɨɛŮɜɖ ŭɘŮɨɗɡɜůɖ 

Űɞɡ Ŭɜɏɛɞɡ 

 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ: 

o Cr(z) = kr * ln( ), ɔɘŬ zmin Ò z Ò zmax                                                                                               (3-2) 

o Cr(z) = Cr(zmin), ɔɘŬ z Ò zmin                                                                                                                 (3-3) 
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ɧˊɞɡ: 

¶ kr = 0,19 * (
ȟ

)
0,07

                                                                                          (3-4) 

¶ z0 ŮɑɜŬɘ Űɞ ɛɐəɞɠ ŰɟŬɢɨŰɖŰŬɠ 

 

kr = 0,19 * (
ȟ

ȟ
)
0,07

 = 0,19 *1 = 0ȟ19 Ÿ kr=0,19 

 

Ɇɡɜɞɚɘəɧ ɨɣɞɠ ůŰŮɔɎůŰɟɤɜ: ze = 16m 

 

ũɘŬ, zmin=2m Ò ze=16m Ò zmax=200m:  

Cr(z) = kr* ln( ) Ÿ Cr(z) = 0,19*ln (
ȟ

) =1,10 Ÿ Cr (ze=16m)=1,10 

 

3.4.1.4 ɀɏůɖ ɇŬɢɨŰɖŰŬ ȷɜɏɛɞɡ 

ȼ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ ŬɜɏɛɞɡVm(z), ůŮ ɨɣɞɠ z ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ 

ŰɟŬɢɨŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɜ ŰɞˊɞɔɟŬűɑŬ əŬɘ Ŭˊɧ Űɖ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, Vb, 

əŬɘ ɗŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ Ůɝɑůɤůɖ: 

 

Vm(z) = Cr(z)* Co(z) * V b                                                                                                    (3-5) 

 

ɧˊɞɡ: 

¶ Vm(z) ŮɑɜŬɘ ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

¶ Cr(z) ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ Űɞɜ ɞˊɞɑɞ ɡˊɞɚɞɔɑůŰɖəŮ ŬɜŬɚɡŰɘəɎ ˊŬɟŬəɎŰɤ 

¶ Co(z) ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɜɎɔɚɡűɞɡ Űɞɡ ŮŭɎűɞɡɠ ˊɞɡ ɞɟɑɕŮŰŬɘ ůŰɞ Ůɗɜɘəɧ 

ˊɟɞůɎɟŰɖɛŬ ɛŮ Űɘɛɐ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ 1 Ÿ Co(z)=1 

¶ Vb ŮɑɜŬɘ ɖ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ  

 

Vm(z) = Cr(z)*Co(z)*Vb = 1,10*1*33 = 36,3m/s Ÿ Vm(ze=16m) = 36,30m/s 

 

3.4.1.5 ɆŰɟɞɓɘɚɘůɛɧɠ ȷɜɏɛɞɡ 

ȼ ɏɜŰŬůɖ Űɞɡ ůŰɟɞɓɘɚɘůɛɞɨ Iv(z) ůŮ ɨɣɞɠ z ɞɟɑɕŮŰŬɘ ɤɠ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ Űɞɡ 

ůŰɟɞɓɘɚɘůɛɞɨ ŭɘŬɘɟɞɨɛŮɜɖ ɛŮ Űɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. Ƀɘ ˊɟɞŰŮɘɜɧɛŮɜɞɘ əŬɜɧɜŮɠ ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ lv(z) ŭɑɜɞɜŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ Ůɝɑůɤůɖ: 

 

Iv(z) = 
 z  

              ɔɘŬ zmin Ò z Ò zmax                                                              (3-6) 

Iv(z) = Iv(zmin),                        ɔɘŬ z Ò zmin                                                                         (3-7) 

 

ɧˊɞɡ: 

¶ k1 ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůŰɟɞɓɘɚɘůɛɞɨ. ȼ Űɘɛɐ Űɞɡ k1 ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɛɘŬ 

ɢɩɟŬ ɛˊɞɟŮɑ ɜŬ ŭɑɜŮŰŬɘ ůŰɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ. ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ Űɘɛɐ Űɞɡ k1= 1. 

¶ z0 ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ 
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¶ c0(z) ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬɜɎɔɚɡűɞɡ Űɞɡ ŮŭɎűɞɡɠ. ȿŬɛɓɎɜŮŰŬɘ c0(z)=1 

 

Ɇɡɜɞɚɘəɧ ɨɣɞɠ ůŰŮɔɎůŰɟɤɜ: ze = 16m 

ũɘŬ, zmin = 2m Ò ze = 16m Ò zmax= 200m:  

Iv(z) = 
 z  

 = 
ᶻ

ȟ

 = 0,17 Ÿ lv(ze=16m) = 0,17 

 

3.4.1.6 ɄɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

ȼ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ qp(z) ůŮ ɨɣɞɠ z, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɏůɖ əŬɘ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ 

ŭɘŬəɡɛɎɜůŮɘɠ ŰŬɢɨŰɖŰŬɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ: 

 

qp(z) = [1 + 7*I v(z)] * 0,50 * ɟ * Vm
2
(z)                                                                           (3-8) 

 

ɧˊɞɡ 

¶ Iv(z) ŮɑɜŬɘ ɖ ɏɜŰŬůɖ Űɞɡ ůŰɟɞɓɘɚɘůɛɞɨ Űɞɡ Ŭɜɏɛɞɡ 

¶ ɟ ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŬɏɟŬ, ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɡɣɧɛŮŰɟɞ, Űɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ 

Űɖ ɓŬɟɞɛŮŰɟɘəɐ ˊɑŮůɖ ˊɞɡ ŬɜŬɛɏɜɞɜŰŬɘ ůŮ ɛɘŬ ˊŮɟɘɞɢɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

ŬɜŮɛɞɗɡŮɚɚɩɜ əŬɘ ŮɑɜŬɘ ɑůɖ ɛŮ 

ɟ = 1,25 kg/m
3
=1,25*10

-3
kN/m

3
 

¶ Vm(z) ŮɑɜŬɘ ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 

 

ɈˊɞɚɞɔɑɕŮŰŬɘ ˊŬɟŬəɎŰɤ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ɔɘŬ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ. ȼ Űɘɛɐ Űɖɠ 

ˊɑŮůɖɠ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ɔɘŬ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ ŮɑɜŬɘ ɖ ɑŭɘŬ, ŭɘɧŰɘ ɏɢɞɡɜ Űɞ ɑŭɘɞ ɨɣɞɠ 

ze=16m 

 

qp(ze) = [1+7*Iv(ze)*0,50*ɟ*Vm
2
(ze)=[1+7*0,17]*0,50*1,25*10

-3
* (36,3)

2
 =  

            1,82 kN/m
2
 Ÿ qp(ze=16m)=1,82 kN/m

2 

 

3.4.2 ȺůɤŰŮɟɘəɏɠ ɄɘɏůŮɘɠ Űɞɡ ȷɜɏɛɞɡ 

ȼ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ŭɟŬ ůŰɘɠ ŮůɤŰŮɟɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɛɘŬɠ əŬŰŬůəŮɡɐɠ, Wi, ɗŬ 

ɚŬɛɓɎɜŮŰŬɘ ŬˊɧŰɖɜ Ůɝɑůɤůɖ: 

W i = qp(ze) * Cpi,                                                                                                              (3-9) 

 

ɧˊɞɡ: 

¶ qp(ze) ŮɑɜŬɘ ɖ ˊɑŮůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

¶ ze ŮɑɜŬɘ Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ 

¶ Cpi ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ˊɑŮůɖɠ ɔɘŬ Űɖɜ ŮůɤŰŮɟɘəɐ ˊɑŮůɖ 
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3.4.2.1 ɆɡɜŰŮɚŮůŰɐɠ ˊɑŮůɖɠ ɔɘŬ Űɖɜ ŮůɤŰŮɟɘəɐ ˊɑŮůɖ 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɚŬɛɓɎɜŮɘ ŭɨɞ Űɘɛɏɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ 

Ŭɜɏɛɞɡ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ: 

 

¶ ɄɑŮůɖ Ŭɜɏɛɞɡ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ: Cpi,in_out = 0,20 

¶ ɄɑŮůɖ Ŭɜɏɛɞɡ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ: Cpi, out_in= -030 

 

3.4.2.2 ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ əŬɘ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ 

ɆɡɜŮˊɩɠ, ɔɘŬ qp(ze) = 1,82 kN/m
2
, ze = 16m, Cpi,in_out = 0,20, Cpi, out_in= -030, 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ŮůɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ 

 

Wi,in_out= qp(ze)*Cpi,in_out = 1,82*0,20  Ÿ W i,in_out = 0,36 kN/m
2
 

Wi,out_in= qp(ze)*Cpi,out_in = 1,82*(-0,30)  Ÿ W i,out_in = -0,55 kN/m
2
 

 

3.4.3 ȺɝɤŰŮɟɘəɐ ɃɟɘɕɧɜŰɘŬ ȷɜŮɛɞˊɑŮůɖ 

3.4.3.1 ȾŬŰŬɜɞɛɐ ˊɑŮůɖɠ Ŭɜɏɛɞɡ 

 

   ȺɝŮŰɎɕŮŰŬɘ ɞ Űɟɧˊɞɠ ˊɞɡ əŬŰŬɜɏɛŮŰŬɘ ɖ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Űɤɜ 

ůŰŮɔɎůŰɟɤɜ. 

   ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ Űɤɜ Ŭɜɏɛɤɜ +ɉ, +Ɉ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ 

Űɤɜ ůŰŮɔɎůŰɟɤɜ ŮɝŮŰɎɕŮŰŬɘ ɖ əɎŰɞɣɖ əŬɘ ɖ ˊɚŮɡɟɎ Űɤɜ ůŰŮɔɎůŰɟɤɜ, ɧˊɞɡ ɢŰɡˊɎŮɘ ɞ 

ɎɜŮɛɞɠ. ȼ ˊɟɞůɐɜŮɛɖ ůŰɞɜ ɎɜŮɛɞ ˊɚŮɡɟɎ, ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ D əŬɘ ɖ ɡˊɐɜŮɛɖ ˊɚŮɡɟɎ ɤɠ 

Ⱥ, Ůɜɩ ɞɘ əɎɗŮŰŮɠ ůŮ ŬɡŰɏɠ ˊɚŮɡɟɏɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ɕɩɜŮɠ A,B,C ˊɞɡ Űɞ ˊɚɎŰɞɠ Űɞɡɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟɎɔɞɜŰŬ e. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ŮɡɟɤəɩŭɘəŬ 1 ɏɢɞɡɛŮ: 

 
ɆɢɐɛŬ 3.1 Ʉɟɞůŭɘɞɟɘůɛɧɠ ˊŬɟɎɔɞɜŰŬ e ɔɘŬ e<d 
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ɆɢɐɛŬ 3.2 Ʉɟɞůŭɘɞɟɘůɛɧɠ ˊŬɟɎɔɞɜŰŬ e ɔɘŬ e Ó 5d 

 

 

   ȷűɞɨ ˊɟɞůŭɘɞɟɑůɞɡɛŮ Űɞ ŮɛɓŬŭɧɜ Űɤɜ ɕɤɜɩɜ A,B,C,D,E ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

ˊŬɟŬˊɎɜɤ ɡˊɧɛɜɖɛŬ, ůɡɔəɟɑɜŮŰŬɘ ɖ Űɘɛɐ Űɞɡ ɛŮ Űɘɠ Űɘɛɏɠ 1m
2
əŬɘ 10m

2 
əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɞ 

ůɡɜŰŮɚŮůŰɐ Cpe. ȷˊɧ Űɞɜ ŮɡɟɤəɩŭɘəŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ Cpe ɔɘŬ əŬŰŬəɧɟɡűɞɡɠ 

Űɞɑɢɞɡɠ əŰɘɟɑɤɜ ɞɟɗɞɔɤɜɘəɐɠ əɎŰɞɣɖɠ 

   ɇɞ ɗŮŰɘəɧ ˊɟɧůɖɛɞ Űɞɡ ůɡɜŰŮɚŮůŰɐ Cpe əŬɘ, ůɡɜŮˊɩɠ, Űɖɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ Űɞɡ Ŭɜɏɛɞɡ 

ˊɞɡ əŬŰŬˊɞɜŮɑ ŰŬ əŬŰŬəɧɟɡűŬ ůŰɞɘɢŮɑŬ Űɞɡ ůŰŮɔɎůŰɟɞɡ (ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ ɛŮŰɤˊɘəɞɑ 

ůŰɨɚɞɘ), ɡˊɞŭɖɚɩɜŮɘ ɗɚɘˊŰɘəɏɠ ˊɘɏůŮɘɠ, Ůɜɩ Űɞ ŬɟɜɖŰɘəɧ ˊɟɧůɖɛɞ ɡˊɞŭɖɚɩɜŮɘ 

ŮűŮɚəɡůŰɘəɏɠ ˊɘɏůŮɘɠ. 

 

ɆŰɏɔŬůŰɟɞ 1 

ȴɣɞɠ ɡˊɞůŰɡɚɤɛɎŰɤɜ: h=9m 

ɄɚɎŰɞɠ ůŰŮɔɎůŰɟɞɡ: b=40m 

 

h=9m < b=40m  Ÿ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ Űɞɡ Ŭɜɏɛɞɡ əŬŰɎ ɨɣɞɠ 

                            Ÿ qp(ze) =1,82 kN/m
2
 əŬŰɎ ɨɣɞɠ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ 

 

ɆŰɏɔŬůŰɟɞ 2 

ȴɣɞɠ ɡˊɞůŰɡɚɤɛɎŰɤɜ: h=16m 

ɄɚɎŰɞɠ ůŰŮɔɎůŰɟɞɡ: b=40m 

 

h=16m < b=40m Ÿ ɏɢɤ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɖɠ ˊɑŮůɖɠ Űɞɡ Ŭɜɏɛɞɡ əŬŰɎɨɣɞɠ   

                             Ÿqp(ze) =1,82 kN/m
2
 əŬŰɎ ɨɣɞɠ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ 
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3.4.4 ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ 

3.4.4.1 ȼ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

We = qp(ze) * Cpe                                                                                                                         (3.10) 

ɧˊɞɡ: 

V We ŮɑɜŬɘ ɖ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ 

V qp(ze) ŮɑɜŬɘ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

V Cpe ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

 

3.4.4.2 ȯɜŮɛɞɠ +ɉ 

ɄɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ˊɚŮɡɟɏɠ D, E əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ b, d ɔɘŬ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ 

 

ɆŰɏɔŬůŰɟɞ 1 

d = 40m 

b = 96m 

h = 9m 

e = min { b, 2h} = min {96, 2*9} = min{96, 18} Ÿ e =18m 

 

ȳɣɖ ɔɘŬ e=18m < d=40m 

 

 
 

ɆɢɐɛŬ 3.3 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɕɤɜɩɜ A,B,C ůŰŮɔɎůŰɟɞɡ 1 ɔɘŬ ɎɜŮɛɞ +ɉ 

 

ȷˊɧ ˊɑɜŬəŬ 7.1 Űɞɡ ŮɡɟɤəɩŭɘəŬ ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 1 ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ŮɝɤŰŮɟɘəɐɠ ́ ɑŮůɖɠ ɔɘŬ Űɘɠ ɕɩɜŮɠ A,B,C,D,E, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɖɚɑəɞ h/d 

 

h/d = 9/40 Ÿ h/d = 0,225 

 

Ɉˊɞɚɞɔɘůɛɧɠ ŮɛɓŬŭɩɜ ɕɤɜɩɜ A,B,C,D,E 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ A = h*(e/5) = 9*3,60 = 32,40m
2 
> 10m

2 
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ B = h*(4* e/5) = 9*14,40 = 129,60m
2 
 > 10m

2 
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ C = h*(d-e) = 9*22 = 198m
2 
> 10m

2 
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ D = h*b = 9*96 = 864m
2
 > 10m

2 
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ E = h*  b = 9*96 = 864m
2 
> 10m

2 
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ȺűŬɟɛɧɕŮŰŬɘ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ůŰŬ Cpe Űɞɡ ˊɑɜŬəŬ 7.1 əŬɘ ɡ́ ɞɚɞɔɑɕŮŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ 

ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1 ɔɘŬ ȯɜŮɛɞ +ɉ: 

 

Ȼɩɜɖ A: We,ȷ = qp(ze)*Cpe,10 (ȷ) = 1,82 (kN/m
2
)* (-1,20) Ÿ We,ȷ= -2,18 kN/m

2
 

Ȼɩɜɖ B: We,B = qp(ze)*Cpe,10 (B) = 1,82 (kN/m
2
)* (-0,80) Ÿ We,B= -1,46 kN/m

2
 

Ȼɩɜɖ C : We,C = qp(ze)*Cpe,10 (C) = 1,82 (kN/m
2
)*( -1,20) Ÿ We,C= -0,91 kN/m

2
 

Ȼɩɜɖ D: We,D = qp(ze)*Cpe,10 (D) = 1,82 (kN/m
2
)* (-1,20) Ÿ We,D= 1,27 kN/m

2
 

Ȼɩɜɖ E: We,E = qp(ze)*Cpe,10 (E) = 1,82 (kN/m
2
)* (-1,20) Ÿ We,E= - 0,55 kN/m

2
 

 

ɆŰɏɔŬůŰɟɞ 2 

d = 40m 

b =96m 

h = 16m 

e = min{ b,2h} = min{96,2*16} = min{96,32} Ÿ e = 32m 

 

 

ȳɣɖ ɔɘŬ e=32m < d=40m 

 
ɆɢɐɛŬ 3.4 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɕɤɜɩɜ A,B,C ůŰŮɔɎůŰɟɞɡ 2 ɔɘŬ ɎɜŮɛɞ +ɉ 

 

ȷˊɧ ˊɑɜŬəŬ 7.1 Űɞɡ ŮɡɟɤəɩŭɘəŬ ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 1 ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ŮɝɤŰŮɟɘəɐɠ ́ ɑŮůɖɠ ɔɘŬ Űɘɠ ɕɩɜŮɠ A,B,C,D,E, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɖɚɑəɞ h/d 

 

h/d = 16/40 Ÿ h/d = 0,40 

 

Ɉˊɞɚɞɔɘůɛɧɠ ŮɛɓŬŭɧɜ ɕɤɜɩɜ A,B,C,D,E 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ A = h*(e/5) = 16*6,40 = 102,40m
2
 > 10m

2 
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ B = h*(4* e/5) = 16*25,60 = 409,60m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ C = h* (d-e) = 16*8 = 128m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ D = h*b = 16*96 = 1536m
2
 > 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ E = h*b = 16*96 = 1536m
2
 > 10m

2
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ȺűŬɟɛɧɕŮŰŬɘ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ůŰŬ Cpe Űɞɡ ˊɑɜŬəŬ 7.1 əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ 

ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 2 ɔɘŬ ȯɜŮɛɞ +ɉ: 

 

Ȼɩɜɖ A: We,ȷ = qp(ze)*Cpe,10 (ȷ) = 1,82(kN/m
2
)* (-1,20) Ÿ We,ȷ = -2,18 kN/m

2
 

Ȼɩɜɖ B: We,B = qp(ze)*Cpe,10 (B) = 1,82(kN/m
2
)* (-0,80) Ÿ We,B = -1,46 kN/m

2
 

Ȼɩɜɖ C : We,C = qp(ze)*Cpe,10 (C) = 1,82(kN/m
2
)* (- 0,50) ŸWe,C = -0,91 kN/m

2
 

Ȼɩɜɖ D: We,D = qp(ze)*Cpe,10 (D) = 1,82(kN/m
2
)* (0,72)ŸWe,D = 1,31kN/m

2
 

Ȼɩɜɖ E: We,E = qp(ze)*Cpe,10 (E) = 1,82(kN/m
2
)* (-0,34) ŸWe,E = -0,62 kN/m

2
 

 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɔɘŬ Űɖɜ ŭɘůŭɘɎůŰŬŰɖ ŬɜɎɚɡůɖ Űɤɜ 2 ůŰŮɔɎůŰɟɤɜ, ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛɧɜɞ ɞɘ ŮɝɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ We,D əŬɘ We,E. Ƀɘ ˊɘɏůŮɘɠ We,A, We,B əŬɘ We,C 

ɗŬ ɢɟɖůɘɛŮɨůɞɡɜ ůŰɖɜ ŰɟɘůŭɘɎůŰŬŰɖ ůɢŮŭɑŬůɖ. 

 

3.4.4.3 ȯɜŮɛɞɠ+Ɉ 

ɄɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ˊɚŮɡɟɏɠ D, E əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ b, d ɔɘŬ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ 

ɆŰɏɔŬůŰɟɞ 1 

b=40m 

d=96m 

h = 9m 

e = min{ b, 2h}=min{40, 2*9}=min{40,18} Ÿ e =18m 

 

ȳɣɖ ɔɘŬ e = 18m<d = 96m 

 

 
ɆɢɐɛŬ 3.5 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɕɤɜɩɜ A,B,C ůŰŮɔɎůŰɟɞɡ 1 ɔɘŬ ɎɜŮɛɞ +Ɉ 

 

ȷˊɧ ˊɑɜŬəŬ 7.1 ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 2 ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɝɤŰŮɟɘəɐɠ 

ˊɑŮůɖɠ ɔɘŬ Űɘɠ ɕɩɜŮɠ A,B,C,D,E, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɖɚɑəɞ h/d 

h/d = 9/96 Ÿ h/d = 0,09 

 

Ɉˊɞɚɞɔɘůɛɧɠ ŮɛɓŬŭɩɜ ɕɤɜɩɜ A,B,C,D,E 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ A = h*(e/5) = 9*3,60 = 32,40m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ B = h*(4* e/5) = 9*14,40 = 129,60m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ C =h*(d-e) = 9*78 = 702m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ D =h*b = 9*40 = 360m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ E = h*b = 9*40 = 360m
2
 > 10m

2
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ȺűŬɟɛɧɕŮŰŬɘ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ůŰŬ Cpe Űɞɡ ˊɑɜŬəŬ 7.1 əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ 

ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1 ɔɘŬ ȯɜŮɛɞ +Y: 

 

Ȼɩɜɖ A: We,ȷ = qp(ze)*Cpe,10 (ȷ) = 1,82 (kN/m
2
)* (-1,20) Ÿ We,ȷ = -2,18 kN/m

2
 

ȻɩɜɖB: We,B = qp(ze)*Cpe,10 (B) = 1,82 (kN/m
2
)* (-0,80) Ÿ We,B = -1,46 kN/m

2
 

ȻɩɜɖC : We,C = qp(ze)*Cpe,10 (C) = 1,82 (kN/m
2
)* (-0,50) Ÿ We,C = -0,91 kN/m

2
 

ȻɩɜɖD: We,D = qp(ze)*Cpe,10 (D) = 1,82 (kN/m
2
)* (0,68) Ÿ We,D = 1,24 kN/m

2
 

Ȼɩɜɖ E: We,E = qp(ze)*Cpe,10 (E) = 1,82 (kN/m
2
)* (-0,26) Ÿ We,E = - 0,47 kN/m

2
 

 

ɆŰɏɔŬůŰɟɞ 2 

b= 40m 

d = 96m 

h = 16m 

e = min{ b,2h} = min{40,2*16} = min{40,32} Ÿ e = 32m 

 

ȳɣɖ ɔɘŬ e=32m < d=96m 

 
ɆɢɐɛŬ 3.6 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɕɤɜɩɜ A,B,C ůŰŮɔɎůŰɟɞɡ 2 ɔɘŬ ɎɜŮɛɞ +Ɉ 

 

ȷˊɧ ˊɑɜŬəŬ 7.1 ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 2 ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ Űɘɠ 

ɕɩɜŮɠ A,B,C,D,E, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɖɚɑəɞ h/d: 

h/d = 16/96 Ÿ h/d = 0,17 

 

Ɉˊɞɚɞɔɘůɛɧɠ ŮɛɓŬŭɩɜ ɕɤɜɩɜ A,B,C,D,E 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ A = h*(e/5) = 16*6,40 = 102,40m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ B = h*(4* e/5) = 16*25,60 = 409,60m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ C = h* (d-e) = 16*78 = 1248m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ D = h*b = 16*40 = 640m
2 
> 10m

2
 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ E = h*b = 16*40 = 640m
2 
> 10m

2
 

 

ȺűŬɟɛɧɕŮŰŬɘ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ůŰŬ Cpe Űɞɡ ˊɑɜŬəŬ 7.1 əŬɘ ɡ́ ɞɚɞɔɑɕŮŰŬɘ ɖ ɞɟɘɕɧɜŰɘŬ 

ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 2 ɔɘŬ ȯɜŮɛɞ +Y 

Ȼɩɜɖ A: We,ȷ = qp(ze)*Cpe,10 (ȷ) = 1,82(kN/m
2
)* (-1,20) Ÿ We,ȷ= -2,18 kN/m

2
 

Ȼɩɜɖ B: We,B = qp(ze)*Cpe,10 (B) = 1,82(kN/m
2
)* (-0,80) Ÿ We,B= -1,46 kN/m

2
 

Ȼɩɜɖ C : We,C = qp(ze)*Cpe,10 (C) = 1,82(kN/m
2
)* (-0,50) Ÿ We,C= -0,91 kN/m

2
 

ȻɩɜɖD: We,D = qp(ze)*Cpe,10 (D) = 1,82(kN/m
2
)* (0,69) Ÿ We,D= 1,26kN/m

2
 

Ȼɩɜɖ E: We,E = qp(ze)*Cpe,10 (E) = 1,82(kN/m
2
)* (- 0,28) Ÿ We,E= -0,51 kN/m

2
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3.4.5 ɄɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ůŰɏɔɖ 

ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ůŰɏɔɖ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ. ȷɟɜɖŰɘəɐ ˊɑŮůɖ Űɞɡ 

Ŭɜɏɛɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ űɞɟɎ Űɞɡ ŮɑɜŬɘ ˊɟɞɠ ŰŬ ˊɎɜɤ, Ůɜɩ ɗŮŰɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůɖɛŬɑɜŮɘ 

ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ˊɟɞɠ ŰŬ əɎŰɤ. 

 

3.4.5.1 ȯɜŮɛɞɠ +ɉ 

ɆŰɏɔŬůŰɟɞ 1 

 

ũɘŬ Űɞɜ ɎɜŮɛɞ +ɉ, ɞ ŮɡɟɤəɩŭɘəŬɠ 1 ˊŬɟɞɡůɘɎɕŮɘ Űɞ ůɢɐɛŬ 7.11 əŬɘ ŭɑɜŮɘ ůŬűɐɠ ɞŭɖɔɑŮɠ 

ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ Cpe,10 ůŰɖɜ ˊŬɟɎɔɟŬűɞ 7.2.8 Űɞɡ ŮɡɟɤəɩŭɘəŬ 1 (ŭɟɎůŮɘɠ Ŭɜɏɛɞɡ) 

ï Ⱦɡɚɘɜŭɟɘəɏɠ ůŰɏɔŮɠ əŬɘ ɗɧɚɞɘ 

 

ȷˊɧ Űɞ ůɢɐɛŬ 7.11 Űɞɡ ŮɡɟɤəɩŭɘəŬ ŬɜŰɚɞɨɜŰŬɘ ɞɘ Ůɝɐɠ ˊɚɖɟɞűɞɟɑŮɠ: h=9m, f=7m, d=40m 

 

ȴɣɞɠ ŬɜŬűɞɟɎɠ: ze=h+f=9+7 Ÿ ze=16m 

f/d = 7/40=0,175 Ÿ f/d=0,175 

h/d = 9/40 Ÿ h/d=0,225 

 

ȺűŬɟɛɧɕŮŰŬɘ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ůŰɞ ŭɘɎɔɟŬɛɛŬ ˊɞɡ ŭɑŭŮŰŬɘ ůŰɞɜ ŮɡɟɤəɩŭɘəŬ ɔɘŬ f/d 

əŬɘ h/d əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ˊɑŮůɖɠ Ŭɜɏɛɞɡ ůŰɖɜ ůŰɏɔɖ Cpe,10 ɔɘŬ Űɘɠ ɕɩɜŮɠ 

A,B,C 

ɄɑɜŬəŬɠ 3.1 Ʉɟɞůŭɘɞɟɘůɛɧɠ űɞɟŰɑɤɜ ůŰɏɔɖɠ ůŰŮɔɎůŰɟɞɡ 1 ɔɘŬ ɎɜŮɛɞ +ɉ 

ȹŮŭɞɛɏɜŬ ŭɘŬůŰɎůŮɤɜ ůŰŮɔɎůŰɟɞɡ h(m) 9 

 

f(m) 7 

 

d(m) 40 

   ɄŬɟɎɛŮŰɟɞɘ ɡˊɞɚɞɔɘůɛɞɨ Cpe,10 f/d 0,175 

 

h/d 0,225 

   Cpe,10 ɔɘŬ Űɘɠ 3 ɕɩɜŮɠ Cpe,10 (A) -0,39 

 

Cpe,10 (A) -0,88 

 

Cpe,10 (A) -0,4 

   ɄɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ qp(ze) (kN/m
2
) 1,82 

   ȺɝɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ ůŰɏɔɖɠ We,ůŰɏɔɖɠ (ȷ) (kN/m
2
) -0,71 

 

We,ůŰɏɔɖɠ (B) (kN/m
2
) -1,6 

 

We,ůŰɏɔɖɠ (C)  (kN/m
2
) -0,73 

   ɀɐəɞɠ ŮˊɑŭɟŬůɖɠ ˊɑŮůɖɠ ůŰɖɜ ůŰɏɔɖ Lȷ (m) 11,03 

 

LB (m) 22,06 

 

LC (m) 11,03 



- 36 - 

 

ȺɝɤŰŮɟɘəɏɠ ɄɘɏůŮɘɠ ȷɜɏɛɞɡ ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 1 

 

We,ůŰɏɔɖɠ (ȷ) = -0,71 kN/m
2 
ˊɞɡ ŬůəŮɑŰŬɘ ůŮ ɛɐəɞɠ L,A=11,03m 

We,ůŰɏɔɖɠ (B) = -1,60 kN/m
2 
ˊɞɡ ŬůəŮɑŰŬɘ ůŮ ɛɐəɞɠ L,B=22,06m 

We,ůŰɏɔɖɠ (C) = -0,73 kN/m
2 
ˊɞɡ ŬůəŮɑŰŬɘ ůŮ ɛɐəɞɠ L,C=11,03m 

 

 

 
ɆɢɐɛŬ 3.7 ȺɝɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ Ŭɜɏɛɞɡ ůŰɞ ůŰɏɔŬůŰɟɞ 1 

 

 

ɆŰɏɔŬůŰɟɞ 2 

ɄɟɞůɞɛɞɘɩɜŮŰŬɘ ɖ əŬɛˊɨɚɖ ůŰɏɔɖ Űɞɡ űɞɟɏŬ ɤɠ ŭɘəɚɘɜɐ ůŰɏɔɖ, ŭɘɧŰɘ ˊɟɞůŮɔɔɑɕŮɘ 

ůɖɛŬɜŰɘəɎ Űɞ ɡˊɎɟɢɞɜ ůɢɐɛŬ. ũɘŬ ɎɜŮɛɞ ɗ = 0Á ɞ ŮɡɟɤəɩŭɘəŬɠ ŭɑɜŮɘ ˊɞɚɨŰɘɛŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ˊɘɏůŮɤɜ Űɞɡ Ŭɜɏɛɞɡ ůŰɖɜ ůŰɏɔɖ. 

 

ɆɡɜŭɏɞɜŰŬɘ ŰŬ 2 ɎəɟŬ Űɖɠ əŬɛˊɨɚɖɠ ɛŮ Űɞ ɛɏůɞ Űɖɠ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɔɤɜɑŬ ˊɞɡ 

ůɢɖɛŬŰɑɕŮŰŬɘ ůŮ ůɢɏůɖ ɛŮ Űɞ ɞɟɘɕɧɜŰɘɞ ŮˊɑˊŮŭɞ. ȼ ɔɤɜɑŬ ɘůɞɨŰŬɘ ɛŮ Ŭ=-11,31Á (ŬɟɜɖŰɘəɐ 

ɔɤɜɑŬ əɚɑůɖɠ). 

 
ɆɢɐɛŬ 3.8 Ʉɟɞůɞɛɞɑɤůɖ əŬɛˊɨɚɖɠ ɛŮ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ 

 

 

ũɘŬ b=96m əŬɘ h=16m: 

e = min{ b,2*h} = min{96,32} Ÿ e = 32m 
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ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ ɔɘŬ ȯɜŮɛɞ +ɉ 

 

ȷˊɧ Űɞɜ ˊɑɜŬəŬ 7.4Ŭ Űɞɡ ŮɡɟɤəɩŭɘəŬ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ 

ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ ɔɘŬ ȯɜŮɛɞ +ɉ. 

  

ũɘŬ Ŭ = -11,31Ü ŮűŬɟɛɧɕɞɜŰŬɠ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ɏɢɤ: 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ F:  8*3,20 = 25,60m
2 
> 10m

2 
 Ÿ Cpe,10(F) = -2,43 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ G: 80*3,20 = 256m
2 
> 10m

2 
Ÿ Cpe,10(G) = -1,26 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ H: 96*16,80 = 1612,80m
2 
> 10m

2 
Ÿ Cpe,10(H) = -0,86 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ I : 96*16,80 = 1612,80m
2 
> 10m

2
 Ÿ Cpe,10(I) = -0,24 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ J: 96*3,20 = 307,20m
2 
> 10m

2
 Ÿ Cpe,10(J) = -0,37 

 

ȺɝɤŰŮɟɘəɏɠ ɄɘɏůŮɘɠ ȷɜɏɛɞɡ ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 2 

We,əŬɛˊɨɚɞ,F, 2 (+X) = qp(ze)*Cpe,10(F) = 1,82*(-2,43) Ÿ We,əŬɛˊɨɚɞ,F, 2 (+X) = -4,42 kN/m
2
 

We,əŬɛˊɨɚɞ,G, 2 (+X) = qp(ze)*Cpe,10(G) = 1,82*(-1,26) Ÿ We,əŬɛˊɨɚɞ,G, 2 (+X) = -2,29 kN/m
2
 

We,əŬɛˊɨɚɞ,H, 2 (+X) = qp(ze)*Cpe,10(H) = 1,82*(-0,86) Ÿ We,əŬɛˊɨɚɞ,H, 2 (+X) = -1,57 kN/m
2
 

We,əŬɛˊɨɚɞ,I, 2 (+X) = qp(ze)*Cpe,10(I) = 1,82*(-0,24) Ÿ We,əŬɛˊɨɚɞ,I, 2 (+X) = -0,44 kN/m
2
 

We,əŬɛˊɨɚɞ,J, 2 (+X) = qp(ze)*Cpe,10(J)= 1,82*(-0,37) Ÿ We,əŬɛˊɨɚɞ,J, 2 (+X) = -0,67 kN/m
2
 

 

3.4.5.2 ȯɜŮɛɞɠ +Ɉ 

Ʉɟɞůɞɛɞɑɤůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1 ɤɠ ŭɘəɚɘɜɐ ůŰɏɔɖ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ, ɏɢɤ 

ůŰɏɔɖ ɛŮ ŬɟɜɖŰɘəɐ ɔɤɜɑŬ əɚɑůɖɠ Ŭ= -11,31Á. 

 

 
ɆɢɐɛŬ 3.9 Ʉɟɞůɞɛɞɑɤůɖ űɞɟɎɠ Ŭɜɏɛɞɡ +Ɉ ůŮ ŭɘəɚɘɜɐ ůŰɏɔɖ ï  

ȹɘŬůŰɎůŮɘɠ ï Ʉɟɞůŭɘɞɟɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ e 

 

ũɘŬ b=40m, d=96m əŬɘ h=9m Ÿ e = min{ b, 2h} Ÿ e=  min{40,18} Ÿ e=18m 

 

3.4.5.3 ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ ɔɘŬ ȯɜŮɛɞ +Y 

ȷˊɧ Űɞɜ ˊɑɜŬəŬ 7.4ɓ Űɞɡ ŮɡɟɤəɩŭɘəŬ ɡˊɞɚɞɔɑɕɤ Űɞɜ ůɡɜŰŮɚŮůŰɐ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ 

ŭɘəɚɘɜɐ ůŰɏɔɖ ɔɘŬ ȯɜŮɛɞ +Ɉ 
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ɄɑɜŬəŬɠ 3.2 Ʉɟɞůŭɘɞɟɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ űɞɟŰɑɤɜ Ŭɜɏɛɞɡ +Ɉ, Cpe 

 
 

ũɘŬ Ŭ = -11,31Ü ŮűŬɟɛɧɕɞɜŰŬɠ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ ɏɢɤ: 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ F: 1,80*4,50 = 8,10m
2 
< 10m

2 
 Ÿ Cpe,(8,10m

2
)(F) = -1,84 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ G: 1,80*31 = 55,8m
2 
> 10m

2 
Ÿ Cpe,10(G) = -1,25 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ H: 9*40 = 360m
2 
> 10m

2 
Ÿ Cpe,10(H) = -0,70 

ȺɛɓŬŭɧɜ ɕɩɜɖɠ I: 40*87 = 3480m
2
> 10m

2
 Ÿ Cpe,10(I) = -0,60 

 

ȺɝɤŰŮɟɘəɏɠ ɄɘɏůŮɘɠ ȷɜɏɛɞɡ ɔɘŬ Űɞ ůŰɏɔŬůŰɟɞ 1 

 

We,əŬɛˊɨɚɞ,F,1 (+Y) = qp(ze)*Cpe,10(F) = 1,82*(-1,84) Ÿ We,əŬɛˊɨɚɞ,F, 1 (+Y) = - 3,35kN/m
2
 

We,əŬɛˊɨɚɞ,G,1 (+Y) = qp(ze)*Cpe,10(G) = 1,82*(-1,25) Ÿ We,əŬɛˊɨɚɞ,G,1 (+Y) = - 2,28kN/m
2
 

We,əŬɛˊɨɚɞ,H, 1 (+Y) = qp(ze)*Cpe,10(H) = 1,82*(-0,70) Ÿ We,əŬɛˊɨɚɞ,H, 1 (+Y) = - 1,27kN/m
2
 

We,əŬɛˊɨɚɞ,I, 1 (+Y) = qp(ze)*Cpe,10(I) = 1,82*(-0,60) Ÿ We,əŬɛˊɨɚɞ,I,1 (+Y) = - 1,09 kN/m
2
 

 
ɆɢɐɛŬ 3.10 ūɞɟŰɑŬ Ŭɜɏɛɞɡ +Ɉ ˊɞɡ əŬŰŬˊɞɜɞɨɜ Űɞ ůŰɏɔŬůŰɟɞ 1 
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3.4.6 ɄɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ 

ɄɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɞɘ ˊɟɧɓɞɚɞɘ Űɤɜ ůŰŮɔɎůŰɟɤɜ ɛŮ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ, ɛŮ Ŭɟɢɐ Űɞ 

ůɖɛŮɑɞ ŮˊŬűɐɠ Űɞɡ ɛŮ Űɖɜ ůŰɏɔɖ əŬɘ Űɞ ɡˊɞůŰɨɚɤɛŬ əŬɘ Űɏɚɞɠ Űɞ ůɖɛŮɑɞ ŮˊŬűɐɠ Űɞɡ ɛŮ 

Űɞɜ ŬɜŬɟŰɐɟŬ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ űɞɟŰɑŬ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ ŬɡŰɎ, ɗŮɤɟɩɜŰŬɠ 

Űɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛɞɜɞəɚɘɜɐ ůŰɏɔŬůŰɟŬ. 

 

Ɉ Ɏ́ɟɢɞɡɜ 2 Űɟɧˊɞɘ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ űɞɟŰɑɤɜ Űɞɡ Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ: 

 

ȷ) ɋɠ ůɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ:  

     Fw = Cs*Cd*Cf*qp(ze)*Aref,                                                                                        (3-11) 

 

ɧˊɞɡ: 

¶ Fw ŮɑɜŬɘ Űɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɛŮ 

¶ Cs*Cd ŮɑɜŬɘ o ůɡɜŭɡŬůɛɏɜɞɠ ŭɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ 

¶ Cf  ŮɑɜŬɘ ɞ əŬɗɞɚɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŭɨɜŬɛɖɠ 

¶ qp(ze) ŮɑɜŬɘ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

¶ ȷref ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ ŬɜŬűɞɟɎɠ 

 

ȸ) ɋɠ əŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ ˊɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

     qw = qp(ze)*Cp,net,                                                                                                        (3-12) 

  

ɧˊɞɡ: 

¶ qw ŮɑɜŬɘ Űɞ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ ˊɞɡ ɡˊɞɚɞɔɑɕɞɡɛŮ 

¶ qp(ze) ŮɑɜŬɘ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

¶ Cp,net  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŰŮɚɘəɐɠ ˊɑŮůɖɠ 

 

   ɆŰɖɜ ŭɘůŭɘɎůŰŬŰɖ ŬɜɎɚɡůɖ (ȯɜŮɛɞɠ +ɉ) ŮűŬɟɛɧɕŮŰŬɘ Űɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ ˊɞɡ 

əŬŰŬˊɞɜŮɑ Űɞɡɠ ˊɟɞɓɧɚɞɡɠ. ɆŰɖɜ ŰɟɘůŭɘɎůŰŬŰɖ ŬɜɎɚɡůɖ ɗŬ ŬɜŬɢɗɞɨɜ ůŮ əŬŰŬɜŮɛɖɛɏɜŬ  

űɞɟŰɑŬ, ŭɘɧŰɘ ɗŬ Ůˊɘɓɚɖɗɞɨɜ ůŰɘɠ ŰŮɔɑŭŮɠ. 

 Ƀ ́ɑɜŬəŬɠ 7.6 Űɞɡ ŮɡɟɤəɩŭɘəŬ ŭɑɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ˊŬɟŮɛˊɧŭɘůɖɠ ű, Űɞɡ əŬɗɞɚɘəɞɨ ůɡɜŰŮɚŮůŰɐ ŭɨɜŬɛɖɠ cf əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŰŮɚɘəɐɠ ˊɑŮůɖɠ 

cp,net ɔɘŬ ɛɞɜɞəɚɘɜɐ ůŰɏɔŬůŰɟŬ. 

   ɇɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ˊɟɞŭɘŬůŰŬůɘɞɚɧɔɖůɖ. ɆŰɖɜ ŰɟɘůŭɘɎůŰŬŰɖ ůɢŮŭɑŬůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ, ɛŮŰŬŰɟɏˊŮŰŬɘ Űɞ 

ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ůŮ ŮˊɘűŬɜŮɘŬəɧ. ȹɘŬɘɟŮɑŰŬɘ Űɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ 

ɛŮ Űɞ ˊɚɎŰɞɠ Ůˊɘɟɟɞɐɠ Űɞɡ ɕɡɔɩɛŬŰɞɠ (bŮˊɘɟɟɞɐɠ = 6m). 
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3.4.6.1 ūɞɟŰɑŬ ˊɟɞɓɧɚɤɜ ɔɘŬ ɎɜŮɛɞ +ɉ 

ɆŰɏɔŬůŰɟɞ 1 

ɄɟɞůɞɛɞɘɩɜŮŰŬɘ Űɞ əŬɛˊɨɚɞ ůŰɏɔŬůŰɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɛŮ ɏɜŬ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ɛŮ ɎəɟŬ 

Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ əŬɘ Űɏɚɞɡɠ Űɞɡ əŬɛˊɨɚɞɡ ŰɛɐɛŬŰɞɠ. 

 

 
ɆɢɐɛŬ 3.11 Ʉɟɞůɞɛɞɑɤůɖ ˊɟɞɓɧɚɞɡ ůŰŮɔɎůŰɟɞɡ 1 ɛŮ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ 

 

ȺˊɘɚɏɔŮŰŬɘ  ůɡɜŰŮɚŮůŰɐɠ ˊŬɟŮɛˊɧŭɘůɖɠ ű=1, ŭɘɧŰɘ Űɞ ůŰɏɔŬůŰɟɞ ŮɑɜŬɘ ˊɚɐɟɤɠ űɟŬɔɛɏɜɞ ɛŮ 

Ůɛˊɧŭɘɞ ɛɧɜɞ ˊɟɞɠ Űɞ ɡˊɐɜŮɛɞ ɔŮɑůɞ Űɞɡ (ůɨɜŭŮůɐ Űɞɡ ɛŮ Űɞ ɡˊɞůŰɨɚɤɛŬ). 

 

ɄɑɜŬəŬɠ 7.6 ŮɡɟɤəɩŭɘəŬ: 

 

ũɤɜɑŬ əɚɑůɖɠ: Ŭ=11,56Á Ÿ Cf,max = +0,56 əŬɘ Cf,min= -1,40 

 

Aref = Lˊɟɞɓɧɚɞɡ *  bŮˊɘɟɟɞɐɠ = 11,30*6 = 67,8m
2 

 

Cs*Cd = 1, ŭɘɧŰɘ ɔɘŬ əŰɑɟɘŬ ɛŮ ɨɣɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 15 m ɖ Űɘɛɐ Űɞɡ Cs*Cd ɛˊɞɟŮɑ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ 1 (əŮűɎɚŬɘɞ 6, ˊŬɟɎɔɟŬűɞɠ 6.2). ȿŬɛɓɎɜŮŰŬɘ ɤɠ ɨɣɞɠ ůɨɔəɟɘůɖɠ Űɞ 

Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɤɠ Űɞ ɡɣɖɚɧŰŮɟɞ ůɖɛŮɑɞ Űɞɡ (hˊɟɞɓɧɚɞɡ = 11,25m) 

qp(ze) = 1,82 kN/m
2 

   ɈˊɎɟɢɞɡɜ ŭɨɞ Űɘɛɏɠ ɔɘŬ Űɞ Cf, ɛŮ ŭɘŬűɞɟŮŰɘəɧ ˊɟɧůɖɛɞ ɛŮŰŬɝɨ Űɞɡɠ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ 

ŬůəɞɨɜŰŬɘ ůŰɞɜ ˊɟɧɓɞɚɞ 2 ŭɘŬűɞɟŮŰɘəɎ űɞɟŰɑŬ Ŭɜɏɛɞɡ ɛŮ ŬɜŰɑɗŮŰɖ əŬŰŮɨɗɡɜůɖ. ŪŮŰɘəɏɠ 

Űɘɛɏɠ ŭŮɑɢɜɞɡɜ ŭɟɎůɖ Űɞɡ Ŭɜɏɛɞɡ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ, Ůɜɩ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ ŭŮɑɢɜɞɡɜ 

ŭɟɎůɖ Űɞɡ Ŭɜɏɛɞɡ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ. 

Fw,up = Cs*Cd*Cf,min*qp(ze)*Aref = 1*(-1,40) * 1,82 * 67,8 = -172,89 kN Ÿ  

Fw,up= -172,89 kN  

 

Fw,down = Cs*Cd*Cf,max*qp(ze)*Aref = 1 * 0,56 * 1,82 * 67,8 = 69,16 kN Ÿ 

Fw,down= 69,16 kN 

 

ȼ ŭɡɜɎɛŮɘɠ Fw,up əŬɘ Fw,down ŬůəɞɨɜŰŬɘ ůŮ ŬˊɧůŰŬůɖ Lˊɟɞɓɧɚɞɡ/4 = 2,825m Ŭˊɧ Űɞ Ɏəɟɞ Űɞɡ 

ˊɟɞɓɧɚɞɡ. 

 

ɆŰɖɜ ɡˊɐɜŮɛɖ ˊɚŮɡɟɎ Űɞɡ ˊɟɞɓɧɚɞɡ ŬůəŮɑŰŬɘ Űɞ ɛɘůɧ űɞɟŰɑɞ Ŭɜɏɛɞɡ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ 

ˊɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ Űɞɡ. 
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ɆɡɔəŮɜŰɟɤɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȯɜɤ 

 

 
ɆɢɐɛŬ 3.12 ɆɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ (ɆŰɏɔŬůŰɟɞ 1) 

 

ȾŬŰŬɜŮɛɖɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȯɜɤ 

Fw,up= 172,89 kN Ÿ qw,up= Fw,up/ bŮˊɘɟɟɞɐɠ Ÿ qw,up= 172,89/(6*11,30) Ÿ 

qw,up= 2,55 kN/m
2 

 

   ȺˊŮɘŭɐ Űɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ŬůəŮɑŰŬɘ ůŮ ŬˊɧůŰŬůɖ Lˊɟɞɓɧɚɞɡ/4 Ŭˊɧ Űɞ 

Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ, ůŰɞ ɛɘůɧ ɛɐəɞɠ Űɞɡ ˊɟɞɓɧɚɞɡ Űɖɠ ˊɟɞůɐɜŮɛɖɠ ˊɚŮɡɟɎɠ (Ŭˊɧ Űɞ 

ůɡɜŭŮŭŮɛɏɜɞ ɛŮ Űɞɜ ŬɜŬɟŰɐɟŬ Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɞ ɛɏůɞ Űɞɡ) ŬůəŮɑŰŬɘ Űɞ ŭɘˊɚɎůɘɞ 

űɞɟŰɑɞ Űɞɡ qw,upəŬɘ ůŰɞ ɡˊɧɚɞɘˊɞ ɛɘůɧ ɛɐəɞɠ (Ŭˊɧ Űɞ ɛɏůɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɖɜ ůɨɜŭŮůɖ  

Űɞɡ ɛŮ Űɞ ɡˊɞůŰɨɚɤɛŬ) Űɞ űɞɟŰɑɞ qw,up.  

qw,up= 2,55 kN/m
2 

2*qw,up= 5,10 kN/m
2 

 

   ȷɜŰɑůŰɞɘɢŬ, ůŰɞ ɛɘůɧ ɛɐəɞɠ Űɞɡ ˊɟɞɓɧɚɞɡ Űɖɠ ɡˊɐɜŮɛɖɠ ˊɚŮɡɟɎɠ (Ŭˊɧ Űɞ ůɡɜŭŮŭŮɛɏɜɞ 

ɛŮ Űɞɜ ŬɜŬɟŰɐɟŬ Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɞ ɛɏůɞ Űɞɡ) ŬůəŮɑŰŬɘ Űɞ ŭɘˊɚɎůɘɞ űɞɟŰɑɞ Űɞɡ 

qw,up/2əŬɘ ůŰɞ ɡˊɧɚɞɘˊɞ ɛɘůɧ ɛɐəɞɠ (Ŭˊɧ Űɞ ɛɏůɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɖɜ ůɨɜŭŮůɖ Űɞɡ ɛŮ Űɞ  

ɡˊɞůŰɨɚɤɛŬ) Űɞ űɞɟŰɑɞ qw,up/2.  

qw,up/2= 1,28 kN/m
2 

2*qw,up/2 = 2,55 kN/m
2 
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ɆɢɐɛŬ 3.13 ȾŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ 

(ɆŰɏɔŬůŰɟɞ 1) 

 

ɆɡɔəŮɜŰɟɤɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȾɎŰɤ 

 

 
ɆɢɐɛŬ 3.14 ɆɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ 

(ɆŰɏɔŬůŰɟɞ 2) 

 

ȾŬŰŬɜŮɛɖɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȾɎŰɤ 

 

Fw,down = 69,16 kN Ÿ qw,down= Fw,up/ bŮˊɘɟɟɞɐɠ Ÿ qw,down= 69,16/(6*11,30) Ÿ 

qw,down= 1,02 kN/m
2 

 

ȺˊŮɘŭɐ Űɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ŬůəŮɑŰŬɘ ůŮ ŬˊɧůŰŬůɖ Lˊɟɞɓɧɚɞɡ/4 Ŭˊɧ Űɞ 

Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ, ůŰɞ ɛɘůɧ ɛɐəɞɠ Űɞɡ ˊɟɞɓɧɚɞɡ Űɖɠ ˊɟɞůɐɜŮɛɖɠ ˊɚŮɡɟɎɠ (Ŭˊɧ Űɞ 
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ůɡɜŭŮŭŮɛɏɜɞ ɛŮ Űɞɜ ŬɜŬɟŰɐɟŬ Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɞ ɛɏůɞ Űɞɡ) ŬůəŮɑŰŬɘ Űɞ ŭɘˊɚɎůɘɞ 

űɞɟŰɑɞ Űɞɡ qw,downəŬɘ ůŰɞ ɡˊɧɚɞɘˊɞ ɛɘůɧ ɛɐəɞɠ (Ŭˊɧ Űɞ ɛɏůɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɖɜ 

ůɨɜŭŮůɖ Űɞɡ ɛŮ Űɞ ɡˊɞůŰɨɚɤɛŬ) Űɞ űɞɟŰɑɞ qw,down. 

 

 qw,down= 1,02 kN/m
2 

2*qw,down= 2,04 kN/m
2 

 

ȷɜŰɑůŰɞɘɢŬ, ůŰɞ ɛɘůɧ ɛɐəɞɠ Űɞɡ ˊɟɞɓɧɚɞɡ Űɖɠ ɡˊɐɜŮɛɖɠ ˊɚŮɡɟɎɠ (Ŭˊɧ Űɞ ůɡɜŭŮŭŮɛɏɜɞ ɛŮ 

Űɞɜ ŬɜŬɟŰɐɟŬ Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɞ ɛɏůɞ Űɞɡ) ŬůəŮɑŰŬɘ Űɞ ŭɘˊɚɎůɘɞ űɞɟŰɑɞ Űɞɡ 

qw,down/2əŬɘ ůŰɞ ɡˊɧɚɞɘˊɞ ɛɘůɧ ɛɐəɞɠ (Ŭˊɧ Űɞ ɛɏůɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɏɤɠ Űɖɜ ůɨɜŭŮůɖ Űɞɡ ɛŮ 

Űɞ ɡˊɞůŰɨɚɤɛŬ) Űɞ űɞɟŰɑɞ qw,down/2.  

qw,down/2= 0,51 kN/m
2 

2*qw,down/2 = 1,02 kN/m
2
 

 

 
ɆɢɐɛŬ 3.15 ȾŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ 

(ɆŰɏɔŬůŰɟɞ 2) 

 

ɆŰɏɔŬůŰɟɞ 2 

ɄɟɞůɞɛɞɘɩɜŮŰŬɘ Űɞ əŬɛˊɨɚɞ ůŰɏɔŬůŰɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɛŮ ɏɜŬ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ɛŮ ɎəɟŬ 

Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ əŬɘ Űɏɚɞɡɠ Űɞɡ əŬɛˊɨɚɞɡ ŰɛɐɛŬŰɞɠ 
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ɆɢɐɛŬ 3.16 Ʉɟɞůɞɛɞɑɤůɖ ˊɟɞɓɧɚɞɡ ůŰŮɔɎůŰɟɞɡ 2 ɛŮ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ 

 

 

ȺˊɘɚɏɔŮŰŬɘ ůɡɜŰŮɚŮůŰɐ ˊŬɟŮɛˊɧŭɘůɖɠ ű=1, ŭɘɧŰɘ Űɞ ůŰɏɔŬůŰɟɞ ŮɑɜŬɘ ˊɚɐɟɤɠ űɟŬɔɛɏɜɞ ɛŮ 

Ůɛˊɧŭɘɞ ɛɧɜɞ ˊɟɞɠ Űɞ ɡˊɐɜŮɛɞ ɔŮɑůɞ Űɞɡ (ůɨɜŭŮůɐ Űɞɡ ɛŮ Űɞ ɡˊɞůŰɨɚɤɛŬ) 

ɄɑɜŬəŬɠ 7.6 ŮɡɟɤəɩŭɘəŬ: 

 

ũɤɜɑŬ əɚɑůɖɠ: Ŭ = 17,65Á Ÿ Cf,max= +0,75 əŬɘ Cf,min= -1,40, 

 

Aref = Lˊɟɞɓɧɚɞɡ* bŮˊɘɟɟɞɐɠ = 11,82 * 6 = 70,92m
2
, 

 

Cs*Cd = 1, ŭɘɧŰɘ ɔɘŬ əŰɑɟɘŬ ɛŮ ɨɣɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 15 m ɖ Űɘɛɐ Űɞɡ Cs*Cd ɛˊɞɟŮɑ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ 1 (əŮűɎɚŬɘɞ 6, ˊŬɟɎɔɟŬűɞɠ 6.2). ȿŬɛɓɎɜŮŰŬɘ ɤɠ ɨɣɞɠ ůɨɔəɟɘůɖɠ Űɞ 

Ɏəɟɞ Űɞɡ ˊɟɞɓɧɚɞɡ ɤɠ Űɞ ɡɣɖɚɧŰŮɟɞ ůɖɛŮɑɞ Űɞɡ (hˊɟɞɓɧɚɞɡ = 15m) 

qp(ze) = 1,82 kN/m
2
 

 

Fw,up = Cs*Cd*Cf,min*qp(ze)*Aref = 1*(-1,40) * 1,82 * 70,92 = -180,85 kN Ÿ  

Fw,up= -180,85 kN 

 

Fw,down = Cs*Cd*Cf,max*qp(ze)*Aref = 1 * 0,75 * 1,82 * 70,92 = 97,16 kN Ÿ 

Fw,down= 97,16 kN 

 

ȼ ŭɡɜɎɛŮɘɠ Fw,up əŬɘ Fw,down ŬůəɞɨɜŰŬɘ ůŮ ŬˊɧůŰŬůɖ Lˊɟɞɓɧɚɞɡ/4 = 2,955m Ŭˊɧ Űɞ Ɏəɟɞ Űɞɡ 

ˊɟɞɓɧɚɞɡ. 

 

ɆŰɖɜ ɡˊɐɜŮɛɖ ˊɚŮɡɟɎ Űɞɡ ˊɟɞɓɧɚɞɡ ŬůəŮɑŰŬɘ Űɞ ɛɘůɧ űɞɟŰɑɞ Ŭɜɏɛɞɡ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ 

ˊɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ Űɞɡ. 
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ɆɡɔəŮɜŰɟɤɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȯɜɤ 

 

 
ɆɢɐɛŬ 3.17 ɆɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ 

(ɆŰɏɔŬůŰɟɞ 2) 

 

ȾŬŰŬɜŮɛɖɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȯɜɤ 

Fw,up= 180,85 kN Ÿ qw,up= Fw,up/ bŮˊɘɟɟɞɐɠ Ÿ qw,up= 180,85/(6*11,30) Ÿ 

qw,up= 2,67 kN/m
2
 

 

ɄɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ ˊɟɞɓɧɚɞɡ: 

qw,up= 2,67 kN/m
2 

2*qw,up= 5,34 kN/m
2 

 

ɈˊɐɜŮɛɖ ˊɚŮɡɟɎ ˊɟɞɓɧɚɞɡ: 

qw,up/2= 1,34 kN/m
2 

2*qw,up/2 = 2,67 kN/m
2
 

 

 
ɆɢɐɛŬ 3.18 ȾŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ 

(ɆŰɏɔŬůŰɟɞ 2) 
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ɆɡɔəŮɜŰɟɤɛɏɜɞ ūɞɟŰɑɞ ȷɜɏɛɞɡ ˊɟɞɠ ŰŬ ȾɎŰɤ 

 

 
ɆɢɐɛŬ 3.19 ɆɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ 

(ɆŰɏɔŬůŰɟɞ 2) 

 

Fw,down= 97,16kN Ÿ qw,down= Fw,down/ bŮˊɘɟɟɞɐɠ Ÿ qw,down= 97,16/(6*11,30) Ÿ  

qw,down= 1,37kN/m
2
 

 

ɄɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ ˊɟɞɓɧɚɞɡ: 

qw,down= 1,37kN/m
2 

2*qw,down= 2,74kN/m
2 

 

 

ɈˊɐɜŮɛɖ ˊɚŮɡɟɎ ˊɟɞɓɧɚɞɡ: 

qw,down/2= 0,69kN/m
2 

2*qw,down/2 = 1,37kN/m
2
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ɆɢɐɛŬ 3.20 ȾŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ ˊɟɞɓɧɚɤɜ Ŭɜɏɛɞɡ +X ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ 

(ɆŰɏɔŬůŰɟɞ 2) 

 

3.4.6.2 ūɞɟŰɑŬ ˊɟɞɓɧɚɤɜ ɔɘŬ ɎɜŮɛɞ +Y 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ 7.6 Űɞɡ ŮɡɟɤəɩŭɘəŬ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ űɞɟŰɑɞ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞɜ 

ˊɟɧɓɞɚɞ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1 ɔɘŬ ȯɜŮɛɞ +Ɉ. ɇɞ ůŰɏɔŬůŰɟɞ 2 ŬɜŬɚɨŮŰŬɘ ɛɧɜɞ ůŮ ŭɘůŭɘɎůŰŬŰɞ  

ŮˊɑˊŮŭɞ əŬɘ ɔɘô ŬɡŰɧɜ Űɞɜ ɚɧɔɞ ŭŮɜ ɗŬ ɛŮɚŮŰɖɗŮɑ ɔɘŬ ȷɜŮɛɞ +Ɉ. 

 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ űɞɟŰɘɩɜ Ŭɜɏɛɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ŰŮɚɘəɐɠ ˊɑŮůɖɠ Cp,net əŬɘ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ  

ůŮ ɕɩɜŮɠ A,B,C. 

 

Ƀ ɎɜŮɛɞɠ ɢŰɡˊɎŮɘ Űɞ ůŰɏɔŬůŰɟɞ əɎɗŮŰŬ Ÿ b=11,30m əŬɘ d=96m 

Ⱦɚɑůɖ ůŰŮɔɎůŰɟɞɡ 1: Ŭ=11,56Á 

 

ȺˊɘɚɏɔŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ˊŬɟŮɛˊɧŭɘůɖɠ ű = 0, ŭɘɧŰɘ Űɞ ůŰɏɔŬůŰɟɞ ŮɑɜŬɘ ŬɜɞɘɢŰɧ, ɢɤɟɑɠ 

əŬɗɧɚɞɡ ŮɛˊɧŭɘŬ. 

ũɤɜɑŬ əɚɑůɖɠ: Ŭ = 11,56Á, ű=0 əŬɘ qp(ze=16m) =1,82 kN/m
2
: 

 

ɄɑɜŬəŬɠ 3.3 Ɉˊɞɚɞɔɘůɛɧɠ əŬŰŬɜŮɛɖɛɏɜɤɜ űɞɟŰɑɤɜ Ŭɜɏɛɞɡ +Ɉ (ůŰɏɔŬůŰɟɞ 1) 

ȻɋɁȼ Cp,net,min Cp,net,max qw,min,ˊɟɞɓɧɚɞɡ (kN/m
2
) qw,max,ˊɟɞɓɧɚɞɡ  (kN/m

2
) 

     A -1,65 1,3 -3 2,37 

     B -2,2 2,55 -4 4,64 

     C -2,3 1,7 -4,2 3,09 
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ɆɢɐɛŬ 3.21 ȾŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ Ŭɜɏɛɞɡ +Ɉ ůŰɞɜ ˊɟɧɓɞɚɞ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ 

 

 

 
ɆɢɐɛŬ 3.22 ȾŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ Ŭɜɏɛɞɡ +Ɉ ůŰɞɜ ˊɟɧɓɞɚɞ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ 

 

3.5 ūɞɟŰɑɞ ɢɘɞɜɘɞɨ 
 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɖɜ ůŰɏɔɖ Űɤɜ əŬŰŬůəŮɡɩɜ, 

ŬɜŰɚɞɨɜŰŬɘ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ Űɞɜ ŮɡɟɤəɩŭɘəŬ 1, ɛɏɟɞɠ EN 1991-1-3.  

ȼ əŬŰŬůəŮɡɐ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ ȺɚɚɎŭŬ, ůŰɞɜ ɜɞɛɧ ȷŰŰɘəɐɠ, ůŰɞɜ ŭɐɛɞ 

ȷɟɔɡɟɞɨˊɞɚɖɠ ï Ⱥɚɚɖɜɘəɞɨ. ɇɞ ɡɣɧɛŮŰɟɞ Űɖɠ ˊŮɟɘɞɢɐɠ ɞɟɑɕŮŰŬɘ ůŰŬ 5m. 

ɆŰɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ůɡɛɓɞɨɜ ŮɝŬɘɟŮŰɘəɏɠ ɢɘɞɜɞˊŰɩůŮɘɠ ɞɨŰŮ əŬɘ 

ŮɝŬɘɟŮŰɘəɏɠ ůɡůůɤɟŮɨůŮɘɠ ɢɘɞɜɘɞɨ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ çɛŮ ŭɘɎɟəŮɘŬ/ˊŬɟɞŭɘəɐè əŬŰɎůŰŬůɖ 

ůɢŮŭɘŬůɛɞɨ ɔɘŬ ɛɖ ˊŬɟŬůɡɟɛɏɜɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ Ůˊɑ Űɖɠ ůŰɏɔɖɠ. 

3.5.1 ȺɨɟŮůɖ ůɡɜŰŮɚŮůŰɩɜ ɢɘɞɜɘɞɨ ɣ0,ɣ1,ɣ2 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ɣ0,ɣ1,ɣ2 ŭɑŭɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 4.1 Űɞɡ ŮɡɟɤəɩŭɘəŬ 1 ɔɘŬ ŭɘɎűɞɟŮɠ 

ŰɞˊɞɗŮůɑŮɠ Űɖɠ Ⱥɡɟɩˊɖɠ. ũɘŬ Űɖɜ ˊŮɟɘɞɢɐ əŬŰŬůəŮɡɐɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ ɏɢɞɡɛŮ: 

1000m > H = 5m  Ÿ  ɣ0=0,50, ɣ1=0,20, ɣ2=0 
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ũɘŬ Űɘɠ çɛŮ ŭɘɎɟəŮɘŬ/ˊŬɟɞŭɘəɏɠè əŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ, ŰŬ űɞɟŰɑŬ ɢɘɞɜɘɞɨ ůŮ ůŰɏɔŮɠ ɗŬ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: s = ɛi*Ce*Ct*sk, ɧˊɞɡ: 

Á ɛi ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ 

Á Ce ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮəɗɏůŮɤɠ 

Á Ct ŮɑɜŬɘ ɞ ɗŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ 

Á sk ŮɑɜŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ 

 

3.5.2 ɆɡɜŰŮɚŮůŰɐɠ ŮəɗɏůŮɤɠ Ce 

Ƀ ˊɑɜŬəŬɠ 5.1 Űɞɡ ŮɡɟɤəɩŭɘəŬ ɛŬɠ ŭɑɜŮɘ ŮˊŬɟəɐɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ ŮəɗɏůŮɤɠ Ce. 

ɆŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ⱥɚɚɖɜɘəɞɨ, ɧ́ ɞɡ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ Űɞ ůŰɏɔŬůŰɟɞ, ŭŮɜ ɡˊɎɟɢŮɘ 

ůɖɛŬɜŰɘəɐ ɛŮŰŬəɑɜɖůɖ ɢɘɞɜɘɞɨ Ŭˊɧ Űɞɜ ɎɜŮɛɞ ůŰɘɠ əŬŰŬůəŮɡɏɠ, ɚɧɔɤ Űɞɡ űɡůɘəɞɨ 

ŬɜɎɔɚɡűɞɡ, Űɤɜ ɡɣɖɚɧŰŮɟɤɜ əŬŰŬůəŮɡɩɜ ɐ Űɤɜ ŭɏɜŰɟɤɜ. ɆɡɜŮˊɩɠ, ɏɢŮɘ əŬɜɞɜɘəɧ  

ŰɞˊɞɔɟŬűɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ Ÿ Ce= 1 

3.5.3 ŪŮɟɛɘəɧɠ ɆɡɜŰŮɚŮůŰɐɠ Ct 

Ƀ ɗŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ Ct ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ ɛŮɑɤůɖ 

Űɤɜ űɞɟŰɑɤɜ ɢɘɞɜɘɞɨ ůŮ ůŰɏɔŮɠ ɛŮ ɡɣɖɚɐ ɗŮɟɛɘəɐ ŭɘɎŭɞůɖ (> 1W/m
2
K), ŮɘŭɘəɎ ůŮ 

ɞɟɘůɛɏɜŮɠ ɔɡɎɚɘɜŮɠ ůŰɏɔŮɠ, ɧˊɞɡ Űɞ ɢɘɧɜɘ ɚɘɩɜŮɘ ɚɧɔɤ Űɤɜ ŬˊɤɚŮɘɩɜ ɗŮɟɛɧŰɖŰŬɠ. ũɘŬ ɧɚŮɠ 

Űɘɠ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɖ Űɘɛɐ Űɞɡ ɘůɞɨŰŬɘ ɛŮ Ct=1. 

ɆŰɞ ůŰɏɔŬůŰɟɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ, ɏɢɞɡɛŮ ɢŬɚɨɓŭɘɜɖ ůŰɏɔɖ Ÿ Ct = 1 

 

3.5.4 ɆɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ɛi 

ɆɨɛűɤɜŬ ɛŮ Űɞ ůɢɐɛŬ Űɖɠ ůŰɏɔɖɠ, ŮˊɘɚɏɔŮŰŬɘ Űɞ əŬŰɎɚɚɖɚɞ ůɨůŰɖɛŬ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ 

ɢɘɞɜɘɞɨ. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ɔɤɜɑŬ ˊɞɡ ůɢɖɛŬŰɑɕŮŰŬɘ, ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞɜ ˊŬɟɎɔɞɜŰŬ ɛi.  

 

ɆŰɏɔŬůŰɟɞ 1 

ȹɖɛɘɞɡɟɔŮɑŰŬɘ ůɨůŰɖɛŬ ŮɡɗɨɔɟŬɛɛɤɜ ŰɛɖɛɎŰɤɜ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ ŰŬ əŬɛˊɨɚŬ ŰɛɐɛŬŰŬ 

ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ Űɖɜ ůŰɏɔɖ.  

 

1
ɞ
 ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ī Ʉɟɞůɞɛɞɑɤůɖ ˊɟɞɓɧɚɞɡ: ɀŮ ɎəɟŬ Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ əŬɘ 

Űɏɚɞɡɠ Űɞɡ ˊɟɞɓɧɚɞɡ. 

2
ɞ
 ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ï Ʉɟɞůɞɛɞɑɤůɖ ɛɘəɟɐɠ əŬɛˊɨɚɖɠ: ɀŮ ɎəɟŬ Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ 

əŬɘ Űɏɚɞɡɠ Űɖɠ əŬɛˊɨɚɖɠ. 

3
ɞ
 ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ï Ʉɟɞůɞɛɞɑɤůɖ ɛŮɔɎɚɖɠ əŬɛˊɨɚɖɠ: ɀŮ ɎəɟŬ Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ 

əŬɘ ɛɏůɞ Űɖɠ əŬɛˊɨɚɖɠ. 
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ɆɢɐɛŬ 3.23 Ʉɟɞůɞɛɞɑɤůɖ əŬɛˊɡɚɩɜ ůŰŮɔɎůŰɟɞɡ 1 ɛŮ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ 

 

ɇɞ ůɢɐɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ˊŬɟŬˊɏɛˊŮɘ ůŮ ůŰɏɔŮɠ ˊɞɚɚɩɜ ŬɜɞɘɔɛɎŰɤɜ, ůɨɛűɤɜŬ ɛŮ Űɞɜ 

ŮɡɟɤəɩŭɘəŬ, ɧˊɞɡ Űɞ ɛŮɔŬɚɨŰŮɟɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɞ ůɖɛŮɑɞ ŮˊŬűɐɠ Űɞɡ  

ˊɟɞɓɧɚɞɡ ɛŮ Űɖɜ ɛɘəɟɐ əŬɛˊɨɚɖ. 

 

 
ɆɢɐɛŬ 3.24 Ʉɟɞůɞɛɞɑɤůɖ ůŰŮɔɎůŰɟɞɡ 1 ůŮ ůŰɏɔŮɠ ˊɞɚɚɩɜ ŬɜɞɘɔɛɎŰɤɜ 

 

ɇɞ ůɢɐɛŬ 5.4 Űɞɡ ŮɡɟɤəɩŭɘəŬ ɛŬɠ ŭɑɜŮɘ Űɞɜ Űɟɧˊɞ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɤɜ 

űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ əŬŰŬˊɞɜɐůŮɘ Űɞ ůŰɏɔŬůŰɟɞ ɔɘŬ ůŰɏɔɖ ˊɞɚɚɩɜ 

ŬɜɞɘɔɛɎŰɤɜ,  

 

 

 

 
ɆɢɐɛŬ 3.25 ɆɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ï ůŰɏɔɖ ˊɞɚɚɩɜ ŬɜɞɘɔɛɎŰɤɜ 

 

Ůɜɩ ɛŮ Űɞɜ ˊɑɜŬəŬ 3.4 ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ.  

 

ɄɑɜŬəŬɠ 3.4 ɆɡɜŰŮɚŮůŰɏɠ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ 
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Ʉɟɧɓɞɚɞɠ: 

i) 0Á Ò Ŭ1 = 11,56Á Ò 30Á Ÿ ɛ1(Ŭ1) = 0,80                                                                        (3-12) 

ii) 0Á Ò Ŭ1 = 11,56Á Ò 30ÁŸɛ2(Ŭ1) =0,80+0,80*(
ȟ Ј

Ј
) Ÿ ɛ2(Ŭ1) = 1,11                           (3-13) 

 

ɀɘəɟɐ ȾŬɛˊɨɚɖ: 

 i) 30ÁÒ Ŭ2 = 43,26Á Ò 60Á Ÿ ɛ1(Ŭ2) = 0,80*
Ј ȟ Ј

Ј
 Ÿ ɛ1(Ŭ2) = 0,45                          (3-14) 

ii) 30ÁÒ Ŭ2 = 43,26Á Ò 60ÁŸ ɛ2(Ŭ2) = 1,60                                                                       (3-15) 

 

ɀŮɔɎɚɖ ȾŬɛˊɨɚɖ: 

i) 0Á Ò Ŭ3 = 10,78Á Ò 30Á Ÿ ɛ1(Ŭ3) = 0,80                                                                        (3-16) 

ii) 0Á Ò Ŭ3 = 10,78Á Ò 30ÁŸ ɛ2(Ŭ3) = 1,09                                                                        (3-17) 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ 

űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ.  

 

 

 
ɆɢɐɛŬ 3.26 ȹɘɎɔɟŬɛɛŬ ɡˊɞɚɞɔɘůɛɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰŮɔɎůŰɟɞɡ 1 ī 

ɄŮɟɑˊŰɤůɖ (i) 

 

 

 
ɆɢɐɛŬ 3.27 ȹɘɎɔɟŬɛɛŬ ɡˊɞɚɞɔɘůɛɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰŮɔɎůŰɟɞɡ 1 ī 

ɄŮɟɑˊŰɤůɖ (ii ) 
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ɆŰɏɔŬůŰɟɞ 2 

ȹɖɛɘɞɡɟɔŮɑŰŬɘ ůɨůŰɖɛŬ ŮɡɗɨɔɟŬɛɛɤɜ ŰɛɖɛɎŰɤɜ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ ŰŬ əŬɛˊɨɚŬ ŰɛɐɛŬŰŬ 

ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ Űɖɜ ůŰɏɔɖ.  

 

1
ɞ
 ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ī Ʉɟɞůɞɛɞɑɤůɖ ˊɟɞɓɧɚɞɡ: ɀŮ ɎəɟŬ Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ əŬɘ 

Űɏɚɞɡɠ Űɞɡ ˊɟɞɓɧɚɞɡ. 

 

2
ɞ
 ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ ï Ʉɟɞůɞɛɞɑɤůɖ əŬɛ́ɨɚɖɠ: ɀŮ ɎəɟŬ Űɞɡ ŰŬ ůɖɛŮɑŬ Ŭɟɢɐɠ əŬɘ ɛɏůɞ 

Űɖɠ əŬɛˊɨɚɖɠ. 

 
 

ɆɢɐɛŬ 3.28 Ʉɟɞůɞɛɞɑɤůɖ əŬɛˊɡɚɩɜ ɆŰŮɔɎůŰɟɞɡ 2 ɛŮ ŮɡɗɨɔɟŬɛɛŬ ŰɛɐɛŬŰŬ 

 

ɇɞ ůɢɐɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ ˊŬɟŬˊɏɛˊŮɘ ůŮ ůŰɏɔŮɠ ˊɞɚɚɩɜ ŬɜɞɘɔɛɎŰɤɜ, ůɨɛűɤɜŬ ɛŮ Űɞɜ 

ŮɡɟɤəɩŭɘəŬ, ɧˊɞɡ Űɞ ɛŮɔŬɚɨŰŮɟɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŰɞ ůɖɛŮɑɞ ŮˊŬűɐɠ Űɞɡ  

ˊɟɞɓɧɚɞɡ ɛŮ Űɖɜ ɛɘəɟɐ əŬɛˊɨɚɖ. 

 

 
  

ɆɢɐɛŬ 3.29 Ʉɟɞůɞɛɞɑɤůɖ ůŰŮɔɎůŰɟɞɡ 2 ůŮ ůŰɏɔŮɠ ˊɞɚɚɩɜ ŬɜɞɘɔɛɎŰɤɜ 

 

ɇɞ ůɢɐɛŬ 5.4 Űɞɡ ŮɡɟɤəɩŭɘəŬ ɛŬɠ ŭɑɜŮɘ Űɞɜ Űɟɧˊɞ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŭɨɞ ˊŮɟɘˊŰɩůŮɤɜ 

űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ əŬŰŬˊɞɜɐůŮɘ Űɞ ůŰɏɔŬůŰɟɞ ɔɘŬ ůŰɏɔɖ ˊɞɚɚɩɜ 

ŬɜɞɘɔɛɎŰɤɜ. 

 

ȷˊɧ Űɞ ůɢɐɛŬ 5.4 əŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ 5.2 Űɞɡ ŮɡɟɤəɩŭɘəŬ, ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞɜ ůɡɜŰŮɚŮůŰɐ 

ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ. 

 

Ʉɟɧɓɞɚɞɠ: 

i) 0Á Ò Ŭ1 = 17,65Á Ò 30Á Ÿ ɛ1(Ŭ1) = 0,80                                                                        (3-18) 

ii) 0Á Ò Ŭ1 = 17,65Á Ò 30ÁŸ ɛ2(Ŭ1)=0,80+0,80*(
ȟ Ј

Ј ) Ÿ  ɛ2(Ŭ1) = 1,27                          (3-19) 

 

ȾŬɛˊɨɚɖ:  

i) 0Á Ò Ŭ2 = 11,31Á Ò 30Á Ÿ ɛ1(Ŭ2) = 0,80                                                                        (3-20) 

ii) 0Á Ò Ŭ2 = 11,31Á Ò 30ÁŸ ɛ2(Ŭ2) =0,80+0,80*(
ȟ Ј

Ј
) Ÿ ɛ2(Ŭ2) = 1,10                           (3-21) 
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ũɤɜɑŬ: Ɏ = (Ŭ2+Ŭ2)/2 Ÿ Ɏ = 11,31Á  

                0Á Ò Ɏ = 11,31Á Ò 30Á Ÿ ɛ1(Ɏ) = 0,80                                                               (3-22) 

                0Á Ò Ɏ = 11,31Á Ò 30Ü Ÿ ɛ2(Ɏ) = 1,10                                                               (3-23) 

 

ɄŬɟɞɡůɘɎɕɞɡɛŮ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŭɘŬɔɟɎɛɛŬŰɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ 

űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ.  

ɆɢɐɛŬ 3.30 ȹɘɎɔɟŬɛɛŬ ɡˊɞɚɞɔɘůɛɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰŮɔɎůŰɟɞɡ 2 ï 

ɄŮɟɑˊŰɤůɖ (i) 

 

ɆɢɐɛŬ 3.31 ȹɘɎɔɟŬɛɛŬ ɡˊɞɚɞɔɘůɛɞɨ ůɡɜŰŮɚŮůŰɐ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰŮɔɎůŰɟɞɡ 2 ī 

ɄŮɟɑˊŰɤůɖ (ii ) 

 

3.5.5 ɉŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ  Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ sk 

ȼ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ űɞɟŰɑɞɡ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ, sk, ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

sk = sk,0 * [1 + (
◒

)
2
],                                                                                                     (3-24)                                                                                                 

ɧˊɞɡ: 

V sk, ŮɑɜŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ, 

V sk,0, ŮɑɜŬɘ Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŮ ɏŭŬűɞɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŰɎɗɛɖ 

Űɖɠ ɗɎɚŬůůŬɠ (ȷ=0), 

V ȷ, ŮɑɜŬɘ Űɞ ɡɣɧɛŮŰɟɞ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɎɜɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ 

 

ɉŬɟŬəŰɖɟɘůŰɘəɧ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŮ ɏŭŬűɞɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ, sk,0 
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ȺɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɢɩɟŬ ˊɞɡ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ ɛŬɠ əŬɘ Űɖɜ ɕɩɜɖ 

ˊɞɡ ŬɜɐəŮɘ ɖ ˊŮɟɘɞɢɐ. Ƀ ˊɑɜŬəŬɠ ũ.1 ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ůɢɏůŮɘɠ ɡɣɞɛɏŰɟɞɡ ï űɞɟŰɑɞɡ 

ɢɘɞɜɘɞɨ, ɞɘ ɢɎɟŰŮɠ Űɤɜ əɟŬŰɩɜ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ Űɘɠ ŰɞˊɞɔɟŬűɘəɏɠ ɕɩɜŮɠ əŬɘ ɞ  

ˊɑɜŬəŬɠ 1 Űɞɡ ɄŬɟŬɟŰɐɛŬŰɞɠ ɛŬɠ ŭɑɜŮɘ Űɘɠ Űɘɛɏɠ sk,0. 

To ůŰɏɔŬůŰɟɞ ɗŬ əŬŰŬůəŮɡŬůŰŮɑ ůŰɖɜ ȺɚɚɎŭŬ, ůŰɞɜ ŭɐɛɞ Ⱥɚɚɖɜɘəɞɨ ï ȷɟɔɡɟɞɨˊɞɚɖɠ.  

ɇɖɜ Ůˊɘɚɞɔɐ Űɖɠ ɕɩɜɖɠ ɗŬ Űɖɜ ŭɘŬɓɎůɤ Ŭˊɧ Űɞ ůɢɐɛŬ ũ.4. 

 

 

3.5.6 ūɞɟŰɑɞ ɢɘɞɜɘɞɨ əŬŰŬůəŮɡɐɠ 

ɉɩɟŬ: ȺɚɚɎŭŬ 

ɄŮɟɘɞɢɐ: Ⱥɚɚɖɜɘəɧ ȷŰŰɘəɐɠ 

Ȼɩɜɖ N
o
 1 Ÿ Z=1, sk,0 = 0,40 

sk,0 = 0,420*Zï 0,030 = 0,420*1 ï 0,030 = 0,40 Ÿ sk,0 = 0,40kN/m
2
 

A = 5m 

sk = sk,0 * [1 + ( )] = 0,40 * [1+ ] = 0,40 Ÿ sk = 0,40 kN/m
2
 

 

ɇɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɖɜ əŬŰŬůəŮɡɐ ŮɑɜŬɘ Űɞ Ůɝɐɠ: s = ɛi*Ce*Ct*sk Ÿ 

s = ɛi*1*1*0,40 Ÿ s = 0,40*ɛi (kN/m
2
) 

 

 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰŮɚɘəɏɠ Űɘɛɏɠ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ɔɘŬ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ: 

 

ɆŰɏɔŬůŰɟɞ 1 

 
ɆɢɐɛŬ 3.32 ūɞɟŰɑɞ ɢɘɞɜɘɞɨ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞ ůŰɏɔŬůŰɟɞ 1 ï ɄŮɟɑˊŰɤůɖ (i) 
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ɆɢɐɛŬ 3.33 ūɞɟŰɑɞ ɢɘɞɜɘɞɨ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞ ůŰɏɔŬůŰɟɞ 1 ï ɄŮɟɑˊŰɤůɖ (ii ) 

 

 

ɆŰɏɔŬůŰɟɞ 2 

ɆɢɐɛŬ 3.34 ūɞɟŰɑɞ ɢɘɞɜɘɞɨ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞ ůŰɏɔŬůŰɟɞ 2 ī ɄŮɟɑˊŰɤůɖ (i) 

ɆɢɐɛŬ 3.35 ūɞɟŰɑɞ ɢɘɞɜɘɞɨ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞ ůŰɏɔŬůŰɟɞ 2 ï ɄŮɟɑˊŰɤůɖ (ii ) 
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3.6 ɆŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ 
 

   ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ ŮˊɘŰŬɢɨɜůŮɘɠ ˊɞɡ ɏɢɞɡɜ ɤɠ 

ůɡɜɏˊŮɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬŭɟŬɜŮɘŬəɩɜ ŭɡɜɎɛŮɤɜ Ůˊɑ Űɤɜ əŬŰŬůəŮɡɩɜ. ȷˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ 

ŬɡŰɏɠ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ˊɚɏɞɜ ůɞɓŬɟɏɠ ɢɤɟɑɠ ŬɡŰɧ ɜŬ ůɖɛŬɑɜŮɘ, ɧŰɘ əŬɘ ɞɘ 

əŬŰŬəɧɟɡűŮɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ Ŭˊɞɓɞɨɜ əŬŰŬůŰɟɞűɘəɏɠ ɡˊɧ ɞɟɘůɛɏɜŮɠ ůɡɜɗɐəŮɠ. 

   ɋɠ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ ɗŮɤɟɞɨɜŰŬɘ ɞɘ, ɚɧɔɤ ůŮɘůɛɞɨ, ŰŬɚŬɜŰɤŰɘəɏɠ əɘɜɐůŮɘɠ 

Űɞɡ ŮŭɎűɞɡɠ, ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ ɏɟɔɤɜ. ɇɘɠ əɘɜɐůŮɘɠ 

ŬɡŰɏɠ Űɘɠ ɞɜɞɛɎɕɞɡɛŮ ůŮɘůɛɘəɏɠ ŭɘŮɔɏɟůŮɘɠ ɐ ůŮɘůɛɘəɏɠ ŭɞɜɐůŮɘɠ Űɞɡ ŮŭɎűɞɡɠ. Ƀɘ 

ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɘɠ ŰɡɢɖɛŬŰɘəɏɠ əŬɘ ŭŮɜ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɎɚɚŮɠ  

ŰɡɢɖɛŬŰɘəɏɠ ŭɟɎůŮɘɠ, ɞɨŰŮ ɛŮ Űɘɠ ŭɟɎůŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ. 

Ƀ ŮɡɟɤəɩŭɘəŬɠ 8 ŭɑɜŮɘ ɧɚŮɠ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ ɛŮŰŬɚɚɘəɩɜ 

əŬŰŬůəŮɡɩɜ. 

3.6.1 ɀɏɔɘůŰɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ŬgR  

ȼ ɏɜŰŬůɖ Űɤɜ ŮŭŬűɘəɩɜ ůŮɘůɛɘəɩɜ ŭɘŮɔɏɟůŮɤɜ əŬɗɞɟɑɕŮŰŬɘ ɓɎůŮɘ Űɖɠ ɛɏɔɘůŰɖɠ ŮŭŬűɘəɐɠ 

ŮˊɘŰɎɢɡɜůɖɠ ůɢŮŭɘŬůɛɞɨ ŬgR ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɕɩɜɖ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŰɖɜ ɞˊɞɑŬ 

ɓɟɑůəŮŰŬɘ Űɞ ɏɟɔɞ. ȼ ȺɚɚɎŭŬ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɟŮɘɠ ɕɩɜŮɠ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ. 

 

ɄŬɟŬŰɑɗŮɜŰŬɘ ɞ ˊɑɜŬəŬɠ ɛŮ Űɘɠ Űɘɛɏɠ ŬɜŬűɞɟɎɠ, ŬgR, Űɖɠ ɛɏɔɘůŰɖɠ ůŮɘůɛɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ 

əŬɘ ɞ ɢɎɟŰɖɠ ɕɤɜɩɜ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůŰɖɜ ȺɚɚɎŭŬ. 

 

ɄɑɜŬəŬɠ 3.5 ɀɏɔɘůŰɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ŬgR ůɡɜŬɟŰɐůŮɘ Űɖɠ ɕɩɜɖɠ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

Ȼɩɜɖ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

ŬgR (g) 

Ȼ1 0,16 

Ȼ2 0,24 

Ȼ3 0,36 

 

ȼ ŬɜŰɘůŮɘůɛɘəɐ ɛŮɚɏŰɖ Ůɜɧɠ ɏɟɔɞɡ ˊɟɞɦˊɞɗɏŰŮɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮŭɎűɞɡɠ 

Űɖɠ ˊŮɟɘɞɢɐɠ ɗŮɛŮɚɑɤůɖɠ Űɞɡ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ɞɘ ˊɑɜŬəŮɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

əŬŰɖɔɞɟɘɩɜ ŮŭɎűɞɡɠ əŬɘ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɞˊŮɟɘɧŭɞɡɠ. 
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3.6.2 ȾŬŰɖɔɞɟɑŮɠ ȺŭɎűɞɡɠ 

 

ɄɑɜŬəŬɠ 3.6 ȾŬŰɖɔɞɟɑŮɠ ŮŭŬűɩɜ ɔɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ əŬŰŬůəŮɡɩɜ ï 

ɄŮɟɘɔɟŬűɐ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ ï ɄŬɟɎɛŮŰɟɞɘ ɡˊɞɚɞɔɘůɛɞɨ 

ȾŬŰɖɔɞɟɑŬ 

ŮŭɎűɞɡɠ 

ɄŮɟɘɔɟŬűɐ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ ɄŬɟɎɛŮŰɟɞɘ 

 

  Vs,30 (m/s) NSPT (əɟɞɨůŮɘɠ/ 

30cm) 

Cu (kPa) 

A 

 

ȸɟɎɢɞɠ ɐ Ɏɚɚɞɠ ɓɟŬɢɩŭɖɠ 

ɔŮɤɚɞɔɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ, ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ˊɞɚɨ 5m 

ŬůɗŮɜɏůŰŮɟɞɡ ŮˊɘűŬɜŮɘŬəɞɨ 

ɡɚɘəɞɨ  

>800 ï ï 

B ȷˊɞɗɏůŮɘɠ ˊɞɚɨ ˊɡəɜɐɠ 

Ɏɛɛɞɡ, ɢŬɚɑəɤɜ, ɐ ˊɞɚɨ 

ůəɚɖɟɐɠ Ŭɟɔɑɚɞɡ, ˊɎɢɞɡɠ 

ŰɞɡɚɎɢɘůŰɞɜ ŬɟəŮŰɩɜ ŭŮəɎŭɤɜ 

ɛɏŰɟɤɜ, ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ 

Ŭˊɧ ɓŬɗɛɘŬɑŬ ɓŮɚŰɑɤůɖ Űɤɜ 

ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ ɛŮ Űɞ 

ɓɎɗɞɠ 

360 ï 800 >50 >250 

C ȸŬɗɘɏɠ ŬˊɞɗɏůŮɘɠ ˊɡəɜɐɠ ɐ 

ɛɏŰɟɘŬɠ ˊɡəɜɐɠ Ɏɛɛɞɡ, 

ɢŬɚɑəɤɜ ɐ ůəɚɖɟɐɠ Ŭɟɔɑɚɞɡ 

ˊɎɢɞɡɠ Ŭˊɧ ŭŮəɎŭŮɠ ɏɤɠ 

ˊɞɚɚɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɛɏŰɟɤɜ 

180 ï 360 15 ï 50 70 ï 250 

D ȷˊɞɗɏůŮɘɠ ɢŬɚŬɟɩɜ ɏɤɠ 

ɛŮŰɟɑɤɠ ɢŬɚŬɟɩɜ ɛɖ 

ůɡɜŮəŰɘəɩɜ ɡɚɘəɩɜ (ɛŮ ɐ 

ɢɤɟɑɠ əɎˊɞɘŬ ɛŬɚŬəɎ 

ůŰɟɩɛŬŰŬ ůɡɜŮəŰɘəɩɜ ɡɚɘəɩɜ) 

ɐ əɡɟɑɤɠ ɛŬɚŬəɎ ɏɤɠ ɛŮŰɟɑɤɠ 

ůəɚɖɟɎ ŬɜŮəŰɘəɎ ɡɚɘəɎ 

<180 <15 <70 

E ȺŭŬűɘəɐ Űɞɛɐ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ɏɜŬ ŮˊɘűŬɜŮɘŬəɧ ůŰɟɩɛŬ 

ɘɚɨɞɠ ɛŮ Űɘɛɏɠ vs əŬŰɖɔɞɟɑŬɠ C 

ɐ D əŬɘ ˊɎɢɞɠ ˊɞɡ ˊɞɘəɑɚɚŮɘ 

ɛŮŰŬɝɨ ˊŮɟɑˊɞɡ 5m əŬɘ 20m, 

ɛŮ ɡˊɧůŰɟɤɛŬ Ŭˊɧ ˊɘɞ ůəɚɖɟɧ 

ɡɚɘəɧ ɛŮ vs > 800m/s 
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ɄɑɜŬəŬɠ 3.7 ɉŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɞˊŮɟɑɞŭɞɘ ůɡɜŬɟŰɐůŮɘ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮŭɎűɞɡɠ 

ȾŬŰɖɔɞɟɑŬ 

ŮŭɎűɞɡɠ 

ɇB (sec) TC (sec) TD (sec) S 

A 0,15 0,40 2,50 1,00 

B 0,15 0,50 2,50 1,20 

C 0,20 0,60 2,50 1,15 

D 0,20 0,80 2,50 1,35 

E 0,15 0,50 2,50 1,40 

 

3.6.3 ȾŬŰɖɔɞɟɑŬ əŬɘ ůˊɞɡŭŬɘɧŰɖŰŬ əŬŰŬůəŮɡɐɠ 

ȷəɧɛɖ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ŮˊɘɚɏɔŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ 

əŬŰŬůəŮɡɐɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ůˊɞɡŭŬɘɧŰɖŰŬ, Űɖɜ ɢɟɐůɖ Űɞɡ əŰɘɟɑɞɡ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ 

Ŭɜɗɟɩˊɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ŬɡŰɧ. 

 

ɄɑɜŬəŬɠ 3.8 ȾŬŰɖɔɞɟɑŮɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ əŰɘɟɑɤɜ ŬɜŰɘůŮɘůɛɘəɞɨ əŬɜɞɜɘůɛɞɨ 

ȾŬŰɖɔɞɟɑŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ 

 

Ɇ1 ȾŰɑɟɘŬ ɛɘəɟɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɤɠ ˊɟɞɠ Űɖɜ ŬůűɎɚŮɘŬ Űɞɡ əɞɘɜɞɨ, 

ɧˊɤɠ ŬɔɟɞŰɘəɎ ɞɘəɐɛŬŰŬ, ŬɔɟɞŰɘəɏɠ ŬˊɞɗɐəŮɠ, ɡˊɧůŰŮɔŬ, ůŰɎɓɚɞɘ, 

ɓɞɡůŰɎůɘŬ, ɢɞɘɟɞůŰɎůɘŬ, ɞɟɜɘɗɞŰɟɞűŮɑŬ 

Ɇ2 Ɇɡɜɐɗɖ əŰɑɟɘŬ, ɧˊɤɠ əŬŰɞɘəɑŮɠ əŬɘ ɔɟŬűŮɑŬ, ɓɘɞɛɖɢŬɜɘəɎ əŬɘ ɓɘɞŰŮɢɜɘəɎ 

əŰɑɟɘŬ, ɝŮɜɞŭɞɢŮɑŬ (ŰŬ ɞˊɞɑŬ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɢɩɟɞɡɠ ůɡɜŮŭɟɑɤɜ), 

ɝŮɜɩɜŮɠ, ɞɘəɞŰɟɞűŮɑɞ, ɢɩɟɞɘ ŮəɗɏůŮɤɜ, ɢɩɟɞɘ ŮůŰɘɎůŮɤɠ əŬɘ ɣɡɢŬɔɤɔɑŬɠ 

(ɕŬɢŬɟɞˊɚŬůŰŮɑɞ, ŮůŰɘŬŰɧɟɘŬ), ŰɟɎˊŮɕŮɠ, ɘŬŰɟŮɑŬ, Ŭɔɞɟɏɠ, ŮɛˊɞɟɘəɎ 

əɏɜŰɟŬ, əŬŰŬůŰɐɛŬŰŬ, űŬɟɛŬəŮɑŬ, əɞɛɛɤŰɐɟɘŬ, ɔɡɛɜŬůŰɐɟɘŬ, ŮɟɔŬůŰɐɟɘŬ 

ŮɟŮɡɜɩɜ, ůɡɜŮɟɔŮɑŬ ůɡɜŰɐɟɖůɖɠ əŬɘ ŮˊɘůəŮɡɐɠ ŬɡŰɞəɘɜɐŰɤɜ, 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ, ˊɟŬŰɐɟɘŬ ɡɔɟɩɜ əŬɡůɑɛɤɜ 

Ɇ3 ȾŰɑɟɘŬ ŰŬ ɞˊɞɑŬ ůŰŮɔɎɕɞɡɜ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɞɚɨ ɛŮɔɎɚɖɠ ɞɘəɞɜɞɛɘəɐɠ 

ůɖɛŬůɑŬɠ əŬɗɩɠ əŰɑɟɘŬ ŭɖɛɧůɘɤɜ ůɡɜŬɗɟɞɑůŮɤɜ əŬɘ ɔŮɜɘəɩɠ əŰɑɟɘŬ ůŰŬ 

ɞˊɞɑŬ ŮɡɟɑůəɞɜŰŬɘ ˊɞɚɚɞɑ Ɏɜɗɟɤˊɞɘ əŬŰɎ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɞɡ 24ɩɟɞɡ, 

ɧˊɤɠ ŬɑɗɞɡůŮɠ ŬŮɟɞŭɟɞɛɑɤɜ, ɢɩɟɞɘ ůɡɜŮŭɟɑɤɜ, əŰɑɟɘŬ ˊɞɡ ůŰŮɔɎɕɞɡɜ 

ɡˊɞɚɞɔɘůŰɘəɎ əɏɜŰɟŬ, Ůɘŭɘəɏɠ ɓɘɞɛɖɢŬɜɑŮɠ, ŮəˊŬɘŭŮɡŰɘəɎ əŰɑɟɘŬ, ŬɑɗɞɡůŮɠ 

ŭɘŭŬůəŬɚɑŬɠ, ɜɖˊɘŬɔɤɔŮɑŬ, űɟɞɜŰɘůŰɐɟɘŬ,  ɢɩɟɞɘ ůɡɜŬɡɚɘɩɜ, ŬɑɗɞɡůŮɠ 

ŭɘəŬůŰɖɟɑɤɜ, ɜŬɞɑ, ɢɩɟɞɘ ŬɗɚɖŰɘəɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ, ɗɏŬŰɟŬ, 

əɘɜɖɛŬŰɞɔɟɎűɞɘ, ɘŭɟɨɛŬŰŬ ŬŰɧɛɤɜ ɛŮ Ůɘŭɘəɏɠ ŬɜɎɔəŮɠ, ɞɑəɞɘ ŮɡɔɖɟɑŬɠ, 

űɡɚŬəɏɠ  

Ɇ4 ȾŰɑɟɘŬ Űɤɜ ɞˊɞɑɤɜ ɖ ɚŮɘŰɞɡɟɔɑŬ, Űɧůɞ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɞɡ 

ůŮɘůɛɞɨ, ɧůɞ əŬɘ ɛŮŰɎ Űɞɡɠ ůŮɘůɛɞɨɠ, ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ, ɧˊɤɠ 

əŰɑɟɘŬ ŰɖɚŮˊɘəɞɘɜɤɜɑŬɠ, ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, ɜɞůɞəɞɛŮɑŬ, əɚɘɜɘəɏɠ, 

ŬɔɟɞŰɘəɎ ɘŬŰɟŮɑŬ, ŭɘɡɚɘůŰɐɟɘŬ, ůŰŬɗɛɞɑ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, əŰɑɟɘŬ 

ŭɖɛɧůɘɤɜ ŮˊɘŰŮɚɘəɩɜ ɡˊɖɟŮůɘɩɜ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ɏəŰŬəŰɤɜ 

ŬɜŬɔəɩɜ Ŭˊɧ ůŮɘůɛɧ 
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ȾŰɑɟɘŬ ˊɞɡ ůŰŮɔɎɕɞɡɜ ɏɟɔŬ ɛɞɜŬŭɘəɐɠ əŬɚɚɘŰŮɢɜɘəɐɠ ŬɝɑŬɠ, ɧˊɤɠ 

ɛɞɡůŮɑŬ, ŬˊɞɗɐəŮɠ ɛɞɡůŮɑɤɜ 

 

 

ɄɑɜŬəŬɠ 3.9 Ʉɟɞůŭɘɞɟɘůɛɧɠ ůɡɜŰŮɚŮůŰɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɔI ůɡɜŬɟŰɐůŮɘ Űɖɠ əŬŰɖɔɞɟɑŬɠ 

ůˊɞɡŭŬɘɧŰɖŰŬɠ Űɤɜ əŬŰŬůəŮɡɩɜ 

ȾŬŰɖɔɞɟɑŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɔȽ 

I 0,80 

II  1,00 

III  1,20 

IV  1,40 

 

3.6.4 ɆɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ q 

   Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ q ŮəűɟɎɕŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ŭɞɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɜŬ 

ŬˊɞɟɟɞűɎ ŮɜɏɟɔŮɘŬ ɛɏůɤ ˊɚɎůŰɘɛɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŭɞɛɘəɩɜ Űɞɡ ɛŮɚɩɜ, ɢɤɟɑɠ ɜŬ 

ɛŮɘɩɜŮŰŬɘ ŭɟŬůŰɘəɎ ɖ ŬɜŰɞɢɐ Űɖɠ ůŮ Űɞˊɘəɧ əŬɘ əŬɗɞɚɘəɧ ŮˊɑˊŮŭɞ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧɜ, 

ŬˊɞɛŮɘɩɜŮɘ Űɘɠ ůŮɘůɛɘəɏɠ ŮˊɘŰŬɢɨɜůŮɘɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ ɛŮŰŮɚŬůŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ ˊɞɡ ɗŬ ŮˊɘɓŬɚɚɧŰŬɜ ůŮ ɏɜŬ ŬˊŮɟɘɧɟɘůŰŬ ŮɚŬůŰɘəɧ ůɨůŰɖɛŬ.  

   ȼ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊŮɟɘűɞɟɎɠ q ɛŮ Űɖɜ ɞˊɞɑŬ ŭɘŬɘɟŮɑŰŬɘ Űɞ ŮɚŬůŰɘəɧ űɎůɛŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ: 

¶ Űɖɜ əŬŰɖɔɞɟɑŬ ˊɚŬůŰɘɛɧŰɖŰŬɠ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ 

¶ Űɖɜ Űɘɛɐ Űɞɡ əŬŰŬůəŮɡŬůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊŬɟŬɚŬɓɐɠ Űɤɜ ůŮɘůɛɘəɩɜ űɞɟŰɑɤɜ 

¶ Űɖɜ əŬɜɞɜɘəɧŰɖŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ. 

 

ȺˊɘɚɏɔŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ q=1,50 ɔɘŬ Űɞɜ ŬɜŰɘůŮɘůɛɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡ 

ůŰŮɔɎůŰɟɞɡ ɛŬɠ. ȺɚɏɔɢɞɡɛŮ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůŰŮɔɎůŰɟɞɡ ŮɚŬůŰɘəɎ. ȺɑɜŬɘ ůɡɛűɏɟɤɜ 

ŬɡŰɧɠ ɞ ůɢŮŭɘŬůɛɧɠ, ŭɘɧŰɘ ɞ ůŮɘůɛɧɠ ŭŮɜ ŮɑɜŬɘ ŭɡůɛŮɜɏɠ űɞɟŰɑɞ ɔɘŬ Űɞɜ űɞɟɏŬ əŬɘ 

ŬˊɞűŮɨɔŮŰŬɘ ɞ ɘəŬɜɞŰɘəɧɠ ůɢŮŭɘŬůɛɧɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ əŰɑɟɘŬ.   

3.6.5 ȹŮŭɞɛɏɜŬ ŬɜŰɘůŮɘůɛɘəɞɨ ůɢŮŭɘŬůɛɞɨ ůŰŮɔɎůŰɟɞɡ 

ũɘŬ Űɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ⱥɚɚɖɜɘəɞɨ ɏɢɞɡɛŮ:  

Ȼɩɜɖ ɆŮɘůɛɘəɐɠ ȺˊɘəɘɜŭɡɜɧŰɖŰŬɠ: I  

ȺŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ: ŬgR=0,16g Ÿ ŬgR=1,60m/s
2 
 

ȾŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ: B Ÿ TB=0,15sec, TC=0,50sec, TD=2,50sec, S=1,20 

ɆɡɜŰŮɚŮůŰɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ: ȽȽȽ Ÿ ɔȽ=1,20 

ɆŮɘůɛɘəɐ ŮˊɘŰɎɢɡɜůɖ ůŮɘůɛɞɨ Ŭg: Ŭg = ɔȽ*ŬgR=1,20*1,60=1,92m/s
2
 Ÿ Ŭg=1,92m/s

2
 

ɆɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ: q=1,50 
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3.7 ɃɟɘŬəɏɠ ȾŬŰŬůŰɎůŮɘɠ ȾŬŰŬůəŮɡɐɠ 
 

   ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ɞɜɞɛɎɕɞɜŰŬɘ ɞɘ əŬŰŬůŰɎůŮɘɠ ˊɏɟŬ Űɤɜ ɞˊɞɑɤɜ ɞ űɞɟɏŬɠ ɐ ŰɛɐɛŬ 

Űɞɡ űɞɟɏŬ ŭŮɜ ɘəŬɜɞˊɞɘŮɑ ˊɚɏɞɜ ŰŬ əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ Űɞɡ. ȹɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ 

əŬŰɖɔɞɟɑŮɠ. 

   ɃɟɘŬəɏɠ ȾŬŰŬůŰɎůŮɘɠ ȷůŰɞɢɑŬɠ (Ultimate Limit  States ï ULS, ˊɚŬůŰɘəɏɠ ŬɜŰɞɢɏɠ, 

ŬˊɩɚŮɘŬ ŮɡůŰɎɗŮɘŬɠ, ɗɟŬɨůɖ, əɧˊɤůɖ, ŬɜŬŰɟɞˊɐ), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ əŬŰɎɟɟŮɡůɖ ɐ ɛŮ 

ɘůɞŭɨɜŬɛŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ Űɞɡ űɞɟɏŬ ɐ ŰɛɐɛŬŰɞɠ Űɞɡ űɞɟɏŬ. 

   ɃɟɘŬəɏɠ ȾŬŰŬůŰɎůŮɘɠ ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ (Serviceability Limit  States ï SLS, 

ɛŮŰŬŰɞˊɑůŮɘɠ, ŰŬɚŬɜŰɩůŮɘɠ, ɟɖɔɛŬŰɩůŮɘɠ), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ůɡɜɗɐəŮɠ ˊɏɟŬɜ Űɤɜ ɞˊɞɑɤɜ 

ŭŮɜ ˊɚɖɟɞɨɜŰŬɘ ˊɚɏɞɜ ɞɘ əŬɗɞɟɘůɛɏɜŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞɜ űɞɟɏŬ ɐ ɔɘŬ ɛɏɚɞɠ 

ŬɡŰɞɨ. 

3.7.1 ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ 

3.7.1.1 ȹɘŬɛɧɟűɤůɖ ŭɡɜɎɛŮɤɜ ˊɞɡ əŬŰŬˊɞɜɞɨɜ ŰŬ ůŰɏɔŬůŰɟŬ ůŮ ŭɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɡɠ ůɡɜŭɡŬůɛɞɨɠ űɞɟŰɑůŮɤɜ. 

ȷɜŬűɏɟɞɜŰŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ əŬŰŬˊɞɜɞɨɜ ŰŬ ůŰɏɔŬůŰɟŬ 1,2. ɀŮ ɏɜŰɞɜŬ ɔɟɎɛɛŬŰŬ 

ˊŬɟŬŰɑɗŮŰŬɘ Űɞ ɧɜɞɛŬ ˊɞɡ ɏɢŮɘ ŭɞɗŮɑ ůŰɞ ˊɟɧɔɟŬɛɛŬ. 

 

1. Ȳŭɘɞɜ ɓɎɟɞɠ űŮɟɧɜŰɤɜ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ: DEADLOADS  

2. ɄɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ: ADDITIONAL  DEADLOADS  

3. ȾɘɜɖŰɧ ūɞɟŰɑɞ ɆŰɏɔɖɠ: LIVELOADS  

4. ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ): W i, in_out (+0,20) 

5. ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ): W i, out_in (-0,30) 

6. ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ůŰɏɔŬůŰɟŬ əŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ: We,up 

ȷ) (ɆŰɏɔŬůŰɟɞ 1: We, horizontal 1 (+X)  +  We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (ȸ)+We, ůŰɏɔɖɠ (C)  +  

    We, ˊɟɞɓɧɚɤɜ 1, up) 

ȸ) (ɆŰɏɔŬůŰɟɞ 2: We, horizontal 2 (+X)  +  We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (ȸ)+We, ůŰɏɔɖɠ (C)  +  

    We, ˊɟɞɓɧɚɤɜ 2, up) 

7. ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ůŰɏɔŬůŰɟŬ əŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ: We,down 

ȷ) (ɆŰɏɔŬůŰɟɞ 1: We, horizontal 1 (+X)  +  We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (ȸ)+We, ůŰɏɔɖɠ (C)  +  

    We, ˊɟɞɓɧɚɤɜ 1, down) 

ȸ) (ɆŰɏɔŬůŰɟɞ 2: We, horizontal 2 (+X)  +  We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (ȸ)+We, ůŰɏɔɖɠ (C)  +  

    We, ˊɟɞɓɧɚɤɜ 2, down) 

8. ūɞɟŰɑɞ ɉɘɞɜɘɞɨï ɄŮɟɑˊŰɤůɖ 1: snow1 

9. ūɞɟŰɑɞ ɉɘɞɜɘɞɨï ɄŮɟɑˊŰɤůɖ 2: snow2 

10. Ȳŭɘɞɜ ɓɎɟɞɠ űŮɟɧɜŰɤɜ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ + ɄɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ: Gtotal 

11. ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ůŰɏɔŬůŰɟŬ əŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ 

(ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ): W total_1 = We,up ī Wi,in_out (+0,20) 
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12. ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ůŰɏɔŬůŰɟŬ əŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ  ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ 

(ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ): W total_2 = We,down ī Wi,in_out (+0,20) 

13. ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ůŰɏɔŬůŰɟŬ əŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠŰɞɡ 

Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ 

(ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ): W total_3 = We,up  ī Wi,out_in (-0,30) 

14. ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰŬ ůŰɏɔŬůŰɟŬ əŬɘ ůɡɔəŮɜŰɟɤɛɏɜŮɠ ŭɡɜɎɛŮɘɠ Űɞɡ 

Ŭɜɏɛɞɡ ůŰɞɡɠ ˊɟɞɓɧɚɞɡɠ ɛŮ űɞɟɎ ˊɟɞɠ ŰŬ əɎŰɤ ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ 

(ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ): W total_4 = We,down ī Wi ,out_in (-0,30) 

 

ɄɑɜŬəŬɠ 3.10 ɆɡɜŰŮɚŮůŰɏɠ ɣ0, ɣ1, ɣ2 ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ 

ȹɅȷɆȺȽɆ ɣ0 ɣ1 ɣ2 

ȺˊɘɓŬɚɚɧɛŮɜŬ űɞɟŰɑŬ ůŮ əŰɑɟɘŬ ȺɁ1991-1-1    

ȾŬŰɖɔɞɟɑŬ ȷ: əŬŰɞɘəɑŮɠ, ůɡɜɐɗɖ əŰɑɟɘŬ əŬŰɞɘəɘɩɜ 0,7 0,5 0,3 

ȾŬŰɖɔɞɟɑŬ B: ɢɩɟɞɘ ɔɟŬűŮɑɤɜ 0,7 0,5 0,3 

ȾŬŰɖɔɞɟɑŬ C: ɢɩɟɞɘ ůɡɜɎɗɟɞɘůɖɠ 0,7 0,7 0,6 

ȾŬŰɖɔɞɟɑŬ D: ɢɩɟɞɘ əŬŰŬůŰɖɛɎŰɤɜ 0,7 0,7 0,6 

ȾŬŰɖɔɞɟɑŬ E: ɢɩɟɞɘ ŬˊɞɗɐəŮɡůɖɠ 1,0 0,9 0,8 

ȾŬŰɖɔɞɟɑŬ F: ɢɩɟɞɘ əɡəɚɞűɞɟɑŬɠ ɞɢɖɛɎŰɤɜ ɓɎɟɞɡɠ ȸ Ò 30 kN 0,7 0,7 0,6 

ȾŬŰɖɔɞɟɑŬ G: ɢɩɟɞɘ əɡəɚɞűɞɟɑŬɠ ɞɢɖɛɎŰɤɜ ɓɎɟɞɡɠ 30 kN Ò ȸ Ò 160 

kN 

0,7 0,5 0,3 

ȾŬŰɖɔɞɟɑŬ H: ůŰɏɔŮɠ 0,0 0,0 0,0 

ūɞɟŰɑŬ ɢɘɞɜɘɞɨ ůŮ əŰɑɟɘŬ ȺɁ1991-1-3    

ūɘɜɚŬɜŭɑŬ, ȽůɚŬɜŭɑŬ, ɁɞɟɓɖɔɑŬ, ɆɞɡɖŭɑŬ 0,7 0,5 0,2 

ɈˊɧɚɞɘˊŬ əɟɎŰɖ ɛɏɚɖ CEN ůŮ ɡɣɧɛŮŰɟɞ H>1000m 0,7 0,5 0,2 

ɈˊɧɚɞɘˊŬ əɟɎŰɖ ɛɏɚɖ CEN ůŮ ɡɣɧɛŮŰɟɞ H<1000m 0,5 0,2 0,0 

ūɞɟŰɑŬ Ŭɜɏɛɞɡ ůŮ əŰɑɟɘŬ EN1991-1-4    

ũŮɜɘəɎ 0,6 0,2 0,0 

ŪŮɟɛɞəɟŬůɑŬ (ŮəŰɧɠ ˊɡɟəŬɔɘɎɠ) ůŮ əŰɑɟɘŬ EN1991-1-5    

ũŮɜɘəɎ 0,6 0,5 0,0 

 

 

ɇŬ ůŰɏɔŬůŰɟŬ ɛŮɚɏŰɖɠ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ ȼ: ůŰɏɔŮɠ, əŬɘ ůŰŬ ɡˊɧɚɞɘˊŬ əɟɎŰɖ ɛɏɚɖ 

CEN ɛŮ ɡɣɧɛŮŰɟɞ H<1000m: 

o ɣ0,q = 0,0 

o ɣ0,s = 0,5 

o ɣ0,w = 0,6 

o ɣ2,q = 0,0 
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3.7.1.2 ɆɡɜŭɡŬůɛɞɑ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ůŰɖɜ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ 

Ƀɘ ůɡɜŭɡŬůɛɞɑ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ůŰɖɜ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ, ŮɑɜŬɘ ɞɘ 

Ŭəɧɚɞɡɗɞɘ: 

 

ȸŬůɘəɞɑ ɆɡɜŭɡŬůɛɞɑ 

      Ed = В ‎ȟ Ὃzȟ  + ɔp*p + ɔQ,1*Qk,1 + В ‎ȟ*‪ȟ*ὗȟ),                            (3-25) 

 

ɇɡɢɖɛŬŰɘəɞɑ ɆɡɜŭɡŬůɛɞɑ 

Ed = В  Ὃȟ  + P + Ad + ɣ1,1*Qk,1 + В ‪ȟ 1zȟ ,                                            (3-26)
 

 

 

ɆŮɘůɛɘəɞɑ ɆɡɜŭɡŬůɛɞɑ 

 Ed =  В  Ὃȟ  + P + AEd + В ‪ȟ 1zȟ                                                             (3-27) 

 

ȳˊɞɡ P=p=0, ŮɑɜŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɖɠ ˊɟɞɏɜŰŬůɖɠ 

 

ɀɖ ůŮɘůɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ (ȹɡůɛŮɜŮɑɠ ūɞɟŰɑůŮɘɠ) 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W total_1 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W total_2 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W total_3 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W total_4 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W total_1 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W total_2 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W total_3 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W total_4 

 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow1 + 1,5*0,6*W total_1 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow1 + 1,5*0,6*W total_2 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow1 + 1,5*0,6*W total_3 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow1 + 1,5*0,6*W total_4 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow2 + 1,5*0,6*W total_1 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow2 + 1,5*0,6*W total_2 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow2 + 1,5*0,6*W total_3 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*snow2 + 1,5*0,6*W total_4 

 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow1 + 1,5*W total_1 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow1 + 1,5*W total_2 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow1 + 1,5*W total_3 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow1 + 1,5*W total_4 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow2 + 1,5*W total_1 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow2 + 1,5*Wtotal_2 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W total_3 

1,35*Gtotal + 1,5*0,0*LIVE LOADS  + 1,5*0,5*snow2 + 1,5*W total_4 
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ɀɖ ůŮɘůɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ (ȺɡɛŮɜŮɑɠ ūɞɟŰɑůŮɘɠ) 

1,0*Gtotal + 1,5*Wtotal_1 

1,0*Gtotal + 1,5*Wtotal_2 

1,0*Gtotal + 1,5*Wtotal_3 

1,0*Gtotal + 1,5*Wtotal_4 

 

ɆŮɘůɛɘəɞɑ ɆɡɜŭɡŬůɛɞɑ 

1,0*Gtotal + 1,0*0,0*LIVE LOADS Ñ 1,0*EX 

 

ȹɘŬɛɧɟűɤůɖ ŰŮɚɘəɩɜ ŭɡɜɎɛŮɤɜ ˊɞɡ əŬŰŬˊɞɜɞɨɜ Űɞ ůŰɏɔŬůŰɟɞ 1 ůŰɞɜ ɢɩɟɞ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɡɠ ůɡɜŭɡŬůɛɞɨɠ űɞɟŰɑůŮɤɜ. ȷɜŬűɏɟɞɜŰŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ 

əŬŰŬˊɞɜɞɨɜ Űɞ ůŰɏɔŬůŰɟɞ 1 ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ. ɀŮ ɏɜŰɞɜŬ ɔɟɎɛɛŬŰŬ ˊŬɟŬŰɑɗŮŰŬɘ Űɞ  

ɧɜɞɛŬ ˊɞɡ ɏɢŮɘ ŭɞɗŮɑ ůŰɞ ˊɟɧɔɟŬɛɛŬ. 

 

¶ Ȳŭɘɞɜ ɓɎɟɞɠ űŮɟɧɜŰɤɜ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ: DEADLOADS  

¶ ɄɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ:: ADDITIONAL  DEADLOADS  

¶ ȾɘɜɖŰɧ ūɞɟŰɑɞ ɆŰɏɔɖɠ: LIVE  LOADS 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ ȯɜŮɛɞ +ɉ  ī  ȺůɤŰŮɟɘəɐ 

ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ):  

We, horizontal 1 (+X) ï Wi , in_out (+0,20) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ ȯɜŮɛɞ +ɉ  ī ȺůɤŰŮɟɘəɐ 

ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ):  

We, horizontal 1 (+X) ī Wi, out_in (-0,30) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ ȯɜŮɛɞ +Y  ī  ȺůɤŰŮɟɘəɐ 

ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ): 

We, horizontal 1 (+Y)  ī Wi, in_out (+0,20) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ ȯɜŮɛɞ +Y  ī  ȺůɤŰŮɟɘəɐ 

ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ):  

We, horizontal 1 (+Y) ī Wi, out_in (-0,30) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ ˊɎɜɤ 

ɔɘŬ ȯɜŮɛɞ +ɉ  -  ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ):  

We, vertical 1,up (+X)  -  Wi , in_out (+0,20), ɧˊɞɡ:  

We, vertical 1,up (+X) = We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (B)+We, ůŰɏɔɖɠ (C)  + 

We, ˊɟɞɓɧɚɞɡ 1, up (+X) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ əɎŰɤ 

ɔɘŬ ȯɜŮɛɞ +ɉ ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ):  

We, vertical 1,down (+X) ī Wi, in_out (+0,20), ɧˊɞɡ:  

We, vertical 1,down (+X) = We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (B)+We, ůŰɏɔɖɠ (C)  +   

We, ˊɟɞɓɧɚɞɡ 1, down (+X) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ ˊɎɜɤ 

ɔɘŬ ȯɜŮɛɞ +ɉ ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ):  

We, vertical 1,up (+X) ī Wi, out_in (-0,30), ɧˊɞɡ:  

We, vertical 1,up (+X) = We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (B)+We, ůŰɏɔɖɠ (C)  +   

We, ˊɟɞɓɧɚɞɡ 1, up (+X) 
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¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ əɎŰɤ 

ɔɘŬ ȯɜŮɛɞ +ɉ ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ):  

We, vertical 1,down (+X) ī Wi, out_in (-0,30), ɧˊɞɡ:  

We, vertical 1,down (+X) = We, ůŰɏɔɖɠ (ȷ)+We, ůŰɏɔɖɠ (B)+We, ůŰɏɔɖɠ (C)  +  

We, ˊɟɞɓɧɚɞɡ 1, down (+X) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ ˊɎɜɤ 

ɔɘŬ ȯɜŮɛɞ +Y ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ):  

We, vertical 1,up (+Y) ī Wi, in_out (+0,20), ɧˊɞɡ:  

We, vertical 1,up (+Ɉ) = We, ůŰɏɔɖɠ (+Ɉ) + We, ˊɟɞɓɧɚɞɡ 1,up (+Y) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ əɎŰɤ 

ɔɘŬ ȯɜŮɛɞ +Y ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ):  

We, vertical 1,down (+Y) ī Wi, in_out (+0,20), ɧˊɞɡ:  

We, vertical 1,down (+Ɉ) = We, ůŰɏɔɖɠ (+Ɉ) + We, ˊɟɞɓɧɚɞɡ 1,down (+Y) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ ˊɎɜɤ 

ɔɘŬ ȯɜŮɛɞ +Y ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ):  

We, vertical 1,up (+Y) ī Wi, out_in (-0,30), ɧˊɞɡ:  

We, vertical 1,up (+Ɉ) = We, ůŰɏɔɖɠ (+Ɉ) + We, ˊɟɞɓɧɚɞɡ 1,up (+Y) 

¶ ȺɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭɜɏɛɞɡ ůŰɏɔɖɠ əŬɘ ˊɟɞɓɧɚɤɜ ɛŮ űɞɟɎ ŭɡɜɎɛŮɤɜ ˊɟɞɠ ŰŬ əɎŰɤ 

ɔɘŬ ȯɜŮɛɞ +Y ī ȺůɤŰŮɟɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ (ˊɑŮůɖ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ):  

We, vertical 1,down (+Y) ī Wi, out_in (-0,30), ɧˊɞɡ:  

We, vertical 1,down (+Ɉ) = We, ůŰɏɔɖɠ (+Ɉ) + We, ˊɟɞɓɧɚɞɡ 1,down (+Y) 

¶ ūɞɟŰɑɞ ɉɘɞɜɘɞɨ ï ɄŮɟɑˊŰɤůɖ 1: snow1 

¶ ūɞɟŰɑɞ ɉɘɞɜɘɞɨ ï ɄŮɟɑˊŰɤůɖ 2: snow2 

 

¶ {4} + {8}  

 W1_0 = {  We, horizontal 1 (+X) ī Wi, in_out (+0,20) }  +  

               {  We, vertical 1,up (+X) ī Wi, in_out (+0,20) }  

 

¶ {4} + {9}  

 W2_0 = {  We, horizontal 1 (+X) ī Wi, in_out (+0,20) }   + 

               {  We, vertical 1,down (+X) ī Wi, in_out (+0,20) }  

 

¶ {5} + {10}  

 W3_0 = {  We, horizontal 1 (+X)  ī  Wi, out_in (-0,30) }  + 

               {  We, vertical 1,up (+X) ī Wi, out_in (-0,30) }  

 

¶ {5} + {11}  

 W4_0 = { We, horizontal 1 (+X) ī Wi, out_in (-0,30) } + 

               { We, vertical 1,down (+X) ī Wi, out_in (-0,30) }  

 

¶ {6} + {12}  

 W1_90 = { We, horizontal 1 (+Y) ī Wi, in_out (+0,20) }  + 

                 { We, vertical 1,up (+Y) ī Wi, in_out (+0,20) }  
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¶ { 6} + {13}  

 W2_90 = { We, horizontal 1 (+Y) ī Wi, in_out (+0,20) } + 

                 { W e, vertical 1,down (+Y) ī Wi, in_out (+0,20) }  

 

¶ {7} + {14}  

 W3_90 = { We, horizontal 1 (+Y) ī Wi, out_in (-0,30) } + 

                 { W e, vertical 1,down (+Y) ī Wi, out_in (-0,30) }  

 

¶ {7} + {15}  

 W4_90 = { We, horizontal 1 (+Y)  ī Wi, out_in (-0,30) } + 

                 { W e, vertical 1,down (+Y) ī Wi, out_in (-0,30) }  

 

¶ {1} + {2}  

 Gtotal = DEADLOADS + ADDITIONAL DEADLOADS 

 

ɀɖ ůŮɘůɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ (ȹɡůɛŮɜŮɑɠ ūɞɟŰɑůŮɘɠ) 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 1_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 2_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 3_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 4_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 1_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 2_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 3_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow1 + 1,5*0,6*W 4_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 1_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 2_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 3_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 4_0 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 1_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 2_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 3_90 

1,35*Gtotal + 1,5*LIVE LOADS + 1,5*0,5*snow2 + 1,5*0,6*W 4_90 

 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W 1_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W2_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W3_0 

1,35*Gtotal + 1,5*0,0*LIVE  LOADS + 1,5*snow1 + 1,5*0,6*W4_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W1_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W2_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W3_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow1 + 1,5*0,6*W4_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W1_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W2_0 
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1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W 3_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W4_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W1_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W2_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W3_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*snow2 + 1,5*0,6*W 4_90 

 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W1_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W2_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W3_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W4_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W1_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W2_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W 3_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow1 + 1,5*W 4_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 1_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 2_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 3_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 4_0 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 1_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 2_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 3_90 

1,35*Gtotal + 1,5*0,0*LIVE LOADS + 1,5*0,5*snow2 + 1,5*W 4_90 

 

ɀɖ ůŮɘůɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ (ȺɡɛŮɜŮɑɠ ūɞɟŰɑůŮɘɠ) 

1,0*Gtotal + 1,5*W 1_0 

1,0*Gtotal + 1,5*W 2_0 

1,0*Gtotal + 1,5*W 3_0 

1,0*Gtotal + 1,5*W 4_0 

1,0*Gtotal + 1,5*W 1_90 

1,0*Gtotal + 1,5*W 2_90 

1,0*Gtotal + 1,5*W3_90 

1,0*Gtotal + 1,5*W4_90 

 

ɆŮɘůɛɘəɞɑ ɆɡɜŭɡŬůɛɞɑ 

1,0*Gtotal + 1,0*0,0*LIVELOADS Ñ 1,0*EX Ñ 0,3*EY 

1,0*Gtotal + 1,0*0,0*LIVELOADS Ñ 0,3*EX Ñ 1,0*EY 

 

3.7.2 ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ 

ȼ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ŬűɞɟɎ Űɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ űɞɟɏŬ ɐ 

Ůɜɧɠ ŭɞɛɘəɞɨ ɛɏɚɞɡɠ, Űɖɜ ɎɜŮůɖ Űɤɜ ɢɟɖůŰɩɜ əŬɘ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮɛűɎɜɘůɖ Űɤɜ ŭɞɛɘəɩɜ 

ůŰɞɘɢŮɑɤɜ (ɟɖɔɛɎŰɤůɖ). Ƀɘ ůɡɜŭɡŬůɛɞɑ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ůŰɖɜ ɞɟɘŬəɐ 

əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ, ŮɑɜŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ: 
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ɉŬɟŬəŰɖɟɘůŰɘəɞɑ ɆɡɜŭɡŬůɛɞɑ 

           Ed = В Ὃȟ + P + Qk,1 + В ‪ȟ ὗzȟ  

                   

Ɇɡɢɜɞɑ ɆɡɜŭɡŬůɛɞɑ 

 

Ed = В Ὃȟ + P + ɣ1,1*Qk,1 + В ‪ȟ ὗzȟ  

 

ɃɘɞɜŮɑ ɀɧɜɘɛɞɘ ɆɡɜŭɡŬůɛɞɑ 

 

      Ed = В Ὃȟ + P + В ‪ȟ ὗzȟ  

 

ɧˊɞɡ: 

+ : çŮˊŬɚɚɖɚɑŬ ɛŮè 

Gk,j : ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ ɛɧɜɘɛɤɜ ŭɟɎůŮɤɜ 

Qk,i : ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ ŮˊɘəɟŬŰɏůŰŮɟɖɠ ɛŮŰŬɓɚɖŰɐɠ ŭɟɎůɖɠ ï  

        ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ ɚɞɘˊɩɜ ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ i 

AEd : Űɘɛɐ ůɢŮŭɘŬůɛɞɨ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ 

Ad : Űɘɛɐ ůɢŮŭɘŬůɛɞɨ ŰɡɢɖɛŬŰɘəɐɠ ŭɟɎůɖɠ 

P: ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ ˊɟɞɏɜŰŬůɖɠ 

ɔG,j : Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɖɜ ɛɧɜɘɛɖ ŭɟɎůɖ 

ɔQ,i : Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ ŭɟɎůɖ 

ɔP : Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɖɜ ˊɟɞɏɜŰŬůɖ 

Ƀɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɔ ŮɑɜŬɘ: 

 

ɃɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ 

ɔG,j : 1,35 ɧˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɐɠ əŬɘ 1,0 ɧˊɞɡ ŮɑɜŬɘ Ůɡɜɞɥəɐ 

ɔQ,1 : 1,5 ɧˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɐɠ əŬɘ 0,0 ɧˊɞɡ ŮɑɜŬɘ Ůɡɜɞɥəɐ 

ɔQ,i : 1,5 ɧˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɐɠ əŬɘ 0,0 ɧˊɞɡ ŮɑɜŬɘ Ůɡɜɞɥəɐ 

 

ɃɟɘŬəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ 

ɔG,j : 1,0 ɧˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɐɠ əŬɘ 1,0 ɧˊɞɡ ŮɑɜŬɘ Ůɡɜɞɥəɐ 

ɔQ,1 : 1,0 ɧˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɐɠ əŬɘ 1,0 ɧˊɞɡ ŮɑɜŬɘ Ůɡɜɞɥəɐ 

ɔQ,i : 1,0 ɧˊɞɡ ŮɑɜŬɘ ŭɡůɛŮɜɐɠ əŬɘ 1,0 ɧˊɞɡ ŮɑɜŬɘ Ůɡɜɞɥəɐ 
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4 ɄɟɞŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ ŬɜɎɚɡůɖ ŮˊɑˊŮŭɤɜ 

ˊɟɞůɞɛɞɘɤɛɎŰɤɜ 

4.1 Ʉɟɞůɞɛɞɑɤůɖ ȾŰɘɟɑɞɡ 

4.1.1 ũŮɜɘəɎ 

ɄɟɞůɞɛɞɘɩɜɞɜŰŬɘ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ Robot Structural Analysis 2017 Űɖɠ 

Autodesk. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬ ŮˊɑˊŮŭɞ ˊɟɞůɞɛɞɑɤɛŬ, ɔɘŬ əɎɗŮ ɏɜŬ ůŰɏɔŬůŰɟɞ, (ɎɝɞɜŮɠ 

X,Z ůŰɞ əŬɗɞɚɘəɧ ŮˊɑˊŮŭɞ), Ůɜɧɠ ɛɏůɞɡ ˊɚŬɘůɑɞɡ ˊɚɎŰɞɡɠ Ůˊɘɟɟɞɐɠ 6m. ɆŰɖɜ ŭɘůŭɘɎůŰŬŰɖ 

ŬɜɎɚɡůɖ ɛŮɚŮŰɐɗɖəŮ ɛɧɜɞ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ȷɜɏɛɞɡ +ɉ. ɇŬ ůŰɏɔŬůŰɟŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ˊɚŬɑůɘŬ ˊɞɡ ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ŬɜɎ 6m.  

4.1.2 ȾɎɜɜŬɓɞɠ ůɢŮŭɑŬůɖɠ ɛɞɜŰɏɚɤɜ 

ɄɟɞůɞɛɞɘɩɜŮŰŬɘ ɞ əɎɜɜŬɓɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ŰŬ ŭɨɞ ůŰɏɔŬůŰɟŬ 

ůŰɞ ŮˊɑˊŮŭɞ.  

Robot Structural Analysis 2017: Geometry Ÿ Axis Definition Ÿ Structural Axis  

 

ɆŰɏɔŬůŰɟɞ 1 

ȯɝɞɜŬɠ ɉ: 6m+5m+2m+2,25m+15,75m+15,75m+2,25m+2m+5m+6m = 62m 

ȯɝɞɜŬɠ Z: 9m + 1,60m + 0,65m + 0,25m + 1,50m + 3m = 16m 

 

ɆŰɏɔŬůŰɟɞ 2 

ȯɝɞɜŬɠ ɉ: 8,11m + 2,89m + 20m + 20m + 2,89m + 8,11m = 62m 

ȯɝɞɜŬɠ Z: 10m + 2m + 0,50m + 1,64m + 1,86m = 16m 

4.1.3 Ʉɟɞůɞɛɞɑɤůɖ ɡɚɘəɩɜ 

ũɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ŭɨɞ ůŰŮɔɎůŰɟɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S355 Ŭˊɧ Űɖɜ 

əŬŰɖɔɞɟɑŬ Űɞɡ ŮɡɟɤəɩŭɘəŬ.  

Tools Ÿ Job Preferences Ÿ Materials 

 

 
ȺɘəɧɜŬ 4.1 Ʉɟɞůɞɛɞɑɤůɖ ɡɚɘəɩɜ 
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4.1.4 Ʉɟɞůɞɛɞɑɤůɖ ŭɘŬŰɞɛɩɜ 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬŰɞɛɏɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ ɔɘŬ Űɖɜ ˊɟɞŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ ůŰŮɔɎůŰɟɤɜ.  

Geometry Ÿ Properties Ÿ Sections 

 

ɆŰɏɔŬůŰɟɞ 1 

 

 
ȺɘəɧɜŬ 4.2 Ʉɟɞůɞɛɞɑɤůɖ ŭɘŬŰɞɛɩɜ ŮˊɑˊŮŭɞɡ űɞɟɏŬ (ůŰɏɔŬůŰɟɞ 1) 

 

 

ɆŰɏɔŬůŰɟɞ 2  

 

 
ȺɘəɧɜŬ 4.3 Ʉɟɞůɞɛɞɑɤůɖ ŭɘŬŰɞɛɩɜ ŮˊɑˊŮŭɞɡ űɞɟɏŬ (ůŰɏɔŬůŰɟɞ 2) 

 

 

 

 



- 70 - 

 

4.1.5 Ʉɟɞůɞɛɞɑɤůɖ ůŰɖɟɑɝŮɤɜ 

ɆŰɞɜ ɎɝɞɜŬ ɉ, ɞɘ űɞɟŮɑɠ ůŰɖɟɑɕɞɜŰŬɘ ůŮ ˊɎəŰɤůɖ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ɞ Űɟɧˊɞɠ ŭɖɛɘɞɡɟɔɑŬɠ 

Űɖɠ ůŰɐɟɘɝɖɠ Űɞɡ űɞɟɏŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ.  

Geometry Ÿ Supports Ÿ Fixed Ÿ 

Ux Ÿ ã 

Uy Ÿ ã 

Uz  Ÿ ã 

4.1.6 ɇɞˊɘəɞɑ ɎɝɞɜŮɠ 

ɄɟɞůɞɛɞɘɩɜŮŰŬɘ ɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ Űɤɜ ŭɘŬŰɞɛɩɜ ůŮ Űɞˊɘəɧ ŮˊɑˊŮŭɞ. 

 

ɆŰɏɔŬůŰɟɞ 1 

 
ȺɘəɧɜŬ 4.4 ɇɞˊɘəɞɑ ɎɝɞɜŮɠ ɛŮɚɩɜ ŭɘŬůŰŬůɘɞɚɞɔɖɛɏɜɞɡ űɞɟɏŬ (ůŰɏɔŬůŰɟɞ 1) 

 

ɆŰɏɔŬůŰɟɞ 2 

 

 
ȺɘəɧɜŬ 4.5 ɇɞˊɘəɞɑ ɎɝɞɜŮɠ ɛŮɚɩɜ ŭɘŬůŰŬůɘɞɚɞɔɖɛɏɜɞɡ űɞɟɏŬ (ůŰɏɔŬůŰɟɞ 2) 
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4.1.7 Ʉɟɞůɞɛɞɑɤůɖ űɞɟŰɑɤɜ 

ɄɟɞůɞɛɞɘɩɜɞɜŰŬɘ ŰŬ űɞɟŰɑŬ ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞɡɠ űɞɟŮɑɠ ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ. ɇŬ űɞɟŰɑŬ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ŬɜŬɚɡŰɘəɎ ůŰɞ 3
ɞ
 əŮűɎɚŬɘɞ.ɇŬ ŮˊɘűŬɜŮɘŬəɎ űɞɟŰɑŬ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŰɞ 

3
ɞ
 əŮűɎɚŬɘɞ, ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ɔɟŬɛɛɘəɎ, ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ ɛŮ Űɞ ˊɚɎŰɞɠ Ůˊɘɟɟɞɐɠ Űɞɡ 

ɛɏůɞɡ ˊɚŬɘůɑɞɡ (bŮˊɘɟɟɞɐɠ=6m). ɆŰɖɜ ɡˊɞˊŬɟɎɔɟŬűɞ ŬɡŰɐ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ 

űɞɟŰɑŬ ˊɞɡ əŬŰŬˊɞɜɞɨɜ Űɞ ůŰɏɔŬůŰɟɞ 1. ȼ ŬɜŰɑůŰɞɘɢɖ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ űɞɟŰɑɤɜ Űɞɡ 

ůŰŮɔɎůŰɟɞɡ 2 ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɞ ˊŬɟɎɟŰɖɛŬ. 

 

ɀɃɁȽɀȷ ūɃɅɇȽȷ 

i) Ȳŭɘɞɜ ȸɎɟɞɠ ūŮɟɧɜŰɤɜ ɀŮŰŬɚɚɘəɩɜ ɆŰɞɘɢŮɑɤɜ (DEADLOADS) 

 

ii ) ɄɟɧůɗŮŰŬ ɀɧɜɘɛŬ ūɞɟŰɑŬ (ADDITIONAL  DEADLOADS) 

    qadditional_deadloads = 2,12 kN/m  

 

 
ȺɘəɧɜŬ 4.6  Ʉɟɞůɞɛɞɑɤůɖ ˊɟɧůɗŮŰɤɜ ɛɧɜɘɛɤɜ űɞɟŰɑɤɜ ůŰɞ ůŰɏɔŬůŰɟɞ 1 

 

ȾȽɁȼɇȷ ūɃɅɇȽȷ ɆɇȺũȼɆ (LIVE  LOADS) 

qlive loads = 3,00 kN/m 

 

 
ȺɘəɧɜŬ 4.7 Ʉɟɞůɞɛɞɑɤůɖ əɘɜɖŰɩɜ űɞɟŰɑɤɜ ůŰɞ ůŰɏɔŬůŰɟɞ 1 
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ɉȽɃɁȽ (SNOW LOADS) 

1) ́ ŮɟɑˊŰɤůɖ (i) (snow1): qɢɘɧɜɘ1= 1,87 kN/m 

 

 
ȺɘəɧɜŬ 4.8 Ʉɟɞůɞɛɞɑɤůɖ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰɞ ůŰɏɔŬůŰɟɞ 1 ī ˊŮɟɑˊŰɤůɖ (i) 

 

 

2) ́ ŮɟɑˊŰɤůɖ (ii ) (snow2): 

ɀɏɔɘůŰɖ Űɘɛɐ: qɢɘɧɜɘ2,max = 3,60 kN/m 

ȺɚɎɢɘůŰɖ Űɘɛɐ: qɢɘɧɜɘ2,min = 1,87 kN/m 

 

 
ȺɘəɧɜŬ 4.9 Ʉɟɞůɞɛɞɑɤůɖ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰɞ ůŰɏɔŬůŰɟɞ 1 ī ˊŮɟɑˊŰɤůɖ (ii) 

 

 

 

 

 

 

 

 

 

 

 

 



- 73 - 

 

ȷɁȺɀɃɆ (WIND LOADS) 

 

ȺůɤŰŮɟɘəɏɠ ȷɜŮɛɞˊɘɏůŮɘɠ 

 

i) ɄɘɏůŮɘɠ Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ {Wi ,in_out (+0,20)} 

Wi,in_out (+0,20) = 2,16 kN/m 

 

 
ȺɘəɧɜŬ 4.10 Ʉɟɞůɞɛɞɑɤůɖ ŮůɤŰŮɟɘəɩɜ ˊɘɏůŮɤɜ Ŭɜɏɛɞɡ (Ŭˊɧ ɛɏůŬ ˊɟɞɠ ŰŬ ɏɝɤ) ůŰɞ ůŰɏɔŬůŰɟɞ 1 

 

 

ii) ɄɘɏůŮɘɠ Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ (W i, out_in (-0,30)) 

    Wi,,out_in (-0,30) = 3,30 kN/m 

 

 ȺɘəɧɜŬ 4.11 Ʉɟɞůɞɛɞɑɤůɖ ŮůɤŰŮɟɘəɩɜ ˊɘɏůŮɤɜ Ŭɜɏɛɞɡ (Ŭˊɧ ɏɝɤ ˊɟɞɠ ŰŬ ɛɏůŬ) ůŰɞ ůŰɏɔŬůŰɟɞ 1 
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ȺɝɤŰŮɟɘəɏɠ ȷɜŮɛɞˊɘɏůŮɘɠ 

 

i) We,up 

 

ɆŰɏɔŬůŰɟɞ 1 

¶ We,D (1) = 1,27(kN/m
2
) * 6(m) = 7,62 kN/m 

¶ We,E (1) = 0,55(kN/m
2
) * 6(m) = 3,30 kN/m 

¶ We,ůŰɏɔɖɠ (ȷ) (1) = 0,71(kN/m
2
) * 6(m) = 4,26 kN/m 

¶ We,ůŰɏɔɖɠ (B) (1) = 1,60 (kN/m
2
) * 6(m) = 9,60 kN/m 

¶ We,ůŰɏɔɖɠ (C) (1) = 0,73 (kN/m
2
) * 6(m) = 4,38 kN/m 

 

 
 

ȺɘəɧɜŬ 4.12  Ʉɟɞůɞɛɞɑɤůɖ ŮɝɤŰŮɟɘəɩɜ ˊɘɏůŮɤɜ Ŭɜɏɛɞɡ ůŰɞ ůŰɏɔŬůŰɟɞ 1 ï ɄŮɟɑˊŰɤůɖ (i) 

 

ii) W e,down 

 

ɆŰɏɔŬůŰɟɞ 1 

 

 
ȺɘəɧɜŬ 4.13 Ʉɟɞůɞɛɞɑɤůɖ ŮɝɤŰŮɟɘəɩɜ ˊɘɏůŮɤɜ Ŭɜɏɛɞɡ ůŰɞ ůŰɏɔŬůŰɟɞ 1 ï ɄŮɟɑˊŰɤůɖ (ii) 

 

4.2 ȷɜɎɚɡůɖ ůŰŮɔɎůŰɟɤɜ 
ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ůɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ, 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ɛɐəɖ ɚɡɔɘůɛɞɨ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ŰŬ 

ůŰɏɔŬůŰɟŬ ɛŮ Űɖɜ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ŭɘŬŰɞɛɐ. 
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4.2.1 ɆɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ŬɜɎɚɡůɖɠ 

Ƀɘ ůɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ Űɤɜ ůŰŮɔɎůŰɟɤɜ ɛˊŬɑɜɞɡɜ ɢŮɘɟɞəɑɜɖŰŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ. Loads 

Ÿ Manual Combinations Ÿ ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɜŭɡŬůɛɞɑ, ɧˊɤɠ ɡˊɞɚɞɔɑůŰɖəŬɜ ůŰɞ 

3
ɞ
 əŮűɎɚŬɘɞ. 

4.3 ɀɐəɖ ɚɡɔɘůɛɞɨ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ  
ɇŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ůŰŮɔɎůŰɟɤɜ əŬŰŬŰɎůůɞɜŰŬɘ ůŮ ɞɛɎŭŮɠ (member types) əŬɘ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ɛɐəɖ ɚɡɔɘůɛɞɨ Űɞɡɠ ɤɠ ˊɟɞɠ Űɞ ŮˊɑˊŮŭɞ X,Y. 

Design Ÿ Steel Members Design ï Options Ÿ Code parameters 

 

ɆŰɏɔŬůŰɟɞ 1 

ɇɞ ůŰɏɔŬůŰɟɞ 1, ůŰɞ ŮˊɑˊŮŭɞ, ɢɤɟɑɕŮŰŬɘ ůŮ ŰɏůůŮɟɘɠ Űɨˊɞɡɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ. 

ȷɜŬɟŰɐɟŮɠ, ȾŬɛˊɨɚɖ, Ʉɟɧɓɞɚɞɘ, ɈˊɞůŰɡɚɩɛŬŰŬ. 

 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ŰŬ ɛɐəɖ ɚɡɔɘůɛɞɨ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1. 

 

 

¶ ȷɜŬɟŰɐɟŮɠ 

 

ȰɚŮɔɢɞɠ ůŮ ɗɚɑɣɖ Űɤɜ ŬɜŬɟŰɐɟɤɜ 

 

ɀɐəɞɠ ŬɜŬɟŰɐɟɤɜ: 15,35m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 15,35m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 15,35m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȰɚŮɔɢɞɠ ůŮ ɗɚɑɣɖ: ɁȷȽ 

(ɗɚɘɓɧɛŮɜŬ ɛɏɚɖ) 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: ɃɉȽ 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: 

ɃɉȽ 

 
 

ȺɘəɧɜŬ 4.13 ɀɐəɖ ɚɡɔɘůɛɞɨ ŬɜŬɟŰɐɟɤɜ (ůŰɏɔŬůŰɟɞ1) 
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¶ ȾŬɛˊɨɚɖ 

 

 

 

ɀɐəɞɠ əŬɛˊɨɚɖɠ: 44,12m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 44,12m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 5,52m 

(44,12m/8) 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: NAI 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: 

ɁȷȽ 

 

ȺɘəɧɜŬ 4.14 ɀɐəɖ ɚɡɔɘůɛɞɨ əŬɛˊɨɚɖɠ (ůŰɏɔŬůŰɟɞ1) 
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¶ Ʉɟɧɓɞɚɞɘ 

 

 

 

ɀɐəɞɠ ˊɟɞɓɧɚɤɜ: 11,30m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,30m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,30m 

  

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 0,50 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ:NAI 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: 

ɁȷȽ 

 

ȺɘəɧɜŬ 4.15 ɀɐəɖ ɚɡɔɘůɛɞɨ ˊɟɞɓɧɚɤɜ (ůŰɏɔŬůŰɟɞ1) 
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¶ ɈˊɞůŰɡɚɩɛŬŰŬ 

 

 

 

ȴɣɞɠ ɡˊɞůŰɡɚɤɛɎŰɤɜ: 9,00m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 9,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 

0,70 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 9,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 

0,50 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: NAI 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: ɁȷȽ 

ȺɘəɧɜŬ 4.16 ɀɐəɖ ɚɡɔɘůɛɞɨ ɡˊɞůŰɡɚɤɛɎŰɤɜ (ůŰɏɔŬůŰɟɞ1) 

 

 

 

ɆŰɏɔŬůŰɟɞ 2 

ɇɞ ůŰɏɔŬůŰɟɞ 2, ůŰɞ ŮˊɑˊŮŭɞ, ɢɤɟɑɕŮŰŬɘ ůŮ ŰɏůůŮɟɘɠ Űɨˊɞɡɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ. 

ȷɜŬɟŰɐɟŮɠ, əŬɛˊɨɚɖ, ˊɟɧɓɞɚɞɘ, ɡˊɞůŰɡɚɩɛŬŰŬ. ȷɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ ɛɐəɖ 

ɚɡɔɘůɛɞɨ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɖ əŬɟŰɏɚŬ ɛŮ Űɘɠ ŬɜŬɚɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟɎɟŰɖɛŬ.  

 

¶ ȷɜŬɟŰɐɟŮɠ 

ɀɐəɞɠ ŬɜŬɟŰɐɟɤɜ: 11,28m 

ȹɘŮɨɗɡɜůɖ əŬŰɎ y Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,28m 

                                    ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȹɘŮɨɗɡɜůɖ əŬŰɎ z Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,28m 

                                    ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȰɚŮɔɢɞɠ ůŮ ɗɚɑɣɖ Ÿ ɁŬɘ 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ Ÿ ȳɢɘ 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ Ÿ ȳɢɘ 
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¶ ȾŬɛˊɨɚɖ 

ɀɐəɞɠ əŬɛˊɨɚɖɠ: 41,06m 

ȹɘŮɨɗɡɜůɖ əŬŰɎ y Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 41,06m 

                                     ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȹɘŮɨɗɡɜůɖ əŬŰɎ z Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 5,13m (41,06m/8) 

                                    ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ Ÿ ɁŬɘ 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ Ÿ ɁŬɘ 

 

¶ Ʉɟɧɓɞɚɞɘ 

ɀɐəɞɠ ˊɟɞɓɧɚɤɜ: 11,82m 

ȹɘŮɨɗɡɜůɖ əŬŰɎ y Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,82m 

                                    ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȹɘŮɨɗɡɜůɖ əŬŰɎ z Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,82m 

                                    ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 0,50 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ Ÿ ɁŬɘ 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ Ÿ ɁŬɘ 

 

¶ ɈˊɞůŰɡɚɩɛŬŰŬ 

ɀɐəɞɠ ɡˊɞůŰɡɚɤɛɎŰɤɜ: 16,00m 

ȹɘŮɨɗɡɜůɖ əŬŰɎ y Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 11,20m (16,00m*0,70) 

                                   ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȹɘŮɨɗɡɜůɖ əŬŰɎ z Ÿ ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 5,33m (16,00m/3) 

                                   ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 1,00 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ Ÿ ɁŬɘ 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ Ÿ ɁŬɘ 

4.3.1 ȹɘŬůŰŬůɘɞɚɧɔɖůɖ ůŰŮɔɎůŰɟɤɜ 

ȷűɞɨ ɡˊɞɚɞɔɑůŰɖəŬɜ ŰŬ ɛɐəɖ ɚɡɔɘůɛɞɨ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ 

ˊɟɧɔɟŬɛɛŬ ɞɘ ŭɘŬŰɞɛɏɠ ˊɞɡ ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ ůɢŮŭɘŬůɛɞɨ Ŭˊɧ ɏɜŬ Ůɨɟɞɠ 

ŭɘŬŰɞɛɩɜ ˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ. ȷəɧɛɖ, ŬɜŬűɏɟŮŰŬɘ ɞ əɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɞɟŰɑůŮɤɜ ˊɞɡ 

ɞŭɖɔŮɑ ůŰɖɜ ɓɏɚŰɘůŰɖ ŭɘŬŰɞɛɐ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ŬɡŰɞɨ. 

 

4.3.1.1 ɃɛŬŭɞˊɞɑɖůɖ ȹɞɛɘəɩɜ ɆŰɞɘɢŮɑɤɜ 

ȷɜŬűɏɟŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɞɛŬŭɞˊɞɑɖůɖɠ Űɤɜ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ: 

Design Ÿ Steel Members Design Ÿ Groups Ÿ New Ÿ 

Ÿ Number: ȷɟɘɗɛɧɠ ɞɛɎŭŬɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ 

Ÿ Member list: ȷɟɘɗɛɧɠ ɛŮɚɩɜ űɞɟɏŬ ˊɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɛɎŭŬ  

Ÿ Name: ȳɜɞɛŬ ɞɛɎŭŬɠ 

Ÿ Material: ȾŬŰɖɔɞɟɑŬ ŭɞɛɘəɞɨ ɢɎɚɡɓŬ əŬɘ ˊɟɞŭɘŬɔɟŬűɏɠ 

Ÿ Sections: ɆŮɘɟɎ ŭɘŬŰɞɛɩɜ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ 

ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ 
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Ÿ Parameter sections: ɄŬɟɎɛŮŰɟɞɘ Űɤɜ ŭɘŬŰɞɛɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

 

4.3.1.2 ȹɘŬůŰŬůɘɞɚɧɔɖůɖ ˊɟɩŰɞɡ ůŰŮɔɎůŰɟɞɡ 

ȷɜŬűɏɟɞɜŰŬɘ ŰɏůůŮɟɘɠ ɞɛɎŭŮɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɞɟɑɕɞɜŰŬɘ ɞɘ Ůɝɐɠ ŭɘŬŰɞɛɏɠ: 

ȷɜŬɟŰɐɟŮɠ Ÿ CHS 

ȾŬɛˊɨɚɖ Ÿ HEA, HEB 

Ʉɟɧɓɞɚɞɘ Ÿ HEA, HEB 

ɈˊɞůŰɡɚɩɛŬŰŬ Ÿ HEA, HEB 

 

Code group design Ÿ Calculations 

 

 
ȺɘəɧɜŬ 4.17 ȷˊɞŰŮɚɏůɛŬŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŰŮɔɎůŰɟɞɡ 1 

 

4.3.1.3 ȹɘŬůŰŬůɘɞɚɧɔɖůɖ ŭŮɨŰŮɟɞɡ ůŰŮɔɎůŰɟɞɡ 

ȷɜŬűɏɟɞɜŰŬɘ ŰɏůůŮɟɘɠ ɞɛɎŭŮɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɞɟɑɕɞɜŰŬɘ ɞɘ Ůɝɐɠ ŭɘŬŰɞɛɏɠ: 

ȷɜŬɟŰɐɟŮɠ Ÿ CHS 

ȾŬɛˊɨɚɖ Ÿ HEA, HEB 

Ʉɟɧɓɞɚɞɘ Ÿ HEA, HEB 

ɈˊɞůŰɡɚɩɛŬŰŬ Ÿ HEA, HEB 

 

Code group design Ÿ Calculations 
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ȺɘəɧɜŬ 4.18 ȷˊɞŰŮɚɏůɛŬŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ ůŰŮɔɎůŰɟɞɡ 2 

4.4 ȷˊɞŰŮɚɏůɛŬŰŬ 
ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬŰɞɛɏɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ŰŬ ɛɏɚɖ Űɤɜ ŭɨɞ 

ůŰŮɔɎůŰɟɤɜ əŬɘ ŮˊɘɚɏɔŮŰŬɘ Űɞ ůŰɏɔŬůŰɟɞ ˊɞɡ ɗŬ ɛŮɚŮŰɖɗŮɑ, ɗŬ ŬɜŬɚɡɗŮɑ əŬɘ ɗŬ 

ŭɘŬůŰŬůɘɞɚɔɖɗŮɑ ůŰɞ ŰɟɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ. 

4.4.1 ȹɘŬŰɞɛɏɠ ůŰŮɔɎůŰɟɞɡ 1 

ȷɜŬɟŰɐɟŮɠ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ 1*Gtotal + 1,50*W3. ȸɏɚŰɘůŰɖ ŭɘŬŰɞɛɐ 

ŮɑɜŬɘ ɖ CHS 244.5x20. Ƀɘ ŬɜŬɟŰɐɟŮɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ CHS 244.5x20. 

 

ȾŬɛˊɨɚɖ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ  

1,35*Gtotal + 1,50*ɣ0,q*LIVE + 1,50*S2 + 1,50*ɣ0,w*W2. 

HEA 600 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 226,46cm
2
) 

HEB 550 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 254,06cm
2
) 

226,46cm
2 
< 254,06cm

2
 
Ÿ 
ȼ ŭɘŬŰɞɛɐ HEA 600 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

ȼ əŬɛˊɨɚɖ ŭɘŬůŰŬůɘɞɚɞɔŮɑŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEA 600. 

 

Ʉɟɧɓɞɚɞɘ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ 1*Gtotal + 1,50*W3. 

HEA 300 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 112,53cm
2
) 

HEB 260 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 118,44cm
2
) 

112,53 cm
2 
< 118,44cm

2 
Ÿ ȼ ŭɘŬŰɞɛɐ HEA 300 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

Ƀɘ ˊɟɧɓɞɚɞɘ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEA 300. 
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ɈˊɞůŰɡɚɩɛŬŰŬ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ 1*Gtotal + 1,50*W4. 

HEA 550 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 241,76cm
2
) 

HEB 500 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 238,64cm
2
) 

238,64cm
2
 ᾽ 241,76cm

2
 Ÿ ȼ ŭɘŬŰɞɛɐ HEB 500 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEB 500. 

 

ɇɞ ůŰɏɔŬůŰɟɞ 1 ɏɢŮɘ ŭɘŬůŰŬůɘɞɚɞɔɖɗŮɑ ŮˊɘŰɡɢɩɠ 

4.4.2 ȹɘŬŰɞɛɏɠ ůŰŮɔɎůŰɟɞɡ 2 

ȷɜŬɟŰɐɟŮɠ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ  

1,35Gtotal + 1,50*ɣ0,q*LIVE + 1,50*ɣ0,s*S1 + 1,50*W4 

ȸɏɚŰɘůŰɖ ŭɘŬŰɞɛɐ ŮɑɜŬɘ ɖ CHS 219.1x12. Ƀɘ ŬɜŬɟŰɐɟŮɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ 

CHS 219.1x12. 

 

ȾŬɛˊɨɚɖ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ  

1,35Gtotal + 1,50*ɣ0,q*LIVE + 1,50*S2 + 1,50*ɣ0,w*W1 

HEA 900 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 320,53cm
2
) 

HEB 800 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 334,18cm
2
) 

320,53cm
2 
< 334,18cm

2
 Ÿ ȼ ŭɘŬŰɞɛɐ HEA 900 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

ȼ əŬɛˊɨɚɖ ŭɘŬůŰŬůɘɞɚɞɔŮɑŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɖ HEA 900. 

 

Ʉɟɧɓɞɚɞɘ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ Gtotal + 1,50*W1 

HEA 320 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 124,37cm
2
) 

HEB 280 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 131,36cm
2
) 

112,53cm
2
 < 131,36cm

2
 Ÿ ȼ ŭɘŬŰɞɛɐ HEA 320 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

Ƀɘ ˊɟɧɓɞɚɞɘ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEA 320. 

 

ɈˊɞůŰɡɚɩɛŬŰŬ: Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ  

1,35*Gtotal + 1,50*ɣ0,q*LIVE + 1,50*S2 + 1,50*ɣ0,w*W1 

ȼȺȷ 900 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 320,53cm
2
) 

HEB 800 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 334,18cm
2
) 

320,53cm
2 
< 334,18cm

2 
Ÿ ȼ ŭɘŬŰɞɛɐ HEA 900 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEA 900. 

4.4.3 ɀɎɕŬ ˊɚŬɘůɑɤɜ ůŰŮɔɎůŰɟɤɜ 

ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ůŰŮɔɎůŰɟɞɡ ˊɞɡ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɞɜ ɢɩɟɞ, ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ŮɑɜŬɘ 

Űɞ ɓɎɟɞɠ Űɞɡ, ŭɘɧŰɘ ɗŬ əŬɗɞɟɑůŮɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ.  

ȼ ɛɎɕŬ Űɖɠ əŬŰŬůəŮɡɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɛŮ Űɖɜ ŬəɞɚɞɡɗɑŬ ŮɜŰɞɚɩɜ: 

Tables Ÿ Quantity Survey 
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ɆŰɏɔŬůŰɟɞ 1  

 

ɄɑɜŬəŬɠ 4.1 ɀɎɕŬ əŬɘ ŮɛɓŬŭɧɜ ɛŮŰŬɚɚɘəɩɜ ŭɘŬŰɞɛɩɜ ůŰŮɔɎůŰɟɞɡ 1 

 
 

ȼ ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ůŰŮɔɎůŰɟɞɡ 1 ŮɑɜŬɘ 17.379kg. 

 

ɆŰɏɔŬůŰɟɞ 2 

 

ɄɑɜŬəŬɠ 4.2 ɀɎɕŬ əŬɘ ŮɛɓŬŭɧɜ ɛŮŰŬɚɚɘəɩɜ ŭɘŬŰɞɛɩɜ ůŰŮɔɎůŰɟɞɡ 1 

 
 

ȼ ůɡɜɞɚɘəɐ ɛɎɕŬ Űɞɡ ůŰŮɔɎůŰɟɞɡ 2 ŮɑɜŬɘ 22.087kg. 

4.4.4 Ⱥˊɘɚɞɔɐ ůŰŮɔɎůŰɟɞɡ ɔɘŬ ŬɜɎɚɡůɖ ůŰɞɜ ɢɩɟɞ 

ũɘŬ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ ůŰŮɔɎůŰɟɞɡ ɗŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŭɨɞ ˊŬɟɎɔɞɜŰŮɠ: 

¶ ɀɎɕŬ ˊɚŬɘůɑɞɡ əŬɘ ůɡɜŮˊɩɠ ɧɚɞɡ Űɞɡ űɞɟɏŬ  

¶ ȷɟɢɘŰŮəŰɞɜɘəɐ ŭɘŬɛɧɟűɤůɖ ůŰŮɔɎůŰɟɞɡ 

 

ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ, ɡˊɞɚɞɔɑůŰɖəŮ ɖ ɛɎɕŬ Űɤɜ ˊɚŬɘůɑɤɜ Űɤɜ ŭɨɞ ůŰŮɔɎůŰɟɤɜ əŬɘ 

ŬˊɞŭŮɑɢɗɖəŮ ɧŰɘ Űɞ ůŰɏɔŬůŰɟɞ 1 ŮɑɜŬɘ ŮɚŬűɟɨŰŮɟɞ Ŭˊɧ Űɞ ůŰɏɔŬůŰɟɞ 2 əŬŰɎ 4.708kg 

ŬɜɎ ˊɚŬɑůɘɞ.  

Ⱥˊɘˊɚɏɞɜ, Űɞ ůŰɏɔŬůŰɟɞ 1 ŮɑɜŬɘ ŮɜŰɡˊɤůɘŬəɧŰŮɟɞ ŬɟɢɘŰŮəŰɞɜɘəɎ əŬɘ ɗŬ ŮɑɜŬɘ ɏɜŬ 

ůŰɞɚɑŭɘ ůŰɖɜ ŬɜɎˊɚŬůɖ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ Ⱥɚɚɖɜɘəɞɨ, ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɞɚɞəɚɖɟɤɗŮɑ 

ŰŬ ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ. 

 

ȺˊɘɚɏɔŮŰŬɘ Űɞ ůŰɏɔŬůŰɟɞ 1 ɔɘŬ ɛŮɚɏŰɖ, ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ əŬŰŬůəŮɡɐ. 
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5 Ʉɟɞůɞɛɞɑɤůɖ əŬɘ ȷɜɎɚɡůɖ ȾŰɘɟɑɞɡ 3D 
 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ˊɟɞůɞɛɞɘɤɗŮɑ əŬɘ ɗŬ ŬɜŬɚɡɗŮɑ ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ ɢɩɟɞ Űɞ 

ůŰɏɔŬůŰɟɞ 1, ˊɞɡ ŮˊɘɚɏɢŰɖəŮ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ 4
ɞ
  

əŮűɎɚŬɘɞ. 

ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ɗŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ Robot Structural  Analysis 2017, 

Űɖɠ Autodesk, ŰŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ, ŰŬ űɞɟŰɑŬ ˊɞɡ Űɞ əŬŰŬˊɞɜɞɨɜ  

əŬɘ ɗŬ ɔɑɜŮɘ ɖ ŰŮɚɘəɐ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ. 

5.1 ȾɎɜɜŬɓɞɠ əŬŰŬůəŮɡɐɠ 
ɄɟɞůɞɛɞɘɩɜŮŰŬɘ ɞ əɎɜɜŬɓɞɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ ɜŬ ůɢŮŭɘŬůŰŮɑ ɖ əŬŰŬůəŮɡɐ. Ƀ 

əɎɜɜŬɓɞɠ ɏɢŮɘ Űɘɠ ɑŭɘŮɠ ŭɘŬůŰɎůŮɘɠ ɛŮ Űɞ ŭɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ (ɎɝɞɜŮɠ X,Z) əŬɘ ˊɟɞůŰɑɗŮŰŬɘ 

ɞ ɎɝɞɜŬɠ Y. 

ȯɝɞɜŬɠ ɉ: 6m+5m+2m+2,25m+15,75m+15,75m+2,25m+2m+5m+6m = 62m 

ȯɝɞɜŬɠ Z: 9m+1,60m+0,65m+0,25m+1,50m+3m = 16m 

ȯɝɞɜŬɠ Y: 6m + 6m +é+ 6m + 6m = 96m (ˊɚɖəŰɟɞɚɞɔŮɑŰŬɘ 16 űɞɟɏɠ ŰŬ 6m)  

 

 

 
 

ȺɘəɧɜŬ 5.1 ȾɎɜɜŬɓɞɠ ůŰŮɔɎůŰɟɞɡ 
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5.2 Ʉɟɞůɞɛɞɑɤůɖ ŭɘŬŰɞɛɩɜ 
 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘŬŰɞɛɏɠ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ Űɞ ůŰɏɔŬůŰɟɞ ɛŮɚɏŰɖɠ ɛŬɠ. 

 

 
ȺɘəɧɜŬ 5.2 Ʉɟɞůɞɛɞɑɤůɖ ŭɘŬŰɞɛɩɜ 

5.3 Ʉɟɞůɞɛɞɑɤůɖ ůŰɖɟɑɝŮɤɜ 
 

Ƀ ŰɟɘůŭɘɎůŰŬŰɞɠ űɞɟɏŬɠ ˊŬəŰɩɜŮŰŬɘ ůŰɞ ɏŭŬűɞɠ ůŰɖɜ ŭɘŮɨɗɡɜůɖ X əŬɘ ŬɟɗɟɩɜŮŰŬɘ ůŰɞ 

ɏŭŬűɞɠ ůŰɖɜ ŭɘŮɨɗɡɜůɖ Y. ȼ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɖɠ ůŰɐɟɘɝɖɠ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

Geometry Ÿ Supports Ÿ New Support Definition  Ÿ Support 1 Ÿ UX ã, UY ã, UZ ã, 

RX ã, RY ã 

 

 
ȺɘəɧɜŬ 5.3 Ʉɟɞůɞɛɞɑɤůɖ ůŰɖɟɑɝŮɤɜ 
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5.4 Ʉɟɞůɞɛɞɑɤůɖ ŰɟɘůŭɘɎůŰŬŰɞɡ ɛɞɜŰɏɚɞɡ 
Ƀ əɨɟɘɞɠ űɞɟɏŬɠ ˊŬɟŬɛɏɜŮɘ ɑŭɘɞɠ əŬɘ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ŬɜɎ 6m, 16 űɞɟɏɠ. ɄɟɞůŰɑɗŮɜŰŬɘ ŰŬ 

ˊŬɟŬəɎŰɤ ɛɏɚɖ: ŰŮɔɑŭŮɠ, ɛɖəɑŭŮɠ, əŮűŬɚɞŭɞəɞɑ, ɛŮŰɤˊɘəɞɑ ůŰɨɚɞɘ, ɞɟɘɕɧɜŰɘɞɘ əŬɘ 

əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ (ɢɘŬůŰɑ). 

5.4.1 Ʉɟɞůɞɛɞɑɤůɖ ŰŮɔɑŭɤɜ 

Ƀɘ ŰŮɔɑŭŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ ůŰɏɔɖ əŬɘ ůɡɜŭɏɞɡɜ ŭɨɞ ˊɚŬɑůɘŬ ɛŮŰŬɝɨ 

Űɞɡɠ. Ƀɘ ŰŮɔɑŭŮɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŰɟŬɛɛɏɜŮɠ ɤɠ ˊɟɞɠ Űɞɜ əŬŰŬəɧɟɡűɞ ɎɝɞɜŬ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ˊɚɐɟɖɠ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ űɞɟŰɑɤɜ ˊɞɡ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ. ɄɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɤɠ ŬɛűɘɏɟŮɘůŰŮɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ (Geometry Ÿ 

Releases Ÿ Pinned-Pinned). H əɚɑůɖ Űɤɜ ŰŮɔɑŭɤɜ ɤɠ ˊɟɞɠ Űɞɜ ɎɝɞɜŬ z əɡɛŬɑɜŮŰŬɘ Ŭˊɧ  

-58Ü ɏɤɠ 58Ü. 

ȷˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ŰŮɔɑŭŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɛŬɕɑ ɛŮ Űɘɠ ůŰɖɟɑɝŮɘɠ Űɞɡɠ, ɧˊɤɠ  

ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ. 

 

 
ȺɘəɧɜŬ 5.4 Ʉɟɞůɞɛɞɑɤůɖ ŰŮɔɑŭɤɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ (ɛŮ ɔŬɚɎɕɘɞ ɢɟɩɛŬ) 

 

Ⱥˊɘˊɚɏɞɜ, Űɞ əɎŰɤ ˊɏɚɛŬ Űɤɜ ŰŮɔɑŭɤɜ ůŰɖɟɑɕŮŰŬɘ ůŰɞ Ɏɜɤ ˊɏɚɛŬ Űɤɜ ŭɘŬŰɞɛɩɜ Űɖɠ 

əŬɛˊɨɚɖɠ əŬɘ Űɤɜ ˊɟɞɓɧɚɤɜ.  

Geometry Ÿ Additional  Attributes  Ÿ Offsets 

 

Offset 1 (ȷűɞɟɎ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɤɜ ŰŮɔɑŭɤɜ Űɖɠ əŬɛˊɨɚɖɠ [HEB900]): 

UxŸ Beginning: 0,0, End: 0,0 

UyŸ Beginning: 0,0, End: 0,0cm 

UzŸ Beginning: 60,0cm, End: 60,0cm 

Coordinate system: Local                                      

 

Offset 6 (ȷűɞɟɎ Űɖɜ ɛŮŰŬəɑɜɖůɖ Űɤɜ ŰŮɔɑŭɤɜ Űɞɡ ˊɟɞɓɧɚɞɡ [HEA 400]): 

UxŸ Beginning: 0,0, End: 0,0 

UyŸ Beginning: 0,0, End: 0,0cm 

UzŸ Beginning: 36,00cm, End: 36,0cm 
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Coordinate system: Local    

                                   

ɆŰɞ ˊŬɟɎɟŰɖɛŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɓŬůɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ɧɚŮɠ Űɘɠ ŰŮɔɑŭŮɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ 

(Ŭɟɘɗɛɧɠ ŰŮɔɑŭŬɠ, ůɖɛŮɑɞ Űɞɡ ˊɚŬɘůɑɞɡ ˊɞɡ ůɡɜŭɏŮŰŬɘ, ɛɐəɞɠ, ˊɚɎŰɞɠ Ůˊɘɟɟɞɐɠ, əɚɑůɖ ɤɠ 

ɟ́ɞɠ Űɞɜ ɎɝɞɜŬ z) 

 

¶ ɀɐəɖ ɚɡɔɘůɛɞɨ ŰŮɔɑŭŬɠ 

 

 

 

ɀɐəɞɠ ŰŮɔɑŭɤɜ: 6,00m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 6,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 

1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 6,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 

1,00 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: 

NAI 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: ɁȷȽ 

ȺɘəɧɜŬ 5.5 ɀɐəɖ ɚɡɔɘůɛɞɨ ŰŮɔɑŭɤɜ 

 

5.4.2 Ʉɟɞůɞɛɞɑɤůɖ ɛɖəɑŭɤɜ 

Ƀɘ ɛɖəɑŭŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ 

ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ. Ɇəɞˊɧɠ Űɞɡɠ ŮɑɜŬɘ ɖ ˊŬɟŬɚŬɓɐ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ, əɡɟɑɤɠ 

ŬɜŮɛɞˊɘɏůŮɤɜ. ɄɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɤɠ ŬɛűɘɏɟŮɘůŰŮɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ (Geometry Ÿ Releases  

Ÿ Pinned-Pinned) 
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ȷˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ɛɖəɑŭŮɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɛŬɕɑ ɛŮ Űɘɠ ůŰɖɟɑɝŮɘɠ Űɞɡɠ. 

 

 
ȺɘəɧɜŬ 5.6 Ʉɟɞůɞɛɞɑɤůɖ ɛɖəɑŭɤɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ (ɛŮ ůəɞɨɟɞ ˊɟɎůɘɜɞ ɢɟɩɛŬ) 

 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ɛɖəɑŭŮɠ ůŰɟɏűɞɜŰŬɘ əŬŰɎ 90Ü ɔɘŬ ɜŬ ŮɑɜŬɘ ɞ ɘůɢɡɟɧɠ ɎɝɞɜŬɠ (ɎɝɞɜŬɠ ɉ) 

ˊŬɟɎɚɚɖɚɞɠ ɛŮ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ Ŭɜɏɛɞɡ əŬɘ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŰɖɜ 

ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ Űɤɜ ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ. 

 

Ʉɟɧůɞɣɖ Ÿ Offset 2:  

UxŸ Beginning: 0,0, End: 0,0 

UyŸ Beginning: -43,0cm, End: -43,0cm 

UzŸ Beginning: 0,0, End: 0,0 

Coordinate system: Global                                          

 

Ʉɑůɤ ɧɣɖ Ÿ Offset 5:  

UxŸ Beginning: 0,0, End: 0,0 

UyŸ Beginning: 43,0cm, End: 43,0cm 

UzŸ Beginning: 0,0, End: 0,0 

Coordinate system: Global   

 

ɄɚɎɔɘŬ ɧɣɖ ŭŮɝɘɎ Űɖɠ ˊɟɧůɞɣɖɠ Ÿ Offset 3:  

UxŸ Beginning: 43,0cm, End: 43,0cm 

UyŸ Beginning: 0,0, End: 0,0 

UzŸ Beginning: 0,0, End: 0,0 

Coordinate system: Global         

 

 ɄɚɎɔɘŬ ɧɣɖ ŬɟɘůŰŮɟɎ Űɖɠ ˊɟɧůɞɣɖɠ Ÿ Offset 4:  

UxŸ Beginning: -43,0cm, End: -43,0cm 

UyŸ Beginning: 0,0, End: 0,0 

UzŸ Beginning: 0,0, End: 0,0 

Coordinate system: Global       
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¶ ɀɐəɖ ɚɡɔɘůɛɞɨ ɛɖəɑŭɤɜ 

 

 

 

ɀɐəɞɠ ɛɖəɑŭɤɜ: 6,00m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 6,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 

1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 6,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ: 

1,00 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: 

NAI 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: ɁȷȽ 

ȺɘəɧɜŬ 5.7 ɀɐəɖ ɚɡɔɘůɛɞɨ ɛɖəɑŭɤɜ 

 

5.4.3 Ʉɟɞůɞɛɞɑɤůɖ əŮűŬɚɞŭɞəɞɨ 

Ƀɘ əŮűŬɚɞŭɞəɞɑ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɤɠ ŬɛűɘɏɟŮɘůŰŮɠ ŭɞəɞɑ ůŰɞ ˊɟɧɔɟŬɛɛŬ (Geometry Ÿ 

Releases Ÿ Pinned-Pinned). 

 

 
ȺɘəɧɜŬ 5.8 Ʉɟɞůɞɛɞɑɤůɖ əŮűŬɚɞŭɞəɞɨ ůŰɞ ˊɟɧɔɟŬɛɛŬ (ɛŮ ɛˊɞɟɜŰɧ ɢɟɩɛŬ) 
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¶ ɀɐəɖ ɚɡɔɘůɛɞɨ əŮűŬɚɞŭɞəɞɨ 

 

 

 

ɀɐəɞɠ əŮűŬɚɞŭɞəɩɜ: 6,00m 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 6,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 6,00m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: NAI 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: 

ɁȷȽ 

ȺɘəɧɜŬ 5.9 ɀɐəɖ ɚɡɔɘůɛɞɨ əŮűŬɚɞŭɞəɞɨ 

 

5.4.4 Ʉɟɞůɞɛɞɑɤůɖ ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ 

Ƀɘ ɛŮŰɤˊɘəɞɑ ůŰɨɚɞɘ ˊŬəŰɩɜɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ əŬɘ ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɘɠ 

əɞɟɡűɏɠ Űɞɡɠ əŬŰɎ Űɞɜ ɎɝɞɜŬ X, ɩůŰŮ ɜŬ ɛɖɜ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ˊɚŬɘůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ. 

Geometry Ÿ Releases Ÿ New Release Definition  Ÿ ɀŮŰɤˊɘəɧɠ ůŰɨɚɞɠ Ÿ Ux ï 

Beginning: ã 
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ȺɘəɧɜŬ 5.10 ȷˊŮɚŮɡɗɏɟɤůɖ ɛŮŰŬəɘɜɐůŮɤɜ ůŰɖɜ əɞɟɡűɐ Űɤɜ ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ əŬŰɎ Űɞɜ ɎɝɞɜŬ X 

5.4.5 Ʉɟɞůɞɛɞɑɤůɖ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ 

Ƀɘ ɞɟɘɕɧɜŰɘɞɘ əŬɘ ɞɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɚɏɔɢɞɜŰŬɘ ůŮ ŮűŮɚəɡůɛɧ. ũɘŬ ɜŬ 

ɔɑɜŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɞ ɏɚŮɔɢɞɠ ŬɡŰɧɠ, ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɞ ɏɜŬɠ Ŭˊɧ Űɞɡɠ 

ŭɨɞ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ Űɞ çɢɘŬůŰɑè ˊɞɡ ůɡɛɛŮŰɏɢŮɘ ůŰɖɜ 

ŭɘŬɛɧɟűɤůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ. Ƀɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ůɡɜŭɏɞɜŰŬɘ ůŰɖɜ əŬɛˊɨɚɖ Űɞɡ 

ˊɚŬɘůɑɞɡ (ɞɟɘɕɧɜŰɘŬ ɛɏɚɖ) əŬɘ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ (əŬŰŬəɧɟɡűŬ ɛɏɚɖ) ŬɜŰɑůŰɞɘɢŬ, 

əŮɜŰɟɞɓŬɟɘəɎ. ȿɧɔɤ Űɖɠ ˊŬɟŬɚŬɓɐɠ ɛɧɜɞ Ŭɝɞɜɘəɩɜ ŭɡɜɎɛŮɤɜ Ŭˊɧ Űɞɡɠ ůɡɜŭɏůɛɞɡɠ, 

ɞɟɑɕŮŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɖ ŮɜŰɞɚɐ truss (Geometry Ÿ Additional Attributes Ÿ Advanced 

Bar Properties Ÿ Truss bars ï only axial forces act). ȺˊɘɚɏɔŮŰŬɘ əɞɘɜɐ ŭɘŬŰɞɛɐ ɔɘŬ Űɞɡɠ  

ɞɟɘɕɧɜŰɘɞɡɠ əŬɘ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ. 

 

 
ȺɘəɧɜŬ 5. 10 Ʉɟɞůɞɛɞɑɤůɖ ɞɟɘɕɧɜŰɘɤɜ ůɡɜŭɏůɛɤɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ 
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ȺɘəɧɜŬ 5.11 Ʉɟɞůɞɛɞɑɤůɖ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ 

 

 

¶ ɀɐəɖ ɚɡɔɘůɛɞɨ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ 

 

 

ȰɚŮɔɢɞɠ ůŮ ŮűŮɚəɡůɛɧ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ 

əŬɘ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ 

ŭɡůəŬɛɣɑŬɠ 

 

ɀɐəɞɠ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ:  

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Y 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 15,35m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȹɘŮɨɗɡɜůɖ əŬŰɎ Z 

 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ: 15,35m 

 

ɆɡɜŰŮɚŮůŰɐɠ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ: 1,00 

 

ȰɚŮɔɢɞɠ ůŮ ŮűŮɚəɡůɛɧ: ɁȷȽ 

(ŮűŮɚəɡɧɛŮɜŬ ɛɏɚɖ) 

 

ȰɚŮɔɢɞɠ ůŮ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ: ɃɉȽ 

 

ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ: 

ɃɉȽ 

 

ȺɘəɧɜŬ 5.12 ɀɐəɖ ɚɡɔɘůɛɞɨ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ 
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5.5 Ʉɟɞůɞɛɞɑɤůɖ űɞɟŰɑɤɜ 
 

ɄɟɞůɞɛɞɘɩɜɞɜŰŬɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ ŰŬ űɞɟŰɑŬ ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞɜ űɞɟɏŬ. ɇŬ űɞɟŰɑŬ 

ůŰɞɜ ŰɟɘůŭɘɎůŰŬŰɞ űɞɟɏŬ, ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɘɠ ŰŮɔɑŭŮɠ əŬɘ ůŰɘɠ ɛɖəɑŭŮɠ Űɞɡ űɞɟɏŬ, ɛŮ 

ŮɝŬɑɟŮůɖ ŰŬ ůŮɘůɛɘəɎ űɞɟŰɑŬ ˊɞɡ ŬɜŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɖɜ əŮűŬɚɞŭɞəɧ əŬɘ Űɞɡɠ 

ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ. ɆɡɜŮˊɩɠ, ŰŬ ŮˊɘűŬɜŮɘŬəɎ űɞɟŰɑŬ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ ůŰɞ 

əŮűɎɚŬɘɞ 3, ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɘ ɛŮ Űɞ ˊɚɎŰɞɠ Ůˊɘɟɟɞɐɠ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ŭɞɛɘəɤɜ 

ůŰɞɘɢŮɑɤɜ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ Ůŭɩ ŰŬ űɞɟŰɑŬ ɔɘŬ Űɞɜ ɎɜŮɛɞ 90Ü (ŰŬ ɡˊɧɚɞɘˊŬ űɞɟŰɑŬ 

ˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɞ əŮűɎɚŬɘɞ 4 ï Ůˊɘɓɞɚɐ űɞɟŰɑɤɜ ůŰɞ ŭɘůŭɘɎůŰŬŰɞ ŮˊɑˊŮŭɞ). ɆŰɞ 

ˊŬɟɎɟŰɖɛŬ ɗŬ ŬɜŬűŮɟɗɞɨɜ ɧɚŬ ŰŬ űɞɟŰɑŬ ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞɜ űɞɟɏŬ. 

 

1) W1_90 

 

 
ȺɘəɧɜŬ 5.13 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W1_90 (űɞɟɎ űɞɟŰɑɤɜ) 

 

 
ȺɘəɧɜŬ 5.14 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W1_90 (Űɘɛɏɠ űɞɟŰɑɤɜ) 
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2) W2_90 

 

 
 

ȺɘəɧɜŬ 5.15 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W2_90 (űɞɟɎ űɞɟŰɑɤɜ) 

 

 

 
ȺɘəɧɜŬ 5.16 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W2_90 (Űɘɛɏɠ űɞɟŰɑɤɜ) 
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3) W3_90 

 

 
ȺɘəɧɜŬ 5.17 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W3_90 (űɞɟɎ űɞɟŰɑɤɜ) 

 

 

 
ȺɘəɧɜŬ 5.18 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W3_90 (Űɘɛɏɠ űɞɟŰɑɤɜ) 
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4) W4_90 

 

 
ȺɘəɧɜŬ 5.19 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W4_90 (űɞɟɎ űɞɟŰɑɤɜ) 

 

 

 
ȺɘəɧɜŬ 5.20 ūɞɟŰɑŬ Ŭɜɏɛɞɡ W4_90 (Űɘɛɏɠ űɞɟŰɑɤɜ) 

5.6 ȹɘŬůŰŬůɘɞɚɧɔɖůɖ űɞɟɏŬ 

 
ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ŭɘŬŰɞɛɏɠ ɖ ɞˊɞɑŮɠ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ űɞɟɏŬ, ɞ 

əɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ˊɞɡ ɞŭɖɔŮɑ ůŰɖɜ ɓɏɚŰɘůŰɖ ŭɘŬŰɞɛɐ əŬɘ ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ 

Űɞɡɠ. 
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5.6.1 ɃɛŬŭɞˊɞɑɖůɖ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ űɞɟɏŬ 

ȹɘŬɛɞɟűɩɜɞɜŰŬɘ ŮɜɜɘɎ ɞɛɎŭŮɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ Űɞɡ űɞɟɏŬ əŬɘ ŮˊɘɚɏɔɞɜŰŬɘ əŬŰɖɔɞɟɑŮɠ 

ŭɘŬŰɞɛɩɜ ɔɘŬ Űɖɜ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ űɞɟɏŬ. 

ȷɜŬɟŰɐɟŮɠ Ÿ CHS 

ȾŬɛˊɨɚɖ Ÿ HEA, HEB 
Ʉɟɧɓɞɚɞɘ Ÿ HEA, HEB 
ɈˊɞůŰɡɚɩɛŬŰŬ Ÿ HEA, HEB 
ɇŮɔɑŭŮɠ Ÿ IPE 

ɀɖəɑŭŮɠ Ÿ IPE 
ɀŮŰɤˊɘəɞɑ ɆŰɨɚɞɘ Ÿ HEA, HEB 
ȾŮűŬɚɞŭɞəɧɠ Ÿ HEA, HEB 
ɉɘŬůŰɑ Ÿ TCAR 50x4 

5.6.2 ȷˊɞŰŮɚɏůɛŬŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ 
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ȺɘəɧɜŬ 5.21 ɆɡɜɞˊŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ 

 

5.6.3 ȷɜŬɚɡŰɘəɐ ˊŬɟɞɡůɑŬůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ï Ⱦɟɑůɘɛɞɘ ůɡɜŭɡŬůɛɞɑ 

ȷɜŬɟŰɐɟŮɠ:  

Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,86. Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 1*Gtotal+1,50*W3_90. 

ȸɏɚŰɘůŰɖ ŭɘŬŰɞɛɐ ŮɑɜŬɘ ɖ CHS 244.5x25.  Ƀɘ ŬɜŬɟŰɐɟŮɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ 

ŭɘŬŰɞɛɐ CHS 244.5x25. 

 

ȾŬɛˊɨɚɖ:  

Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,95. Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 1*Gtotal+1,50*W3_90. 

HEB 900 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 371,28cm
2
) 

ȼ əŬɛˊɨɚɖ ŭɘŬůŰŬůɘɞɚɞɔŮɑŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEB 900. 

 

Ʉɟɧɓɞɚɞɘ:  

Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,85.  

Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 1*Gtotal+1,50*W1_90. 

HEA 400 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 158,98cm
2
) 

HEB 320 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 161,34cm
2
) 

158,98cm
2
 < 161,34cm

2
 Ÿ ȼ ŭɘŬŰɞɛɐ HEA 400 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

Ƀɘ ˊɟɧɓɞɚɞɘ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEA 400. 

 

ɈˊɞůŰɡɚɩɛŬŰŬ əŬɘ ɛŮŰɤˊɘəɞɑ ůŰɨɚɞɘ: Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,96. Ⱦɟɑůɘɛɞɠ 

ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ Gtotal+1,50*W4_90. 

HEA 800 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 280,30cm
2
) 

HEB 550 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 254,06cm
2
) 

254,06cm
2
 < 280,30cm

2
 Ÿ ȼ ŭɘŬŰɞɛɐ HEȸ 550 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEȸ 550. 

 

ɇŮɔɑŭŮɠ: Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,83.  

Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 1*Gtotal+1,50*W3_90. 

Ƀɘ ŰŮɔɑŭŮɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ IPE 330. 
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ɀɖəɑŭŮɠ: Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,84.  Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 

1*Gtotal+1,50*W3_90. 

Ƀɘ ŰŮɔɑŭŮɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ IPE 300. 

 

ȾŮűŬɚɞŭɞəɧɠ: Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɘůɞɨŰŬɘ ɛŮ 0,75.  Ⱦɟɑůɘɛɞɠ 

ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 1,0*Gtotal + 1,0*0,0*LIVELOADS Ñ 0,3*EX Ñ 1,0*EY. 

HEA 160 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 38,77cm
2
) 

HEB 140 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 42,96cm
2
) 

38,77cm
2
 < 42,96cm

2
 Ÿ ȼ ŭɘŬŰɞɛɐ HEA 160 ɏɢŮɘ ɛɘəɟɧŰŮɟɞ ɓɎɟɞɠ. 

ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ HEA 160. 

 

ɃɟɘɕɧɜŰɘɞɘ əŬɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ:  

Ƀ ɚɧɔɞɠ ŮˊɎɟəŮɘŬɠ ɘůɞɨŰŬɘ ɛŮ 0,86. Ⱦɟɑůɘɛɞɠ ůɡɜŭɡŬůɛɧɠ ŮɑɜŬɘ ɞ 1,0*Gtotal + 

1,0*0,0*LIVELOADS Ñ 0,3*EX Ñ 1,0*EY. 

ȸɏɚŰɘůŰɖ ŭɘŬŰɞɛɐ ŮɑɜŬɘ ɖ TCAR 50x4 (ŮɛɓŬŭɧɜ ŭɘŬŰɞɛɐɠ: 7,85cm
2
).  

Ƀɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŭɘŬŰɞɛɐ TCAR 50x4. 

5.6.4 ȺɜŰŬŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ űɞɟɏŬ 

ȷˊɧ Űɞɜ ˊɑɜŬəŬ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɚŬɛɓɎɜɞɜŰŬɘ ŰŬ ɛɏɔɘůŰŬ ŮɜŰŬŰɘəɎ 

ɛŮɔɏɗɖ Űɞɡ űɞɟɏŬ. Tables Ÿ Forces Ÿ Global Extremes 

 

ɄɑɜŬəŬɠ 5.1 ɀɏɔɘůŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞɜ űɞɟɏŬ (Ŭˊɧ ɧɚŬ ŰŬ űɞɟŰɑŬ 

əŬɘ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɞɡɠ) 
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ɀɏɔɘůŰɖ ɗɚɘˊŰɘəɐ ŭɨɜŬɛɖ: FX,max=-723,38kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 39 (ŭŮɝɑ 

ɡˊɞůŰɨɚɤɛŬ ůŰɞ ŭŮɨŰŮɟɞ ˊɚŬɑůɘɞ), ůŰɞɜ əɧɛɓɞ 39 (X=51,00m, Y=6,00m, Z=0,00m), Ŭˊɧ 

Űɞɜ ůɡɜŭɡŬůɛɧ 55 (1,35*Gtotal+1,50*ɣ0,s*Q+1,50*S2+1,50*ɣ0,w*W2_90). 

 

 
ȺɘəɧɜŬ 5.22 ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ɗɚɘˊŰɘəɐɠ ŭɨɜŬɛɖɠ 

 

 

ɀɏɔɘůŰɖ ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ: FX,min = 820,43 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 1298 

(ŬɟɘůŰŮɟɧ ɡˊɞůŰɨɚɤɛŬ ůŰɞ ŭɏəŬŰɞ ɏəŰɞ ˊɚŬɑůɘɞ), ůŰɞɜ əɧɛɓɞ 1158 (X=11,00m, Y= 

90,00m, Z=0,00), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 64 (1,00*Gtotal +1,50*W3_90). 

 

 
ȺɘəɧɜŬ 5.23 ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ŮűŮɚəɡůŰɘəɐɠ ŭɨɜŬɛɖɠ 

 

ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ŰɏɛɜɞɡůŬ əŬŰɎ Y: FY,max = -183,25 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 

57 (ɛɏɚɞɠ Űɖɠ əŬɛˊɨɚɖɠ ůŰɞ ůɖɛŮɑɞ ŮˊŬűɐɠ Űɖɠ ɛŮ Űɞ ŭŮɝɑ ɡˊɞůŰɨɚɤɛŬ ůŰɞ ŭŮɨŰŮɟɞ 

ˊɚŬɑůɘɞ), ůŰɞɜ əɧɛɓɞ 40 (ɉ=51,00m, Ɉ=6,00m, Ȼ=9,00m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 65 

(1,00*Gtotal +1,50*W4_90). 
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ɀɏɔɘůŰɖ ɗŮŰɘəɐ ŰɏɛɜɞɡůŬ əŬŰɎ Y: FY,min = 187,66 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 2 

(ŭŮɝɑ ɡˊɞůŰɨɚɤɛŬ ˊɟɩŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 4 (ɉ=51,00m, Ɉ=0,00m, Ȼ=9,00m), Ŭˊɧ 

Űɞɜ ůɡɜŭɡŬůɛɧ 65 (1,00*Gtotal +1,50*W4_90). 

 

 
ȺɘəɧɜŬ 5.24 ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ɗŮŰɘəɐɠ əŬɘ ŬɟɜɖŰɘəɐɠ ŰɏɛɜɞɡůŬɠ ŭɨɜŬɛɖɠ əŬŰɎ Ɉ 

 

 

ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ŰɏɛɜɞɡůŬ əŬŰɎ Ȼ: FZ,max = -633,41 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 

331 (ɛɏɚɞɠ Űɖɠ əŬɛˊɨɚɖɠ Űɞɡ ˊɏɛˊŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 402 (X=48,21m, Y=24,00m, 

Z=12,14m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 70 (Gtotal+ɣ2,0*QÑ0,30*EXÑEY). 

 

 
ȺɘəɧɜŬ 5.25 ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ŬɟɜɖŰɘəɐɠ ŰɏɛɜɞɡůŬɠ ŭɨɜŬɛɖɠ əŬŰɎ Ȼ 
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ɀɏɔɘůŰɖ ɗŮŰɘəɐ ŰɏɛɜɞɡůŬ əŬŰɎ Ȼ: FZ,min = 296,00 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 1300 

(ɛɏɚɞɠ Űɞɡ ˊɟɞɓɧɚɞɡ Űɞɡ ŭɏəŬŰɞɡ ɏəŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 1159 (X=11,00m, 

Y=90,00m, Z=9,00m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 62 (1,00*Gtotal +1,50*W1_90). 

 

 
ȺɘəɧɜŬ 5.26 ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ɗŮŰɘəɐɠ ŰɏɛɜɞɡůŬɠ ŭɨɜŬɛɖɠ əŬŰɎ Ȼ 

 

ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ɟɞˊɐ əŬŰɎ X: M x,max = -16,13 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 56 

(ɛɏɚɞɠ Űɖɠ əŬɛˊɨɚɖɠ Űɞɡ ŭŮɨŰŮɟɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 56 (X=14,50m, Y=6,00m, 

Z=12,60m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 65 (1,00*Gtotal +1,50*W4_90). 

 

ɀɏɔɘůŰɖ ɗŮŰɘəɐ ɟɞˊɐ əŬŰɎ X: M x,min = 16,32 kN ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 1 

(ŬɟɘůŰŮɟɧ ɡˊɞůŰɨɚɤɛŬ ˊɟɩŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 2 (X=11,00m, Y=0,00m, Z=9,00m), 

Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 65 (1,00*Gtotal +1,50*W4_90). 

 

 
ȺɘəɧɜŬ 5.27  ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ɗŮŰɘəɐɠ əŬɘ ŬɟɜɖŰɘəɐɠ ɟɞˊɐɠ əŬŰɎ ɉ 
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ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ɟɞˊɐ əŬŰɎ Y: MY,max = -1248,15 kNm ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 

1298 (ŬɟɘůŰŮɟɧ ɡˊɞůŰɨɚɤɛŬ ŭɏəŬŰɞɡ ɏəŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 1159 (X=11,00m, 

Y=90,00m, Z=9,00m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 65 (1,00*Gtotal +1,50*W4_90). 

 

 
ȺɘəɧɜŬ 5.28  ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ɟɞˊɐ əŬŰɎ Ɉ 

 

ɀɏɔɘůŰɖ ɗŮŰɘəɐ ɟɞˊɐ əŬŰɎ Y: MY,min = 1158,23 kNm ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 1299 

(ŭŮɝɑ ɡˊɞůŰɨɚɤɛŬ ŭɏəŬŰɞɡ ɏəŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 1161 (X=51,00m, Y=90,00m, 

Z=9,00m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 65 (1,00*Gtotal +1,50*W4_90). 

 

 
 

ȺɘəɧɜŬ 5.29 ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɤɜ ɟɞˊɩɜ əɎɛɣɖɠ əŬŰɎ Y (ɗŮŰɘəɐɠ əŬɘ ŬɟɜɖŰɘəɐɠ) 

 

ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ɟɞˊɐ əŬŰɎ Ȼ: MȻ,max = -361,38kNm ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 

1316 (ɛɏɚɞɠ Űɖɠ əŬɛˊɨɚɖɠ Űɞɡ ŭɏəŬŰɞɡ ɏəŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 1178 (X=15,25m, 

Y=90,00m, Z=13,00m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 55 (1,35*Gtotal +1,50*ɣ0,s*Q+ 1,50*S2+ 

1,50*ɣ0,w*W2_90). 
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ȺɘəɧɜŬ 5.30  ɀɏɔɘůŰɖ ŬɟɜɖŰɘəɐ ɟɞˊɐ əŬŰɎ Ȼ 

 

 

ɀɏɔɘůŰɖ ɗŮŰɘəɐ ɟɞˊɐ əŬŰɎ Ȼ: MȻ,max = 536,43kNm ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ɛɏɚɞɠ 146 

(ɛɏɚɞɠ Űɖɠ əŬɛˊɨɚɖɠ Űɞɡ ŰɟɑŰɞɡ ˊɚŬɘůɑɞɡ), ůŰɞɜ əɧɛɓɞ 1178 (X=15,25m, Y=12,00m, 

Z=13,00m), Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ 60 (1,00*Gtotal +1,50*W3_0). 

 

 
 

ȺɘəɧɜŬ 5.31ȹɘɎɔɟŬɛɛŬ ɛɏɔɘůŰɖɠ ɗŮŰɘəɐɠ ɟɞˊɐɠ əɎɛɣɖɠ əŬŰɎ Ȼ 
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6 ȰɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ & ɛŮŰŬəɘɜɐůŮɤɜ 
 

6.1 ȰɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ 

6.1.1 ŪŮɤɟɑŬ 

Ƀ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧɠ ůŰŬ ɛŮŰŬɚɚɘəɎ əŰɑɟɘŬ ɚɧɔɤ Űɖɠ 

ˊɚŮɡɟɘəɐɠ ŮɡəŬɛɣɑŬɠ Űɞɡɠ. ȼ ŬˊŬɑŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɘəŬɜɞˊɞɘŮɑŰŬɘ, 

ŮɎɜ, ɡˊɧ ůŮɘůɛɘəɐ ŭɟɎůɖ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Ŭˊɧ Űɖɜ ůŮɘůɛɘəɐ ŭɟɎůɖ 

ůɢŮŭɘŬůɛɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ŬˊŬɑŰɖůɖ ɛɖ-əŬŰɎɟɟŮɡůɖɠ, ɖ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ  

ůŰŮɔɎůŰɟɞɡ ˊŮɟɘɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ůɢɏůɖ: 

 

ɔ = 
♯zⱨ

▐
 Ò ɔmax                                                                                                                   (6-1) 

 

ɧˊɞɡ 

ɔ          ɖ ɔɤɜɘŬəɐ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ 

ŭ          ɖ ɛɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ Űɞɡ ůŰŮɔɎůŰɟɞɡ ɡˊɧ ŰŬ ůŮɘůɛɘəɎ űɞɟŰɑŬ 

ɜ          ůɡɜŰŮɚŮůŰɐɠ ɛŮɑɤůɖɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ɛɘəɟɧŰŮɟɖ ˊŮɟɑɞŭɞ 

            ŮˊŬɜŬűɞɟɎɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬˊŬɑŰɖůɖ 

            ́ Ůɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ. ũɘŬ əŰɑɟɘŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ ȽȽȽ ɚŬɛɓɎɜŮŰŬɘ ɖ Űɘɛɐ 

            ɜ=0,40 

h          Űɞ ɨɣɞɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ 

ɔmax        0,75% ɔɘŬ əŰɑɟɘŬ ɛŮ ˊɚɎůŰɘɛŬ ɛɖ-űɏɟɞɜŰŬ ůŰɞɘɢŮɑŬ 

  

ɈˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ɞɘ ɛɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ɔɘŬ Űɞɡɠ ůŮɘůɛɘəɞɨɠ 

ůɡɜŭɡŬůɛɞɨɠ Gtotal+ɣ0,q*LIVE +1,0*EX+0,3*EY əŬɘ Gtotal+ɣ0,q*LIVE +0,3*EX+1,0*EY 

 əŬɘ ɔɑɜŮŰŬɘ ɞ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ: 

 

ȹɘŮɨɗɡɜůɖ ɉ 

ɄɑɜŬəŬɠ 6.1 ɀɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ůŮɘůɛɘəɞɨ ůɡɜŭɡŬůɛɞɨ 

Gtotal+ɣ0,q*LIVE Ñ1,0*EXÑ0,3*EY 
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ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ: Ux=1,40cm ůŰɞɜ əɧɛɓɞ 286 (X=12,32m, Y=12,00m, Z=10,82m) 

                                       ɔx=(1,40*0,40)%/16=0,035% Ò ɔmax=0,75% 

Ⱥ́ ɘŰɡɢɐɠ ɞ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ əŬŰɎ ɉ 

 

ȹɘŮɨɗɡɜůɖ Ɉ 

 

ɄɑɜŬəŬɠ 6.2 ɀɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ůŮɘůɛɘəɞɨ ůɡɜŭɡŬůɛɞɨ 

Gtotal+ɣ0,q*LIVE Ñ0,3*EXÑ1,0*EY 

 
 

ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ: UɈ=32,80cm ůŰɞɜ əɧɛɓɞ 532 (ɉ=62,00m, Y=36,00m, 11,25m) 

                                  ɔx=(32,80*0,40)%/16=0,62% Ò ɔmax=0,75%  

Ⱥ́ ɘŰɡɢɐɠ ɞ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ əŬŰɎ Ɉ 

6.2 ȰɚŮɔɢɞɠ ɛŮŰŬəɘɜɐůŮɤɜ 
    Ƀ ɏɚŮɔɢɞɠ ɛŮŰŬəɘɜɐůŮɤɜ ŬűɞɟɎ Űɖɜ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɞɡ űɞɟɏŬ. ȺɑɜŬɘ ɘŭɘŬɑŰŮɟŬ 

ůɖɛŬɜŰɘəɧɠ, ŭɘɧŰɘ ŬˊɞűŮɨɔɞɜŰŬɘ ɛŮɔɎɚŬ ɓɏɚɖ ůŰɞ ůŰɏɔŬůŰɟɞ, Űɞ ɞˊɞɑɞ ˊɟɞəŬɚŮɑ ŰŮɢɜɘəɎ  

ˊɟɞɓɚɐɛŬŰŬ ůŰɖɜ əŬŰŬůəŮɡɐ əŬɘ ɛŮɘɩɜŮɘ Űɖɜ ŬɘůɗɖŰɘəɐ Űɞɡ. 

    ȺɜŰɞˊɑɕɞɜŰŬɘ ɞɘ ɛɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ əŬŰɎ Űɞɡɠ 

ɎɝɞɜŮɠ X,Y,Z Ŭˊɧ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ űɞɟŰɑůŮɤɜ ůŰɖɜ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. ɈˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ 

ůɡɜŭɡŬůɛɞɨɠ əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ɧɟɘŬ ɛŮŰŬəɘɜɐůŮɤɜ ˊɞɡ ɞɟɑɕɞɜŰŬɘ ůŰɞɜ ŮɡɟɤəɩŭɘəŬ.  

Ƀɘ ɛɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ůŮ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɞɜ ŮˊɧɛŮɜɞ 

ˊɑɜŬəŬ: 

 

ɄɑɜŬəŬɠ 6.3  ɀɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ůŮ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ 
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6.2.1 ȰɚŮɔɢɞɠ ɞɟɘɕɧɜŰɘɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ůŰŮɔɎůŰɟɞɡ 

ɃɟɘɕɧɜŰɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ŮɑɜŬɘ ŮəŮɑɜŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ůŰɞɡɠ ɎɝɞɜŮɠ X,Y 

Űɞɡ əŬɗɞɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɞɡ űɞɟɏŬ. 

 

ȹɘŮɨɗɡɜůɖ ɉ 

ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ: Ux = 4,30cm 

ɄɟɞəŬɚŮɑŰŬɘ ůŰɞɜ əɧɛɓɞ 255 (ůŰɞ ůɖɛŮɑɞ ŮˊŬűɐɠ Űɞɡ ŬɟɘůŰŮɟɞɨ ŬɜŬɟŰɐɟŬ ɛŮ Űɖɜ 

əŬɛˊɨɚɖ ůŰɞ ŰɟɑŰɞ ɕɨɔɤɛŬ) ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ: x=15,25m, y=12,00m, z=13,00m Ŭˊɧ Űɞɜ 

ůɡɜŭɡŬůɛɧ Gtotal + W3_0. 

 

 
ȺɘəɧɜŬ 6.1 ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ əŬŰɎ ɉ 

 

Ƀ əɧɛɓɞɠ ŬɜɐəŮɘ ůŰɖɜ əŬɛˊɨɚɖ. ɆɡɔəɟɑɜŮŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ ɛŮ Űɞɜ ɚɧɔɞ , ɧˊɞɡ L Űɞ 

ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɖɠ əŬɛˊɨɚɖɠ. 

Ux,ɃȾȿ = 4,30cm <  
╛

 = 44,12*100/200 = 22,06cm  

ȺˊɘŰɡɢɐɠ ɞ ɏɚŮɔɢɞɠ ɛŮŰŬəɑɜɖůɖɠ ɔɘŬ Űɖɜ ŭɘŮɨɗɡɜůɖ X 

 

ȹɘŮɨɗɡɜůɖ Y 

ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ: UɈ = 3,20cm 

ɄɟɞəŬɚŮɑŰŬɘ ůŰɞɜ əɧɛɓɞ 1327 (ůŮ ůɖɛŮɑɞ ŮˊŬűɐɠ ɛɖəɑŭŬɠ ɛŮ Űɞɜ ɛŮŰɤˊɘəɧ ůŰɨɚɞ ůŰɖɜ 

ˊɟɧůɞɣɖ) ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ: x=36,36m, y=0,00m, z=8,72m Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ  

Gtotal +W2_90. 

 

 
ȺɘəɧɜŬ 6.2 ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ əŬŰɎ Ɉ 
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Ƀ əɧɛɓɞɠ ŬɜɐəŮɘ ůŰɞɜ ɛŮŰɤˊɘəɧ ůŰɨɚɞ. ɆɡɔəɟɑɜŮŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ ɛŮ Űɞɜ ɚɧɔɞ , ɧˊɞɡ h 

Űɞ ɨɣɞɠ Űɞɡ ɛŮŰɤˊɘəɞɨ ůŰɨɚɞɡ. UY = 3,20cm < 
▐

 = 15,66*100/300 =  5,22cm 

ȺˊɘŰɡɢɐɠ ɞ ɏɚŮɔɢɞɠ ɛŮŰŬəɑɜɖůɖɠ ɔɘŬ Űɖɜ ŭɘŮɨɗɡɜůɖ Y. 

6.2.2 ȰɚŮɔɢɞɠ əŬŰŬəɧɟɡűɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ůŰŮɔɎůŰɟɞɡ 

ȾŬŰŬəɧɟɡűŮɠ ɛŮŰŬəɘɜɐůŮɘɠ űɞɟɏŬ ŮɑɜŬɘ ŮəŮɑɜŮɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ůŰɞɜ 

ɎɝɞɜŬ z. ȷˊɞəŬɚɞɨɜŰŬɘ əŬɘ ɓɏɚɖ Űɞɡ űɞɟɏŬ. 

 

ȹɘŮɨɗɡɜůɖ Z 

ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ: UZ = 6,40cm 

ɄɟɞəŬɚŮɑŰŬɘ ůŰɞɜ əɧɛɓɞ 703 (ůŰɞ Ɏəɟɞ Űɞɡ ŬɟɘůŰŮɟɞɨ ˊɟɞɓɧɚɞɡ ůŰɞ 9
ɞ
 ɕɨɔɤɛŬ) ɛŮ 

ůɡɜŰŮŰŬɔɛɏɜŮɠ: x=1,81m, y=48,00m, z=11,18m Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ Gtotal +W1_0. 

 

 
ȺɘəɧɜŬ 6.2 ɀɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ əŬŰɎ Ȼ 

 

Ƀ əɧɛɓɞɠ ŬɜɐəŮɘ ůŰɞɜ ˊɟɧɓɞɚɞ. ɆɡɔəɟɑɜŮŰŬɘ ɖ ɛŮŰŬŰɧˊɘůɖ ɛŮ Űɞɜ ɚɧɔɞ , ɧˊɞɡ L Űɞ 

ɛɐəɞɠ Űɞɡ ˊɟɞɓɧɚɞɡ. 

UZ = 6,40 cm < 
╛

 = 11,30*100/200 = 6,75cm  

ȺˊɘŰɡɢɐɠ ɞ ɏɚŮɔɢɞɠ ɛŮŰŬəɑɜɖůɖɠ ɔɘŬ Űɖɜ ŭɘŮɨɗɡɜůɖ Z 
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7 ɆɡɜŭɏůŮɘɠ 

7.1 ɆɨɜŭŮůɖ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ 
 

   ȼ ůɨɜŭŮůɖ Űɞɡ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ TCAR 50x4 ɛŮ Űɞ ɡˊɞůŰɨɚɤɛŬ 

HEB 550 ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ɢɟɐůɖ ŮɚŬůɛɎŰɤɜ ˊɎɢɞɡɠ 15mm əŬɘ əɞɢɚɘɩɜ ɀ16 

ˊɞɘɧŰɖŰŬɠ 6.8. ȼ ŭɘŬŰɞɛɐ Űɞɡ ůɡɜŭɏůɛɞɡ ŮɑɜŬɘ ɛɑŬ əɞɑɚɖ ŰŮŰɟŬɔɤɜɘəɐ ŭɘŬŰɞɛɐ ɛŮ ŮɛɓŬŭɧɜ 

A=7,28cm
2
.  ȼ ŭɘŬɟɟɞɐ Űɞɡ ůɡɜŭɏůɛɞɡ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ůŰɖɜ ɓŬůɘəɐ ŭɘŬŰɞɛɐ Űɞɡ əŬɘ 

ɧɢɘ ůŰɞ ɏɚŬůɛŬ ůɨɜŭŮůɖɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ, ŭɘɧŰɘ ɞ əŬŰŬəɧɟɡűɞɠ ůɨɜŭŮůɛɞɠ ŭɡůəŬɛɣɑŬɠ 

ŮɑɜŬɘ ɛɏɚɞɠ Űɞ ɞˊɞɑɞ ŬˊɞɟɟɞűɎ ůŮɘůɛɘəɐ ŮɜɏɟɔŮɘŬ. 

ɄɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ůɢɏůɖ:  

Rd Ó 1,20*Rfy,                                                                                                                    (7-1) 

ɧˊɞɡ: 

Rd ŮɑɜŬɘ ɖ ɓŬůɘəɐ ŬɜŰɞɢɐ Űɖɠ ůɨɜŭŮůɖɠ 

Rfy ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ ŭɘŬɟɟɞɐɠ Űɞɡ ˊɚɎůŰɘɛɞɡ ɛɏɚɞɡɠ 

 

ɀɏɔɘůŰɖ ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞɡɠ ůɡɜŭɏůɛɞɡɠ: Ned = 314,27 kN 

 

Ⱥˊɘɚɞɔɐ ŮɚɎůɛŬŰɞɠ 

¶ t*b Ó 1,20*AŭɘŬŰɞɛɐɠ Ÿ b Ó 
ȟ ᶻŭɘŬŰɞɛɐɠ

 Ÿ b Ó 5,82cm 

¶ Nu,Rd(ŮɚɎůɛŬŰɞɠ) Ó 1,20*Ɂpl,Rd Ÿ 
ȟ ᶻ ᶻ

  Ó 1,20*
ᶻ

 Ÿ 
ȟz ᶻᶻ

  Ó 

1,20*
ᶻ

 Ÿ 
ȟz ȟ ᶻȟ ᶻ

ȟ
  Ó 1,20*

ȟ ᶻ ȟ

ȟ
 Ÿ b Ó 8,79cm 

ȺˊɘɚɏɔŮŰŬɘ ɏɚŬůɛŬ ˊɚɎŰɞɡɠ b = 90mm 

ȷɜŰɞɢɐ əɞɢɚɘɩɜ ůŮ ŭɘɎŰɛɖůɖ 

   ȺˊɘɚɏɔɞɜŰŬɘ əɞɢɚɑŮɠ ɀ16 6.8 ɛŮ Űɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ Űɞ ůˊŮɑɟɤɛŬ ŮɑɜŬɘ ŮəŰɧɠ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ ŭɘɎŰɛɖůɖɠ. ɇɞˊɞɗŮŰɞɨɜŰŬɘ ŭɑŰɛɖŰɞɘ əɞɢɚɑŮɠ ɛŮ ɢɟɐůɖ ŭɨɞ əɞɛɓɞŮɚŬůɛɎŰɤɜ. ȼ 

ŭɘŬŰɞɛɐ Űɞɡ Ůɜɧɠ əɞɢɚɑŬ ɘůɞɨŰŬɘ ɛŮ: A = ˊ* = 2,01cm
2 

Fv,Rd  = 
ᶻ ᶻᶻ

*m = 
ᶻȟ ᶻȟ ᶻ

ȟ
*m = 96,48*m                                                   (7-2) 

1,20*Npl,Rd = 310,128 kN 

 

Fv,Rd Ó 1,20* Npl,Rd Ÿ 96,48*m Ó 310,128 Ÿ m Ó 3,21 Ÿ m = 4 əɞɢɚɑŮɠ 

 

ɀŮ 4 əɞɢɚɑŮɠ ɀ16 8.8 ɖ ŬɜŰɞɢɐ əɞɢɚɘɩɜ ůŮ ŭɘɎŰɛɖůɖ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

 

Fv,Rd  = 
ᶻȟ ᶻȟ ᶻ

ȟ
*4 = 385,92 kN  
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ȷɜŰɞɢɐ ůŮ ůɨɜɗɚɘɣɖ ɎɜŰɡɔŬɠ 

k1 = min {2,80*  ï 1,70 ; 2,50} = 2,50                                                                            (7-3)  

Ŭb = min {
ᶻ

; 
ᶻ

 ī ; ; 1}                                                                                    (7-4) 

 

ȼ ůɡɜɞɚɘəɐ ŬɜŰɞɢɐ Űɞɡ əɞɢɚɑŬ ůŮ ůɨɜɗɚɘɣɖ ɎɜŰɡɔŬɠ ɘůɞɨŰŬɘ ɛŮ: 

 

Fb,Rd  = 
ᶻ ᶻ ᶻᶻ

*m = 
ȟ ᶻ ᶻ ᶻȟ ᶻȟ

ȟ
*4 = 1058,40*Ŭb                              (7-5) 

 

   ɄɟɏˊŮɘ  ɜŬ ɘůɢɨŮɘ Űɞ 2
ɞ
 əɟɘŰɐɟɘɞ ˊɚŬůŰɘɛɧŰɖŰŬɠ ůɨɛűɤɜŬ ɛŮ Űɞ ɞˊɞɑɞ əŬɗɞɟɘůŰɘəɐ ůŮ 

ŬůŰɞɢɑŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɖ ůɨɜɗɚɘɣɖ ɎɜŰɡɔŬɠ Űɤɜ ɞˊɩɜ, ˊɞɡ ŮɑɜŬɘ ˊɚŬůŰɘəɐ ɛɞɟűɐ 

ŬůŰɞɢɑŬɠ əŬɘ ɧɢɘ ɖ ŬůŰɞɢɑŬ ůŮ ŭɘɎŰɛɖůɖ Űɞɡ əɞɢɚɑŬ ˊɞɡ ŮɑɜŬɘ ɣŬɗɡɟɐ. ɄɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ɖ 

ůɢɏůɖ:  

1,20*Npl,Rd Ò Fb,Rd Ò Fv,Rd  Ÿ 310,128 Ò 1058,40*Ŭb Ò 385,92 Ÿ0,29 Ò Ŭb Ò 0,36 

Ⱥɝɘůɩɜɤ Űɖɜ ˊŬɟŬˊɎɜɤ ŬɜɘůɧŰɖŰŬ ɛŮ Űɘɠ Űɘɛɏɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɘůɞɨŰŬɘ Űɞ Ŭb 

¶ 0,29 Ò 
ᶻ

 Ò 0,36 Ÿ 1,57cm Ò e1 Ò 1,94cm 

¶ 0,29 Ò 
ᶻ

 ī  Ò 0,36 Ÿ 2,92cm Ò p1 Ò 3,29 cm 

ȺɚɎɢɘůŰŮɠ ŬˊɞůŰɎůŮɘɠ 

min e1 = 1,20*d0 = 1,20*1,80 = 2,16cm = 21,60cm                                                          (7-6) 

min p1 = 2,20*d0 = 2,20*1,80 = 3,96cm = 39,60cm                                                          (7-7) 

 

ɀɏɔɘůŰŮɠ ŬˊɞůŰɎůŮɘɠ 

max e1 = 40mm + 4*t = 40 + 4*15 = 100mm                                                                   (7-8) 

max p1 = min {14* t, 200} = min {14*15, 200} = min {210, 200} = 200mm                  (7-9) 

 

ȺˊɘɚɏɔɞɜŰŬɘ ŬˊɞůŰɎůŮɘɠ əɞɢɚɘɩɜ e1 = 50mm əŬɘ p1 = 60mm 

Ŭb = min { ;  ī ; ; 1} = min {0,93; 0,49; 1,22; 1,00} = 0,49    

 

ȼ ůɡɜɞɚɘəɐ ŬɜŰɞɢɐ ůŮ ůɨɜɗɚɘɣɖ ɎɜŰɡɔŬɠ ɗŬ ŮɑɜŬɘ: 

Fb,Rd = 1058,40*0,49 = 518,62 kN Ó 1,20*Npl,Rd = 310,128 kN 

 

ȰɚŮɔɢɞɠ ůɡɔəɧɚɚɖůɖɠ 

ȼ ŬɜŰɞɢɐ Űɖɠ ůɡɔəɧɚɚɖůɖɠ ŭɑɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

fv,wd = 
Ѝᶻ ᶻ

= 
Ѝᶻȟ ᶻȟ

 = 25,15 kN/cm
2                                                                  

              (7-10)    
   

 

Ⱥˊɘɚɞɔɐ ˊɎɢɞɡɠ ůɡɔəɧɚɚɖůɖɠ Ŭw = 5mm 

Ŭmin = 3mm 

Ŭmax = 0,70*tmin = 0,70*6,30 = 4,41mm 
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ɇɞ ŬˊŬɘŰɞɨɛŮɜɞ ɛɐəɞɠ ůɡɔəɧɚɚɖůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

4*l*Ŭw*  fv,wd  Ó 1,20*Npl,Rd  Ÿ l Ó 
ȟ ᶻ ȟ

ᶻ ᶻ ȟ
 Ÿ l Ó 

ȟ

ᶻȟz ȟ
 Ÿ l Ó 7,71cm              (7-11)   

 

 
 

ȺɘəɧɜŬ 7.1 ɆɨɜŭŮůɖ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ 

 

7.2 ɆɨɜŭŮůɖ ɓɎůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ 
 

   ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɜŭŮůɖ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɛŮ Űɞ ɏŭŬűɞɠ (ɗŮɛŮɚɑɤůɖ). ŪŮɤɟɞɨɛŮ 

ˊŬəŰɤɛɏɜɖ Űɖɜ ůɨɜŭŮůɖ, ŭɘɧŰɘ ŬɜŬˊŰɨůůŮŰŬɘ ɟɞˊɐ əɎɛɣɖɠ əŬŰɎ Űɞɜ ɎɝɞɜŬ Ɉ əŬɘ əŬŰɎ Űɞɜ 

ɎɝɞɜŬ Ȼ. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɛɏɔɘůŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞɜ űɞɟɏŬ: 

¶ ɁEd = 660,88 kN 

¶ VEd,y = 23,58kN 

¶ VEd,z = 183,46 kN 

¶ MEd,y = 425,17 kNm 

¶ MEd,z = 11,35 kNm 

ũŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůɨɜŭŮůɖɠ 

ȹɘŬŰɞɛɐ ɡˊɞůŰɡɚɩɛŬŰɞɠ: HEB 550 

ȴɣɞɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ: 9,00m 

ɄɚɎəŬ ɏŭɟŬůɖɠ 

lpd = 740mm 

bpd = 300mm 

tpd = 70mm 
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ȷɔəɨɟɘŬ 

ɄɞɘɧŰɖŰŬ əɞɢɚɘɩɜ: M39 12.9 

ȷɟɘɗɛɧɠ ɞɟɘɕɧɜŰɘɤɜ ůŮɘɟɩɜ: 2 

ȷɟɘɗɛɧɠ əŬŰŬəɧɟɡűɤɜ ůŮɘɟɩɜ: 6 

ȷˊɧůŰŬůɖ ɞɟɘɕɧɜŰɘɤɜ ůŮɘɟɩɜ: 140mm 

ȷˊɧůŰŬůɖ əŬŰŬəɧɟɡűɤɜ ůŮɘɟɩɜ: 126mm 

L1 = 0 

L2 = 600mm 

L3 = 100mm 

 

ɄɚɎəŬ Ŭɔəɡɟɑɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗŮɛŮɚɑɤůɖɠ:  

lap = 40mm , bap = 40mm , tap =10mm 

 

ɄɚɎəŬ Ŭɔəɡɟɑɤɜ ŮɜŰɧɠ Űɖɠ ˊɚɎəŬɠ ůəɡɟɞŭɏɛŬŰɞɠ:  

lwd = 70mm, bwp = 70mm, twd = 10mm  

 

ɄɚɎəŬ ɗŮɛŮɚɑɤůɖɠ: L = 850mm, B = 850mm, H = 650mm , tg = 50mm 

 

ɄɎɢɖ ůɡɔəɧɚɚɖůɖɠ: Ŭp = 10mm , Ŭw = 10mm  

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŬɜɎɚɡůɖɠ Űɤɜ ŬɜŰɞɢɩɜ Űɖɠ əɞɢɚɑɤůɖɠ Ŭˊɧ Űɞ 

ˊɟɧɔɟŬɛɛŬ ɔɘŬ ŬɜŰɞɢɐ Űɖɠ ůɨɜŭŮůɖɠ ɗŮɛŮɚɑɤůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ. 

 

¶ ȰɚŮɔɢɞɠ ŬɜŰɞɢɐɠ ůɨɜŭŮůɖɠ ůŮ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ əŬɘ ɟɞˊɐ əɎɛɣɖɠ 

 

ȺɘəɧɜŬ 7.2 ȷˊɞŰŮɚɏůɛŬŰŬ Ůɚɏɔɢɞɡ ŬɜŰɞɢɐɠ ůɨɜŭŮůɖɠ ůŮ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ əŬɘ ɟɞˊɐ əɎɛɣɖɠ (Robot 

Structural Analysis) 
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¶ ȰɚŮɔɢɞɠ ŭɘɎŰɛɖůɖɠ əɞɢɚɘɩɜ 

 
ȺɘəɧɜŬ 7.3 ȷˊɞŰŮɚɏůɛŬŰŬ Ůɚɏɔɢɞɡ ŭɘɎŰɛɖůɖɠ əɞɢɚɘɩɜ (Robot Structural Analysis) 

 

 

¶ ȰɚŮɔɢɞɠ ůɡɔəɧɚɚɖůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ - ˊɚɎəŬɠ ɏŭɟŬůɖɠ 

 
ȺɘəɧɜŬ 7.4 ȷˊɞŰŮɚɏůɛŬŰŬ Ůɚɏɔɢɞɡ ůɡɔəɧɚɚɖůɖɠ ɡˊɞůŰɡɚɩɛŬŰɞɠ - ˊɚɎəŬɠ ɏŭɟŬůɖɠ  

(Robot Structural Analysis) 

 

Ƀ ɏɚŮɔɢɞɠ ŬɜŰɞɢɐɠ Űɖɠ ɗŮɛŮɚɑɤůɖɠ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɓɔŬɑɜŮɘ ɞɟɘŬəɎ. ȳɛɤɠ, ɚɧɔɤ Űɘɠ 

ɛŮɔɎɚɖɠ ŭɘŬɛɏŰɟɞɡ Űɤɜ Ŭɔəɡɟɑɤɜ əŬɘ Űɖɠ ˊɞɘɧŰɖŰɎɠ Űɞɡɠ ŭŮɜ ŭɨɜŬŰŬɘ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ 

ɛŮɔŬɚɨŰŮɟŬ, ŭɘɧŰɘ ɗŬ ŬɡɝɖɗŮɑ ˊɎɟŬ ˊɞɚɨ Űɞ əɧůŰɞɠ. 

 

 










































































