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ɀŮɚɏŰɖ ůɡɛˊŮɟɘűɞɟɎɠ ɛŮŰŬɚɚɘəɩɜ əŰɘɟɑɤɜ ɛŮ ŮɜŬɚɚŬəŰɘəɎ ůɡůŰɐɛŬŰŬ 

ˊŬɟŬɚŬɓɐɠ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ 

ɄŬˊŬŭɐɠ Ʉ. Ɂ. (Ⱥˊɘɓɚɏˊɤɜ: ɅŬɡŰɞɔɘɎɜɜɖɠ Ƚ. ï ŪŬɜɧˊɞɡɚɞɠ Ʉ.) 

ɄŮɟɑɚɖɣɖ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ŬɜɎɚɡůɖ, ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

əŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ŭɨɞ ˊŮɜŰŬɩɟɞűɤɜ ɛŮŰŬɚɚɘəɩɜ əŰɘɟɑɤɜ ɛŮ ɡˊɧɔŮɘɞ Ŭˊɧ 

ůəɡɟɧŭŮɛŬ, ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ SAP2000. ɇŬ ŭɨɞ əŰɑɟɘŬ ɏɢɞɡɜ ɑŭɘŬ əɎŰɞɣɖ əŬɘ 

ɧɣɖ, ŬɚɚɎ ŭɘŬűɞɟŮŰɘəɐ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ˊŬɟŬɚŬɓɐɠ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ. ɇɞ 

ˊɟɩŰɞ əŰɑɟɘɞ ɏɢŮɘ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ɛɧɜɞ ůŰɖ ɛɑŬ ŭɘŮɨɗɡɜůɖ (ɉ), Ůɜɩ 

Űɞ ŭŮɨŰŮɟɞ əŬɘ ůŰɘɠ ŭɨɞ ŭɘŮɡɗɨɜůŮɘɠ (ɉ əŬɘ Ɉ). ɆŰɞ ˊɟɩŰɞ əŰɑɟɘɞ ɞɘ əɨɟɘŮɠ ŭɞəɞɑ ŮɑɜŬɘ 

ˊŬəŰɤɛɏɜŮɠ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Ůɜɩ ůŰɞ ŭŮɨŰŮɟɞ ŬɟɗɟɤŰɏɠ. Ƀɘ ˊɚɎəŮɠ Űɤɜ ɞɟɧűɤɜ ŮɑɜŬɘ 

ůɨɛɛɘəŰŮɠ ɛŮ ɢŬɚɡɓŭɧűɡɚɚɞ Symdeck 73 əŬɘ ŭɘŬůŰŬůɘɞɚɞɔɐɗɖəŬɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ Symdeck Designer. ȷɜŰɑɗŮŰŬ ɞɘ ŭɞəɞɑ ŭŮɜ ŮɑɜŬɘ ůɨɛɛɘəŰŮɠ. ɇŬ əŰɑɟɘŬ 

ŮɘůɐɢɗɖůŬɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ SAP2000 əŬɘ ɛŮ ɓɎůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ɏŭɤůŮ ɖ ŬɜɎɚɡůɖ 

ɏɔɘɜŮ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖ Űɤɜ ɛŮɚɩɜ ɔɘŬ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ, ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ 

ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ, ɆŮɘůɛɧ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊɞɚɞɔɘůŰɘəɩɜ űɨɚɚɤɜ Excel. Ⱥˊɑůɖɠ ŮɚɏɔɢɗɖəŬɜ 

ɞɘ ůɡɜŭɏůŮɘɠ Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ ɛŮŰŬɝɨ Űɞɡɠ ɐ ɛŮ Űɞ ɏŭŬűɞɠ, ɛŮ Űɖ ɓɞɐɗŮɘŬ əŬɘ ˊɎɚɘ 

ɡˊɞɚɞɔɘůŰɘəɩɜ űɨɚɤɜ Excel əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊŬɚɖɗŮɨŰɖəŬɜ ɛŮ ŬɡŰɎ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ INSTANT 2015 EC3 Connections ůŰɞ ɞˊɞɑɞ ɏɔɘɜŮ əŬɘ ɖ ůɢŮŭɑŬůɖ Űɞɡɠ. ȳɚŮɠ 

ɞɘ ŬɜŬɚɨůŮɘɠ əŬɘ ɞɘ ŭɘŬůŰŬůɘɞɚɞɔɐůŮɘɠ ɏɔɘɜŬɜ ɛŮ əɟɘŰɐɟɘɞ Űɖɜ Űɐɟɖůɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ˊɞɡ 

ɞɟɑɕɞɡɜ ɞɘ Ŭəɧɚɞɡɗɞɘ ȺɡɟɤəɩŭɘəŮɠ: 

- ȺɡɟɤəɩŭɘəŬɠ 0 ȺɁ1990  

- ȺɡɟɤəɩŭɘəŬɠ 1 ȺɁ1991 (ɀɏɟɞɠ 1-1, 1-3, 1-4) 

- ȺɡɟɤəɩŭɘəŬɠ 2 ȺɁ1992 (ɀɏɟɞɠ 1-1) 

- ȺɡɟɤəɩŭɘəŬɠ 3 ȺɁ1993 (ɀɏɟɞɠ 1-1, 1-8) 

- ȺɡɟɤəɩŭɘəŬɠ 4 ȺɁ1994 (ɀɏɟɞɠ 1-1) 

- ȺɡɟɤəɩŭɘəŬɠ 8 ȺɁ1998 (ɀɏɟɞɠ 1) 

ɆŰɞ Űɏɚɞɠ ɏɔɘɜŮ ɖ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ɏŭɤůŬɜ ɞɘ ŬɜŬɚɨůŮɘɠ ɔɘŬ ŰŬ ŭɨɞ 

əŰɑɟɘŬ əŬɘ ɛŮ əɟɘŰɐɟɘɞ Űɖɜ ɞɘəɞɜɞɛɑŬ əŬɘ Űɖ ůɡɛˊŮɟɘűɞɟɎ ůŰɞ ůŮɘůɛɧ ŬˊɞűŬɜɗɐəŬɛŮ ˊɞɘɧ 

əŰɑɟɘɞ ŮɑɜŬɘ Űɞ ŮˊɘəɟŬŰɏůŰŮɟɞ. 
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Investigation of the behavior of steel buildings with alternative horizontal 

load bearing systems 

Papadis P. N. (supervised by Raftoyiannis I. ï Thanopoulos P.) 

ABSTRACT 

This diploma thesis deals with the analysis, dimensioning and study of the behavior of 

two five-storey steel buildings with a concrete basement, using the SAP2000 program. The 

two buildings have the same plan and view, but different positioning of the horizontal load 

bearing systems. The first building has vertical stiffeners in only one direction (X) while  the 

second one has in both directions (X and Y). In the first building, the main beams are 

embedded to the collumns while in the second one they are pinned. The floor slabs are 

combined with a Symdeck 73 steel sheet and are dimensioned with the help of Symdeck 

Designer. Conversely, the beams are not composite. The buildings were inserted in the 

SAP2000 program and based on the results of the analysis the members were dimensioned 

for Ultimate Limit State, Serviceability Limtit State, Earthquake using Excel spreadsheets. 
Also the connections of the members of the building with each other or with the ground were 

checked, again with the aid of Excel spreadsheets, and the results were verified with those 

of the INSTANT 2015 EC3 Connections program in which their were drawn as well. All 

analyzes and dimensioning were performed on the basis of the requirements of the following 

Eurocodes:  

- Eurocode 0 ȺɁ1990  

- Eurocode 1 ȺɁ1991 (Part 1-1, 1-3, 1-4) 

- Eurocode 2 ȺɁ1992 (Part 1-1) 

- Eurocode 3 ȺɁ1993 (Part 1-1, 1-8) 

- Eurocode 4 ȺɁ1994 (Part 1-1) 

- Eurocode 8 ȺɁ1998 (Part 1) 

 

In the end, the results of the analysis for the two buildings were compared and based on 

the criterion of economy and behavior in the earthquake we pronounced which building is 

the predominant. 
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ȺɡɢŬɟɘůŰɑŮɠ 

ŪŬ ɐɗŮɚŬ əŬŰô ŬɟɢɎɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɑŰŮɟŬ Űɞɜ Ůˊɘɓɚɏˊɤɜ əŬɗɖɔɖŰɐ əɨɟɘɞ ȽɤɎɜɜɖ 

ɅŬɡŰɞɔɘɎɜɜɖ, ́ ɞɡ ɛɞɡ ˊɟɞůɏűŮɟŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Ůəˊɞɜɐůɤ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ɛɞɡ ŮɟɔŬůɑŬ 

ůŰɞ ȺɟɔŬůŰɐɟɘɞ ɀŮŰŬɚɚɘəɩɜ ȾŬŰŬůəŮɡɩɜ ɛŮ ůəɞˊɧ ɜŬ ŮˊŮəŰŮɑɜɤ Űɘɠ ɔɜɩůŮɘɠ ɛɞɡ ˊɎɜɤ 

ůŰɞɜ ŰɞɛɏŬ ůɢŮŭɘŬůɛɞɨ ŭɞɛɘəɩɜ ɏɟɔɤɜ Ŭˊɧ ɢɎɚɡɓŬ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖ ůɡɜŮɢɐ ɓɞɐɗŮɘŬ əŬɘ 

əŬɗɞŭɐɔɖůɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ ŮɟɔŬůɑŬɠ. Ⱥˊɑůɖɠ ɗŬ 

ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ Ůˊɘɓɚɏˊɤɜ əŬɗɖɔɖŰɐ əɨɟɘɞ ɄŬɨɚɞ ŪŬɜɧˊɞɡɚɞ, ˊɞɡ ɛŮ 

ŬɜɏɚŬɓŮ əŬɘ ɛɞɡ ˊŬɟŮɑɢŮ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ əŬɗɞŭɐɔɖůɖ əŬɘ ɓɞɐɗŮɘŬ ɔɘŬ Űɖɜ ɞɚɞəɚɐɟɤůɖ 

ŬɡŰɐɠ Űɖɠ ŮɔŬůɑŬɠ. 

ɃűŮɑɚɤ Ůˊɑůɖɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖ ɔɟŬɛɛŬŰŮɑŬ Űɞɡ ŮɔŬůŰɖɟɑɞɡ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ ůŰŬ 

ŭɘŬŭɘəŬůŰɘəɎ ɗɏɛŬŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊŬɟɎŭɞůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ɇɏɚɞɠ ɘŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ůŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖ ůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ əŬɗô 

ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ, ŬɚɚɎ əŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ űɑɚɞɡɠ ɛɞɡ ˊɞɡ ɛŮ ůŰɐɟɘɝŬɜ ůŮ 

ɧɚɖ Űɖɜ ˊɞɟŮɑŬ Űɖɠ űɞɑŰɖůɐɠ ɛɞɡ ůŮ ŬɡŰɐ Űɖ ůɢɞɚɐ. 
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1 ȺȽɆȷũɋũȼ 

1.1 ɇŮɢɜɘəɐ ˊŮɟɘɔɟŬűɐ 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ Űɖɠ Ůˊɘɟɟɞɐɠ ˊɞɡ ɏɢŮɘ ɖ ŰɞˊɞɗɏŰɖůɖ 

əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ůŰɖ ɛɑŬ ɐ əŬɘ ůŰɘɠ ŭɨɞ ŭɘŮɡɗɨɜůŮɘɠ Ůɜɧɠ 

ˊŮɜŰŬŬɩɟɞűɞɡ əŰɘɟɑɞɡ ɔɟŬűŮɑɤɜ, ɛŮɔɎɚɤɜ ŬɜɞɘɔɛɎŰɤɜ, Ŭˊɧ ɢɎɚɡɓŬ, ɛŮ ɡˊɧɔŮɘɞ əŬɘ ŭɎˊŮŭŬ 

Ŭˊɧ ůəɡɟɧŭŮɛŬ, əŬɗɩɠ əŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ ŬɡŰɞɨ Űɞɡ əŰɘɟɑɞɡ. ũɘŬ Űɞ 

ɚɧɔɞ ŬɡŰɧ ɛŮɚŮŰɐɗɖəŬɜ ŭɨɞ əŰɑɟɘŬ, Űɞ ˊɟɩŰɞ ɛŮ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ 

əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ (ȾŰɑɟɘɞ ȷ) əŬɘ ˊɚŬɘůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ əŬɘ Űɞ 

ŭŮɨŰŮɟɞ ɛŮ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ əŬɘ Ɉ (ȾŰɑɟɘɞ ȸ). 

ɇɞ əŰɑɟɘɞ ɏɢŮɘ əɎŰɞɣɖ ɛɞɟűɐɠ Ʉ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡˊɧɔŮɘɞ ɨɣɞɡɠ 3,5m , ɘůɧɔŮɘɞ 

ɨɣɞɡɠ 5m əŬɘ  4 ɞɟɧűɞɡɠ ɨɣɞɡɠ 4m ɛŮ əɎɗŮ ŮˊɑˊŮŭɞ ɜŬ ɏɢŮɘ ŮɛɓŬŭɧ 770m2 ɛŮ əɎŰɞɣɖ əŬɘ 

ɧɣɖ ɧˊɤɠ ůŰɞ ɆɢɐɛŬ 1.1 əŬɘ 1.2 ŬɜŰɘůŰɞɑɢɤɠ. 

 

ɆɢɐɛŬ 1.1: ȾɎŰɞɣɖ ɞɟɧűɞɡ. 

 

ɆɢɐɛŬ 1.2: ȳɣɖ əŬŰɎ ɉ. 
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ɇɞ ɡˊɧɔŮɘɞ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ɛŮ ŰɞɘɢŮɑŬ ˊɚɎŰɞɡɠ 0,25m 

əŬɘ ɖ ɗŮɛŮɚɑɤůɐ Űɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŮŭɘɚɞŭɞəɞɨɠ ˊɚɎŰɞɡɠ 1,20m ,ˊɎɢɞɡɠ 0,40m əŬɘ 

ɨɣɞɡɠ 1m. ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ Űɞɡ ɡˊɞɔŮɑɞɡ ŮɑɜŬɘ ŭɘŬůŰɎůŮɤɜ 0,80x0,80m əŬɘ ɞɘ ŭɞəɞɑ Űɖɠ 

ɞɟɞűɐɠ Űɞɡ ɡˊɞɔŮɑɞɡ ɛɞɟűɐɠ ˊɚŬəɞŭɞəɞɨ ɛŮ ˊɚɎŰɞɠ əɞɟɛɞɨ 0,40m əŬɘ ɨɣɞɠ 0,80m əŬɘ 

ˊɎɢɞɠ ˊɚɎəŬɠ 0,25m. 

ɇɞ ɘůɧɔŮɘɞ əŬɘ ɞɘ ɡˊɧɚɞɘˊɞɘ ɧɟɞűɞɘ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛŮŰŬɚɚɘəɎ ůŰɞɘɢŮɑŬ (əɨɟɘŮɠ-

ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɑ, ŭɘŬŭɞəɑŭŮɠ, ɡˊɞůŰɡɚɩɛŬŰŬ, əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ) 

əŬɘ ůɨɛɛɘəŰŮɠ ˊɚɎəŮɠ. Ƀɘ ˊɚɎəŮɠ ŮɑɜŬɘ ˊɎɢɞɡɠ 0,13m ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰɟŬˊŮɕɞŮɘŭɏɠ 

ɢŬɚɡɓŭɧűɡɚɚɞ əŬɘ ŭŮɜ ɏɢɞɡɜ ůɨɛɛɘəŰɖ ɚŮɘŰɞɡɟɔɑŬ ɛŮ Űɘɠ ŭɘŬŭɞəɑŭŮɠ əŬɘ Űɘɠ ŭɞəɞɨɠ 

ˊɟɞůűɏɟɞɡɜ ɧɛɤɠ ŭɘŬűɟŬɔɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ. Ƀɘ əɨɟɘŮɠ ŭɞəɞɑ ɏɢɞɡɜ ŭɘŮɨɗɡɜůɖ ́ ŬɟɎɚɚɖɚɖ 

ˊɟɞɠ Űɖ ɛɘəɟɐ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɞɡ əŰɘɟɑɞɡ Űɤɜ 20m əŬɘ ůɢɖɛŬŰɑɕɞɡɜ 8 ˊɚŬɑůɘŬ. ɇŬ 

űɞɟŰɑŬ ůŮ ŬɡŰɏɠ ɛŮŰŬɓɘɓɎɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŭɘŬŭɞəɑŭŮɠ ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŬɜɎ 1,25m.Ƀɘ 

ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɑ ɏɢɞɡɜ ŭɘŮɨɗɡɜůɖ ˊɟɞɠ Űɖ ɛŮɔɎɚɖ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ Űɞɡ əŰɘɟɑɞɡ Űɤɜ 

49m əŬɘ ůɢɖɛŬŰɑɕɞɡɜ 5 ˊɚŬɑůɘŬ. ȼ Űɡˊɘəɐ əɎŰɞɣɖ əɎɗŮ ɞɟɧűɞɡ ɛŮ ŰŬ ˊɚŬɑůɘŬ ŮɑɜŬɘ ɧˊɤɠ 

ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.3. 

ũɘŬ əɎɗŮ əŰɑɟɘɞ ɞɘ ŭɘŬŰɞɛɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ŰŬ ɛɏɚɖ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

1. ȾŰɑɟɘɞ ȷ 

Ŭ) ȾɨɟɘŮɠ ŭɞəɞɑ: ȼȺȸ260 (ɛˊɚŮ ɢɟɩɛŬ) 

ɓ) ȹŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɑ: ȼȺȷ240 (ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ) 

ɔ) ȹɘŬŭɞəɑŭŮɠ: ȼȺȷ240 (ˊɟɎůɘɜɞ ɢɟɩɛŬ) 

ŭ) ɈˊɞůŰɡɚɩɛŬŰŬ: ȼȺȸ340 

2. ȾŰɑɟɘɞ ȸ 

Ŭ) ȾɨɟɘŮɠ ŭɞəɞɑ: ȼȺȸ260 (ɛˊɚŮ ɢɟɩɛŬ) 

ɓ) ȹŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɑ: ȼȺȷ240 (ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ) 

ɔ) ȹɘŬŭɞəɑŭŮɠ: ȼȺȷ240 (ˊɟɎůɘɜɞ ɢɟɩɛŬ) 

ŭ) ɈˊɞůŰɡɚɩɛŬŰŬ: ȼȺȸ360 

ȳůɤɜ ŬűɞɟɎ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ŬɡŰɞɑ ŰɞˊɞɗŮŰɐɗɖəŬɜ ɛŮ Űɞɜ 

Ŭəɧɚɞɡɗɞ Űɟɧˊɞ: 

ɆŰɞ əŰɑɟɘɞ ȷ ŰɞˊɞɗŮŰɐɗɖəŬɜ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ˊŮɟɘɛŮŰɟɘəɎ əŬŰɎ Űɖ 

ŭɘŮɨɗɡɜɖůɖ ɉ Űɞɡ əŰɘɟɑɞɡ ůŰŬ ˊɚŬɘůɘŬ 1 (y=0m) , 3 (y=10m), 5 (y=20m) (ɆɢɐɛŬ 1.4 , 1.5). 

 

 

ɆɢɐɛŬ 1.3:ȾɎŰɞɣɖ ɞɟɧűɞɡ ɛŮ ˊɚŬɑůɘŬ. 
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ɆɢɐɛŬ 1.4: ȹɘɎŰŬɝɖ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ɉ-ɄɚŬɑůɘɞ 1. 

 

ɆɢɐɛŬ 1.5: ȹɘɎŰŬɝɖ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ɉ-ɄɚŬɑůɘŬ 3 , 5. 

Ƀɘ ŭɘŬŰɞɛɏɠ Űɤɜ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ɔɘŬ əɎɗŮ ɧɟɞűɞ əŬɘ ɔɘŬ əɎɗŮ 

ˊɚŬɑůɘɞ ŮɑɜŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1.1. 

ɄɑɜŬəŬɠ 1.1: ȹɘŬŰɞɛɏɠ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ȾŰɑɟɘɞ ȷ. 

ȳɟɞű

ɞɘ/Ʉɚ

ŬɑůɘŬ 

1 2 3 4 5 

1 RHS200x100x10 RHS180x100x7.1 RHS150x100x7.1 RHS150x100x5 CHS100x4 

3 RHS180x100x8 RHS150x100x8 RHS150x100x6.3 RHS150x100x5 CHS100x4 

5 RHS180x100x7.1 RHS150x100x6.3 RHS150x100x5 RHS150x100x5.6 CHS90x4 
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ɆŰɞ əŰɑɟɘɞ ȸ ŰɞˊɞɗŮŰɐɗɖəŬɜ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ˊŮɟɘɛŮŰɟɘəɎ əŬŰɎ Űɖ 

ŭɘŮɨɗɡɜůɖ ɉ Űɞɡ əŰɘɟɑɞɡ ɛŮ ŭɘɎŰŬɝɖ ɑŭɘŬ ɛŮ ŬɡŰɐ Űɞɡ əŰɘɟɑɞɡ ȷ əŬɘ ˊŮɟɘɛŮŰɟɘəɎ əŬŰɎ Űɖ 

ŭɘŮɨɗɡɜůɖ Ɉ Űɞɡ əŰɘɟɑɞɡ ůŰŬ ˊɚŬɑůɘŬ A (x=0m) əŬɘ H (x=49m) (ɆɢɐɛŬ1.6). 

Ƀɘ ŭɘŬŰɞɛɏɠ Űɤɜ əŬŰ. ůɡɜŭ. ŭɡůə. ɔɘŬ əɎɗŮ ɧɟɞűɞ əŬɘ ɔɘŬ əɎɗŮ ˊɚŬɑůɘɞ X əŬɘ əŬŰɎ Ɉ 

ŮɑɜŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 1.2. 

ɄɑɜŬəŬɠ 1.2: ȹɘŬŰɞɛɏɠ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ȾŰɑɟɘɞ ȸ. 

 

ɆɢɐɛŬ 1.6: ȹɘɎŰŬɝɖ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ Ɉ-ɄɚŬɑůɘŬ A , H. 

1.2 ȷɜɎɚɡůɖ 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ əŰɘɟɑɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɚɞɔɘůɛɘəɧ SAP2000 v19. ɄɟɧəŮɘŰŬɘ 

ɔɘŬ ɏɜŬ ˊɟɧɔɟŬɛɛŬ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɡɟɨŰŬŰŬ ŭɘŮɗɜɩɠ əŬɘ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɔɘŬ Űɘɠ 

ȳɟɞű

ɞɘ/ 

ɄɚŬɑ

ůɘŬ 

1 2 3 4 5 

1 RHS200x100x7.1 RHS150x100x7.1 RHS150x100x6.3 CHS100x5 CHS90x4 

3 RHS200x100x6.3 RHS180x100x6.3 RHS150x100x6.3 CHS100x6.3 CHS100x3.6 

5 RHS200x100x7.1 RHS150x100x6.3 RHS150x100x6.3 CHS100x6.3 CHS100x3.6 

A,2-3 HEB140 RHS160x80x11 RHS160x80x8 RHS120x80x8 CHS80x6.3 

A,4-5 HEB140 RHS160x80x11 RHS160x80x8 RHS120x80x8 CHS80x6.3 
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ŭɡɜŬŰɧŰɖŰŮɠ ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖɠ ˊɞɡ ˊɟɞůűɏɟŮɘ. ȸŬůɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ, ˊɞɡ ŬˊɞŰɏɚŮůŮ 

əŬɘ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ Ůˊɘɚɞɔɐɠ Űɞɡ Ůɜ ɚɧɔɤ ˊɟɞɔɟɎɛɛŬŰɞɠ, ŮɑɜŬɘ ɖ ŮəŰŮɜɐɠ ŭɡɜŬŰɧŰɖŰŬ 

ˊŬɟɏɛɓŬůɖɠ ˊɞɡ ˊŬɟɏɢŮɘ ůŰɞɜ ɢɟɐůŰɖ, ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ŬˊŬɑŰɖůɖ ɔɘŬ ɚŮˊŰɞɛŮɟɐ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ. ɆŰɞ ˊɟɧɔɟŬɛɛŬ ůɢŮŭɘɎůŰɖəŬɜ ŰŬ ŭɨɞ 

əŰɑɟɘŬ ŬɜŬŰɏɗɖəŬɜ ŭɘŬŰɞɛɏɠ ůŮ ŬɡŰɎ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɝɐɢɗɖůŬɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

(ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ, ɛŮŰŬəɘɜɐůŮɘɠ, ůŰɞɘɢŮɑŬ ɘŭɘɞɛɞɟűɘəɐɠ ŬɜɎɚɡůɖɠ) Űɤɜ ŮəɎůŰɞŰŮ 

ŬɜŬɚɨůŮɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ɢɏɟɘ 

əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊɞɚɞɔɘůŰɘəɩɜ űɨɚɚɤɜ Űɞɡ EXCEL ůɨɛűɤɜŬ ˊɎɜŰŬ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

ȺɡɟɤəɩŭɘəŮɠ(EC1 , EC2 , EC3 , EC8). ɇɏɚɞɠ ɞ ɏɚŮɔɢɞɠ əŬɘ ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ ůɡɜŭɏůŮɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ EC3 Connections əŬɘ 

EC3SteelConnections, Ůɜɩ ŰŬ  ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊŬɚɖɗŮɨŰɖəŬɜ əŬɘ ɛŮ ɡˊɞɚɞɔɘůɛɞɨɠ ůŰɞ 

ɢɏɟɘ. 

ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ŰŬ əŰɑɟɘŬ ȷ əŬɘ ȸ ůŮ ˊŮɟɘɓɎɚɚɞɜ 3D Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ SAP2000 

űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.7, 1.8. 

 

ɆɢɐɛŬ 1.7: ȾŰɑɟɘɞ ȷ ůŰɞ SAP2000. 
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ɆɢɐɛŬ 1.8: ȾŰɑɟɘɞ ȸ ůŰɞ SAP2000. 

1.3 ɈɚɘəɎ 

ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S355, ˊɟɧŰɡˊɞ EN 10025-2. 

- ȷɜŰɞɢɐ: fy =355 MPa əŬɘ fu=510 MPa 

- ɄŬɟŬɛɧɟűɤůɖ: E=210 GPa, G=80,8 GPa, ɜ=0,3 

- ɄɡəɜɧŰɖŰŬ: ɟ=7850 kg/m3 ɐ ɔ=78,5 kN/m2 

Ⱥˊɑůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əɞɢɚɑŮɠ ˊɞɘɧŰɖŰŬɠ 8.8, 10.9. 

- ȾŬŰɖɔɞɟɑŬ 8.8: fyb=640 MPa əŬɘ fub=800 MPa 

- ȾŬŰɖɔɞɟɑŬ 10.9: fyb=900 MPa əŬɘ fub=1000 Mpa 

ũɘŬ Űɞ ɡˊɧɔŮɘɞ ŬɚɚɎ əŬɘ ɔɘŬ Űɘɠ ˊɚɎəŮɠ Űɤɜ ɞɟɧűɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůəɡɟɧŭŮɛŬ 

ˊɞɘɧŰɖŰŬɠ C20/25, ɢɎɚɡɓŬɠ ůəɡɟɞŭɏɛŬŰɞɠ S 500s əŬɘ ɢŬɚɡɓŭɧűɡɚɚɞ ˊɞɘɧŰɖŰŬɠ S320. 

- C20/25: fck=20 MPa, fctm=2,2 MPa, Ecm=29 GPa, ɔ=25 kN/m2 

- S 500s: fyk=500 MPa 

- S 320: fyp=350MPa , fup=420MPa 
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2 ūɞɟŰɑŬ ȾŬŰŬůəŮɡɐɠ 

2.1 ũŮɜɘəɎ 

ȷɜɎɚɞɔŬ ɛŮ Űɖ ɢɟɐůɖ, Űɖ ɗɏůɖ əŬɘ Űɖ ɛɞɟűɐ Űɞɡ ɏɟɔɞɡ, ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ŭɟɎůŮɘɠ ɛŮ 

Űɘɠ ɞˊɞɑŮɠ ɗŬ ŬɜŬɚɡɗŮɑ ɞ űɞɟɏŬɠ, ɏŰůɘ ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ŰŬ ŭɡůɛŮɜɏůŰŮɟŬ ŮɜŰŬŰɘəɎ 

əŬɘ ˊɟŬɛɞɟűɤůɘŬəɎ ɛŮɔɏɗɖ Űɤɜ ɛŮɚɩɜ Űɞɡ. 

ɆŰɖɜ ȺɚɚɎŭŬ, ŮűŬɟɛɧɕŮŰŬɘ ɞ ȺɡɟɤəɩŭɘəŬɠ 1 (ȺɁ1991) ɞ ɞˊɞɑɞɠ ˊŬɟɏɢŮɘ ɔɘŬ əɎɗŮ ɢɩɟŬ 

ɛɏůɤ ɄŬɟŬɟŰɖɛɎŰɤɜ əŬɘ Ⱥɗɜɘəɩɜ ɄɟɞůŬɟŰɖɛɎŰɤɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ŭɟɎůŮɘɠ 

(ɢɘɧɜɘ, ɎɜŮɛɞɠ ə.ɚ.ˊ.), ɓŬůɘůɛɏɜɞɠ ůŰɘɠ ŮəɎůŰɞŰŮ ůɡɜɗɐəŮɠ (əɚɘɛŬŰɞɚɞɔɘəɏɠ, ŮŭŬűɘəɏɠ 

ə.ɚ.ˊ.). 

ɆŰɖɜ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ ɞɘ ŭɟɎůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ɏɢɞɡɜ ŰŬɝɘɜɞɛɖɗŮɑ ɛŮ 

ɓɎůɖ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɞɡɠ ůŰɞ ɢɟɧɜɞ ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ: 

- ɀɧɜɘɛŮɠ ŭɟɎůŮɘɠ (G) 

- ɀŮŰŬɓɚɖŰɏɠ ŭɟɎůŮɘɠ (Q)  

2.2 ɀɧɜɘɛŮɠ ŭɟɎůŮɘɠ 

ɁɞɞɨɜŰŬɘ ɧɚŮɠ ɞɘ ŭɟɎůŮɘɠ, ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮˊŮɜŮɟɔɐůɞɡɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ 

ŭŮŭɞɛɏɜɖɠ ˊŮɟɘɧŭɞɡ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ ɞˊɞɑŬ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ ůŰɞ ɢɟɧɜɞ 

ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ ɧɚŬ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ˊɞɡ ŭɟɞɡɜ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ 

ɕɤɐɠ Űɞɡ ɏɟɔɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ ˊŬɟɩɜ əŰɑɟɘɞ ŰŬ Ůɝɐɠ űɞɟŰɑŬ: 

- Ȳŭɘɞ ɓɎɟɞɠ ɢɎɚɡɓŬ: ga=78,5 kN/m3 (ɡˊɞɚɞɔɑɕŮŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ). 

- Ȳŭɘɞ ɓɎɟɞɠ ůəɡɟɞŭɏɛŬŰɞɠ: gc=25,0 kN/m3 (ɔɘŬ Űɖɜ ůɨɛɛɘəŰɖ ˊɚɎəŬ ˊɎɢɞɡɠ 0,13 cm 

Űɞ ɓɎɟɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɤɠ: 0,13*25=3,25 kN/m2). 

- ɄɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ (ŮˊɘəŬɚɨɣŮɘɠ, ŭɎˊŮŭŬ,  ɖɚŮəŰɟɞɛɖɢŬɜɞɚɞɔɘəɧɠ Ůɝɞˊɚɘůɛɧɠ, 

ɞɟɞűɐ, ɛɧɜɤůɖ) ɛŮ Űɘɛɐ 2,0 kN/m2. 

2.3 ȺˊɘɓŬɚɚɧɛŮɜŮɠ (ɛŮŰŬɓɚɖŰɏɠ) ŭɟɎůŮɘɠ 

ȷűɞɟɞɨɜ ŰŬ ŮˊɘɓŬɚɚɧɛŮɜŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ůŰŬ ŭɎˊŮŭŬ Űɞɡ əŰɘɟɑɞɡ əŬɘ ˊɟɞəɨˊŰɞɡɜ 

ɛŮ ɓɎůɖ Űɖ ɢɟɐůɖ Űɞɡ. Ƀɘ ɢɩɟɞɘ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɢɟɐůɖ Űɞɡɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ 

əŬŰɖɔɞɟɑŮɠ ůɨɛűɤɜŬ ɛŮ Űɞ Ůɗɜɘəɧ ˊɟɞůɎɟŰɖɛŬ Űɞɡ ȺɁ1991-1-1 əŬɘ űŬɑɜɞɜŰŬɘ ůŰɞɡɠ 

ɄɑɜŬəŮɠ 2.1, 2.2. 
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ɄɑɜŬəŬɠ 2.1: ȾŬŰɖɔɞɟɑŮɠ əŰɘɟɑɤɜ (ȺɁ1991-1-1 Ʉɑɜ. 6.1). 

 

ɄɑɜŬəŬɠ 2.2: ȾŬŰɖɔɞɟɑŮɠ ůŰŮɔɩɜ (ȺɁ1991-1-1 Ʉɑɜ. 6.9). 

 

ɇɞ ůɡɔəŮɔəɟɘɛɏɜɞ əŰɑɟɘɞ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ ȸ, ŰŬ ŮˊɘɓŬɚɚɧɛŮɜŬ űɞɟŰɑŬ 

ɚŬɛɓɎɜɞɜŰŬɘ ɧɛɤɠ qk=5,0 kN/m2 (ȺɁ 1991-1-1 Ʉɑɜ 6.2). 

ũɘŬ Űɖɜ ɞɟɞűɐ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɑɜŬɘ ɛɖ ˊɟɞůɓɎůɘɛɖ ˊŬɟɎ ɛɧɜɞ ɔɘŬ ůɡɜŰɐɟɖůɖ əŬɘ 

ŮˊɘůəŮɡɐ ŬɜɐəŮɘ ŭɖɚŬŭɐ ůŰɖɜ əŬŰɖɔɞɟɑŬ H əŬɘ ŮˊŮɘŭɐ ɖ əɚɑůɖ Űɖɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 20ɞ 

ŮˊɘɓɎɚɚŮŰŬɘ űɞɟŰɑɞ qk=0,5 kN/m2 (ȺɁ 1991-1-1 Ʉɑɜ 6.10). 

2.4 ūɞɟŰɑɞ ɉɘɞɜɘɞɨ 

ɇŬ űɞɟŰɑŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ȺɁ1991-1-3 ˊɞɡ ŬűɞɟɎ əŰɑɟɘŬ ɔɘŬ ɡɣɧɛŮŰɟɞ 

ɛɏɢɟɘ 1500m. 

ɆɨɛűɤɜŬ ɛŮ Űɞ Ůɗɜɘəɧ ˊɟɞůɎɟŰɖɛŬ, ɞɟɑɕɞɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ŰɟŮɘɠ ɕɩɜŮɠ ɢɘɞɜɘɞɨ, ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɘɛɏɠ sk,0 Űɤɜ űɞɟŰɑɤɜ ɔɘŬ Űɞ ɏŭŬűɞɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ 
ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ. 

- Ȼɩɜɖ ȷ ( sk,0=0,4 kN/m2 ): Ɂɞɛɞɑ ȷɟəŬŭɑŬɠ, ȼɚŮɑŬɠ, ȿŬəɤɜɑŬɠ, ɀŮůůɖɜɑŬɠ əŬɘ ɧɚŬ 

ŰŬ ɜɖůɘɎ ˊɚɖɜ Űɤɜ ɆˊɞɟɎŭɤɜ əŬɘ Űɖɠ ȺɨɓɞɘŬɠ. 

- Ȼɩɜɖ ȸ ( sk,0=0,8 kN/m2 ): Ɉˊɧɚɞɘˊɖ ɢɩɟŬ. 

- Ȼɩɜɖ ũ ( sk,0=1,7 kN/m2 ): Ɂɞɛɞɑ ɀŬɔɜɖůɑŬɠ, ūɗɘɩŰɘŭŬɠ, ȾŬɟŭɑŰůŬɠ, ɇɟɘəɎɚɤɜ, 

ȿɎɟɘůŬɠ, ɆˊɞɟɎŭŮɠ əŬɘ ȺɨɓɞɘŬ. 

ȯɟŬ Ůűɧůɤɜ Űɞ əŰɑɟɘɞ ɓɟɑůəŮŰŬɘ ůŰɖ ɕɩɜɖ ȸ sk,0=0,8 kN/m2. 



 

14 

 

ȼ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ sk Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ɕɩɜɖɠ 

əŬɘ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɡɣɞɛɏŰɟɞɡ ȷ ŭɘɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (2.1). 

2

,0 *(1 ( ) )
917

= +k k

A
s s       (1.1) 

Ⱥűɧůɤɜ Űɞ ɡɣɧɛŮŰɟɞ Űɖɠ ŰɞˊɞɗŮůɑŬɠ ɗŮɤɟŮɑŰŬɘ ȷ=100m ŰɧŰŮ  Ŭˊɧ (2.1): sk=0,81 kN/m2. 

ɇɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ s ˊɞɡ ŬůəŮɑŰŬɘ Ůˊɑ Űɖɠ ůŰɏɔɖɠ, ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɜŮɟɔŮɑ əŬŰŬəɧɟɡűŬ, 

ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɞɟɘɕɧɜŰɘŬ ˊɟɞɓɞɚɐ Űɖɠ ůŰɏɔɖɠ əŬɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ůɢɏůŮɘɠ: 

1. ũɘŬ əŬŰŬůŰɎůŮɘɠ ŭɘŬɟəŮɑŬɠ ɐ ˊŬɟɞŭɘəɏɠ: * * *m= i e t ks C C s           (1.2) 

2. ũɘŬ ŰɡɢɖɛŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ:                 * * *m= i e t Ads C C s          (1.3) 

ɧ́ ɞɡ: 

mi   ůɡɜŰŮɚŮůŰɐɠ ɛɞɟűɐɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ɞ ɞˊɞɑɞɠ ɔɘŬ ɛɞɜɞəɚɘɜɐ ůŰɏɔɖ ɛŮ Ŭ=0ɞ 

ɘůɞɨŰŬɘ ɛŮ 0,8 

eC   ůɡɜŰŮɚŮůŰɐɠ ɏəɗŮůɖɠ ɞ ɞˊɞɑɞɠ ɔɘŬ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ 

ɛŮŰŬəɑɜɖůɖ Űɞɡ ɢɘɞɜɘɞɨ Ŭˊɧ Űɞɜ ɎɜŮɛɞ ɚɧɔɤ Űɞɡ űɡůɘəɞɨ ŬɜŬɔɚɨűɞɡ, Űɤɜ 

ɡɣɖɚɧŰŮɟɤɜ əŬŰŬůəŮɡɩɜ, ɐ Űɤɜ ŭɏɜŰɟɤɜ ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ɛŮ 1,0 

tC    ɗŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɞ ɞˊɞɑɞɠ ɚŬɛɓɎɜŮŰŬɘ ůɡɜɐɗɤɠ ɑůɞɠ ɛŮ 1,0 

eslC    ůɡɜŰŮɚŮůŰɐɠ ɔɘŬ ŮɝŬɘɟŮŰɘəɎ űɞɟŰɑŬ ɢɘɞɜɘɞɨ ˊɞɡ ɘůɞɨŰŬɘ ɛŮ 2,0 

*=Ad esl ks C s   Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ ɔɘŬ Űɖɜ ŰɡɢɖɛŬŰɘəɐ 

əŬŰɎůŰŬůɖ 

ȯɟŬ: 

1. ũɘŬ əŬŰŬůŰɎůŮɘɠ ŭɘŬɟəŮɑŬɠ ɐ ˊŬɟɞŭɘəɏɠ:  

(2.2)Ý 20,8*1,0*1,0*0,81 0,648kN/ m= =s  

2. ũɘŬ ŰɡɢɖɛŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ:                 

(2.3) Ý 20,8*1,0*1,0*2*0,81 1,296kN/ m= =s  

2.5 ȹɟɎůŮɘɠ Ŭɜɏɛɞɡ 

Ƀɘ ŭɟɎůŮɘɠ Űɞɡ Ŭɜɏɛɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞɜ ȺɁ1991-1-4 əŬɘ űŬɑɜɞɜŰŬɘ ůŰŬ 

ŮˊɧɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ. 

2.5.1 ȸŬůɘəɐ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ 

ȺɑɜŬɘ ɖ ɗŮɛŮɚɘɩŭɖɠ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɎɓŮɘ 

ɡˊɧɣɖ Űɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ɗŮɤɟɞɨɛŮɜɞɡ Ŭɜɏɛɞɡ (cdir) əŬɘ Űɖɜ Ůˊɞɢɐ (ŮɎɜ ŬˊŬɘŰŮɑŰŬɘ) (cseason) 

əŬɘ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢɏůɖ (2.4). 

,0* *=b dir season bv c c v     (1.4) 

 ɧˊɞɡ: 

1,0=dirc  , 1,0=seasonc   

,0 27m/ s=bv   Űɘɛɐ ɖ ɞˊɞɑŬ ɘůɢɨŮɘ ɔɘŬ ɧɚɖ Űɖ ɢɩɟŬ ŮəŰɧɠ Ŭˊɧ ɜɖůɘɎ əŬɘ ˊŬɟɎɚɘŬ ɛɏɢɟɘ 10km 

Ŭˊɧ Űɖɜ ŬəŰɐ. 

ȯɟŬ Ŭˊɧ (2.4)Ý 1,0*1,0*27 27m/ s= =bv   
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2.5.2 ɀɏůɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ 

ȺɑɜŬɘ ɖ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ Űɟɞˊɞˊɞɘɖɛɏɜɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɎɓŮɘ ɡˊɧɣɖ Űɖɜ 

ŮˊɑŭɟŬůɖ Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɞɡ ŮŭɎűɞɡɠ (( )rc z ) əŬɘ Űɖɜ ŰɞˊɞɔɟŬűɑŬ (
0( )c z ) əŬɘ ˊɟɞəɨˊŰŮɘ 

Ŭˊɧ Űɖ ůɢɏůɖ (2.5):   

    0( ) ( )* ( )*=m r bv z c z c z v     (1.5) 

O ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ ( )rc z  ŬɜɎɚɞɔŬ ɛŮ Űɞ ɨɣɞɠ Űɞɡ əŰɘɟɑɞɡ ˊɟɞəɨˊŰŮɘ:    

- 
0

( ) * ln( )=r r

z
c z k

z
   ɔɘŬ   

min max 200m¢ ¢ =z z z              (1.6) 

- min( ) ( )=r rc z c z         ɔɘŬ   min¢z z               (1.7) 

Ƀɘ ˊŬɟɎɛŮŰɟɞɘ 
0z  əŬɘ 

minz  ŭɑɜɞɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 

2.3. 

ɄɑɜŬəŬɠ 2.2: ȾŬŰɖɔɞɟɑŮɠ ŮŭɎűɞɡɠ əŬɘ ˊŬɟɎɛŮŰɟɞɘ ŮŭɎűɞɡɠ (ȺɁ1991-1-4 Ʉɑɜ.1). 

 

Ⱥűɧůɞɜ Űɞ əŰɑɟɘɞ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɓɟɑůəŮŰŬɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ IV ŰɧŰŮ: 0 1m=z , 

0, 0,05m=IIz   əŬɘ min 10m=z  

Ƀ ůɡɜŰŮɚŮůŰɐɠ rk  ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɞɚɞɡɗɖ ůɢɏůɖ: 

0,07 0,070

0,

1
0,19*( ) 0,19*( ) 0,234

0,05
= = =r

II

z
k

z
   

Ⱥɜ ŰɏɚŮɘ Ŭűɞɨmin max10m 21m 200m= ¢ = ¢ =z z z :  

(1.6)Ý
0

21
(21) * ln( ) 0,234*ln( ) 0,712

1
= = =r r

z
c k

z
  

Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬɜŬɔɚɨűɞɡ 0( )c z  ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ɛŮ 1,0 əŬɘ ɖ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ 

Ŭɜɏɛɞɡ ŮɑɜŬɘ:      

(2.5) Ý (21) 0,712*1,0*27 19,22m/ s= =mv    

2.5.3 ɄɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

ȼ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ůŮ ɨɣɞɠ z ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɘŬəɡɛɎɜůŮɘɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 

Ŭɜɏɛɞɡ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (2.8). 
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21
( ) [1 7* ( )]* * * ( )

2
r= +p v mq z z v z     (1.8) 

ɧ́ ɞɡ: 

ɟ = ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŬɏɟŬ , ɟ=1,25kg/m3 

( )v z = ɖ ɏɜŰŬůɖ ůŰɟɞɓɚɘůɛɞɨ ůŮ ɨɣɞɠ z əŬɘ ɔɘŬ min max¢ ¢z z z :   

0

( )

( )*ln( )

= i
v

o

k
z

z
c z

z

      (1.9) 

 ũɘŬ z=21m: (1.9)Ý
1,0

(21) 0,328
21

1,0*ln( )
1,0

= =v    

ɆɡɜŮˊɩɠ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ŮɑɜŬɘ:  

(2.8)Ý
2 21

(21) [1 7*0,328]* *0,00125*19,22 0,761kN/ m
2

= + =pq  

2.5.4 ȹɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ cscd 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬɡŰɧɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɡɞ Ůˊɘɛɏɟɞɡɠ ˊŬɟŬɛɏŰɟɞɡɠ, Űɖɜ ˊŬɟɎɛŮŰɟɞ 

ɛŮɔɏɗɞɡɠ cs əŬɘ Űɖɜ ŭɡɜŬɛɘəɐ ˊŬɟɎɛŮŰɟɞ cd. Ƀ ůɡɜŰŮɚŮůŰɐɠ cs ŮɘůɎɔŮŰŬɘ Ůűɧůɞɜ ɖ ˊɑŮůɖ 

Ŭɘɢɛɐɠ ŭŮɜ ŬɜŬˊŰɨůůŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ůŮ ɧɚɖ Űɖɜ ˊɟɞůɓŬɚɧɛŮɜɖ ŮˊɘűɎɜŮɘŬ, Ůɜɩ ɞ 

ůɡɜŰŮɚŮůŰɐɠ cd, ɔɘŬ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ŭɡɜŬɛɘəɐ Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. ȺűŬɟɛɧɕŮŰŬɘ 

ůŰɘɠ ˊɘɏůŮɘɠ Űɤɜ ŮɝɤŰŮɟɘəɩɜ ŮˊɘűŬɜŮɘɩɜ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ 

ˊɑŮůɖɠ cpe. ȺˊŮɘŭɐ Űɞ ɨɣɞɠ Űɞɡ əŰɘɟɑɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 15m ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɗŬ 

ɚɖűɗɞɨɜ ɡˊɧɣɖ ɛŮ ɓɎůɖ Űɞ ɆɢɐɛŬ 2.1. 

ɇɞ əŰɑɟɘɞ ɏɢŮɘ ɨɣɞɠ 21m əŬɘ əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ IV əŬɘ ɎɟŬ 

- ũɘŬ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0ɞ , ɕɩɜɖ 1i , ˊɚɎŰɞɠ d=49m cscd<0,85 ɔɘŬ əŬŰɖɔɞɟɑŬ 

ŮŭɎűɞɡɠ III, ɎɟŬ ŮˊɘɚɏɔɞɡɛŮ cscd=0,85. 

- ũɘŬ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0ɞ , ɕɩɜɖ 1ii  , ˊɚɎŰɞɠ d=14m cscd<0,90 ɔɘŬ əŬŰɖɔɞɟɑŬ 

ŮŭɎűɞɡɠ III, ɎɟŬ ŮˊɘɚɏɔɞɡɛŮ cscd=0,90. 

- ũɘŬ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=90ɞ, ˊɚɎŰɞɠ d=20m cscd<0,90 ɔɘŬ əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ III , 

ɎɟŬ ŮˊɘɚɏɔɞɡɛŮ cscd=0,90. 

 

ɆɢɐɛŬ 2.1: ȹɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɔɘŬ ˊɞɚɡɩɟɞűŬ əŰɑɟɘŬ Ŭˊɧ ɢɎɚɡɓŬ ɛŮ ɞɟɗɞɔɤɜɘəɐ əɎŰɞɣɖ əŬɘ 

əŬŰŬəɧɟɡűɞɡɠ ŮɝɤŰŮɟɘəɞɨɠ Űɞɑɢɞɡɠ əŬɘ ɛŮ əŬɜɞɜɘəɐ əŬŰŬɜɞɛɐ ɛɎɕŬɠ əŬɘ ŭɡůəŬɛɣɑŬɠ. 
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2.5.5 ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ cpe, ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ 

Űɖɠ űɞɟŰɘɕɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ȷ, ɖ ɞˊɞɑŬ ɛŮŰŬűɏɟŮɘ ůŰɞ ŮɝŮŰŬɕɧɛŮɜɞ ůŰɞɘɢŮɑɞ Űɖɠ 

əŬŰŬůəŮɡɐɠ Űɖ ŭɟɎůɖ Űɖɠ ŬɜŮɛɞˊɑŮůɖɠ əŬɘ ˊɟɞəŬɚŮɑ Űɖɜ ŬɜŰɑůŰɞɘɢɖ əŬŰŬˊɧɜɖůɐ Űɞɡ. ȰŰůɘ 

ɚɞɘˊɧɜ ɏɢɞɡɛŮ: 

- ũɘŬ  2

.11A¢ Ý =pe pem c c               (1.10) 

- ũɘŬ  2 2

.1 .10 .1 101 10 ( )*log<A< Ý = + - Ape pe pe pem m c c c c          (1.11) 

- ũɘŬ  2

.1010A> Ý =pe pem c c              (1.12) 

Ⱥűɧůɞɜ ȷ>10m2  ŰɧŰŮ (1.12)Ý .10=pe pec c  

ɄɟɞəŮɘɛɏɜɞɡ ŰɩɟŬ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ Űɞɡɠ 

əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ ɛŮ ɞɟɗɞɔɤɜɘəɐ əɎŰɞɣɖ ɗŬ ˊɟɏˊŮɘ ˊɟɩŰŬ ɔɘŬ əɎɗŮ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ 

ɜŬ ɡˊɞɚɞɔɘůŰŮɑ Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ ze ɔɘŬ Űɞɡɠ ˊɟɞůɐɜŮɛɞɡɠ Űɞɑɢɞɡɠ ɛŮ ɓɎůɖ Űɞ ɚɧɔɞ 

ɨɣɞɡɠ/ˊɚɎŰɞɡɠ (h/b) Űɤɜ Űɞɑɢɤɜ ŬɡŰɩɜ. ɆɨɛűɤɜŬ ɛŮ Űɞ ɆɢɐɛŬ 2.2 ŰŬ əŰɑɟɘŬ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ ŰɟŮɘɠ ˊŮɟɘˊŰɩůŮɘɠ: 

 

 

 

ɆɢɐɛŬ 2.2: ȴɣɞɠ ŬɜŬűɞɟɎɠ ze ůɡɜŬɟŰɐůŮɘ Űɤɜ h əŬɘ b, əŬɘ əŬŰŬɜɞɛɐ Űɤɜ ˊɘɏůŮɤɜ. 
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ɆɢɐɛŬ 2.3: ɄŮɟɘɞɢɏɠ əɎŰɞɣɖɠ əŰɘɟɑɞɡ ɔɘŬ ɎɜŮɛɞ ɉ. 

ũɘŬ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0ɞ ɢɤɟɑɕŮŰŬɘ Űɞ əŰɑɟɘɞ ɚɧɔɤ Űɖɠ ɛɞɟűɐɠ Űɞɡ ůŰŬ Ůˊɘɛɏɟɞɡɠ 

ŰɛɐɛŬŰŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.3. 

ũɘŬ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=90ɞ ŭŮɜ ɢɤɟɑɕŮŰŬɘ Űɞ əŰɑɟɘɞ ůŮ Ůˊɘɛɏɟɞɡɠ ŰɛɐɛŬŰŬ. 

Ŭ) ũɘŬ ɎɜŮɛɞ əŬŰɎ ɉ (ɗ=0ɞ) ɏɢɞɡɛŮ ɔɘŬ Űɘɠ Ůˊɘɛɏɟɞɡɠ ˊŮɟɘɞɢɏɠ: 

- ɄŮɟɘɞɢɐ 1i 

b=49m , h=21m, ɎɟŬ h<b, Ůˊɞɛɏɜɤɠ ɏɢɞɡɛŮ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ  ɔɘŬ ze=h=21m : 2(21) 0,761kN/ m=pq  

- ɄŮɟɘɞɢɐ 1ii  , 1iii  

b=14m, h=21m , ɎɟŬ b<h<2*b=28m , Ůˊɞɛɏɜɤɠ ɏɢɞɡɛŮ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ  ɔɘŬ ze=b=14m əŬɘ ɔɘŬ ze=h=21m Űɞ ɞˊɞɑɞ 

ɘůɢɨŮɘ ɛŮ ɓɎůɖ Űɞɜ ŮɡɟɤəɩŭɘəŬ ɛɧɜɞ ɔɘŬ Űɖɜ ˊɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ. 

ũɘŬ ze=b  

(2.6)Ý
14

(14) 0,234*ln( ) 0,618
1

= =rc , 

(2.5)Ý (14) 0,618*1,0*27 16,67m/ s= =mv , 

(2.9)Ý v

1,0
(14) 0,380

14
1,0*ln( )

1,0

= = ,  

(2.8) Ý
2 21

(14) [1 7*0,380]* *0,00125*16,67 0,636kN/ m
2

= + =pq  

ũɘŬ ze=h  
2(21) 0,761kN/ m=pq  ɧˊɤɠ ɏɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

ɓ) ũɘŬ ɎɜŮɛɞ əŬŰɎ Ɉ (ɗ=90ɞ) ɏɢɞɡɛŮ: b=20m , h=21m, ɎɟŬ håb , Ůˊɞɛɏɜɤɠ ɏɢɞɡɛŮ ˊɑŮůɖ 

ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɔɘŬ ze=h=21m: 
2(21) 0,761kN/ mpq = . 

ɀŮ ɓɎůɖ ŰɩɟŬ Űɖɜ əɎŰɞɣɖ Űɞɡ əŰɘɟɑɞɡ ɔɘŬ əɎɗŮ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɖ ɧɣɖ Űɞɡ ɢɤɟɑɕŮŰŬɘ 

ůŮ ɕɩɜŮɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.4. 
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ɆɢɐɛŬ 2.4:Ƀɟɘůɛɧɠ ɕɤɜɩɜ ɔɘŬ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ. 

Ŭ) ũɘŬ ɎɜŮɛɞ əŬŰɎ ɉ ɔɘŬ Űɘɠ Ůˊɘɛɏɟɞɡɠ ˊŮɟɘɞɢɏɠ: 

- ɄŮɟɘɞɢɐ 1i 

d=49m, b=10m , h=21m, e=min{ b ; 2*h}=min{10 ; 42}=10m<d ɎɟŬ 

ɢɤɟɑɕŮŰŬɘ ůŮ ɕɩɜŮɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 2.5. 

 

ɆɢɐɛŬ 2.5: ȻɩɜŮɠ ɔɘŬ əŬŰŬəɧɟɡűɞ Űɞɑɢɞ ˊŮɟɘɞɢɐɠ 1i ɔɘŬ ɎɜŮɛɞ ɉ. 
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ɆɢɐɛŬ 2.6: ȻɩɜŮɠ ɔɘŬ əŬŰŬəɧɟɡűɞ Űɞɑɢɞ ˊŮɟɘɞɢɐɠ 1ii , 1iii  ɔɘŬ ɎɜŮɛɞ ɉ. 

- ɄŮɟɘɞɢɐ 1ii  , 1iii  

d=14m, b=10m , h=21m, e=min{ b ; 2*h}=min{10 ; 42}=10m<d ɎɟŬ 

ɢɤɟɑɕŮŰŬɘ ůŮ ɕɩɜŮɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 2.6. 

ɓ) ũɘŬ ɎɜŮɛɞ əŬŰɎ Ɉ:  

d=20m, b=49m, h=21m,  e=min{ b ; 2*h}=min{ 49 ; 42}=42m>d ɎɟŬ ɢɤɟɑɕŮŰŬɘ ůŮ 

ɕɩɜŮɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.7. 

ɇɏɚɞɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ cpe=cpe.10 ɛŮ ɓɎůɖ Űɞɜ ɄɑɜŬəŬ 

2.3 Űɖɠ ŮˊɧɛŮɜɖɠ ůŮɚɑŭŬɠ əŬɗɩɠ əŬɘ ɖ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ:  

 .10 s( )* *c c=e p pe dw q z c  (1.13) 

 

ɆɢɐɛŬ 2.7: ȻɩɜŮɠ əŬŰŬəɧɟɡűɞɡ Űɞɑɢɞɡ əŰɘɟɑɞɡ ɔɘŬ ɎɜŮɛɞ Ɉ. 
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ɄɑɜŬəŬɠ 2.3: ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ əŰɘɟɑɤɜ ɛŮ ɞɟɗɞɔɤɜɘəɐ 

əɎŰɞɣɖ 

 

ɄɑɜŬəŬɠ 2.4: ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ əŬɘ ŮɝɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ ɔɘŬ əɎɗŮ ɕɩɜɖ ɔɘŬ əɎɗŮ ˊɑŮůɖ 

ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ. 

 

 

 

 

 

ȼ əŬŰŬɜɞɛɐ Űɤɜ ˊɘɏůŮɤɜ ɔɘŬ əɎɗŮ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɧˊɤɠ ůŰɞ ɆɢɐɛŬ 2.8, 2.9. 

qp(21) 1i (h/d=0.429) 1ii (h/d=1.5) Y (h/d=1.05) 

  cpe.10 cscd 
we 

(kN/m2) 
cpe.10 cscd 

we 

(kN/m2) 
cpe.10 cscd 

we 

(kN/m2) 

A -1.2 0.85 -0.78 -1.2 0.9 -0.81 -1.2 0.9 -0.81 

B -0.8 0.85 -0.52 -0.8 0.9 -0.55 -0.8 0.9 -0.55 

C -0.5 0.85 -0.32 -0.5 0.9 -0.34       

D 0.724 0.85 0.47 0.8 0.9 0.55 0.8 0.9 0.55 

E -0.348 0.85 -0.23 -0.525 0.9 -0.36 -0.503 0.9 -0.34 

qp(14) 1ii (h/d=1.5) 

  cpe.10 cscd 
we 

(kN/m2) 

D 0.8 0.9 0.46 
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ɆɢɐɛŬ 2.8: ȾŬŰŬɜɞɛɐ ˊɘɏůŮɤɜ ɔɘŬ ɎɜŮɛɞ ɉ. 

 

ɆɢɐɛŬ 2.9: ȾŬŰŬɜɞɛɐ ˊɘɏůŮɤɜ ɔɘŬ ɎɜŮɛɞ Ɉ. 

ȿɧɔɤ Űɖɠ ɘŭɘŬɑŰŮɟɖɠ ɛɞɟűɐɠ Űɞɡ əŰɘɟɑɞɡ ɗŮɤɟɐɗɖəŮ ɔɘŬ Űɞɜ ɎɜŮɛɞ əŬŰɎ Ɉ ɧŰɘ ɖ ˊɑŮůɖ 

ůŰɖɜ ˊɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ ŬɜŬəŬŰŬɜɏɛŮŰŬɘ ůŰɘɠ 2 əɎɗŮŰŮɠ ˊɚŮɡɟɏɠ ɚɧɔɤ ůŰɟɞɓɘɚɘůɛɩɜ. 

Ⱥˊɑůɖɠ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ űɞɟŰɑɤɜ Ŭɜɏɛɞɡ ůŰɞ ˊɟɧɔɟŬɛɛŬ SAP2000 ɗŮɤɟɐɗɖəŮ ɧŰɘ 

ŬɡŰɎ ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŰŬ ˊŮɟɘɛŮŰɟɘəɎ ɡˊɞůŰɡɚɩɛŬŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɚɎŰɞɠ Ůˊɘɟɟɞɐɠ 

Űɞɡ ŮəɎůŰɞŰŮ ɡˊɞůŰɡɚɩɛŬŰɞɠ əŬɘ Űɖɜ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ůŰɖ ɗɏůɖ Űɞɡ. 

Ƀɘ ɡˊɞˊɘɏůŮɘɠ ůŰɖɜ ɞɟɞűɐ ŬɔɜɞɐɗɖəŬɜ əŬɗɩɠ ŮɑɜŬɘ Ůɡɜɞɥəɏɠ ɔɘŬ Űɞ əŰɑɟɘɞ əŬɘ ŭŮɜ 

ŮˊɖɟŮɎɕɞɡɜ ůɖɛŬɜŰɘəɎ ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ. 
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3 ɆŮɘůɛɘəɏɠ ȹɟɎůŮɘɠ 

3.1 ũŮɜɘəɎ 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ ŮˊɘŰŬɢɨɜůŮɘɠ, ɛŮ ˊɘɞ ůɞɓŬɟɏɠ 

Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ŮˊɘŰŬɢɨɜůŮɘɠ, ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ŬŭɟŬɜŮɘŬəɏɠ ŭɡɜɎɛŮɘɠ Ůˊɑ Űɤɜ əŬŰŬůəŮɡɩɜ. 

ȼ ȺɚɚɎŭŬ ɓɟɑůəŮŰŬɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ůŮɘůɛɞɔŮɜɐ ˊŮɟɘɞɢɐ əŬɘ ɔɘôŬɡŰɧ ŮɑɜŬɘ ˊɞɚɨ 

əŬɗɞɟɘůŰɘəɐ ɖ ŭɟɎůɖ Űɤɜ ůŮɘůɛɘəɩɜ ŭɡɜɎɛŮɤɜ ůŰɞ ůɢŮŭɘŬůɛɧ Űɤɜ əŬŰŬůəŮɡɩɜ. ɇɞ 

ȺɡɟɤˊŬɥəɧ ɄɟɧŰɡˊɞ (ȺɡɟɤəɩŭɘəŬɠ 8: ȺɁ1998) ˊŮɟɘɏɢŮɘ Űɘɠ ɓŬůɘəɏɠ ŬˊŬɘŰɐůŮɘɠ, ŰŬ 

əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůŮɘůɛɘəɩɜ ŭɟɎůŮɤɜ əŬɘ Űɞɡɠ əŬɜɧɜŮɠ ůɡɜŭɡŬůɛɞɨ ɛŮ 

ɎɚɚŮɠ ŭɟɎůŮɘɠ, əŬɗɩɠ əŬɘ əŬɜɧɜŮɠ ŮűŬɟɛɞɔɐɠ Űɞɡɠ ɔɘŬ əŰɘɟɘŬəɎ əɡɟɑɤɠ ɏɟɔŬ əŬɘ 

ůɡɛˊɚɖɟɩɜŮŰŬɘ ɧˊɞŰŮ ɢɟŮɘɎɕŮŰŬɘ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ ɔɘŬ ɜŬ ŭɩůŮɘ 

ɓŬůɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɢɩɟŬ (ŭɘŬɢɤɟɘůɛɧɠ ɢɩɟŬɠ ůŮ ɕɩɜŮɠ 

ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ). 

Ⱦɨɟɘɞɘ ůŰɧɢɞɘ Űɞɡ əŬɜɞɜɘůɛɞɨ ŮɑɜŬɘ: 

1. ˊɟɞůŰŬůɑŬ Ŭɜɗɟɩˊɘɜɖɠ ɕɤɐɠ 

2. ˊŮɟɘɞɟɘůɛɧɠ ɓɚŬɓɩɜ 

3. ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ɏɟɔɤɜ ůɖɛŬɜŰɘəɩɜ ɔɘŬ Űɖɜ ŬůŰɘəɐ ˊɟɞůŰŬůɑŬ 

ɋɠ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ŰŬɚŬɜŰɩůŮɘɠ Űɞɡ əŰɘɟɑɞɡ ɚɧɔɤ Űɞɡ 

ůŮɘůɛɞɑ. Ƀɘ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ əŬŰŬŰɎůůɞɜŰŬɘ ůŰɘɠ ŰɡɢɖɛŬŰɘəɏɠ əŬɘ ŭŮɜ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ 

ɎɚɚŮɠ ŰɡɢɖɛŬŰɘəɏɠ ŭɟɎůŮɘɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ŭŮɜ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ Űɘɠ ŭɟɎůŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ. 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡɠ ɔɑɜŮŰŬɘ ůŰŬ ŮˊɧɛŮɜŬ ɡˊɞəŮűɎɚŬɘŬ. 

3.2 ȻɩɜŮɠ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ-ȺŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ 

ȼ ɏɜŰŬůɖ Űɤɜ ŮŭŬűɘəɩɜ ůŮɘůɛɘəɩɜ ŭɘŮɔɏɟůŮɤɜ, əŬɗɞɟɑɕŮŰŬɘ ɛŮ ɛɑŬ ɛɧɜɖ ˊŬɟɎɛŮŰɟɞ, Űɖ 

ɛɏɔɘůŰɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ȷ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ɕɩɜɖ ůŮɘůɛɘəɐɠ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 

Űɖɠ ɢɩɟŬɠ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ Űɞ ɏɟɔɞ. ȼ ȺɚɚɎŭŬ, ɡˊɞŭɘŬɘɟŮɑŰŬɘ ůŮ ŰɟŮɘɠ ȻɩɜŮɠ ɆŮɘůɛɘəɐɠ 

ȺˊɘəɘɜŭɡɜɧŰɖŰŬɠ( Ƚ ɏɤɠ ȽȽȽ ), ŰŬ ɧɟɘŬ Űɤɜ ɞˊɞɑɤɜ əŬɗɞɟɑɕɞɜŰŬɘ ůŰɞ ɉɎɟŰɖ ɆŮɘůɛɘəɐɠ 

ȺˊɘəɘɜŭɡɜɧŰɖŰŬɠ Űɞɡ ȺȷȾ2000, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 3.1 Űɖɠ ŮˊɧɛŮɜɖɠ ůŮɚɑŭŬɠ. 

ɇɞ ˊŬɟɩɜ əŰɑɟɘɞ ŬɜɐəŮɘ ůŰɖ Ȼɩɜɖ Ƚ. ɆŮ əɎɗŮ ɕɩɜɖ ŬɜŰɘůŰɞɘɢŮɑ ɛɑŬ Űɘɛɐ ůŮɘůɛɘəɐɠ 

ŮˊɘŰɎɢɡɜůɖɠ ŮŭɎűɞɡɠ ȷ, ɖ ɞˊɞɑŬ ůɨɛűɤɜŬ ɛŮ ŰŬ ůŮɘůɛɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ ɏɢŮɘ ˊɘɗŬɜɧŰɖŰŬ 

ɡˊɏɟɓŬůɖɠ 10% ůŰŬ 50 ɢɟɧɜɘŬ, (ɐ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 475 ɢɟɧɜɘŬ) ɛŮ ɓɎůɖ Űɖ ůɢɏůɖ:  

    ȷ=agR*g       (2.1) 

 ɧˊɞɡ g ŮɑɜŬɘ ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ əŬɘ :  agR =0,16 ɔɘŬ Ȼɩɜɖ Ƚ 

agR =0,24 ɔɘŬ Ȼɩɜɖ ȽȽ 

agR =0,36 ɔɘŬ Ȼɩɜɖ ȽȽȽ 

Ⱥˊɞɛɏɜɤɠ Ůűɧůɞɜ Űɞ əŰɑɟɘɞ ɓɟɑůəŮŰŬɘ ůŰɖ Ȼɩɜɖ Ƚ: (3.1)Ýȷ=0,16*g. 
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ɆɢɐɛŬ 3.1: ɉɎɟŰɖɠ ɆŮɘůɛɘəɐɠ ȺˊɘəɘɜŭɡɜɧŰɖŰŬɠ ȺɚɚɎŭŬɠ. 

3.3 ɆɡɜŰŮɚŮůŰɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ 

ȼ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ȷ əɚɘɛŬəɩɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ɛɏůŬ ůŰɖɜ ɑŭɘŬ ɕɩɜɖ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

əŬŰɖɔɞɟɑŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ Űɤɜ ɏɟɔɤɜ, ɛɏůɤ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɔI, ɞ ɞˊɞɑɞɠ 

ŮəűɟɎɕŮɘ ɛɘəɟɧŰŮɟŮɠ ɐ ɛŮɔŬɚɨŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ Ŭˊɧəɟɘůɖɠ əŬɘ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ Űɞɡ ȺɁ1998-1. 

ɄɑɜŬəŬɠ 3.1: ȾŬŰɖɔɞɟɑŮɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɔɘŬ əŰɑɟɘŬ (EN1998-1 Ʉɑɜ. 4.3) 

ȾŬŰɖɔɞɟɑŬ 

ůˊɞɡŭŬɘɧ-

ŰɖŰŬɠ 

ȾŰɑɟɘŬ ɔȽ 

I ȾŰɑɟɘŬ ŭŮɡŰŮɟŮɨɞɡůŬɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖ ŭɖɛɧůɘŬ ŬůűɎɚŮɘŬ, 

ˊ.ɢ. ɔŮɤɟɔɘəɎ əŰɑɟɘŬ, əɚˊ. 

0,80 

II  Ɇɡɜɐɗɖ əŰɑɟɘŬ, ˊɞɡ ŭŮɜ Ŭɜɐəɞɡɜ ůŰɘɠ ɎɚɚŮɠ əŬŰɖɔɞɟɑŮɠ. 1,00 

III  ȾŰɑɟɘŬ Űɤɜ ɞˊɞɑɤɜ ɖ ůŮɘůɛɘəɐ ŬůűɎɚŮɘŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ůɡɜɏˊŮɘŮɠ əŬŰɎɟɟŮɡůɖɠ, ˊ.ɢ. 

ůɢɞɚŮɑŬ, ŬɑɗɞɡůŮɠ ůɡɜɎɗɟɞɘůɖɠ, ˊɞɚɘŰɘůŰɘəɎ ɘŭɟɨɛŬŰŬ əɚˊ. 

1,20 

IV ȾŰɑɟɘŬ Űɤɜ ɞˊɞɑɤɜ ɖ ŬəŮɟŬɘɧŰɖŰŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

ůŮɘůɛɩɜ ŮɑɜŬɘ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ 

ˊɞɚɘŰɩɜ, ˊ.ɢ. ɜɞůɞəɞɛŮɑŬ, ˊɡɟɞůɓŮůŰɘəɞɑ ůŰŬɗɛɞɑ, ůŰŬɗɛɞɑ 

ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ, əɚˊ. 

1,40 
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ȷˊɧ Űɞɜ ɄɑɜŬəŬ 3.1 ɚŬɛɓɎɜŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ɔI=1,00 əŬɘ ɖ ŮŭŬűɘəɐ 

ŮˊɘŰɎɢɡɜůɖ ȷ ɔɑɜŮŰŬɘ: 

(3.1) Ýag= ɔI *agR=1,00*0,16*g=1,6 m/s2. 

3.4 ȾŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ 

Ƀɘ əŬŰɖɔɞɟɑŮɠ ŮŭɎűɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ŬˊɞŰɘɛɐůɞɡɜ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ Űɞˊɘəɩɜ 

ŮŭŬűɘəɩɜ ůɡɜɗɖəɩɜ ůŰɖ ůŮɘůɛɘəɐ ŭɟɎůɖ. ɇɞ əŰɑɟɘɞ ŮŭɟɎɕŮŰŬɘ ůŮ ɏŭŬűɞɠ əŬŰɖɔɞɟɑŬɠ ȸ 

ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ Űɞɡ ȺɁ1998-1. 

ɄɑɜŬəŬɠ 3.2: ȾŬŰɖɔɞɟɑŬ ȺŭɎűɞɡɠ (ȺɁ1998-1 Ʉɑɜ 3.1)       

3.5 ɆɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

Ƀ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ q ŮɘůɎɔŮɘ Űɖ ɛŮɑɤůɖ Űɤɜ ůŮɘůɛɘəɩɜ ŮˊɘŰŬɢɨɜůŮɤɜ Űɖɠ 

ˊɟŬɔɛŬŰɘəɐɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ ɛŮŰŮɚŬůŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ 

ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɡˊɞɚɞɔɘůŰɘəɎ ůŮ ŮɚŬůŰɘəɧ ůɨůŰɖɛŬ əŬɘ ŮəűɟɎɕŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ɏɟɔɞɡ 

ɜŬ ŬˊɞɟɟɞűɎ ŮɜɏɟɔŮɘŬ ɛɏůɤ Űɖɠ ˊɚɎůŰɘɛɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ɞɟɘůɛɏɜɤɜ ɛŮɚɩɜ Űɞɡ, ɢɤɟɑɠ ɜŬ 

ɛŮɘɩɜŮŰŬɘ ŭɟŬůŰɘəɎ ɖ ŬɜŰɞɢɐ Űɞɡ. ȺɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘŬɗɏůɘɛɖ ˊɚŬůŰɘɛɧŰɖŰŬ, Űɖɜ 

ȾŬŰɖɔɞɟɑŬ  

ȺŭɎűɞɡɠ 

ɄŮɟɘɔɟŬűɐ ůŰɟɤɛŬŰɞɔɟŬűɑŬɠ ɄŬɟɎɛŮŰɟɞɘ 

  vs,30 (m/s) NSPT 
(əɟɞɨůŮɘɠ/30

cm) 

cu (kPa) 

A ȸɟɎɢɞɠ ɐ Ɏɚɚɞɠ ɓɟŬɢɩŭɖɠ ɔŮɤɚɞɔɘəɧɠ 

ůɢɖɛŬŰɘůɛɧɠ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ˊɞɚɨ 5 m 

ŬůɗŮɜɏůŰŮɟɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ɡɚɘəɞɨ. 

> 800 _ _ 

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 ɛŮŰɟɑɤɠ ˊɡəɜɐɠ 

Ɏɛɛɞɡ, ɢŬɚɑəɤɜ ɐ ůəɚɖɟɐɠ Ŭɟɔɑɚɞɡ ˊɎɢɞɡɠ 

Ŭˊɧ ŭŮəɎŭŮɠ ɏɤɠ ˊɞɚɚɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɛɏŰɟɤɜ. 

180 ï 360 15 - 50 70 - 250 

D ȷˊɞɗɏůŮɘɠ ɢŬɚŬɟɩɜ ɏɤɠ ɛŮŰɟɑɤɠ ɢŬɚŬɟɩɜ ɛɖ 

ůɡɜŮəŰɘəɩɜ ɡɚɘəɩɜ (ɛŮ ɐ ɢɤɟɑɠ əɎˊɞɘŬ ɛŬɚŬəɎ 

ůŰɟɩɛŬŰŬ ůɡɜŮəŰɘəɩɜ ɡɚɘəɩɜ), ɐ əɡɟɑɤɠ 

ɛŬɚŬəɎ ɏɤɠ ɛŮŰɟɑɤɠ ůəɚɖɟɎ ůɡɜŮəŰɘəɎ 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 > 800 m/s. 

   

S1 ȷˊɞɗɏůŮɘɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ, ɐ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 

ɏɜŬ ůŰɟɩɛŬ ˊɎɢɞɡɠ ŰɞɡɚɎɢɘůŰɞɜ 10 m 

ɛŬɚŬəɩɜ Ŭɟɔɑɚɤɜ/ɘɚɩɜ ɛŮ ɡɣɖɚɧ ŭŮɑəŰɖ 

ˊɚŬůŰɘəɧŰɖŰŬɠ (PȽ  >  40) əŬɘ ɡɣɖɚɐ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɜŮɟɧ. 

< 100 

(ŮɜŭŮɘəŰɘəɧ) 

_ 10 - 20 

S2 ɆŰɟɩɛŬŰŬ ɟŮɡůŰɞˊɞɘɐůɘɛɤɜ ŮŭŬűɩɜ, 

ŮɡŬɑůɗɖŰɤɜ Ŭɟɔɑɚɤɜ, ɐ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ 

ŮŭŬűɘəɐ Űɞɛɐ ˊɞɡ ŭŮɜ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞɡɠ 

Űɨˊɞɡɠ ȷ  ï  Ⱥ ɐ S1 
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ɡˊŮɟůŰŬŰɘəɧŰɖŰŬ ə.ɚ.ˊ. ɀŮ ɓɎůɖ Űɞɜ ůŰŬŰɘəɧ Űɨˊɞ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ɚŬɛɓɎɜŮŰŬɘ əŬɘ ɖ 

ŬɜŰɑůŰɞɘɢɖ ɛɏɔɘůŰɖ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ůɡɛˊŮɟɘűɞɟɎɠ q ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ 

Űɞɡ ȺɁ1998-1. 

ɄɑɜŬəŬɠ 3.3: ɀɏɔɘůŰŮɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɐ ůɡɛˊŮɟɘűɞɟɎɠ: q (EN 1998-1 Ʉɘɜ. 6.2) 

Ⱥűɧůɞɜ ŮˊɘɚɏɔŮŰŬɘ ɢŬɛɖɚɐ ˊɚɎůŰɘɛɖ ůɡɛˊŮɟɘűɞɟɎ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ ɗŬ ɔɑɜŮɘ ɛŮ 

ůɡɜŰŮɚŮůŰɐ ůɡɛˊŮɟɘűɞɟɎɠ q=1,5 ɔɘŬ əɎɗŮ ŭɘŮɨɗɡɜůɖ əŬɘ ɔɘŬ əɎɗŮ əŰɑɟɘɞ. 

3.6 ūɎůɛŬ ůɢŮŭɘŬůɛɞɨ 

ɀŮ ɓɎůɖ Űɖɜ ˊŬɟɎɔɟŬűɞ 4.3.3.5.2 Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 Ůűɧůɞɜ ɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ 

ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ ɖ ɑůɖ ɛŮ 0,25g ŰɧŰŮ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ůŰɞ ůɢŮŭɘŬůɛɧ ɖ 

əŬŰŬəɧɟɡűɖ ůɡɜɘůŰɩůŬ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ. Ⱥˊɞɛɏɜɤɠ ůŰɞ ɏɟɔɞ ɧˊɞɡ ag=0,16g<0,25g 

ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɛɧɜɞɜ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɞɡ ůŮɘůɛɞɨ. 

ũɘŬ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ, Űɞ ŮɚŬůŰɘəɧ űɎůɛŬ  Ŭˊɧəɟɘůɖɠ 

Sd(T) əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ŮəűɟɎůŮɘɠ: 
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ɧˊɞɡ: 

Sd(T): ŮɑɜŬɘ Űɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ 

q:         ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ (q=1,5) 

ɓ:         ŮɑɜŬɘ ůɡɜŰŮɚŮůŰɐɠ əŬŰɩŰŬŰɞɡ ɞɟɑɞɡ ɔɘŬ Űɞ ɞɟɘɕɧɜŰɘɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ 

(ɓ=0,2) 

ɆɇȷɇȽȾɃɆ ɇɈɄɃɆ 
ȾŬŰɖɔɞɟɑŬ ɄɚŬůŰɘɛɧŰɖŰŬɠ 

ȾɄɀ ȾɄɈ 

Ŭ) ɄɚŬɑůɘŬ ˊŬɟŬɚŬɓɐɠ ɟɞˊɩɜ 4 6 

ɓ) ɄɚŬɑůɘɞ ɛŮ ůɡɜŭɏůɛɞɡɠ ɢɤɟɑɠ ŮəəŮɜŰɟɞŰɖŰŬ 

ȹɘŬɔɩɜɘɞɘ ůɨɜŭŮůɛɞɘ 

ɆɨɜŭŮůɛɞɘ ɛɞɟűɐɠ V 

 

4 

2 

 

4 

2,5 

ɔ) ɄɚŬɑůɘŬ ɛŮ ɏəəŮɜŰɟɞɡɠ ůɡɜŭɏůɛɞɡɠ 4 6 

ũɘŬ ɉŬɛɖɚɐ ȾŬŰɖɔɞɟɑŬ ɄɚŬůŰɘɛɧŰɖŰŬɠ ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜŮŰŬɘ q=1,5 ɢɤɟɑɠ Űɖɜ ŬˊŬɑŰɖůɖ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ ɘəŬɜɞŰɘəɩɜ Ůɚɏɔɢɤɜ. 
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T:    ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ ŰŬɚɎɜŰɤůɖɠ Ůɜɧɠ ɔɟŬɛɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛɑŬɠ ŮɚŮɡɗŮɟɑŬɠ 

əɑɜɖůɖɠ  

ag:   ŮɑɜŬɘ ɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ůŮ ɏŭŬűɞɠ əŬŰɖɔɞɟɑŬɠ ȷ  

 (ag=1,6 m/s2) 

TB:   ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ əɎŰɤ ɞɟɑɞɡ Űɞɡ əɚɎŭɞɡ ůŰŬɗŮɟɐɠ űŬůɛŬŰɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ  

TC:    ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ Ɏɜɤ ɞɟɑɞɡ Űɞɡ əɚɎŭɞɡ ůŰŬɗŮɟɐɠ űŬůɛŬŰɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ  

TD:   ŮɑɜŬɘ ɖ Űɘɛɐ  Űɖɠ ˊŮɟɘɧŭɞɡ ˊɞɡ ɞɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Űɖɠ ˊŮɟɘɞɢɐɠ ůŰŬɗŮɟɐɠ 

ɛŮŰŬəɑɜɖůɖɠ Űɞɡ űɎůɛŬŰɞɠ 

S:    ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮŭɎűɞɡɠ 

Ƀɘ Űɘɛɏɠ Űɤɜ ˊŮɟɘɧŭɤɜ TB, TC əŬɘ TD əŬɗɩɠ əŬɘ ŬɡŰɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮŭɎűɞɡɠ S, ˊɞɡ 

ˊŮɟɘɔɟɎűɞɡɜ Űɖɜ ɛɞɟűɐ Űɞɡ ŮɚŬůŰɘəɞɨ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ əŬŰɖɔɞɟɑŬ 

Űɞɡ ŮŭɎűɞɡɠ əŬɘ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ Űɞɡ ȺɁ1998-1 Ŭˊɧ Űɞɜ ɞˊɞɑɞ 

ɚŬɛɓɎɜɞɡɛŮ Űɘɠ Űɘɛɏɠ ɔɘŬ əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ ȸ. 

ɄɑɜŬəŬɠ 3.4: ɇɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ůɡɜɘůŰɩɛŮɜŬ űɎůɛŬŰŬ ŮɚŬůŰɘəɐɠ 

Ŭˊɧəɟɘůɖɠ ɇɨˊɞɡ 1 (ȺɁ 1998-1 Ʉɑɜ 3.2). 

 

ȼ ɛɞɟűɐ Űɞɡ űɎůɛŬŰɞɠ ůɢŮŭɘŬůɛɞɡ ɧˊɤɠ ŬɡŰɧ ŮɘůɐɢɗŮɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ  SAP 2000, Űɞ 

ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŭɘŬŰɎɝŮɘɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.2. 

 

ɆɢɐɛŬ 3.2: ūɎůɛŬ ůɢŮŭɘŬůɛɞɨ ůŰɞ SAP2000. 

ȺŭŬűɘəɧɠ ɇɨˊɞɠ S TB (s) TC (s) TD (s) 

A 1,0 0,15 0,4 2,0 

B 1,2 0,15 0,5 2,0 

C 1,15 0,20 0,6 2,0 

D 1,35 0,20 0,8 2,0 

E 1,4 0,15 0,5 2,0 
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ɇŬ ůŮɘůɛɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ Ɏɚɚɤɜ ŭɟɎůŮɤɜ ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɖ ůŮɘůɛɘəɐ əŬŰɎůŰŬůɖ ůɢŮŭɘŬůɛɞɨ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɛŮ ɓɎůɖ 

ɔɟŬɛɛɘəɐ-ŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ űɞɟɏŬ. ȼ ɛɏɗɞŭɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ ŮɑɜŬɘ ɖ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ, ɖ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɔɟŬɛɛɘəɧ-ŮɚŬůŰɘəɧ ˊɟɞůɞɛɞɑɤɛŬ Űɞɡ űɞɟɏŬ əŬɘ Űɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ ˊɞɡ 

ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ. ȷɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ űɞɟɏŬ Űɞɡ əŰɘɟɑɞɡ ɛˊɞɟŮɑ 

ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬɠ Ŭˊɧ Űɞɡɠ Ŭəɧɚɞɡɗɞɡɠ ŭɨɞ Űɨˊɞɡɠ ɔɟŬɛɛɘəɐɠ-ŮɚŬůŰɘəɐɠ ŬɜɎɚɡůɖɠ: 

- ɖ "ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ ɞɟɘɕɧɜŰɘŬɠ űɧɟŰɘůɖɠ" ɖ ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ əŰɑɟɘŬ ɖ 

Ŭˊɧəɟɘůɖ Űɤɜ ɞˊɞɑɤɜ ůŮ əɎɗŮ əɨɟɘŬ ŭɘŮɨɗɡɜůɖ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɘɠ 

ůɡɛɓɞɚɏɠ ɘŭɘɞɛɞɟűɩɜ ŰŬɚɎɜŰɤůɖɠ ɡɣɖɚɧŰŮɟɤɜ Ŭˊɧ Űɖɜ ɗŮɛŮɚɘɩŭɖ ɘŭɘɞɛɞɟűɐ. ũɘŬ 

Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ ɧɚɤɜ Űɤɜ ůɖɛŬɜŰɘəɩɜ əŬɜɞɜɘəɩɜ 

ɛɞɟűɩɜ ɔɘŬ əɎɗŮ ŮɝŮŰŬɕɧɛŮɜɖ ŭɘŮɨɗɡɜůɖ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ. 

- ɖ "ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ" ɔɘŬ Űɖɜ ɞˊɞɑŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ 

Ŭˊɧəɟɘůɖ ɧɚɤɜ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ŰŬɚɎɜŰɤůɖɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɖ 

ůɡɜɞɚɘəɐ Ŭˊɧəɟɘůɖ. ȺűŬɟɛɧɕŮŰŬɘ ɢɤɟɑɠ ˊŮɟɘɞɟɘůɛɞɨɠ ůŮ ɧɚŮɠ Űɘɠ əŬŰŬůəŮɡɏɠ. 

ɈˊɞɚɞɔɑɕŮŰŬɘ ɖ ɛɏɔɘůŰɖ ůŮɘůɛɘəɐ Ŭˊɧəɟɘůɖ ɔɘŬ əɎɗŮ ɘŭɘɞɛɞɟűɐ ŰŬɚɎɜŰɤůɖɠ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ŮˊŬɚɚɖɚɑŬ Űɤɜ ɛɏɔɘůŰɤɜ Űɘɛɩɜ ɛŮ Űɖ ɛɏɗɞŭɞ SRSS ɐ CQC. 

ȺˊɘɚɏɔŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ əŬɗɩɠ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐɠ əŬɘ 

əŬɚɨˊŰŮɘ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɤɠ ɛɖ-əŬɜɞɜɘəɧŰɖŰŬ ůŮ əɎŰɞɣɖ əŬɘ ɨɣɞɠ. ɀŮ ɓɎůɖ ɚɞɘˊɧɜ Űɞ 

űɎůɛŬ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ŮɘůɐɢɗŮɘ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɔɑɜŮŰŬɘ ɖ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ.  
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4 ɆɡɜŭɡŬůɛɞɑ ȹɟɎůŮɤɜ 

4.1 ɃɟɘŬəɏɠ ȾŬŰŬůŰɎůŮɘɠ 

ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŮɑɜŬɘ ɞɘ əŬŰŬůŰɎůŮɘɠ ˊɏɟŬɜ Űɤɜ ɞˊɞɑɤɜ ɞ űɞɟɏŬɠ ɐ ŰɛɐɛŬ ŬɡŰɞɨ 

ŭŮɜ ɘəŬɜɞˊɞɘŮɑ ˊɚɏɞɜ ŰŬ əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ Űɞɡ. Ƀɘ ɞɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŰɘɠ Ůɝɐɠ əŬŰɖɔɞɟɑŮɠ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ȺɁ1993-1: 

- ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŬůŰɞɢɑŬɠ (ɃȾȷ), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ əŬŰɎɟɟŮɡůɖ ɐ ɛŮ 

ɘůɞŭɨɜŬɛŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ Űɞɡ űɞɟɏŬ ɐ ŰɛɐɛŬŰɧɠ Űɞɡ əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ 

ŬůűɎɚŮɘŬ Űɤɜ Ŭɜɗɟɩˊɤɜ əŬɘ Űɞɡ űɞɟɏŬ əŬɗɩɠ əŬɘ Űɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ 

ˊŮɟɘŮɢɞɛɏɜɤɜ. 

- ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ (ɃȾȿ), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ůɡɜɗɐəŮɠ ˊɏɟŬɜ 

Űɤɜ ɞˊɞɑɤɜ ŭŮɜ ˊɚɖɟɞɨɜŰŬɘ ˊɚɏɞɜ ɚŮɘŰɞɡɟɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞ űɞɟɏŬ ɐ ɔɘŬ ɛɏɚɞɠ 

ŬɡŰɞɨ. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ɓɚɎɓŮɠ ˊɞɡ 

ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŮɛűɎɜɘůɖ-ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɏɟɔɞɡ əŬɘ ɏɜŰɞɜŮɠ ŭɞɜɐůŮɘɠ. 

Ƀɘ əŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ Ůɜɧɠ űɞɟɏŬ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ɏɚŮɔɢɞɠ ŮˊɎɟəŮɘŬɠ ůŮ 

ůɢɏůɖ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ Ƀ.Ⱦ.ȷ. əŬɘ Ƀ.Ⱦ.ȿ. ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 

- ȾŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ ɛŮ ŭɘɎɟəŮɘŬ, ɞɘ ɞˊɞɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ůɡɜɗɐəŮɠ 

əŬɜɞɜɘəɐɠ ɢɟɐůɖɠ. 

- ɄŬɟɞŭɘəɏɠ əŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ, ɞɘ ɞˊɞɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ˊɟɞůɤɟɘɜɏɠ 

ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞ űɞɟɏŬ (əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ ɐ Űɖɜ ŮˊɘůəŮɡɐ). 

- ɇɡɢɖɛŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ, ɞɘ ɞˊɞɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ŮɝŬɘɟŮŰɘəɏɠ 

ůɡɜɗɐəŮɠ ˊɞɡ ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞ űɞɟɏŬ (ˊɡɟəŬɔɘɎ, ɏəɟɖɝɖ ə.ɚ.ˊ.). 

- ȾŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ ɏɜŬɜŰɘ ůŮɘůɛɞɨ, ɞɘ ɞˊɞɑŮɠ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ůɡɜɗɐəŮɠ ˊɞɡ 

ŮˊɘɓɎɚɚɞɜŰŬɘ ůŰɞ űɞɟɏŬ ɧŰŬɜ ŬɡŰɧɠ ŮəŰɑɗŮŰŬɘ ůŮ ůŮɘůɛɘəɎ ɔŮɔɞɜɧŰŬ. 

4.2 ɆɡɜŭɡŬůɛɞɑ ŭɟɎůŮɤɜ 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɚŮɔɢɗŮɑ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ əŬɛɑŬ ɡˊɏɟɓŬůɖ Űɤɜ ŭɨɞ ˊŬɟŬˊɎɜɤ ɞɟɘŬəɩɜ 

əŬŰŬůŰɎůŮɤɜ ŬůŰɞɢɑŬɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎɚɚɖɚɞɘ ůɡɜŭɡŬůɛɞɑ 

Űɤɜ ŭɟɎůŮɤɜ Ůˊɑ Űɖɠ əŬŰŬůəŮɡɐɠ ɧˊɤɠ ŬɡŰɏɠ ɞɟɑůŰɖəŬɜ ůŰŬ ȾŮűɎɚŬɘŬ 2, 3 (ɛɧɜɘɛŬ-əɘɜɖŰɎ 

űɞɟŰɑŬ, ɎɜŮɛɞɠ, ɢɘɧɜɘ, ůŮɘůɛɧɠ) ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůˊɘɛɏɟɞɡɠ əŬŰɎůŰŬůɖ ůɢŮŭɘŬůɛɞɨ əŬɘ Űɖɜ 

əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ. 

4.2.1 ɃɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ 

Ŭ. ũɘŬ əŬŰŬůŰɎůŮɘɠ ŭɘɎɟəŮɘŬɠ ɐ ˊŬɟɞŭɘəɏɠ 
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ɓ. ũɘŬ ŰɡɢɖɛŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ  

 
ɔ. ũɘŬ əŬŰŬůŰɎůŮɘɠ ůŮɘůɛɞɨ 

 
ɇŬ ůɨɛɓɞɚŬ ůŰɞɡɠ ůɡɜŭɡŬůɛɞɨɠ ŬɡŰɞɨɠ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

ñ+ò                ůɖɛŬɑɜŮɘ ñŮˊŬɚɚɖɚɑŬ ɛŮò 

Gk,j                         ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɤɜ ɛɞɜɑɛɤɜ ŭɟɎůŮɤɜ 

P                    ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɖɠ ˊɟɞɏɜŰŬůɖɠ 

Qk,1                        ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɖɠ ŮˊɘəɟŬŰɏůŰŮɟɖɠ ɛŮŰŬɓɚɖŰɐɠ ŭɟɎůɖɠ 

Qk,i                 ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɤɜ ɚɞɘˊɩɜ ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ i ˊɞɡ ůɡɜɡˊɎɟɢɞɡɜ 

Ad                  Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŰɡɢɖɛŬŰɘəɐɠ ŭɟɎůɖɠ 

AEd                Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ 

ɔG,j                         Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɖ ɛɧɜɘɛɖ ŭɟɎůɖ j  
ɔP                            Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɖɜ ˊɟɞɏɜŰŬůɖ 

ɔQ,i                 Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɖɜ ɛŮŰŬɓɚɖŰɐ ŭɟɎůɖ i  
ɣ0,i, ɣ1,i, ɣ2,i    ůɡɜŰŮɚŮůŰɏɠ ůɢŮŭɘŬůɛɞɨ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ 

Ƀɘ Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔ ́ɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ Űɖɜ 

ˊɘɗŬɜɧŰɖŰŬ ŭɡůɛŮɜɞɨɠ ŬˊɞəɚɑůŮɤɠ Űɤɜ Űɘɛɩɜ Űɤɜ ŭɟɎůŮɤɜ Ŭˊɧ Űɘɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ 

Űɘɛɏɠ Űɞɡɠ əŬɗɩɠ əŬɘ Űɡɢɧɜ ŬɓŮɓŬɘɧŰɖŰŮɠ əŬŰɎ Űɖɜ ˊɟɞůɞɛɞɑɤůɐ Űɤɜ ɘŭɑɤɜ Űɤɜ ŭɟɎůŮɤɜ ɐ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡɠ. 

Ƀɘ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ˊɞɡ ˊɟɞŰŮɑɜɞɜŰŬɘ ŮɑɜŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ: 

Ŭ.  ȾŬŰŬůŰɎůŮɘɠ ŭɘɎɟəŮɘŬɠ ɐ ˊŬɟɞŭɘəɏɠ  

- ũɘŬ ɛɧɜɘɛŮɠ ŭɟɎůŮɘɠ:  

ɔG,j,sup = 1,35    (ɔɘŬ ŭɡůɛŮɜɐ Ůˊɘɟɟɞɐ)  

ɔG,j,inf = 1,00    (ɔɘŬ ŮɡɛŮɜɐ Ůˊɘɟɟɞɐ) 

- ũɘŬ ɛŮŰŬɓɚɖŰɏɠ ŭɟɎůŮɘɠ:  

ɔQ,i= 1,50    (ɔɘŬ ŭɡůɛŮɜɐ Ůˊɘɟɟɞɐ)  

ɔQ,i= 0,00   (ɔɘŬ ŮɡɛŮɜɐ Ůˊɘɟɟɞɐ) 

ɓ. ɇɡɢɖɛŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɔŮɜɘəɩɠ ɔȷ=1,00 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ůɡɜŭɡŬůɛɞɨ ɣ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ ɛŮɘɤɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ɔɘŬ ŰŬɡŰɧɢɟɞɜɖ ůɡɜɨˊŬɟɝɖ Űɤɜ 

ˊɚɏɞɜ ŭɡůɛŮɜɩɜ Űɘɛɩɜ Űɤɜ ŭɘŬűɧɟɤɜ ŬɜŮɝɎɟŰɖŰɤɜ ŭɟɎůŮɤɜ. Ƀɘ Űɘɛɏɠ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɜ 

ɄɑɜŬəŬ 4.1 Űɖɠ ŮˊɧɛŮɜɖɠ ůŮɚɑŭŬɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ ȺɁ1990. 

ɆŰɞ ˊŬɟɧɜ əŰɑɟɘɞ ɘůɢɨŮɘ:  

- ũɘŬ űɞɟŰɑŬ ůŮ əŰɑɟɘŬ: ɣ0=0,7, ɣ1=0,5, ɣ2=0,3  

- ũɘŬ űɞɟŰɑŬ ɢɘɞɜɘɞɨ:  ɣ0=0,5, ɣ1=0,2, ɣ2=0 

- ũɘŬ űɞɟŰɑŬ Ŭɜɏɛɞɡ:  ɣ0=0,6, ɣ1=0,2, ɣ2=0 
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ɄɑɜŬəŬɠ 4.1: ɄɟɞŰŮɘɜɧɛŮɜŮɠ Űɘɛɏɠ ůɡɜŰŮɚŮůŰɩɜ ɣ ɔɘŬ əŰɑɟɘŬ (ȺɁ1990 Ʉɑɜ. ȷ1.1). 

 

ɆŰɞɜ ɄɑɜŬəŬ 4.2 ˊŬɟŬŰŮɑɗŮɜŰŬɘ ůɡɜŭɡŬůɛɞɑ ŭɟɎůŮɤɜ ɛŮ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ŬůűŬɚŮɑŬɠ Ůˊɑ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ůɡɜŭɡŬůɛɞɨ (ɔ*ɣ) ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ 

Űɞɡ əŰɘɟɑɞɡ ůŮ Ƀ.Ⱦ.ȷ. 

ɄɑɜŬəŬɠ 4.2: ɆɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ əŰɘɟɑɞɡ ůŮ Ƀ.Ⱦ.ȷ. 

ũɘŬ Űɞɡɠ ůŮɘůɛɘəɞɨɠ ůɡɜŭɡŬůɛɞɨɠ ŭŮɜ ɢɟŮɘɎůŰɖəŮ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ůɡɜŭɡŬůɛɞɑ əŬɘ 

ɔɘŬ Űɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ Űɞɡ ůŰɞɡɠ ŮəɎůŰɞŰŮ ɎɝɞɜŮɠ əŬɗɩɠ ŬɡŰɞɑ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ  

ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ SAP2000. Ⱥˊɑůɖɠ ɔɘŬ Űɞɜ Ŭɜɏɛɞ ɚɐűɗɖəŮ ɡˊɧɣɖ ɖ ŭɡůɛŮɜɐɠ 

əŬŰŮɨɗɡɜůɖ ŬɡŰɞɨ ɔɘŬ əɎɗŮ ɎɝɞɜŬ. 

 

 

ūɞɟŰɑŬ/ɆɡɜŭɡŬ-

ůɛɞɑ Ƀ.Ⱦ.ȷ. 

ɀɧɜɘɛŬ 

(G,G') 

ȾɘɜɖŰɎ 

(Q) 

ȯɜŮɛɞɠ ɉ 

(Wx) 

ȯɜŮɛɞɠ Ɉ 

(Wy) 

ɉɘɧɜɘ 

(S) 

ɆŮɘůɛɧɠ ɉ 

(Ex) 

ɆŮɘůɛɧɠ Ɉ 

(Ey) 

1) 1,35 1,5           

2) 1,35 1,5 0,9   0,75     

3) 1,35 1,5   0,9 0,75     

4) 1,35 1,5 0,9         

5) 1,35 1,5   0,9       

6) 1,35 1,5     0,75     

7) 1,35 1,05 1,5   0,75     

8) 1,35 1,05   1,5 0,75     

9) 1,35 1,05 0,9   1,5     

10) 1,35 1,05   0,9 1,5     

11) 1,35 1,05 1,5         

12) 1,35 1,05   1,5       

13) 1,35 1,05     1,5     

14) 1 0,3       1 0,3 

15) 1 0,3       0,3 1 
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4.2.2 ɃɟɘŬəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ 

Ŭ. ɉŬɟŬəŰɖɟɘůŰɘəɧɠ ůɡɜŭɡŬůɛɧɠ 

 
ɓ. Ɇɡɢɜɧɠ ůɡɜŭɡŬůɛɧɠ 

 
ɔ.  ɃɘɞɜŮɑ ɛɧɜɘɛɞɠ ůɡɜŭɡŬůɛɧɠ 

 

ɇŬ ůɨɛɓɞɚŬ əŬɗɩɠ əŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ůɡɜŭɡŬůɛɞɨ ŮɑɜŬɘ ɧˊɤɠ Ŭəɟɘɓɩɠ 

ɞɟɑůŰɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ. 

ɆŰɞɜ ɄɑɜŬəŬ 4.3 ˊŬɟŬŰŮɑɗŮɜŰŬɘ ůɡɜŭɡŬůɛɞɑ ŭɟɎůŮɤɜ ɛŮ Űɞ ɔɘɜɧɛŮɜɞ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ 

ŬůűŬɚŮɑŬɠ Ůˊɑ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ůɡɜŭɡŬůɛɞɨ (ɔ*ɣ) ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ 

Űɞɡ əŰɘɟɑɞɡ ůŮ Ƀ.Ⱦ.ȿ.  

ɄɑɜŬəŬɠ 4.3: ɆɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ əŰɘɟɑɞɡ ůŮ Ƀ.Ⱦ.ȿ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ūɞɟŰɑŬ/ɆɡɜŭɡŬ-

ůɛɞɑ Ƀ.Ⱦ.ȿ. 

ɀɧɜɘɛŬ 

(G,G') 

ȾɘɜɖŰɎ 

(Q) 

ȯɜŮɛɞɠ ɉ 

(Wx) 

ȯɜŮɛɞɠ Ɉ 

(Wy) 

ɉɘɧɜɘ 

(S) 

A) 1 1       

B) 1 1 0,6   0,5 

C) 1 1   0,6 0,5 

D) 1 1 0,6     

E) 1 1   0,6   

F) 1 1     0,5 

G) 1 0,7 0,6   1 

H) 1 0,7   0,6 1 

I) 1 0,7 1   0,5 

J) 1 0,7   1 0,5 

K) 1 0,7 1     

L) 1 0,7   1   

M) 1 0,7     1 
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5 ȷɜɎɚɡůɖ ȾŬŰŬůəŮɡɐɠ 

5.1 ɀɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ 

ɇŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰŬ ɛɏɚɖ Űɞɡ űɞɟɏŬ əŬɘ ŰŬ ɞˊɞɑŬ ˊɟɞəŬɚɞɨɜŰŬɘ 

Ŭˊɧ Űɘɠ ŮˊɘɓŬɚɚɧɛŮɜŮɠ ŭɟɎůŮɘɠ ůŮɘůɛɘəɏɠ əŬɘ ɛɖ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɑŬ Ŭˊɧ Űɘɠ ŭɨɞ ŬɜŬɚɨůŮɘɠ. 

1. ȺɚŬůŰɘəɐ ŬɜɎɚɡůɖ  

2. ɄɚŬůŰɘəɐ ŬɜɎɚɡůɖ 

5.1.1 ȺɚŬůŰɘəɐ ŬɜɎɚɡůɖ 

ȼ ŮɚŬůŰɘəɐ ŬɜɎɚɡůɖ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ŬɜŮɝŬɟŰɐŰɤɠ Űɞɡ 

Ŭɜ ɖ ŬɜŰɞɢɐ Űɤɜ ŭɘŬŰɞɛɩɜ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ŮɚŬůŰɘəɐ ɐ Űɖɜ ˊɚŬůŰɘəɐ ŬɜŰɞɢɐ 

Űɞɡɠ. ȸŬůɘəɐ ˊŬɟŬŭɞɢɐ ŮɑɜŬɘ ɧŰɘ ɖ ůɡɛˊŮɟɘűɞɟɎ ŰɎůɖɠ ï ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ɡɚɘəɞɨ ŮɑɜŬɘ 

ɔɟŬɛɛɘəɐ, ɧˊɞɘɞ əŬɘ ɜŬ ŮɑɜŬɘ Űɞ ŮˊɑˊŮŭɞ ŰɎůɖɠ. ũɘŬ ɡˊŮɟůŰŬŰɘəɞɨɠ űɞɟŮɑɠ ɞɘ ŮɝɘůɩůŮɘɠ 

ɘůɞɟɟɞˊɑŬɠ ŭŮɜ ŮˊŬɟəɞɨɜ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ŰŬ ɎɔɜɤůŰŬ ɛŮɔɏɗɖ əŬɘ ˊɟɏˊŮɘ ɜŬ 

ůɡɛˊɚɖɟɤɗɞɨɜ ɛŮ Ŭˊɚɏɠ ɔŮɤɛŮŰɟɘəɏɠ ůɢɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ Űɞɡ űɞɟɏŬ, Űɘɠ 

ɔɜɤůŰɏɠ ůɡɜɗɐəŮɠ ůɡɛɓɘɓŬůŰɞɨ, ɞɘ ɞˊɞɑŮɠ ŮɝŬůűŬɚɑɕɞɡɜ Űɖ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ 

ɛŮŰŬəɘɜɐůŮɤɜ ůŰɖɜ ˊŬɟŬɛɞɟűɤɛɏɜɖ əŬŰɎůŰŬůɖ. Ƀɘ ůɡɜɗɐəŮɠ ŬɡŰɏɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛŮ 

ŭɨɞ ɗŮɤɟɑŮɠ. 

Ŭ. ŪŮɤɟɑŬ 1ɖɠ ŰɎɝɖɠ ɛŮ Űɖɜ ɞˊɞɑŬ ɞɘ ŮɝɘůɩůŮɘɠ ɘůɞɟɟɞˊɑŬɠ əŬɘ ůɡɛɓɘɓŬůŰɞɨ 

ŮəűɟɎɕɞɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ ŬɜŬűɞɟɎɠ Űɖɠ Ŭɟɢɘəɐɠ ŬˊŬɟŬɛɧɟűɤŰɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ 

űɞɟɏŬ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɖ Ŭɨɝɖůɖ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ ɐ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ 

ŬɚɚŬɔɐ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ űɞɟɏŬ ɞűŮɘɚɧɛŮɜɖ ůŮ ˊŬɟŬɛɞɟűɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ 

ŬɔɜɞɖɗŮɑ. 

ɓ. ŪŮɤɟɑŬ 2ɖɠ ŰɎɝɖɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞ űɞɟɏŬɠ ŮˊɘɚɨŮŰŬɘ ŭɘŬŭɞɢɘəɎ ɓɐɛŬ-ɓɐɛŬ 

ɚŬɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ůŮ əɎɗŮ ɓɐɛŬ Űɖɜ ɛŮŰŬɓɞɚɐ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ. 

ɉɟɖůɘɛɞˊɞɑŮɘŰŬɘ ɧŰŬɜ ŮˊɘɓɎɚɚŮŰŬɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ űŬɘɜɧɛŮɜŬ 2ɖɠ ŰɎɝɖɠ ɧˊɤɠ ɛɖ 

ɔɟŬɛɛɘəɧŰɖŰŬ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɞɡ űɞɟɏŬ. 

5.1.2 ɄɚŬůŰɘəɐ ŬɜɎɚɡůɖ 

ȼ ˊɚŬůŰɘəɐ ŬɜɎɚɡůɖ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɘɠ ŮˊɘŭɟɎůŮɘɠ Űɖɠ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ 

əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŭɟɎůŮɤɜ Űɞɡ űɞɟɏŬ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɛɧɜɞ Ůűɧůɤɜ ŰŬ ɛɏɚɖ Űɖɠ əŬŰŬůəŮɡɐɠ ŭɘŬɗɏŰɞɡɜ ŮˊŬɟəɐ ůŰɟɞűɘəɐ ɘəŬɜɧŰɖŰŬ ůŰɘɠ ɗɏůŮɘɠ 

Űɤɜ ˊɚŬůŰɘəɩɜ ŬɟɗɟɩůŮɤɜ. ȹɖɚŬŭɐ ɖ ůɢɏůɖ ŰɎůŮɤɜ-ˊŬɟŬɛɞɟűɩůŮɤɜ ŭŮɜ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮűŬɟɛɞůŰŮɑ  ɖ ˊɚŬůŰɘəɐ ŬɜɎɚɡůɖ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ 

ɞɘ əŬŰɤŰɏɟɤ ˊɟɞɦˊɞɗɏůŮɘɠ: 

- ɃɚəɘɛɧŰɖŰŬ ɢɎɚɡɓŬ. 

- ȹɘŬŰɞɛɐ əŬŰɖɔɞɟɑŬɠ 1 ůŰɖ ɗɏůɖ ˊɚŬůŰɘəɐɠ Ɏɟɗɟɤůɖɠ. 

- ȹɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ ɛɖɢŬɜɘůɛɞɨ əŬŰɎɟɟŮɡůɖɠ ɛŮ ŬɜŬəŬŰŬɜɞɛɐ Űɤɜ ɟɞˊɩɜ. 
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- ȺɎɜ ůŰɞɜ əɞɟɛɧ ɛɘŬɠ ŭɘŬŰɞɛɐɠ, ůŰɖ ɗɏůɖ ˊɚŬůŰɘəɐɠ Ɏɟɗɟɤůɖɠ, ŮűŬɟɛɧɕŮŰŬɘ 

ŰɏɛɜɞɡůŬ ŭɨɜŬɛɖ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ 10% Űɖɠ ŬɜŰɞɢɐɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɏɜŬɜŰɘ 

ŰɏɛɜɞɡůŬɠ, ˊɟɏˊŮɘ ɜŬ ˊɟɞɓɚɏˊɞɜŰŬɘ ŮɜɘůɢɨůŮɘɠ əɞɟɛɞɨ ůŮ ɛɑŬ ŬˊɧůŰŬůɖ h/2 Ŭˊɧ Űɖ 

ɗɏůɖ Űɖɠ ˊɚŬůŰɘəɐɠ Ɏɟɗɟɤůɖɠ. 

- ȼ əŬŰŬůəŮɡɐ ɜŬ ɡˊɧəŮɘŰŬɘ əɡɟɑɤɠ ůŮ ůŰŬŰɘəɎ űɞɟŰɑŬ. 

ɆŰɖɜ əŬŰŬůəŮɡɐ ŮˊɘɚɏɢɗɖəŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮɚŬůŰɘəɐ ŬɜɎɚɡůɖ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ, ŰŬ ɞˊɞɑŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɖɜ ˊɚŬůŰɘəɐ ŬɜŰɞɢɐ Űɤɜ 

ŭɘŬŰɞɛɩɜ. ȼ ŮɚŬůŰɘəɐ ŬɜɎɚɡůɖ ŮɑɜŬɘ 1ɖɠ ŰɎɝɖɠ əŬɗɩɠ ŰŬ űŬɘɜɧɛŮɜŬ 2ɖɠ ŰɎɝɖɠ ɧˊɤɠ əŬɘ ɞɘ 

ŬŰɏɚŮɘŮɠ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖɜ ɧˊɤɠ ɗŬ ŭŮɘɢɗŮɑ ůŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ. 

5.2 Ʉɟɞůɞɛɞɑɤůɖ űɞɟɏŬ ůŰɞ SAP 2000 v19 

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ŮɘůɐɢɗŮɘ Űɞ əŰɑɟɘɞ ůŰɞ ˊɟɧɔɟŬɛɛŬ SAP 2000. 

5.2.1 ɆɢŮŭɘŬůɛɧɠ əŬɜɎɓɞɡ 

ȷɟɢɘəɎ ŮˊɘɚɏɢɗɖəŮ: File Ÿ New Model əŬɘ ŮˊɘɚɏɢɗɖəŮ Űɞ əɞɡŰɑ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ Grid 

Only. 

ɆŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑůŰɖəŮ Ŭɛɏůɤɠ ɛŮŰɎ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɞ əɎɜŬɓɞɠ ˊɎɜɤ ůŰɞɜ ɞˊɞɑɞ 

ůɢŮŭɘɎůŰɖəŮ Űɞ əŰɑɟɘɞ. ȿɧɔɤ Űɞɡ ŭɘŬűɞɟŮŰɘəɞɨ ɨɣɞɡɠ Űɤɜ ɞɟɧűɤɜ əŬɘ Űɖɠ ɘŭɘŬɑŰŮɟɖɠ 

ɛɞɟűɐɠ Űɞɡ əŰɘɟɑɞɡ ɢɟŮɘɎůŰɖəŮ ˊɘɞ Ŭəɟɘɓɐɠ ˊɟɞůŭɘɞɟɑůɛɧɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɞˊɧŰŮ 

ŮˊɘɚɏɢɗɖəŮ ɛŮ ŭŮɝɑ əɚɘə ˊɎɜɤ ůŰɞɜ əɎɜŬɓɞ ɖ ŮɜŰɞɚɐ: Edit Grid Data Ÿ Modify/Show 

System əŬɘ ɞɘ ŰŮɚɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.1. 

ɄɑɜŬəŬɠ 5.1: ɆɡɜŰŮŰŬɔɛɏɜŮɠ ȾŬɜɎɓɞɡ. 

 



 

35 

 

5.2.2 ɆɢŮŭɘŬůɛɧɠ ɀŮɚɩɜ 

ɆŰɖ ůɡɜɏɢŮɘŬ ůɢŮŭɘɎůŰɖəŬɜ ɞɘ ŭɞəɞɑ əŬɘ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ůŮ əɎɗŮ ɧɟɞűɞ Űɞɡ əŰɘɟɑɞɡ 

ɛŮ Űɖɜ ŮɜŰɞɚɐ: DrawŸ Quick Draw Frame/Cable/Tendon əŬɘ ůŰɞ ˊŬɟɎɗɡɟɞ ˊɞɡ 

ŮɛűŬɜɑůŰɖəŮ ŮˊɘɚɏɢɗɖəŮ Line Object Type: Straight Frame , Section: None , Moment 

Releases: Continuous (ŭɖɚŬŭɐ ˊŬəŰɤɛɏɜŬ ɛɏɚɖ ɔɘŬ ˊŮŭɘɚɞŭɞəɞɨɠ, ˊɚŬəɞŭɞəɞɨɠ, 

ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ əɨɟɘŮɠ ŭɞəɞɨɠ ůŰɞ əŰɑɟɘɞ ȷ) əŬɘ Pinned (ŭɖɚŬŭɐ ŬɟɗɟɤŰɎ ɛɏɚɖ ɔɘŬ 

ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɨɠ ůŰŬ əŰɑɟɘŬ ȷ əŬɘ ȸ əŬɘ əɨɟɘŮɠ ŭɞəɞɨɠ ůŰɞ əŰɑɟɘɞ ȸ). 

ɄɑɜŬəŬɠ 5.2.: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ůɢŮŭɑŬůɖ ůɡɜŮɢɞɨɠ ɛɏɚɞɡɠ. 

 

ȰŰůɘ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ŰɟɘůŭɘɎůŰŬŰɞ ɛɞɜŰɏɚɞ Űɞɡ əŰɘɟɑɞɡ ɧˊɤɠ ůŰɞ ɆɢɐɛŬ 5.1. 

ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ ŰɩɟŬ Űɤɜ ŭɘŬŭɞəɑŭɤɜ ŮˊɘɚɏɢɗɖəŮ ɖ ŮɜŰɞɚɐ DrawŸ Quick Draw 

Secondary Beams əŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑůŰɖəŮ ŮˊɘɚɏɢɗɖəŮ ɖ ŬˊɧůŰŬůɖ Űɤɜ 

ŭɘŬŭɞəɑŭɤɜ (1,25m ), ɞ Ŭɟɘɗɛɧɠ Űɞɡɠ (3) , ɖ ŭɘŮɨɗɡɜůɐ Űɞɡɠ (ˊŬɟ/ɚŮɠ ůŰɞɜ ɎɝɞɜŬ ɉ) əŬɘ ɞ 

Űɨˊɞɠ ůɨɜŭŮůɐɠ Űɞɡɠ (Pinned). ȾŬɘ Ůŭɩ ŭŮɜ ŮɘůɐɢɗŮɘ ŬəɧɛŬ ŭɘŬŰɞɛɐ ůŰŬ ɛɏɚɖ. 

ɄɑɜŬəŬɠ 5.3: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŮɘůŬɔɤɔɐ ŭɘŬŭɞəɑŭɤɜ. 

 

ɀŮ Űɖɜ ŮɜŰɞɚɐ ŰɩɟŬ DrawŸ Quick Draw Braces ůɢŮŭɘɎůŰɖəŬɜ ɞɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮ- 

 

ɆɢɐɛŬ 5.1:ɇɟɘůŭɑŬůŰŬŰɞ ɛɞɜŰɏɚɞ əŰɘɟɑɞɡ. 
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-ůɛɞɘ ŭɡůəŬɛɣɑŬɠ əŬŰɎ ɉ əŬɘ əŬŰɎ Ɉ (ɔɘŬ Űɞ əŰɑɟɘɞ ȸ), ɧˊɞɡ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑůŰɖəŮ 

ŮˊɘɚɏɢɗɖəŮ ɞ Űɨˊɞɠ ůɨɜŭŮůɐɠ Űɞɡɠ (Pinned) əŬɘ ɖ ɛɞɟűɐ Űɞɡɠ ( ɉ ) əŬɗɩɠ əŬɘ ˊɎɚɘ ŭŮɜ 

ŮɘůɐɢɗŮɘ ŭɘŬŰɞɛɐ. 

ɄɑɜŬəŬɠ 5.4: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŮɘůŬɔɤɔɐ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ. 

 

ȼ ɛɞɟűɐ Űɞɡ əŰɘɟɑɞɡ ůŰɖɜ ɞˊɞɑŬ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ əŬɘ ɞɘ ŮɚŮɡɗŮɟɩůŮɘɠ əɎɗŮ ɛɏɚɞɡɠ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ɖ Ŭəɧɚɞɡɗɖ ɧˊɤɠ ůŰɞ ɆɢɐɛŬ 5.2, 5.3. 

 

ɆɢɐɛŬ 5.2: ȾɎŰɞɣɖ əŰɘɟɑɞɡ ȷ ɛŮ ŮɚŮɡɗŮɟɩůŮɘɠ. 

 

ɆɢɐɛŬ 5.3: ȳɣɖ əŰɘɟɑɞɡ ȷ ɛŮ ŮɚŮɡɗŮɟɩůŮɘɠ. 
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5.2.3 ȹɖɛɘɞɡɟɔɑŬ ɃɛɎŭɤɜ 

Ⱥűɧůɞɜ ůɢŮŭɘɎůŰɖəŬɜ ɧɚŬ ŰŬ ɛɏɚɖ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ŬɡŰɎ ɜŬ ŮɘůŬɢɗɞɨɜ ůŮ ɞɛɎŭŮɠ 

(Groups) ɏŰůɘ ɩůŰŮ ɜŬ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɖ ɖ ŭɘŬɢŮɑɟɖůɐ Űɞɡɠ Ŭˊɧ Űɞ ɢɟɐůŰɖ. ȺˊɘɚɏɔŮŰŬɘ 

ɚɞɘˊɧɜ, ɖ ŮɜŰɞɚɐ: DefineŸ Groups əŬɘ ůŰɞ ˊŬɟɎɗɡɟɞ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ŮˊɘɚɏɔŮŰŬɘ Add New 

Group ɧˊɞɡ əŬɘ ŮɘůɎɔŮŰŬɘ ɖ ɞɜɞɛŬůɑŬ Űɖɠ ɞɛɎŭŬɠ ˊɞɡ ɗɏɚɞɡɛŮ (Ůŭɩ ȾɈɅȽȺɆ). 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ ɛɏɚɖ ˊɞɡ ɗɏɚɞɡɛŮ əŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ AssignŸ Assign to 

Groups əŬɘ ŮˊɘɚɏɔɞɜŰŬɠ Űɖɜ əŬŰɎɚɚɖɚɖ ɞɜɞɛŬůɑŬ ŬɜɎɔɞɜŰŬɘ ůŰɖɜ ɞɛɎŭŬ ˊɞɡ ɗɏɚɞɡɛŮ. Ƀɘ 

ŰŮɚɘəɏɠ ɞɛɎŭŮɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.4. 

ɄɑɜŬəŬɠ 5.4: ɃɛɎŭŮɠ ɛŮɚɩɜ. 

 

5.2.4 ȹɖɛɘɞɡɟɔɑŬ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 

ȺɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ ɢɤɟɑůɞɡɛŮ Űɘɠ ŭɞəɞɨɠ ɏŰůɘ ɩůŰŮ ɜŬ əŬŰŬɜɏɛŮŰŬɘ ůŮ ŬɡŰɏɠ Űɞ űɞɟŰɑɞ 

ɓɎůɖ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ɔɘŬ ɜŬ ɏɢɞɡɛŮ ɛɑŬ əŬɚɨŰŮɟɖ ŮɘəɧɜŬ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ 

ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ. Ⱥ́ ɘɚɏɔɞɜŰŬɘ ŰŬ ɛɏɚɖ Űɞɡ űɞɟɏŬ ˊɞɡ ɗɏɚɞɡɛŮ, ɧɚŬ ŭɖɚŬŭɐ ŮəŰɧɠ Ŭˊɧ 

Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ɞɘ ɞˊɞɑɞɘ ɗŮɚɞɡɛŮ ɜŬ ˊŬɟŬɚŬɛɓɎɜɞɡɜ ɛɧɜɞ 

ůŮɘůɛɘəɎ űɞɟŰɑŬ, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ AssignŸ Automatic Frame Mesh, ɧˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ 

əɞɡŰɎəɘŬ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.5. 

ɄɑɜŬəŬɠ 5.5: ȺɜŰɞɚɏɠ ɔɘŬ ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ. 

 

ũɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ŮˊɘɚɏɔŮŰŬɘ No Auto Meshing. ȼ 

ŮɘəɧɜŬ Űɞɡ űɞɟɏŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŰɞ ɆɢɐɛŬ 5.4. 
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ɆɢɐɛŬ 5.4: ɀɏɚɖ əŰɘɟɑɞɡ ɛŮ ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ. 

5.2.5 ɆɖɛŮɑɞ ůɨɜŭŮůɖɠ Űɤɜ ŭɞəɩɜ 

ȰɜŬ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ůɖɛŮɑɞ ŮɑɜŬɘ Űɞ ˊɩɠ ɗŬ ůɡɜŭŮɗɞɨɜ ɞɘ ŭɞəɞɑ Űɞɡɠ űɞɟɏŬ əŬɗɩɠ ŬɡŰɧ 

ŮˊɖɟŮɎɕŮɘ əŬɘ ŰŬ ɛŮɔɏɗɖ Űɤɜ űɞɟŰɑɤɜ, ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ əŬɘ ŬɜŮˊɘɗɨɛɖŰŬ 

ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ. Ⱥŭɩ ŮˊɘɚɏɔŮŰŬɘ ɧɚŮɠ ɞɘ ŭɞəɞɑ ɜŬ ůɡɜŭŮɗɞɨɜ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɠ Űɞɡɠ ɏŰůɘ 

ɩůŰŮ ɜŬ ɛɖɜ ɏɢɞɡɛŮ ŬɜɎˊŰɡɝɖ Ŭɝɞɜɘəɩɜ ůŰɘɠ ɞɟɘɕɧɜŰɘŮɠ ŭɞəɞɨɠ Ŭˊɧ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ 

űɞɟŰɑɤɜ. ũɘŬ Űɘɠ ˊɚŬəɞŭɞəɞɨɠ Űɖɠ ɞɟɞűɐɠ ɘůɞɔŮɑɞɡ Ůűɧůɤɜ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŬɡŰɏɠ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ ŰŬ űɞɟŰɑŬ Ŭˊɧ Űɖɜ ˊɚɎəŬ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ůɡɜŭŮɗɞɨɜ ůŰɞ ˊɎɜɤ ɛɏɟɞɠ Űɞɡɠ. 

ȼ ŮɜŰɞɚɐ ɔɘŬ ɜŬ ɞɟɑůɞɡɛŮ Űɞ ůɖɛŮɑɞ ůɨɜŭŮůɖɠ ŮɑɜŬɘ: AssignŸ FrameŸ Insertion PointŸ 

8(Top Center) , 7 (Top Left), 9 (Top Right) ɔɘŬ ˊɚŬəɞŭɞəɞɨɠ əŬɘ AssignŸ FrameŸ 

Insertion PointŸ 10(Centroid) ɔɘŬ ɧɚŮɠ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŭɞəɞɨɠ-ɡˊɞůŰɡɚɩɛŬŰŬ-ůɡɜŭɏůɛɞɡɠ 

ŭɡůəŬɛɣɑŬɠ. ɇŬ ůɖɛŮɑŬ ůɨɜŭŮůɖɠ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.5, 5.6. 

 

ɆɢɐɛŬ 5.5: Insertion Points ́ ɚŬəɞŭɞəɩɜ. 
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ɆɢɐɛŬ 5.6: Insertion Points ŭɞəɩɜ. 

5.2.6 ȹɖɛɘɞɡɟɔɑŬ ŭɘŬűɟŬɔɛɎŰɤɜ 

ȷˊŬɟŬɑŰɖŰɞ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖɜ əŬɚɐ ůɡɛˊŮɟɘűɞɟɎ ůŰɞ ůŮɘůɛɧ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ 

ŭɘŬűɟŬɔɛŬŰɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɨˊŬɟɝɖ Űɤɜ ˊɚŬəɩɜ. ũɘŬ ɜŬ 

ŮɘůɎɔɞɡɛŮ Űɖ ŭɘŬűɟŬɔɛŬŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ əɎŰɤɗɘ ŮɜŰɞɚɏɠ: 

DefineŸ Joint ConstraintsŸ Constraint Type (Diaphragm)Ÿ Add New Constraint ɛŮ 

Constraint Name (DIAPH1 ɔɘŬ 1ɞ ɧɟɞűɞ) əŬɘ Constraint Axis (Z). ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɚɏɔɞɜŰŬɘ 

ɞɘ əɧɛɓɞɘ əɎɗŮ ɞɟɧűɞɡ əŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ AssignŸ Joint Constraints ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ŭɘŬűɟɎɔɛŬŰŬ ɔɘŬ əɎɗŮ ɧɟɞűɞ. 

ɄɑɜŬəŬɠ 5.6: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŮɘůŬɔɤɔɐ ŭɘŬűɟŬɔɛɎŰɤɜ. 
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ɆɢɐɛŬ 5.7: ȾɎŰɞɣɖ ɞɟɧűɞɡ ɛŮ ŭɘŬűɟɎɔɛŬŰŬ. 

5.2.7 ȹŮɡůɛŮɨůŮɘɠ əɧɛɓɤɜ ɡˊɞɔŮɑɞɡ əŬɘ ɞɟɞűɐɠ ɡˊɞɔŮɑɞɡ. 

ɆŰɖ ɓɎůɖ Űɞɡ əŰɘɟɑɞɡ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŬɟɗɟɩůŮɘɠ Ůɜɩ ůŰɘɠ ɓɎůŮɘɠ Űɤɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ Űɞɡ 1ɞɡ ɞɟɧűɞɡ ŮˊɘɚɏɔŮŰŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ˊŬəŰɩůŮɘɠ. Ƀɘ ŮɜŰɞɚɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ŭűɞɨ ˊɟɩŰŬ ɏɢɞɡɜ ŮˊɘɚŮɢɗŮɑ ɞɘ əŬŰɎɚɚɖɚɞɘ əɧɛɓɞɘ ŮɑɜŬɘ: AssignŸ Joint 

Restraints əŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ŮˊɘɚɏɔɞɡɛŮ Űɞ əɞɡŰɑ ˊɞɡ ɏɢŮɘ Ɏɟɗɟɤůɖ ɔɘŬ Űɞ 

ɡˊɧɔŮɘɞ əŬɘ Űɞ əɞɡŰɑ ɛŮ Űɖɜ ˊɎəŰɤůɖ ɔɘŬ Űɞ ɘůɧɔŮɘɞ. ɆŰɞ ɆɢɐɛŬ 5.8 űŬɑɜɞɜŰŬɘ ɞɘ ŭŮůɛŮɨůŮɘɠ 

Űɤɜ əɧɛɓɤɜ ɡˊɞɔŮɑɞɡ əŬɘ ɘůɞɔŮɑɞɡ . 

ɄɑɜŬəŬɠ 5.7: ɆɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŭɏůɛŮɡůɖ əɧɛɓɤɜ ɘůɞɔŮɑɞɡ. 

 

 

ɆɢɐɛŬ 5.8: ȹŮůɛŮɨůŮɘɠ əɧɛɓɤɜ. 
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5.2.8 ȺɘůŬɔɤɔɐ ɡɚɘəɩɜ 

ɇŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɞ ȾŮűɎɚŬɘɞ 1.3 ŮɑɜŬɘ ɢɎɚɡɓŬɠ 

ˊɞɘɧŰɖŰŬɠ S355 əŬɘ ůəɡɟɧŭŮɛŬ ˊɞɘɧŰɖŰŬɠ C20/25. ũɘŬ Űɖɜ ŮɘůŬɔɤɔɐ əŬɗŮɜɩɠ Ůɝ ŬɡŰɩɜ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ŮˊɧɛŮɜŮɠ ŮɜŰɞɚɏɠ. 

DefineŸ MaterialsŸ Add New Material əŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ 

ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ŰŬ əŬŰɎɚɚɖɚŬ ůŰɞɘɢŮɑŬ ɔɘŬ əɎɗŮ ɡɚɘəɧ. 

ɄɑɜŬəŬɠ 5.8: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŮɘůŬɔɤɔɐ ɡɚɘəɩɜ əŬŰŬůəŮɡɐɠ. 

 

ũɘŬ Űɞ ůəɡɟɧŭŮɛŬ Ůűɧůɤɜ ŭŮɜ ŮɜŭɘŬűɏɟɞɡɜ ŰŬ ɛŮɔɏɗɖ ˊɞɡ ŬɜŬˊŰɨůůŮɘ əŬɘ Űɞ ɓɎɟɞɠ Űɖɠ 

ˊɚɎəŬɠ ŮɘůɎɔŮŰŬɘ Ŭˊɧ Űɞ ɢɟɐůŰɖ ɤɠ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ ŮˊɘɚɏɔŮŰŬɘ ɑŭɘɞ ɓɎɟɞɠ 0 ɛŮ Űɖɜ 

ŮɜŰɞɚɐ DefineŸ MaterialsŸ Modify/Show MaterialsŸ Weight per Unite Volume Ÿ 0. 

ɄɑɜŬəŬɠ 5.9: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ɘŭɘɧŰɖŰŮɠ ůəɡɟɞŭɏɛŬŰɞɠ. 
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5.2.9 ȹɖɛɘɞɡɟɔɑŬ ŭɘŬŰɞɛɩɜ 

Ƀɘ ŭɘŬŰɞɛɏɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɛŮɚɩɜ ŮɘůɐɢɗɖůŬɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ 

ŮɜŰɞɚɏɠ. 

DefineŸ Section PropertiesŸ Frame SectionsŸ Import New PropertyŸ Property type: 

SteelŸ I/ Wide Flange, Tube. ɆŰɞ ˊŬɟɎɗɡɟɞ ˊɞɡ ŬɜɞɑɔŮɘ ŮˊɘɚɏɔɞɜŰŬɘ ŭɘŬŰɞɛɏɠ ůɨɛűɤɜŬ ɛŮ 

Űɞɜ ŮɡɟɤəɩŭɘəŬ Euro.pro. ɆŰɖ ůɡɜɏɢŮɘŬ ɞɟɑɕŮŰŬɘ Űɞ ɡɚɘəɧ S355. 

ɄɑɜŬəŬɠ 5.10: ȺɘůŬɔɤɔɐ ɢŬɚɨɓŭɘɜɤɜ ŭɘŬŰɞɛɩɜ. 

 

ȺˊŮɘŭɐ əɎˊɞɘŮɠ əɞɑɚŮɠ ŭɘŬŰɞɛɏɠ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ŭŮɜ 

ɡˊɎɢɞɡɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɛˊɞɟɞɨɛŮ ŬɡŰɏɠ ɜŬ Űɘɠ ŮɘůɎɔɞɡɛŮ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ: DefineŸ Section 

PropertiesŸ Frame SectionsŸ Add New PropertyŸ Property type: SteelŸ Tube əŬɘ Ŭˊɧ 

ŮəŮɑ ɜŬ ŮɘůɎɔɞɡɛŮ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ ŭɘŬŰɞɛɐɠ ŮˊɘɚɏɔɞɜŰŬɠ ɢɎɚɡɓŬ S355 əŬɘ ŭɑɜɞɜŰŬɠ Űɖɜ 

əŬŰɎɚɚɖɚɖ ɞɜɞɛŬůɑŬ. 

ɄɑɜŬəŬɠ 5.11: ȺɘůŬɔɤɔɐ  ɜɏŬɠ əɞɑɚɖɠ ŰŬŰɟŬɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ. 
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ȺɜŬɚɚŬəŰɘəɎ ɛˊɞɟɞɨɛŮ ɜŬ ŮɘůɎɔɞɡɛŮ, ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ ůɘɔɞɡɟɘɎ, ɚŮˊŰɞɛŮɟɩɠ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ: EditŸ Interactive Database EditingŸ Model 

DefinitionŸ Property DefinitionsŸ Frame Section PropertiesŸ Frame Section Properties 

01 - GeneralŸ OkŸ ExcelŸ Send Table to Excel. ɆŰɞ ŬɟɢŮɑɞ excel ˊɞɡ ŬɜɞɑɔŮɘ ŮɘůɎɔɞɡɛŮ 

ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɛɧɚɘɠ ŰŮɚŮɘɩůɞɡɛŮ ŮˊɘɚɏɔɞɡɛŮ Ŭˊɧ Űɞɜ ˊɟɞɖɔɞɨɛŮɜɞ ˊɑɜŬəŬ:  

ExcelŸ Retrieve from ExcelŸ Apply to Model əŬɘ ŮɑɛŬůŰŮ ɏŰɞɘɛɞɘ. 

ɄɑɜŬəŬɠ 5.12: ɆŰɞɘɢŮɑŬ ˊɘɜɎəɤɜ ɔɘŬ ŮɘůŬɔɤɔɐ ŭɘŬŰɞɛɩɜ ɚŮˊŰɞɛŮɟɩɠ. 

 

 

ũɘŬ Űɘɠ ŭɘŬŰɞɛɏɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ɡˊɞɔŮɑɞɡ 

ŭɘŬůŰɎůŮɤɜ 80x80 ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɘɠ əɞɑɚŮɠ ɢŬɚɨŭɓɘɜŮɠ ŭɘŬŰɞɛɏɠ ɛŮ 
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ɡɚɘəɧ ŰɩɟŬ Űɞ ůəɡɟɧŭŮɛŬ:   DefineŸ Section PropertiesŸ Frame SectionsŸ Add New 

PropertyŸ Property type: ConcreteŸ Rectangular. ũɘŬ Űɘɠ ˊŮŭɘɚɞŭɞəɞɨɠ əŬɘ Űɘɠ 

ˊɚŬəɞŭɞəɞɨɠ ŬɡŰɏɠ ůɢŮŭɘɎɕɞɜŰŬɘ Ŭˊɧ Űɞ ɢɟɐůŰɖ ŮˊɘɚɏɔɞɜŰŬɠ: DefineŸ Section PropertiesŸ 

Frame SectionsŸ Add New PropertyŸ Property type: OtherŸ Section Designer. Ƀɘ 

ˊɚŬəɞŭɞəɞɑ əŬɘ ɞɘ ˊŮŭɘɚɞŭɞəɞɑ ɧˊɤɠ ůɢŮŭɘɎůɗɖəŬɜ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.9, 5.10 

ŬɜŰɘůŰɞɑɢɤɠ. 

ɄɑɜŬəŬɠ 5.13: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŮɘůŬɔɤɔɐ ɡˊɞůŰɡɚɤɛɎŰɤɜ ɞɟɞűɐɠ ɡˊɞɔŮɑɞɡ. 

 

 

ɆɢɐɛŬ 5.9: ɆɢŮŭɘŬůɛɧɠ ˊɚŬəɞŭɞəɞɨ. 



 

45 

 

 

ɆɢɐɛŬ 5.10: ɆɢŮŭɘŬůɛɧɠ ˊŮŭɘɚɞŭɞəɞɨ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŭɘŬŰɞɛɏɠ ŬɜŬŰɑɗŮɜŰŬɘ ůŰŬ əŬŰɎɚɚɖɚŬ ɛɏɚɖ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ: AssignŸ 

FrameŸ Frame Sections əŬɘ ŮˊɘɚɏɔɞɡɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŭɘŬŰɞɛɐ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɔɘŬ ŰŬ 

ɡˊɞůŰɡɚɩɛŬŰŬ əŬŰɎ Űɖɜ ŬɜɎɗŮůɖ Űɖɠ ŭɘŬŰɞɛɐɠ ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɞ ɘůɢɡɟɧɠ Űɞˊɘəɧɠ ɎɝɞɜŬɠ 

Űɖɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ ɉ ɞˊɧŰŮ ɔɘŬ ɜŬ Űɞɜ ŰɞˊɞɗŮŰɐůɞɡɛŮ 

ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ ŮˊɘɚɏɔɞɜŰŬɘ ɧɚŬ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɞɘ 

ŮɜŰɞɚɏɠ: AssignŸ FrameŸ Local AxesŸ Angle: 90o. 

ɄɑɜŬəŬɠ 5.14: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŬɚɚŬɔɐ əŬŰŮɨɗɡɜůɖɠ Űɞˊɘəɩɜ Ŭɝɧɜɤɜ ŭɘŬŰɞɛɐɠ. 

  

5.2.10 ȹɖɛɘɞɡɟɔɑŬ ˊɚŬəɩɜ ɘůɞɔŮɑɞɡ 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ˊɚŬəɩɜ Űɞɡ ɘůɞɔŮɑɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ ŭɘŬŭɘəŬůɑŬ. 
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DefineŸ Section PropertiesŸ Area SectionsŸ Section Type: ShellŸ Add New 

SectionŸ Ok əŬɘ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ŰŬ ůŰɞɘɢŮɑŬ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɞɜ ɄɑɜŬəŬ 5.15. 

ɄɑɜŬəŬɠ 5.15: ɆŰɞɘɢŮɑŬ ˊɑɜŬəŬ ɔɘŬ ŭɖɛɘɞɡɟɔɑŬ ˊɚɎəŬɠ ɘůɞɔŮɑɞɡ. 

 

ȺˊɘɚɏɔŮŰŬɘ ɤɠ Űɨˊɞɠ Membrane əŬɗɩɠ ɗɏɚɞɡɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɖɜ ˊɚɎəŬ ɤɠ 

ŮˊɘűɎɜŮɘŬ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ űɞɟŰɑɤɜ. ũɘŬ Űɞɡɠ ɡˊɧɚɞɘˊɞɡɠ ɞɟɧűɞɡɠ ŭŮɜ ůɢŮŭɘɎɕɞɡɛŮ ˊɚɎəŬ 

əŬɗɩɠ ŰŬ űɞɟŰɑŬ Űɘɠ ˊɚɎəŬɠ ˊɎɢɞɡɠ 13cm ŮɘůɎɔɞɜŰŬɘ Ŭˊɧ Űɞ ɢɟɐůŰɖ ɛŮ Űɖ ɛɞɟűɐ 

əŬŰŬɜŮɛɖɛɏɜɤɜ űɞɟŰɑɤɜ.ũɘŬ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ɞɘ  ˊɚɎəŮɠ ŮˊɘɚɏɔŮŰŬɘ: DrawŸ Quick Draw 

AreaŸ Section: Plaka 2 əŬɘ ůɢŮŭɘɎɕɞɜŰŬɘ ɞɘ ˊɚɎəŮɠ Űɞɡ ɘůɞɔŮɑɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 

5.11. 

 

ɆɢɐɛŬ 5.11: ȾŰɑɟɘɞ ȷ ɛŮ ˊɚɎəŮɠ əŬɘ ŭɘŬŰɞɛɏɠ ɛŮɚɩɜ. 
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5.2.11 ȷɟɑɗɛɖůɖ ŭɞəɩɜ 

ȷˊŬɟŬɑŰɖŰɞ ůŰɞɘɢŮɑɞ ɔɘŬ Űɖɜ Ůɨəɞɚɖ ŬɜɎɔɜɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŬɜɎɚɡůɖ Ŭˊɧ 

ŬɟɢŮɑɞ EXCEL ŮɑɜŬɘ ɖ Ŭɟɑɗɛɖůɖ Űɤɜ ŭɞəɩɜ. ȷɡŰɐ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮɜŰɞɚɐ: EditŸ Change 

Labels əŬɘ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ŬɟɘɗɛɞɨɛŮ Űɘɠ ŭɞəɞɨɠ ɛŮ Űɞɜ Űɟɧˊɞ ˊɞɡ ɗɏɚɞɡɛŮ 

ŮɛŮɑɠ.ɆŰŬ ɆɢɐɛŬŰŬ 5.12, 5.13 űŬɑɜŮŰŬɘ ɖ Ŭɟɑɗɛɖůɖ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ əŬɘ Űɤɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ. 

 

ɆɢɐɛŬ 5.12: ȷɟɑɗɛɖůɖ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ. 

 

ɆɢɐɛŬ 5.13: ȷɟɑɗɛɖůɖ ɡˊɞůŰɡɚɤɛɎŰɤɜ. 
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5.2.12 ȺɘůŬɔɤɔɐ űɞɟŰɑůŮɤɜ 

ȷɟɢɘəɎ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɞɘ ˊɟɧŰɡˊŮɠ űɞɟŰɑůŮɘɠ (Load Patterns) ɛŮ Űɘɠ ŮɜŰɞɚɏɠ: DefineŸ 

Load Patterns ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.16. 

ɄɑɜŬəŬɠ 5.16: ɄɟɧŰɡˊŮɠ űɞɟŰɑůŮɘɠ. 

 
 

ȷűɞɟɞɨɜ: ɀɧɜɘɛŬ (DEAD), ɄɟɧůɗŮŰŬ ɛɧɜɘɛŬ (DEAD_PLUS), ȾɘɜɖŰɎ (LIVE), ȷɜɏɛɞɡ 

(WIND_X-WIND_Y), ɉɘɞɜɘɞɨ (S) əŬɘ ŮɑɜŬɘ ɞɘ űɞɟŰɑůŮɘɠ ɛŮ ɓɎůɖ Űɘɠ ɞˊɞɑŮɠ ɗŬ 

ŭɖɛɘɞɡɟɔɖɗɞɨɜ ŰŬ Load Cases. Ƀ ůɡɜŰŮɚŮůŰɐɠ ɑŭɘɞɡ ɓɎɟɞɡɠ ŰŮɗɖəŮ ɑůɞɠ ɛŮ 1,0 ɛɧɜɞ ɔɘŬ ŰŬ 

ɛɧɜɘɛŬ űɞɟŰɑŬ əŬɗɩɠ ŬɡŰɎ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ əŬɘ ŭŮɜ ɗɏɚɞɡɛŮ ɜŬ 

ŰŬ ɚɎɓɞɡɛŮ ɡˊɧɣɖ ˊŬɟŬˊɎɜɤ Ŭˊɧ ɛɑŬ űɞɟɎ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ: DefineŸ FunctionsŸ 

Response SpectrumŸ Function Type: EuroCode 8Ÿ Add New FunctionŸOk ɛŮ ŰŬ 

ůŰɞɘɢŮɑŬ əŬɘ Űɖ ɛɞɟűɐ Űɞɡ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ ȾŮűɎɚŬɘɞ 3.5. 

ȰˊŮɘŰŬ ˊɟɞɢɤɟɎɛŮ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ Load Cases ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ 

ŬɡŰɧɛŬŰŬ ɔɘŬ ŰŬ Load Patterns ́ ɞɡ ɞɟɑůŰɖəŬɜ. ɀɏɜŮɘ ɚɞɘˊɧɜ ɛɧɜɞ ɞ ɞɟɘůɛɧɠ Űɤɜ űɞɟŰɑůŮɤɜ 

Űɞɡ ůŮɘůɛɞɨ FASMA_X , FASMA_Y əŬɘ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ: DefineŸ 

Load CasesŸ Add New Load Case əŬɘ ůɡɛˊɚɐɟɤůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ˊɑɜŬəŬ ˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɡɠ ɄɑɜŬəŮɠ 5.17, 5.18 ɔɘŬ ůŮɘůɛɧ əŬŰɎ ɉ əŬɘ Ɉ ŬɜŰɘůŰɞɑɢɤɠ. 

ɄɑɜŬəŬɠ 5.17: ȺɘůŬɔɤɔɐ ůŰɞɘɢŮɑɤɜ ˊɑɜŬəŬ ɔɘŬ ůŮɘůɛɘəɐ űɧɟŰɘůɖ əŬŰɎ ɉ. 
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ɄɑɜŬəŬɠ 5.18: ȺɘůŬɔɤɔɐ ůŰɞɘɢŮɑɤɜ ˊɑɜŬəŬ ɔɘŬ ůŮɘůɛɘəɐ űɧɟŰɘůɖ əŬŰɎ Ɉ. 

 

 

ŪŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ "ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ" əŬɘ ɞɘ ɘŭɘɞɛɞɟűɏɠ ɗŬ 

ůɡɜŭɡŬůŰɞɨɜ ɛŮ Űɖ ɛɏɗɞŭɞ CQC. Ⱥˊɑůɖɠ ɞ ůɡɜŰŮɚŮůŰɐɠ Űɤɜ ŮˊɘŰŬɢɨɜůŮɤɜ Űɞɡ űɎůɛŬŰɞɠ 

ŮˊɘɚɏɔŮŰŬɘ 9,81 ɔɘŬ Űɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ. ɇɏɚɞɠ ůŰɞ Load Case Type ŮˊɘɚɏɔŮŰŬɘ Response 

Spectrum.ɇŬ Load Cases ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.19. 

ɄɑɜŬəŬɠ 5.19: Load Cases. 

 

5.2.13 ɆɡɜŭɡŬůɛɞɑ ȹɟɎůŮɤɜ 

Ƀɘ ůɡɜŭɡŬůɛɞɑ Űɤɜ ŭɟɎůŮɤɜ ɔɘŬ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ əŬɘ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ 

ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɧˊɤɠ ŬɡŰɞɑ ɞɟɑůŰɖəŬɜ ůŰɞ ȾŮűɎɚŬɘɞ 4 ɗŬ ŮɘůŬɢɗɞɨɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɛŮ 

Űɖɜ Ŭəɧɚɞɡɗɖ ŭɘŬŭɘəŬůɑŬ. 

DefineŸ Load CombinationsŸ Add New Combo əŬɘ ŮɘůɎɔɞɡɛŮ Űɘɠ Űɘɛɏɠ Űɤɜ 

ůɡɜŰŮɚŮůŰɩɜ ɔɘŬ əɎɗŮ Load Case ɧˊɤɠ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ ůŰɞ ȾŮűɎɚŬɘɞ 4.2.1 

ɔɘŬ əɎɗŮ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ əŬɘ ŬɜŬɗɏŰɞɡɛŮ əŬɘ Űɖɜ əŬŰɎɚɚɖɚɖ ɞɜɞɛŬůɑŬ ůŮ əɎɗŮ Load 

Combination. ɆŰɞɜ ɄɑɜŬəŬ 5.20 űŬɑɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ůɡɜŭɡŬůɛɞɨ ŭɟɎůŮɤɜ ɔɘŬ 
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ůŮɘůɛɧ əŬŰɎ ɉ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.21 ɞɘ ůɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ ˊɞɡ ŮɘůɐɢɗɖůŬɜ ůŰɞ 

ˊɟɧɔɟŬɛɛŬ. 

ɄɑɜŬəŬɠ 5.20: ɆŮɘůɛɧɠ əŬŰɎ ɉ. 

 

ɄɑɜŬəŬɠ 5.21: ɆɡɜŭɡŬůɛɞɑ ȹɟɎůŮɤɜ Ƀ.Ⱦ.ȷ. (ŬɟɘůŰŮɟɎ) əŬɘ Ƀ.Ⱦ.ȿ. (ŭŮɝɘɎ). 

  

ũɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɤɜ űɞɟŰɑɤɜ DEAD PLUS, LIVE , WIND_X, WIND_Y əŬɘ S ůŰŬ 

əŬŰɎɚɚɖɚŬ ɛɏɚɖ ŮˊɘɚɏɔɞɜŰŬɘ ŬɟɢɘəɎ ŰŬ ɛɏɚɖ ˊɞɡ ɗɏɚɞɡɛŮ əŬɘ ɏˊŮɘŰŬ ɞɘ ŮɜŰɞɚɏɠ: AssignŸ 

Frame LoadsŸ Distributed əŬɘ ŮɘůɎɔɞɜŰŬɘ ɞɘ əŬŰɎɚɚɖɚŮɠ Űɘɛɏɠ ɔɘŬ Űɞ əɎɗŮ Load Pattern. 

ɇŬ űɞɟŰɑŬ DEAD PLUS , LIVE əŬɘ S ŮɘůɎɔɞɜŰŬɘ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞ ůŰɘɠ 

ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɨɠ əŬɘ Űɘɠ ŭɘŬŭɞəɑŭŮɠ (ɆɢɐɛŬ 5.12) ˊɞɚ/ůɛŮɜŬ ɛŮ Űɞ ˊɚɎŰɞɠ Ůˊɘɟɟɞɐɠ 

Űɞɡ əɎɗŮ ɛɏɚɞɡɠ əŬɘ Ŭˊɧ ŮəŮɑ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ əŬɘ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. ɇŬ 

űɞɟŰɑŬ Ŭɜɏɛɞɡ ŮɘůɎɔɞɜŰŬɘ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ əŮűɎɚŬɘɞ Ä2.5.5 əŬɘ ɖ ɛɞɟűɐ Űɞɡɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.14, 5.15. 
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ɄɑɜŬəŬɠ 5.22: ȾŬŰŬɜŮɛɖɛɏɜɞ əɘɜɖŰɧ űɞɟŰɑɞ ůŰɘɠ ɛŮůŬɑŮɠ ŭɘŬŭɞəɑŭŮɠ ï ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɨɠ. 

 
 

 

 

 

 

ɆɢɐɛŬ 5.14: ȾŬŰŬɜŮɛɖɛɏɜŬ ˊɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ ůŰɞ ˊɚŬɑůɘɞ 3. 

 



 

52 

 

 

ɆɢɐɛŬ 5.15: ȾŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ Ŭɜɏɛɞɡ ɉ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ůŰɞ ˊɚŬɑůɘɞ 2. 

5.2.14 ɀɎɕŬ əŬŰŬůəŮɡɐɠ 

ȼ ɛɎɕŬ Űɖɠ əŬŰŬůəŮɡɐɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŰŬ űɞɟŰɑŬ ɓŬɟɨŰɖŰŬɠ ́ ɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ űɞɟɏŬ 

ŮəŰɧɠ Űɞɡ ɢɘɞɜɘɞɨ ɚɧɔɤ əŬɘ Űɖɜ ɛɘəɟɐɠ ŮˊɑŭɟŬůɖɠ əŬɘ ɘůɞɨŰŬɘ ɛŮ: G+Gô+0,3*Q. ũɘŬ Űɞɜ 

ɞɟɘůɛɧ Űɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ŮɜŰɞɚɏɠ: DefineŸ Mass SourceŸ Modify/Show Mass 

Source əŬɘ ŮůɐɢɗɖůŬɜ ŰŬ əŬŰɎɚɚɖɚŬ ůŰɞɘɢŮɑŬ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.23. 

ɄɑɜŬəŬɠ 5.23: ɀɎɕŬ əŬŰŬůəŮɡɐɠ. 

 

5.2.15 ȷɜɎɚɡůɖ-ȰɚŮɔɢɞɠ əŬŰŬůəŮɡɐɠ 

ɄɟɞŰɞɨ ˊɟɞɢɤɟɐůɞɡɛŮ ɏɜŬ ŰŮɚŮɡŰŬɑɞ ɓɐɛŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ ŮɑɜŬɘ ɜŬ ɞɟɑůɞɡɛŮ 

ůŰɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ Űɞ ɛɐəɞɠ ɚɡɔɘůɛɞɨ Űɞɡɠ əŬɘ ŬɡŰɧ ɔɘŬŰɑ 

ɏɢɞɡɛŮ ɗŮɤɟɐůŮɘ ɧŰɘ ŮˊŮɘŭɐ ůɡɜŭɏɞɜŰŬɘ ůŰɞ ɛɏůɞ Űɞɡɠ ɏɢɞɡɜ Űɞ ɛɘůɧ ɛɐəɞɠ ɚɡɔɘůɛɞɨ. ɇɞ 
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ɟ́ɧɔɟŬɛɛŬ ɗŮɤɟŮɑ ŬɡŰɧɛŬŰŬ ɧŰɘ ɚɡɔɑɕɞɡɜ ɛŮ ɞɚɧəɚɖɟɞ Űɞ ɛɐəɞɠ Űɞɡɠ, ɞˊɧŰŮ ɗŬ Űɞ 

ŬɚɚɎɝɞɡɛŮ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ŮɜŰɞɚɏɠ. 

SelectŸ SelectŸ GroupsŸ SINDESMOIŸ Select əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ DesignŸ Steel 

Frame DesignŸ View/Revise Overwrites əŬɘ ŮɘůɎɔɞɡɛŮ ůŰŬ əŮɚɘɎ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ 

ɄɑɜŬəŬ 5.24 Űɖɜ Űɘɛɐ 0,5. 

ɄɑɜŬəŬɠ 5.24: ȷɚɚŬɔɐ ɛɐəɞɡɠ ɚɡɔɘůɛɞɨ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ. 

 

ɇɏɚɞɠ ŮɘůɎɔɞɡɛŮ ůŰɞɜ ˊɑɜŬəŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŮɜŰɞɚɏɠ DesignŸ Steel Frame 

DesignŸ View/Revise Preferences Űɞɜ əɩŭɘəŬ ɛŮ Űɞɜ ɞˊɞɑɞ ɗɏɚɞɡɛŮ ɜŬ ɔɑɜŮɘ ɖ ŬɜɎɚɡůɖ 

Űɞɡ əŰɘɟɑɞɡ (Eurocode 3) Űɖɜ əŬŰɖɔɞɟɑŬ ˊɚŬůŰɘɛɧŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɜ Űɨˊɞ ˊɚŬɘůɑɞɡ 

əŬɘ Űɞ ůɡɜŰŮɚŮůŰɐ ůɡɛˊŮɟɘűɞɟɎɠ. 
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ɄɑɜŬəŬɠ 5.25: ȹŮŭɞɛɏɜŬ ŬɜɎɚɡůɖɠ əŰɘɟɑɞɡ. 

 

ɄɟɞɢɤɟɎɛŮ ŰɩɟŬ ůŰɖɜ ŬɜɎɚɡůɖ Űɞɡ əŰɘɟɑɞɡ əŬɘ ŮɚɏɔɢɞɡɛŮ ŮɎɜ ɞɘ ŭɘŬŰɞɛɏɠ ˊɞɡ ɏɢɞɡɛŮ 

ŮˊɘɚɏɝŮɘ ɏɢɞɡɜ ŮˊŬɟəɐ ŬɜŰɞɢɐ ɛŮ Űɖɜ ŮɜŰɞɚɐ: DesignŸ Steel Frame DesignŸ Start 

Design/Check of Structure. ȺɚɏɔɢɞɡɛŮ ŮɎɜ ɧɚŬ ŰŬ ɛɏɚɖ ɏɢɞɡɜ ˊŮɟɎůŮɘ ɧɚɞɡɠ Űɞɡɠ Ůɚɏɔɢɞɡɠ 

ɛŮ Űɖɜ ŮɜŰɞɚɐ: DesignŸ Steel Frame DesignŸ Verify All  Members Passed.ȺɜŭŮɘəŰɘəɎ 

űŬɑɜŮŰŬɘ ɞ ɏɚŮɔɢɞɠ Űɞɡ əŰɘɟɑɞɡ ȷ ůŰɞ ɆɢɐɛŬ 5.16. 

 

ɆɢɐɛŬ 5.16: ȾŰɑɟɘɞ ȷ ɛŮŰɎ Űɞɡɠ Ůɚɏɔɢɞɡɠ Űɞɡ SAP2000. 
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6 ɆɨɛɛɘəŰɖ ˊɚɎəŬ 

Ƀɘ ˊɚɎəŮɠ ůŰŬ əŰɑɟɘŬ ɏɢɞɡɜ ŭɘˊɚɧ ɟɧɚɞ: 

1. ɀŮŰŬűɞɟɎ əŬŰŬəɧɟɡűɤɜ űɞɟŰɑɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ɤɠ ůŰɞɘɢŮɑŬ çˊɚɎəŬɠè. 

2. ɀŮŰŬűɞɟɎ ɞɟɑɕɧɜŰɘɤɜ ŭɟɎůŮɤɜ ɛɏůɤ ŭɘŬűɟŬɔɛŬŰɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

Ƀɘ ˊɚɎəŮɠ ůɡɜɐɗɤɠ, ɧˊɤɠ əŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɘɠ 

ůɘŭɖɟɞŭɞəɞɨɠ. 

ȼ ůɨɛɛɘəŰɖ ˊɚɎəŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɢŬɚɡɓŭɧűɡɚɚɞ əŬɘ ɏɔɢɡŰɞ ůəɡɟɧŭŮɛŬ. ɇŬ 

ɢŬɚɡɓŭɧűɡɚɚŬ ɢɟɖůɘɛŮɨɞɡɜ ɤɠ ɛŮŰŬɚɚɧŰɡˊɞɠ əŬɘ ˊŬɟŬɚŬɛɓɎɜɞɡɜ Űɞ ɑŭɘɞ ɓɎɟɞɠ Űɞɡ 

ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ űɞɟŰɑŬ ůɢŮŰɘəɎ ɛŮ Űɖ ŭɘɎůŰɟɤůɖ əŬɘ Űɖ űɎůɖ ůəɡɟɞŭɏŰɖůɖɠ. ɆŰɖ űɎůɖ 

ɚŮɘŰɞɡɟɔɑŬɠ ŰŬ ɢŬɚɡɓŭɧűɡɚɚŬ ůɡɜŮɟɔɎɕɞɜŰŬɘ ɛŮ Űɞ ɏɔɢɡŰɞ ůəɡɟɧŭŮɛŬ əŬɘ ŰŬ ŭɨɞ ɡɚɘəɎ 

ɚŮɘŰɞɡɟɔɞɨɜ ɛŬɕɑ ɤɠ ůɨɛɛɘəŰŮɠ ˊɚɎəŮɠ. ũɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ Űɖɠ ůɨɛɛɘəŰɖɠ ŭɟɎůɖɠ, ɞɘ 

ŮˊɘűɎɜŮɘŮɠ Űɤɜ ɢŬɚɡɓŭɧűɡɚɚɤɜ ŭŮɜ ŮɑɜŬɘ ɚŮɑŮɠ ŬɚɚɎ ɏɢɞɡɜ ŬɡɚŬəɩůŮɘɠ ɐ Ůɔəɞˊɏɠ ɞɘ ɞˊɞɑŮɠ 

ůɡɜŮɘůűɏɟɞɡɜ əɡɟɑɤɠ ůŰɖ ɛŮŰŬűɞɟɎ Űɖɠ ŭɘŬɛɐəɞɡɠ ŭɘŬŰɛɖŰɘəɐɠ ŭɨɜŬɛɖɠ. 

ɆŰŬ əŰɑɟɘŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ŮˊɘɚɏɢɗɖəŮ ŰɟŬˊŮɕɞŮɘŭɏɠ ɢŬɚɡɓŭɧűɡɚɚɞ SYMDECK 73 

Űɖɠ ŮŰŬɘɟɑŬɠ ȺȿȷɆɇɅɃɁ Űɞ ɞˊɞɑɞ ŰɞˊɞɗŮŰɐɗɖəŮ ŮɔəɎɟůɘŬ ˊɟɞɠ Űɘɠ ŭɞəɞɨɠ ůŰɐɟɘɝɖɠ. ɇɞ 

Ɏɜɤ ˊɏɚɛŬ Űɞɡ ɢŬɚɡɓŭɧűɡɚɚɞɡ ŮɑɜŬɘ Ůɜɘůɢɡɛɏɜɞ ɏɜŬɜŰɘ Űɞˊɘəɞɨ ɚɡɔɘůɛɞɨ ɛŮ ɛɑŬ ŮɜŭɘɎɛŮůɖ 

Ůɜɑůɢɡůɖ ůŰɞ ɛɏůɞ Űɞɡ. ɆŰɞɜ əɞɟɛɧ ɡˊɎɟɢɞɡɜ Ůɘŭɘəɏɠ ɜŮɡɟɩůŮɘɠ ɛɐəɞɡɠ 40 mm, ɞɘ ɞˊɞɑŮɠ 

ˊɟɞůŭɑŭɞɡɜ Űɖɜ Ůˊɘˊɚɏɞɜ ůɡɜɎűŮɘŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɛŮŰŬɝɨ ɢŬɚɡɓŭɧűɡɚɚɞɡ əŬɘ 

ůəɡɟɞŭɏɛŬŰɞɠ ɞɨŰɤɠ ɩůŰŮ ɜŬ ɛŮŰŬűɏɟɞɜŰŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ŭɘŬɛɐəɞɡɠ ŭɘɎŰɛɖůɖɠ ˊɞɡ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɡɚɘəɩɜ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɢŬɚɡɓŭɧűɡɚɚɞɡ űŬɑɜɞɜŰŬɘ 

ůŰɞ ɆɢɐɛŬ 6.1, 6.2. 

ɇɞ ˊɎɢɞɠ Űɞɡ ɢŬɚɡɓŭɧűɡɚɚɞɡ əŬɘ ɞ ɞˊɚɘůɛɧɠ  ŮˊɘɚɏɢɗɖəŮ Ŭˊɧ əŬŰɎɚɚɖɚɞɡɠ ˊɑɜŬəŮɠ ˊɞɡ 

ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ əŬɘ ŬˊŮɘəɞɜɑɕɞɡɜ Űɞ ŬˊŬɘŰɞɨɛŮɜɞ ˊɎɢɞɠ Űɞɡ ɢŬɚɡɓŭɧűɡɚɚɞɡ əŬɘ 

Űɞɜ ɞˊɚɘůɛɧ Űɖɠ ůɨɛɛɘəŰɖɠ ˊɚɎəŬɠ ůŰɘɠ ɗɏůŮɘɠ ŬɟɜɖŰɘəɩɜ ɟɞˊɩɜ ŬɜɎɚɞɔŬ ɛŮ Űɖ ɛɏɔɘůŰɖ Űɘ- 

 

ɆɢɐɛŬ 6.1: ũŮɤɛŮŰɟɘəɎ əŬɘ ŬŭɟŬɜŮɘŬəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŰɟŬˊŮɕɞŮɘŭɞɨɠ ɢŬɚɡɓŭɧűɡɚɚɞɡ 

SYMDECK 73. 

 

ɆɢɐɛŬ 6.2: ũŮɤɛŮŰɟɑŬ Űɞɡ ŰɟŬˊŮɕɞŮɘŭɞɨɠ ɢŬɚɡɓŭɧűɡɚɚɞɡ SYMDECK 73. 
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ɆɢɐɛŬ 6.3: Ƀˊɚɘůɛɧɠ əŬɘ ɛɏɔɘůŰŮɠ Űɘɛɏɠ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ (kN/m2). 

ɛɐ Űɞɡ ɤűɏɚɘɛɞɡ űɞɟŰɑɞɡ əŬɘ Űɞ ɎɜɞɘɔɛŬ Űɖɠ ůɨɛɛɘəŰɖɠ ˊɚɎəŬɠ ɛŮŰŬɝɨ Űɤɜ ŭɞəɩɜ ůŰɘɠ 

ɞˊɞɑŮɠ ůŰɖɟɑɕŮŰŬɘ. ɆŰɞ ůɢɐɛŬ 6.3 ŭɑɜɞɜŰŬɘ ŬɡŰɏɠ ɞɘ Űɘɛɏɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɐ ɛŬɠ Űɞ ɛɏɔɘůŰɞ ɤűɏɚɘɛɞ űɞɟŰɑɞ ŮɑɜŬɘ: 

1. ɃɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ:  

1,35 * 0,13 * 25,0 kN/m3 + 1,5 * 5,0kN/m2 = 11,89 kN/m2 

2. ɃɟɘŬəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ:  

1,00 * 0,13 * 25,0 kN/m3 + 1,5 * 5,0kN/m2 = 10,75 kN/m2 

ȯɟŬ Ŭˊɧ Űɞ ɆɢɐɛŬ 6.3 ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ ŬˊɧůŰŬůɖ 1,25 m əŬɘ ˊɎɢɞɠ ˊɚɎəŬɠ 0,13 m 

ɞ ŬˊŬɘŰɞɨɛŮɜɞɠ ɞˊɚɘůɛɧɠ ŮɑɜŬɘ ū8/20 ɛŮ ɢɎɚɡɓŬ ɞˊɚɘůɛɞɨ S500 əŬɘ Űɞ ɛɏɔɘůŰɞ ɤűɏɚɘɛɞ 

űɞɟŰɑɞ 21,53 kN/m2, ɞˊɧŰŮ Űɞ ɢŬɚɡɓŭɧűɡɚɞ ɘəŬɜɞˊɞɘŮɑ ŰŬ ɧɟɘŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ɏɚŮɔɢɞɘ ůŰɖ űɎůɖ əŬŰŬůəŮɡɐɠ əŬɘ ůŰɖ űɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ 

ɢŬɚɡɓŭɧűɡɚɚɞɡ ɏɔɘɜŬɜ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ SYMDECK designer əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

űŬɑɜɞɜŰŬɘ ůŰŬ ɆɢɐɛŬŰŬ 6.4 ɏɤɠ 6.6. 

 

ɆɢɐɛŬ 6.4: ũŮɜɘəɎ ůŰɞɘɢŮɑŬ ɢŬɚɡɓŭɧűɡɚɚɞɡ. 
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ɆɢɐɛŬ 6.5: ȰɚŮɔɢɞɘ ůŰɖ űɎůɖ əŬŰŬůəŮɡɐɠ əŬɘ ŭɘɎɔɟŬɛɛŬ ɟɞˊɩɜ. 

 

ɆɢɐɛŬ 6.6: ȰɚŮɔɢɞɘ ůŰɖ űɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ŭɘɎɔɟŬɛɛŬ ɟɞˊɩɜ. 

ũɘŬ Űɖ űɎůɖ əŬŰŬůəŮɡɐɠ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ ɟɞˊɩɜ əɎɛɣɖɠ ɧˊɤɠ əŬɘ ɞ ɏɚŮɔɢɞɠ 

ɓŮɚɩɜ, ɛŮ ɧɟɘɞ ɓŮɚɩɜ : L/180 ɐ 20 mm. 

ũɘŬ Űɖ űɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ ɟɞˊɩɜ əɎɛɣɖɠ ,ɞ ɏɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ, 

ɞ ɏɚŮɔɢɞɠ ůŮ ŭɘŬɛɐəɖ ŭɘɎŰɛɖůɖ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ɛŮ ɧɟɘɞ ɓŮɚɩɜ: L/250. 

ɇɏɚɞɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞ ɆɢɐɛŬ 7.7 ŮɜŰŮɚɩɠ ŮɜŭŮɘəŰɘəɎ əŬɘ ɞɘ ɏɚŮɔɢɞɘ ˊɡɟŬɜŰɞɢɐɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŬɜ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ əŬɘ ɓɟɏɗɖəŮ ɧŰɘ ŰɖɟɞɨɜŰŬɘ. 

 

ɆɢɐɛŬ 6.7: ȰɚŮɔɢɞɘ ˊɡɟŬɜŰɞɢɐɠ. 
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7 Ƚŭɘɞɛɞɟűɘəɐ ȷɜɎɚɡůɖ 

 

ȾŬŰɎ Űɖɜ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ Ŭˊɧəɟɘůɖ ɧɚɤɜ Űɤɜ ɘŭɘɞɛɞɟűɩɜ 

ŰŬɚɎɜŰɤůɖɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɖ ůɡɜɞɚɘəɐ Ŭˊɧəɟɘůɖ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɞˊɞɘɞŭɐˊɞŰŮ Ŭˊɧ ŰŬ ŬəɧɚɞɡɗŬ əɟɘŰɐɟɘŬ:  

- Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŭɟɩůɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ɛŬɕɩɜ ɔɘŬ Űɘɠ ɘŭɘɞɛɞɟűɏɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ Űɞ 90% Űɖɠ ůɡɜɞɚɘəɐɠ ɛɎɕŬɠ Űɞɡ űɞɟɏŬ  

- ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɧɚŮɠ ɞɘ ɘŭɘɞɛɞɟűɏɠ ɛŮ ŭɟɩůŮɠ ɘŭɘɞɛɞɟűɘəɏɠ ɛɎɕŮɠ ɛŮɔŬɚɨŰŮɟŮɠ 

Ŭˊɧ Űɞ 5% Űɖɠ ůɡɜɞɚɘəɐɠ ɛɎɕŬɠ. 

Ⱥűɧůɞɜ ɞɘ ˊŬɟŬˊɎɜɤ ůɡɜɗɐəŮɠ ŭŮɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ŰɧŰŮ ɞ ŮɚɎɢɘůŰɞɠ Ŭɟɘɗɛɧɠ 

ɘŭɘɞɛɞɟűɩɜ k ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ůŰɖɜ ŬɜɎɚɡůɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ əŬɘ Űɘɠ ŭɨɞ 

ŬəɧɚɞɡɗŮɠ ůɡɜɗɐəŮɠ: 

- 3² Ök n . 

- 
0,20¢kT  s

 
ɧˊɞɡ 

k ŮɑɜŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ  

n  ŮɑɜŬɘ Űɞ ˊɚɐɗɞɠ Űɤɜ ɞɟɧűɤɜ ˊɎɜɤ Ŭˊɧ Űɖɜ ɗŮɛŮɚɑɤůɖ ɐ ˊɎɜɤ Ŭˊɧ Űɖɜ Ɏɜɤ 

ŮˊɘűɎɜŮɘŬ ɎəŬɛˊŰɞɡ ɡˊɞɔŮɑɞɡ 

Tk  ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ ŰŬɚɎɜŰɤůɖɠ Űɖɠ ɘŭɘɞɛɞɟűɐɠ k. 

ȼ  ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɞ (ŮɚŬůŰɘəɧ) űɎůɛŬ ůɢŮŭɘŬůɛɞɨ ˊɞɡ ɏɢŮɘ 

ŮˊɘɚŮɔŮɑ Űɞ ɞˊɞɑɞ ɛŬɠ ŭɑɜŮɘ Űɖ ɛɏɔɘůŰɖ ɏɜŰŬůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ůŰɖɜ əŬŰŬůəŮɡɐ 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ůŮɘůɛɞɨ ůɢŮŭɘŬůɛɞɨ. ȰŰůɘ ɚɞɘˊɧɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ɛɏɔɘůŰŬ ŮɜŰŬŰɘəɎ 

ɛŮɔɏɗɖ Űɤɜ ɛŮɚɩɜ ɔɘŬ ɛɑŬ ŭŮŭɞɛɏɜɖ ŭɘŮɨɗɡɜůɖ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ əŬɘ ɔɘŬ əɎɗŮ ɘŭɘɞɛɞɟűɐ 

ɢɤɟɘůŰɎ. ȺˊŮɘŭɐ ɧɛɤɠ ɞɘ ɛɏɔɘůŰŮɠ ɘŭɘɞɛɞɟűɘəɏɠ ŬˊɞəɟɑůŮɘɠ ŭŮɜ ůɡɛɓŬɑɜɞɡɜ ŰŬɡŰɧɢɟɞɜŬ əŬɘ 

ɛŮ Űɖ ɢɟɐůɖ Űɤɜ űŬůɛɎŰɤɜ ůɢŮŭɘŬůɛɞɨ ɏɢɞɡɛŮ ɢɎůŮɘ əŬɘ Űɞ ˊɟɧůɖɛɞ əɎɗŮ ɛŮɔɏɗɞɡɠ, ɔɘŬ 

ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ŰŬ ůɡɜɞɚɘəɎ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ɔɘŬ Űɘɠ k ɘŭɘɞɛɞɟűɏɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡɧ́ɣɖ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ůŰŬŰɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ ɔɘŬ ɜŬ ůɡɜŭɡɎůɞɡɛŮ 

ŰŬ ɛŮɔɏɗɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ əŬɜɞɜɘəɩɜ ɛɞɟűɩɜ. 

- ɆɡɜŭɡŬůɛɧɠ ɛɏɔɘůŰɤɜ Űɘɛɩɜ ɛŮ Űɖɜ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ 

ŰŮŰɟŬɔɩɜɤɜ ɐ Ŭɚɚɘɩɠ SRSS (Square Root of the Sum of the Squares). ȺˊɘŰɟɏˊŮŰŬɘ 

ɜŬ ŮűŬɟɛɧɕŮŰŬɘ ŮɎɜ ɧɚŮɠ ɞɘ ɘŭɘɞɛɞɟűɏɠ ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖɜ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ 

ŭɖɚŬŭɐ: Ti Ò 0,9*Tj (ɔɘŬ Ti Ò Tj). 

- Ʉɚɐɟɖɠ ŰŮɟŬɔɤɜɘəɧɠ ůɡɜŭɡŬůɛɧɠ ɐ Ŭɚɚɘɩɠ CQC (Complete Quadratic 

Combination). ȺɑɜŬɘ ŬəɟɘɓɏůŰŮɟɖ ɛɏɗɞŭɞɠ ůɡɜŭɡŬůɛɞɨ Ŭˊɧ Űɖɜ SRSS əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ ˊɟɎɝɖ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬəɧɛŬ əŬɘ ɧŰŬɜ ɞɘ 

ɘŭɘɞɛɞɟűɏɠ ŭŮɜ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ. 

ȺˊɘɚɏɔɞɡɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɖ ɛɏɗɞŭɞ CQC ɔɘŬ Űɞ ůɡɜŭɡŬůɛɧ Űɤɜ ɘŭɘɞɛɞɟűɩɜ 

əŬɗɩɠ ŭɑɜŮɘ ŬəɟɘɓɏůŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ əŬɚɨˊŰŮɘ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ. 

ũɘŬ Űɞ əŰɑɟɘɞ ȷ ɚɐűɗɖůŬɜ ɡˊɧɣɖ ɞɘ 15 ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ ɛŮ ɎɗɟɞɘůɛŬ ɘŭɘɞɛɞɟűɘəɩɜ 

ɛŬɕɩɜ 97,3% əŬŰɎ ɉ əŬɘ 99,8% əŬŰɎ Ɉ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.1. 
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ɄɑɜŬəŬɠ 7.1: ɆɡɛɛŮŰɞɢɐ ɘŭɘɞɛɞɟűɘəɏɠ ɛŬɕɩɜ əŰɑɟɘɞ ȷ. 

 

ɄɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ Űɖ ɛɎɕŬ əŬŰɎ ɉ ŮˊŬɟəɞɨɜ ɞɘ ˊɟɩŰŮɠ 7 ɘŭɘɞɛɞɟűɏɠ ɛŮ ˊɞůɞůŰɧ 

ůɡɛɛŮŰɞɢɐɠ 94,0% əŬɘ ɔɘŬ Űɖ ɛɎɕŬ əŬŰɎ Ɉ ɞɘ ˊɟɩŰŮɠ 4 ɘŭɘɞɛɞɟűɏɠ ɛŮ ˊɞůɞůŰɧ ůɡɛɛŮŰɞɢɐɠ 

95,8%. 

ũɘŬ Űɞ əŰɑɟɘɞ ȸ ɚɐűɗɖůŬɜ ɡˊɧɣɖ ɞɘ 15 ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ ɛŮ ɎɗɟɞɘůɛŬ ɘŭɘɞɛɞɟűɘəɩɜ 

ɛŬɕɩɜ 94% əŬŰɎ ɉ əŬɘ 94,9% əŬŰɎ Ɉ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 7.2. 

ɄɑɜŬəŬɠ 7.2: ɆɡɛɛŮŰɞɢɐ ɘŭɘɞɛɞɟűɘəɏɠ ɛŬɕɩɜ əŰɑɟɘɞ ȸ. 

 
 

ɄɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ Űɖ ɛɎɕŬ əŬŰɎ ɉ ŮˊŬɟəɞɨɜ ɞɘ ˊɟɩŰŮɠ 5 ɘŭɘɞɛɞɟűɏɠ ɛŮ ˊɞůɞůŰɧ 

ůɡɛɛŮŰɞɢɐɠ 93,9% əŬɘ ɔɘŬ Űɖ ɛɎɕŬ əŬŰɎ Ɉ ɞɘ ˊɟɩŰŮɠ 4 ɘŭɘɞɛɞɟűɏɠ ɛŮ ˊɞůɞůŰɧ ůɡɛɛŮŰɞɢɐɠ 

94,9%. 

ɆŰŬ ɆɢɐɛŬŰŬ 7.1 ɏɤɠ 7.5 űŬɑɜɞɜŰŬɘ ɞɘ ɛɞɟűɏɠ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ɔɘŬ ŰŬ əŰɑɟɘŬ ȷ əŬɘ ȸ. 
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ɆɢɐɛŬ 7.1: 1ɖ ɘŭɘɞɛɞɟűɐ əŰɘɟɑɞɡ ȷ (ŬɟɘůŰŮɟɎ) əŬɘ ȸ (ŭŮɝɘɎ) ɛŮ ůɡɛɛŮŰɞɢɐ əŬŰɎ Ɉ 86,1% əŬɘ 

76,3% ŬɜŰɘůŰɞɑɢɤɠ. 

    

ɆɢɐɛŬ 7.2: 2ɖ ɘŭɘɞɛɞɟűɐ əŰɘɟɑɞɡ ȷ (ŬɟɘůŰŮɟɎ) əŬɘ ȸ (ŭŮɝɘɎ) ɛŮ ůɡɛɛŮŰɞɢɐ əŬŰɎ ɉ 3,3% əŬɘ 76,5% 

ŬɜŰɘůŰɞɑɢɤɠ. 
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ɆɢɐɛŬ 7.3: 3ɖ ɘŭɘɞɛɞɟűɐ əŰɘɟɑɞɡ ȷ (ŬɟɘůŰŮɟɎ) əŬɘ ȸ (ŭŮɝɘɎ) ɛŮ ůɡɛɛŮŰɞɢɐ əŬŰɎ ɉ 75,1% əŬɘ 2,5% 

ŬɜŰɘůŰɞɑɢɤɠ. 

   

ɆɢɐɛŬ 7.4: 4ɖ ɘŭɘɞɛɞɟűɐ əŰɘɟɑɞɡ ȷ (ŬɟɘůŰŮɟɎ) əŬɘ ȸ (ŭŮɝɘɎ) ɛŮ ůɡɛɛŮŰɞɢɐ əŬŰɎ Ɉ 9,7% əŬɘ 18,5% 

ŬɜŰɘůŰɞɑɢɤɠ. 
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ɆɢɐɛŬ 7.5: 7ɖ ɘŭɘɞɛɞɟűɐ əŰɘɟɑɞɡ ȷ (ˊɎɜɤ) əŬɘ ȸ (əɎŰɤ) ɛŮ ůɡɛɛŮŰɞɢɐ əŬŰɎ ɉ 15% əŬɘ 0% 

ŬɜŰɘůŰɞɑɢɤɠ. 
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8 ȷɜɎɚɡůɖ əŬɘ ɏɚŮɔɢɞɠ ɛŮɚɩɜ 

8.1 ȰɚŮɔɢɞɠ Ůˊɘɟɟɞɩɜ 2ɖɠ ŰɎɝɖɠ-ɓɚŬɓɩɜ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɞ əŮűɎɚŬɘɞ 5.1 əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŮɚŬůŰɘəɐɠ ŬɜɎɚɡůɖɠ ˊɞɡ 

ŮˊɘɚɏɔɞɡɛŮ ɜŬ əɎɜɞɡɛŮ, ŭɖɚŬŭɐ ɛŮ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ ŬˊŬɟŬɛɧɟűɤŰɞɡ űɞɟɏŬ, ˊɟɏˊŮɘ ɜŬ 

ŮˊɘɚŮɔŮɑ ŮɎɜ ɗŬ ɔɑɜŮɘ ŬɜɎɚɡůɖ 1ɖɠ ŰɎɝɖɠ ɐ 2ɖɠ ŰɎɝɖɠ. ũɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŬɜɎɚɡůɖ 2ɖɠ ŰɎɝɖɠ 

ɖ ́ŬɟɎɔɟŬűɞɠ Ä4.4.2.2 Űɞɡ ȺɁ1998-1 ɞɟɑɕŮɘ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ əɎˊɞɘŮɠ 

ŬˊŬɘŰɐůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɞ ůɡɜŰŮɚŮůŰɐ ŮɡŬɘůɗɖůɑŬɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ ɗ 

(Ɇɢɏůɖ 8.1). ȷɡŰɏɠ ŮɑɜŬɘ: 

  0,10q
Ö
¢

Ö

tot r

tot

P d
=

V h
    (7.1)

 
ɧ́ ɞɡ 

ɗ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɡŬɘůɗɖůɑŬɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ  

Ptot ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ űɞɟŰɑɞ ɓŬɟɨŰɖŰŬɠ ůŰɖɜ ůŮɘůɛɘəɐ əŬŰɎůŰŬůɖ ůɢŮŭɘŬůɛɞɨ Űɞɡ 

ɞɟɧűɞɡ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ əŬɘ Űɤɜ ɡˊŮɟəŮɑɛŮɜɤɜ ɞɟɧűɤɜ   

dr ŮɑɜŬɘ ɖ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ, ɚŬɛɓɎɜŮŰŬɘ ɤɠ 

ŭɘŬűɞɟɎ ɛɏůɤɜ ɞɟɘɕɧɜŰɘɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ds Űɤɜ ŭŬˊɏŭɤɜ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ɞɟɧűɞɡ  

Vtot ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɐ ůŮɘůɛɘəɐ ŰɏɛɜɞɡůŬ Űɞɡ ɞɟɧűɞɡ 

h ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡ ɞɟɧűɞɡ 

ȺɎɜ 0,1 Ò ɗ Ò 0,2 , ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɡŰɏɟŬɠ ŰɎɝŮɤɠ ɛˊɞɟɞɨɜ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ 

ˊɟɞůůŮɔɘůŰɘəɎ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůŮɘůɛɘəɎ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ əŬɘ 

ɛŮŰŬəɘɜɐůŮɘɠ ɛŮ ůɡɜŰŮɚŮůŰɐ ɑůɞ ɛŮ 1/(1-ɗ). 

8.1.1 ȾŰɑɟɘɞ ȷ 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ůɡɜɞɚɘəɞɨ űɞɟɑɞɡ ɓŬɟɨŰɖŰŬɠ  Ptot  ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ əɎɗŮ ɧɟɞűɞ 

ŰŬ ŬɜŰɑůŰɞɘɢŬ ɛɏɚɖ Űɞɡ, ŰŬ ŬɜɎɔŬɛŮ ůŰɘɠ əŬŰɎɚɚɖɚŮɠ ɞɛɎŭŮɠ (Groups) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ 

Űɘɠ ŮɜŰɞɚɏɠ: DisplayŸ Show tablesŸ MODEL DEFINITIONŸ Other DefinitionsŸ Group 

DataŸ Table: Groups3 ï Masses and Weights ˊɐɟŬɛŮ ŰŬ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ˊɞɡ 

ŮɛűŬɜɑůŰɖəŮ ɔɘŬ Űɞ ɑŭɘɞ ɓɎɟɞɠ Űɤɜ ɛŮɚɩɜ əɎɗŮ ɞɟɧűɞɡ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ 

ůŰɐɚɖɠ ɛŮ ŰɑŰɚɞ SelfWeight (kN). ɇŬ ůŰɞɘɢŮɑŬ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 8.1. 
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ɄɑɜŬəŬɠ 8.1: ȲŭɘŮɠ ɛɎɕŮɠ əŬɘ ɑŭɘŬ ɓɎɟɖ ɔɘŬ ŰŬ ɛɏɚɖ Űɞɡ əɎɗŮ ɞɟɧűɞɡ ɔɘŬ ȾŰɑɟɘɞ ȷ. 

 
ɆŰɖ ůɡɜɏɢŮɘŬ ɡˊɞɚɞɔɑůŰɖəŮ Űɞ űɞɟŰɑɞ Űɞɡ ɞɟɧűɞɡ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ůŮɘůɛɧ ŭɖɚŬŭɐ 

ɔɘŬ Gô+0,3*Q ˊɞɚɚŬˊɚŬůɘɎůŰɖəŮ Űɞ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ ɛŮ Űɞ ŮɛɓŬŭɧ əɎɗŮ ɞɟɧűɞɡ. 

- ȺɛɓŬŭɧɜ ɞɟɧűɞɡ: 14*20*2+21*10 = 770 m2 

- ūɞɟŰɑɞ ɞɟɧűɞɡ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ůŮɘůɛɧ: 5,25*770+0,3*5*770 = 5197,5 kN 

Ⱥˊɞɛɏɜɤɠ ɔɘŬ əɎɗŮ ɧɟɞűɞ ŰɩɟŬ Űɞ űɞɟŰɑɞ ɞɟɧűɞɡ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ůŮɘůɛɧ Űɞ 

ˊɟɞůɗɏŰɞɡɛŮ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ űɞɟŰɑɞ Űɤɜ ɞɟɧűɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ ŬɡŰɧɜ. ȰˊŮɘŰŬ 

ɔɘŬ Űɞ ɑŭɘɞ ɓɎɟɞɠ Űɤɜ ɛŮɚɩɜ ˊɟɞůɗɏŰɞɡɛŮ Űɞ ɑŭɘɞ ɓɎɟɞɠ Űɤɜ ɛŮɚɩɜ Űɞɡ ɞɟɧűɞɡ ɛŮ Űɞ ɑŭɘɞ 

ɓɎɟɞɠ Űɤɜ ɛŮɚɩɜ Űɤɜ ɞɟɧűɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ Ŭˊɧ ŬɡŰɧɜ. ɄŬɟŬəɎŰɤ űŬɑɜŮŰŬɘ ɤɠ 

ˊŬɟɎŭŮɘɔɛŬ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜɞɚɘəɞɨ űɞɟŰɑɞɡ ɓŬɟɨŰɖŰŬɠ ůŰɖɜ ůŮɘůɛɘəɐ əŬŰɎůŰŬůɖ 

ůɢŮŭɘŬůɛɞɨ Űɞɡ 1ɞɡ ɞɟɧűɞɡ Űɞɡ əŰɘɟɑɞɡ ȷ. 

- Ptot1 = 774,81+718,55+715,10+709,63+704,31+5*5197,5 = 29609,90 kN 

ũɘŬ Űɖ ůŮɘůɛɘəɐ ŰɏɛɜɞɡůŬ ůɢŮŭɘŬůɛɞɨ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ŮɜŰɞɚɏɠ DisplayŸ Show 

TablesŸ ANALYSIS RESULTSŸ Structure OutputŸ Base Reactions əŬɘ ŮˊɘɚɏɢɗɖəŬ ŰŬ 

Load Cases: SEISM X, SEISM Y. ȷˊɧ Űɞɜ ˊɑɜŬəŬ ˊɞɡ ŮɛűŬɜɑůŰɖəŮ (ɄɑɜŬəŬɠ 8.2)  

ˊɎɟɗɖəŬɜ ɞɘ ŰɏɛɜɞɡůŮɠ ɓɎůɖɠ ɔɘŬ əɎɗŮ ŭɘŮɨɗɡɜůɖ ůŮɘůɛɞɨ əŬɘ ɔɘŬ əɎɗŮ ɎɝɞɜŬ X əŬɘ Y.ũɘŬ 

ůŮɘůɛɧ əŬŰɎ ɉ ɖ ŰɏɛɜɞɡůŬ ɓɎůɖɠ ŮɑɜŬɘ Vtot = 4921 kN əŬɘ ɔɘŬ ůŮɘůɛɧ əŬŰɎ Y ɖ ŰɏɛɜɞɡůŬ 

ɓɎůɖɠ ŮɑɜŬɘ Vtot = 2620 kN. ɆŰɖ ůɡɜɏɢŮɘŬ əɎɗŮ ŰɏɛɜɞɡůŬ ɘůɞəŬŰŬɜŬɛɐɗɖəŮ ůŮ əɎɗŮ ɧɟɞűɞ. 

ɄɑɜŬəŬɠ 8.2: ɆŮɘůɛɘəɏɠ ŰɏɛɜɞɡůŮɠ ɓɎůɖɠ ȾŰɘɟɑɞɡ ȷ. 
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ũɘŬ Űɖɜ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ dr, ɚɐɗɖəŮ ŬɟɢɘəɎ ɖ Űɘɛɐ 

Űɤɜ ɛɏůɤɜ ɞɟɘɕɧɜŰɘɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ds Űɤɜ ŭŬˊɏŭɤɜ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ɞɟɧűɞɡ əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ  ɚɧɔɤ Űɖɠ ɛɞɟűɐɠ Űɖɠ əɎŰɞɣɖɠ əŬɘ ŮˊŮɘŭɐ ŭŮɜ ɏɢɞɡɛŮ Űɘɠ ɑŭɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ 

ɔɘŬ ůŮɘůɛɧ əŬŰɎ X ɐ ůŮɘůɛɧ əŬŰɎ Y ůŮ ɧɚɖ Űɖɜ ɧɣɖ əŬŰɎ ɉ ɐ əŬŰɎ Ɉ ŬɜŰɘůŰɞɑɢɤɠ, ɡˊɏɟ 

Űɖɠ ŬůűŬɚŮɑŬɠ, ɚɐűɗɖəŬɜ ɞɘ Űɘɛɏɠ Űɖɠ ɛŮŰŬəɑɜɖůɖɠ Űɤɜ ŬəɟŬɑɤɜ ŮɝɤŰŮɟɘəɩɜ əɧɛɓɤɜ ɛŮ Űɖ 

ɛɏɔɘůŰɖ ɛŮŰŬəɑɜɖůɖ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.1, 8.2 ɔɘŬ ůŮɘůɛɧ ɉ əŬɘ Ɉ ŬɜŰɘůŰɞɑɢɤɠ. 

Ƀɘ ˊŬɟŬˊɎɜɤ ɛŮŰŬəɘɜɐůŮɘɠ ɧɛɤɠ ŮɑɜŬɘ ŮɚŬůŰɘəɏɠ ɛŮŰŬəɘɜɐůŮɠ de əŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ˊŬɟɎɔɟŬűɞ Ä4.3.4 Űɞɡ ȺɁ1998-1 ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɞɚɚŬˊɚŬůɘŬůŰɞɨɜ ɛŮ Űɞ ůɡɜŰŮɚŮůŰɐ 

ůɡɛˊŮɟɘűɞɟɎɠ ɛŮŰŬəɑɜɖůɖɠ, ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ  ɛŮ Űɞɜ q=1,5 ŮəŰɧɠ Ŭɜ ɞɟɑɕŮŰŬɘ 

ŭɘŬűɞɟŮŰɘəɎ. ɃˊɧŰŮ ɖ ɛŮŰŬəɑɜɖůɖ ůɖɛŮɑɞɡ Űɞɡ ůŰŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ

 

 

 

ɆɢɐɛŬ 8.1: Ⱦɧɛɓɞɠ ɛŮ ɛɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ɔɘŬ ůŮɘůɛɧ ɉ  1ɞɡ   ɞɟɧűɞɡ ɔɘŬ əŰɑɟɘɞ ȷ. 

 

ɆɢɐɛŬ 8.2: Ⱦɧɛɓɞɠ ɛŮ ɛɏɔɘůŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ɔɘŬ ůŮɘůɛɧ Ɉ  1ɞɡ ɞɟɧűɞɡ ɔɘŬ əŰɑɟɘɞ ȷ. 
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Űɖ ůŮɘůɛɘəɐ ŭɟɎůɖ ůɢŮŭɘŬůɛɞɨ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.2) 

  
s ed q*d=      (7.2) 

ȷűɞɨ ɚɞɘˊɧɜ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ Űɘɛɏɠ ŬɡŰɩɜ Űɤɜ ɛŮŰŬəɘɜɐůŮɤɜ ɡˊɞɚɞɔɑɕŮŰŬɘ əŬɘ ɖ Űɘɛɐ 

ůɢŮŭɘŬůɛɞɨ Űɖɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ dr. ɆŰɞɡɠ ɄɑɜŬəŮɠ 8.3, 8.4 űŬɑɜŮŰŬɘ ɞ 

ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɗ ɛŮ ɓɎůɖ Űɖ ůɢɏůɖ (8.1) ɔɘŬ ůŮɘůɛɧ əŬŰɎ ɉ əŬɘ ůŮɘůɛɧ əŬŰɎ 

Ɉ ŬɜŰɘůŰɞɑɢɤɠ. 

ɄɑɜŬəŬɠ 8.3: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ ɗ ɔɘŬ əŰɑɟɘɞ ȷ əŬɘ ůŮɘůɛɧ əŬŰɎ ɉ. 

ɄɑɜŬəŬɠ 8.4: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ ɗ ɔɘŬ əŰɑɟɘɞ ȷ əŬɘ ůŮɘůɛɧ əŬŰɎ Ɉ. 

ɆŰɞɡɠ ˊɑɜŬəŮɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ əɎɗŮ Ů́ɟɑˊŰɤůɖ ɘůɢɨŮɘ ɗ Ò 0,10 Ůˊɞɛɏɜɤɠ ŭŮɜ 

ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖɜ űŬɘɜɧɛŮɜŬ 2ɖɠ ŰɎɝɖɠ ɔɘŬ Űɞ əŰɑɟɘɞ ȷ. 

Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ɔɑɜŮɘ əŬɘ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ ɓɚŬɓɩɜ ůɨɛűɤɜŬ ɛŮ 

Űɖɜ ˊŬɟɎɔɟŬűɞ Ä4.3.3 Űɞɡ ȺɁ1998-1 ɖ ɞˊɞɑŬ ɞɟɑɕŮɘ ɧŰɘ ˊɟɏˊŮɘ ɔɘŬ əŰɑɟɘŬ ɛŮ ɛɖ-űɏɟɞɜŰŬ 

ůŰɞɘɢŮɑŬ Ŭˊɧ ɣŬɗɡɟɧ ɡɚɘəɧ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɞɜ űɞɟɏŬ:  

0,005n¢rd h     (7.3)

 
ɧ́ ɞɡ v ŮɑɜŬɘ ůɡɜŰŮɚŮůŰɐɠ ɛŮɑɤůɖɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ɛɘəɟɧŰŮɟɖ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 

Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬˊŬɑŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ əŬɘ ɘůɞɨŰŬɘ ɛŮ 

0,5. ȳ́ ɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɘůɢɨŮɘ dr*v/h Ò 0,005 , ɎɟŬ ɞ ɏɚŮɔɢɞɠ 

ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ. 

8.1.2 ȾŰɑɟɘɞ ȸ 

ɀŮ Űɖɜ ɑŭɘŬ ɛŮɗɞŭɞɚɞɔɑŬ ɛŮ ˊɟɘɜ ɔɑɜɞɜŰŬɘ ɞɘ ɏɚŮɔɢɞɘ əŬɘ ɔɘŬ Űɞ əŰɑɟɘɞ ȸ. ɆŰɞɜ ɄɑɜŬəŬ 

8.5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɑŭɘŮɠ ɛɎɕŮɠ əŬɘ ŰŬ ɑŭɘŬ ɓɎɟɖ Űɤɜ ɛŮɚɩɜ əɎɗŮ ɞɟɧűɞɡ əŬɘ ůŰɞɡɠ 

ɄɑɜŬəŮɠ 8.6, 8.7 ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɗ ɔɘŬ əɎɗŮ ɧɟɞűɞ əŬɗɩɠ əŬɘ ɞ ɏɚŮɔɢɞɠ 

ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ. 

SEISM X 

  Ptot (kN) V tot (kN) de(m) ds (m) dr (m) h (m) ɗ dr*v/h 

1 29609.9 4920.93 0.0075 0.011 0.011 5 0.015 0.0011 

2 23637.59 3936.744 0.0165 0.025 0.014 4 0.020 0.0017 

3 17721.54 2952.558 0.0262 0.039 0.015 4 0.022 0.0018 

4 11808.94 1968.372 0.0364 0.055 0.015 4 0.023 0.0019 

5 5901.81 984.186 0.0454 0.068 0.014 4 0.020 0.0017 

SEISM Y 

  Ptot (kN) V tot (kN) de(m) ds (m) dr (m) h (m) ɗ dr*v/h 

1 29609.9 2619.37 0.023 0.035 0.035 5 0.078 0.0035 

2 23637.59 2095.496 0.0462 0.069 0.035 4 0.098 0.0043 

3 17721.54 1571.622 0.0658 0.099 0.029 4 0.083 0.0037 

4 11808.94 1047.748 0.0804 0.121 0.022 4 0.062 0.0027 

5 5901.81 523.874 0.0895 0.134 0.014 4 0.038 0.0017 
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ɄɑɜŬəŬɠ 8.5: ȲŭɘŮɠ ɛɎɕŮɠ əŬɘ ɑŭɘŬ ɓɎɟɖ ɔɘŬ ŰŬ ɛɏɚɖ Űɞɡ əɎɗŮ ɞɟɧűɞɡ ɔɘŬ ȾŰɑɟɘɞ ȸ. 

 
ɄɑɜŬəŬɠ 8.6: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ ɗ ɔɘŬ əŰɑɟɘɞ ȸ əŬɘ ůŮɘůɛɧ əŬŰɎ ɉ. 

ɄɑɜŬəŬɠ 8.7: Ɉˊɞɚɞɔɘůɛɧɠ ůɡɜŰŮɚŮůŰɐ ɗ ɔɘŬ əŰɑɟɘɞ ȸ əŬɘ ůŮɘůɛɧ əŬŰɎ Y. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ ɘůɢɨŮɘ ɗ Ò 0,1 Ůˊɞɛɏɜɤɠ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ 

ɚɖűɗɞɨɜ ɡˊɧɣɖɜ űŬɘɜɧɛŮɜŬ 2ɖɠ ŰɎɝɖɠ ɔɘŬ Űɞ əŰɑɟɘɞ ȸ, əŬɗɩɠ əŬɘ ɧŰɘ ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ 

ɘůɢɨŮɘ dr*v/h Ò 0,005 , ɎɟŬ ɞ ɏɚŮɔɢɞɠ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ. 

8.2 ȰɚŮɔɢɞɘ ɛŮɚɩɜ ůŮ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ ůŮ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ Űɤɜ ɛŮɚɩɜ Űɤɜ ŭɨɞ əŰɘɟɑɤɜ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɘ ŭɘŬŰɎɝŮɘɠ Űɞɡ əŮűŬɚŬɑɞɡ Ä6 Űɞɡ ȺɁ1993-1-1 ˊɞɡ Ŭűɞɟɞɨɜ Űɞɜ ɏɚŮɔɢɞ 

SEISM X 

  Ptot (kN) V tot (kN) de(m) ds (m) dr (m) h (m) ɗ dr*v/h 

1 29659.6 4781.23 0.008 0.012 0.012 5 0.015 0.0001 

2 23677.3 3824.98 0.0171 0.026 0.014 4 0.021 0.0002 

3 17752.2 2868.74 0.0266 0.04 0.014 4 0.022 0.0002 

4 11828.9 1912.49 0.0365 0.055 0.015 4 0.023 0.0002 

5 5911.36 956.246 0.0459 0.069 0.014 4 0.022 0.0002 

SEISM Y 

  Ptot (kN) V tot (kN) de(m) ds (m) dr (m) h (m) ɗ dr*v/h 

1 29659.6 28753 0.009 0.014 0.014 5 0.003 0.0001 

2 23677.3 23002.4 0.02 0.03 0.017 4 0.004 0.0002 

3 17752.2 17251.8 0.033 0.05 0.02 4 0.005 0.0002 

4 11828.9 11501.2 0.0467 0.07 0.02 4 0.005 0.0003 

5 5911.36 5750.6 0.0632 0.095 0.025 4 0.006 0.0003 
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əŰɘɟɑɤɜ ůŮ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ. ȰŰůɘ ɚɞɘˊɧɜ ɗŬ ɔɑɜɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ɏɚŮɔɢɞɘ ɔɘŬ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ɛɏɚɖ. 

- ȾɨɟɘŮɠ ŭɞəɞɑ, ȹŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɑ, ȹɘŬŭɞəɑŭŮɠ  

Ŭ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ. 

ɓ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ ŭɘɎŰɛɖůɖ. 

ɔ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ. 

ŭ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ (ŮˊŮɘŭɐ ɞɘ ŭɞəɞɑ ŭŮɜ 

ůɡɜŭɏɞɜŰŬɘ ůɨɛɛɘəŰŬ ɛŮ Űɖɜ ˊɚɎəŬ ɞˊɧŰŮ ŭŮɜ Űɞɡɠ ˊŬɟɏɢŮɘ ˊɚŮɡɟɘəɐ 

ŮɝŬůűɎɚɘůɖ). 

- ɈˊɞůŰɡɚɩɛŬŰŬ 

Ŭ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ. 

ɓ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ ŭɘɎŰɛɖůɖ. 

ɔ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ. 

ŭ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ əŬɘ ɗɚɑɣɖ. 

Ů. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ əŬɛˊŰɘəɧ ɚɡɔɘůɛɧ. 

ůŰ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ ˊɚŮɡɟɘəɧ (ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ). 

ɕ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ɡˊɧ əɎɛɣɖ əŬɘ ɗɚɑɣɖ.  

ȳˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ŭɞəɞɑ ŭŮɜ ŮɚɏɔɢɞɜŰŬɘ ůŮ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ  ɚɧɔɤ Űɞɡ 

ɧŰɘ ůɡɜŭɏɞɜŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡɠ əŬɘ Űɞ ŭɘɎűɟŬɔɛŬ ŬɜŬɚŬɛɓɎɜŮɘ Űɖ ɛŮŰŬűɞɟɎ Űɞɡɠ. 

ȳůɤɜ ŬűɞɟɎ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŬɡŰɎ ůɢŮŭɘɎɕɞɜŰŬɘ ɩůŰŮ ɜŬ ŬɜŬɚɎɓɞɡɜ ɧɚŬ ŰŬ əŬŰŬəɧɟɡűŬ 

űɞɟŰɑŬ Űɤɜ ɞɟɧűɤɜ  əŬɘ ɜŬ ŰŬ ɛŮŰŬűɏɟɞɡɜ ɛŮ ŬůűɎɚŮɘŬ ůŰɞ ɏŭŬűɞɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ, ɜŬ 

ɡˊɧəŮɘɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ Ŭɝɞɜɘəɏɠ (ɗɚɘˊŰɘəɏɠ) ŭɡɜɎɛŮɘɠ. ȰŰůɘ ɚɞɘˊɧɜ əɟɘůɘɛɧŰŮɟɞɘ ɏɚŮɔɢɞɘ ɔɘŬ 

ŬɡŰɎ ŮɑɜŬɘ ɞɘ ɏɚŮɔɢɞɘ ůŮ ɚɡɔɘůɛɧ. 

ɄɏɟŬɜ ɧɛɤɠ Űɤɜ ˊŬɟŬˊɎɜɤ Ůɚɏɔɢɤɜ, ůŰŬ ˊɚŬɑůɘŬ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ɢɤɟɑɠ 

ŮəəŮɜŰɟɧŰɖŰŬ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ŭɡɜɎɛŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɞɜ ůŮɘůɛɧ, ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ ɛɏɚɖ ŰŬ ɞˊɞɑŬ əŬŰŬˊɞɜɞɨɜŰŬɘ Ŭˊɧ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ. ȷɡŰɎ ŰŬ ɛɏɚɖ ŮɑɜŬɘ ŰŬ 

ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ ɞɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ əŬɘ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɚŮɔɢɗɞɨɜ 

ůɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘŬŰɎɝŮɘɠ Űɖɠ ˊŬɟŬɔɟɎűɞɡ Ä6 Űɞɡ ȺɁ1998-1 ˊɞɡ ŬűɞɟɎ Ůɘŭɘəɞɨɠ 

ŬɜŰɘůŮɘůɛɘəɞɨɠ əŬɜɧɜŮɠ ɔɘŬ əŰɑɟɘŬ Ŭˊɧ ɢɎɚɡɓŬ. ȺəŮɑ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ Ä6.1.2 

ɧŰɘ ŮɎɜ ɖ əŬŰɖɔɞɟɑŬ ˊɚŬůŰɘɛɧŰɖŰŬɠ Űɞɡ əŰɘɟɑɞɡ ŮɑɜŬɘ ɢŬɛɖɚɐ (Ⱦ.Ʉ.ɉ.) ŭɖɚŬŭɐ q=1,5 ɧˊɤɠ 

ůŰɖɜ ŭɘəɐ ɛŬɠ ˊŮɟɑˊŰɤůɖ ŰɧŰŮ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɟɎůŮɤɜ ɛˊɞɟɞɨɜ ɜŬ ɡˊɞɚɞɔɑɕɞɜŰŬɘ 

ɓɎůŮɘ ɛɘŬɠ ŮɚŬůŰɘəɐɠ ŬɜɎɚɡůɖɠ ůɡɜɧɚɞɡ, ɢɤɟɑɠ ɜŬ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ ůɖɛŬɜŰɘəɐ ɛɖ 

ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɡɚɘəɞɨ. Ⱥˊɑůɖɠ ɖ ŬɜŰɞɢɐ Űɤɜ ɛŮɚɩɜ əŬɘ Űɤɜ ůɡɜŭɏůŮɤɜ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŬɝɘɞɚɞɔŮɑŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ EN1993-1-1 ɢɤɟɑɠ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ ŬˊŬɘŰɐůŮɘɠ. 

ȹɖɚŬŭɐ ɛŮ ɚɑɔŬ ɚɧɔɘŬ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜɞɡɜ ɘəŬɜɞŰɘəɞɑ ɏɚŮɔɢɞɘ ɔɘŬ ŰŬ ɛɏɚɖ Űɞɡ űɞɟɏŬ. 

ɄŬɟôɧɚŬ ŬɡŰɎ ŮˊɘɚɏɔɢɗɖəŮ ɔɘŬ ŰŬ ˊɚŬɑůɘŬ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ɢɤɟɑɠ ŮəəŮɜŰɟɧŰɖŰŬ 

ɜŬ ɔɑɜɞɡɜ ɞɘ ɘəŬɜɞŰɘəɞɑ ɏɚŮɔɢɞɘ Űɖɠ ˊŬɟŬɔɟɎűɞɡ Ä6.7 Űɞɡ ȺɁ1998-1, ɔɘŬ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ 

əŬɘ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ, əŬɗɩɠ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ŬɡŰɎ ŰŬ 

ɛɏɚɖ ŮɑɜŬɘ ŰŬ ɛɧɜŬ ˊɞɡ ŬɜŬɚŬɛɓɎɜɞɡɜ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ. Ƀɘ ŮˊɘˊɟɧůɗŮŰɞɘ ɘəŬɜɞŰɘəɞɑ 

ɏɚŮɔɢɞɘ ɚɞɘˊɧɜ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ. 

- ȾŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

Ŭ. ȰɚŮɔɢɞɠ ɚɡɔɖɟɧŰɖŰŬɠ 1,3 Ò ɚ Ò 2,0             (7.4) 

ɓ. ȰɚŮɔɢɞɠ ŬɜŰɞɢɐɠ ŭɘŬɟɟɞɐɠ Űɖɠ ůɡɜɞɚɘəɐɠ ŭɘŬŰɞɛɐɠ Űɤɜ ŭɘŬɔɤɜɑɤɜ. 

ɔ. ȰɚŮɔɢɞɠ ɞɛɞɘɞɔŮɜɞɨɠ ˊɚɎůŰɘɛɖɠ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŭɘŬɔɤɜɑɤɜ  

( ɋmax-ɋmin )/ɋmin Ò 0,25              (7.5)  

ɧˊɞɡ: 
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 ɋi = Npl,Rd,i/NEd,i  ɖ ɡˊŮɟŬɜŰɞɢɐ əɎɗŮ ŭɘŬɔɤɜɑɞɡ  

Npl,Rd,i       ɖ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬɔɤɜɑɞɡ i  

NEd,i       ɖ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ůŰɖɜ ɑŭɘŬ 

ŭɘŬɔɩɜɘɞ i ůŰɖɜ ůŮɘůɛɘəɐ əŬŰɎůŰŬůɖ ůɢŮŭɘŬůɛɞɨ. 

- ɈˊɞůŰɡɚɩɛŬŰŬ 

ȰɚŮɔɢɞɠ ɛŮ ˊɟɞůŬɡɝɖɛɏɜɖ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ: NEd = NEd,G + 1,1*ɔɞɜ*ɋ*NEd,E        (7.6) 

ɧˊɞɡ 

NEd,G     ɖ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ ůŰɖɜ ŭɞəɧ ɐ Űɞ ɡˊɞůŰɨɚɤɛŬ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŮ ɛɖ-

ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ 

ŭɟɎůŮɤɜ ɔɘŬ Űɖɜ ůŮɘůɛɘəɐ əŬŰɎůŰŬůɖ ůɢŮŭɘŬůɛɞɨ 

NEd,E    ɖ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ ůŰɖ ŭɞəɧ ɐ Űɞ ɡˊɞůŰɨɚɤɛŬ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ůŮɘůɛɘəɐ 

ŭɟɎůɖ ůɢŮŭɘŬůɛɞɨ 

gov        ɞ ůɡɜŰŮɚŮůŰɐɠ ɡˊŮɟŬɜŰɞɢɐɠ (gov=1,25) 

ɇɞɜɑɕŮŰŬɘ ɧŰɘ ɔɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ɚɐűɗɖůŬɜ ɡˊɧɣɖ əŬɘ ɞɘ ɗɚɘɓɧɛŮɜŮɠ 

ŭɘŬɔɩɜɘɞɘ ˊŬɟɎ Űɖɜ ŬˊŬɑŰɖůɖ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 ˊɞɡ ɞɟɑɕŮɘ ɧŰɘ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ 

ɡˊɧɣɖ ɛɧɜɞ ɔɘŬ ˊɚŬůŰɘəɐ ŬɜɎɚɡůɖ. 

Ŭ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ (ȺɁ1993-1Ä6.2.5) 

ȼ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ ɔɘŬ əɎɛɣɖ ˊŮɟɑ ɏɜŬ əɨɟɘɞ ɎɝɞɜŬ ɛɘŬɠ ŭɘŬŰɞɛɐɠ əŬɗɞɟɑɕŮŰŬɘ 

ɤɠ Ůɝɐɠ: 

 , ,

0

pl y

c Rd pl Rd

M

W f
M M

g
= =      ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1 ɐ 2         (7.7)

 
,min

, ,

0

el y

c Rd el Rd

M

W f
M M

g
= =    ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 3         (7.8) 

 
,min

,

0

eff y

c Rd

M

W f
M

g
=                ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 4         (7.9) 

ɧˊɞɡ Wel,min əŬɘ Weff,min ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ɑɜŬ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŮɚŬůŰɘəɐ ŰɎůɖ. 

ɓ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ ŭɘɎŰɛɖůɖ (ȺɁ1993-1Ä6.2.6) 

ȼ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŭɨɜŬɛɖɠ VEd ůŮ əɎɗŮ ŭɘŬŰɞɛɐ ˊɟɏˊŮɘ ɜŬ 

ɘəŬɜɞˊɞɘŮɑ Űɖ ůɢɏůɖ (8.10) 

,

1,0Ed

c Rd

V

V
¢      (7.10) 

ɧˊɞɡ Vc,Rd  ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ ůŮ ŰɏɛɜɞɡůŬ. ũɘŬ ˊɚŬůŰɘəɧ ůɢŮŭɘŬůɛɧ Vc,Rd 

ŮɑɜŬɘ ɖ ˊɚŬůŰɘəɐ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ Vpl,Rd. 

ũɘŬ ŬˊɞɡůɑŬ ůŰɟɏɣɖɠ, ɖ ˊɚŬůŰɘəɐ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 

(8.11). 

    
( )

,

0

/ 3v y

pl Rd

M

A f
V

g
=     (7.11) 

ɧˊɞɡ Av  ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ ŭɘɎŰɛɖůɖɠ. 

ȼ ŮˊɘűɎɜŮɘŬ ŭɘɎŰɛɖůɖɠ Av ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

ũɘŬ ŮɚŬŰɏɠ ŭɘŬŰɞɛɏɠ I əŬɘ H, ɛŮ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ 

( )min{ 2 2 ; }v f w f w wA A bt t r t h th= - + +    (7.12) 
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ũɘŬ ůɡɔəɞɚɚɖŰɏɠ ŭɘŬŰɞɛɏɠ I, H, U əŬɘ əɘɓɤŰɘɞŮɘŭŮɑɠ, ɛŮ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰŬ 

ˊɏɚɛŬŰŬ  

( )v w wA A h t= -ä     (7.13) 

ɧˊɞɡ  A ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ŭɘŬŰɞɛɐɠ 

 b ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ ˊɚɎŰɞɠ 

 h ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ ɨɣɞɠ  

 hw ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡ əɞɟɛɞɨ 

 r ŮɑɜŬɘ ɖ ŬəŰɑɜŬ ůɡɜŬɟɛɞɔɐɠ əɞɟɛɞɨ-ˊɏɚɛŬŰɞɠ 

 tf ŮɑɜŬɘ Űɞ ˊɎɢɞɠ Űɞɡ ˊɏɚɛŬŰɞɠ 

tw ŮɑɜŬɘ Űɞ ˊɎɢɞɠ Űɞɡ əɞɟɛɞɨ (ȺɎɜ Űɞ ˊɎɢɞɠ Űɞɡ əɞɟɛɞɨ ŭŮɜ ŮɑɜŬɘ                                                                                       

ůŰŬɗŮɟɧ, ɤɠ tw ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ Űɞ ŮɚɎɢɘůŰɞ ˊɎɢɞɠ.). 

                 h ŮɑɜŬɘ ɑůɞ ɛŮ 1,20 ɔɘŬ S355 

ɔ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ (ȺɁ1993-1Ä6.2.8) 

ȳŰŬɜ ɡˊɎɟɢŮɘ ŭɘŬŰɛɖŰɘəɐ ŭɨɜŬɛɖ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɐ 

Űɖɠ ůŰɖ ɟɞˊɐ ŬɜŰɞɢɐɠ. 

ȳˊɞɡ ɖ ŭɘŬŰɛɖŰɘəɐ ŭɨɜŬɛɖ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖ ɛɘůɐ ˊɚŬůŰɘəɐ ŭɘŬŰɛɖŰɘəɐ 

ŬɜŰɞɢɐ, ɖ ŮˊɑŭɟŬůɐ Űɖɠ ůŰɖ ɟɞˊɐ ŬɜŰɞɢɐɠ ɛˊɞɟŮɑ ɜŬ ŬɔɜɞŮɑŰŬɘ ŮəŰɧɠ Ŭˊɧ ŮəŮɑ ɧˊɞɡ 

ɞ ɚɡɔɘůɛɧɠ ɚɧɔɤ ŰɏɛɜɞɡůŬɠ ɛŮɘɩɜŮɘ Űɖɜ ŬɜŰɞɢɐ Űɖɠ ŭɘŬŰɞɛɐɠ, ɓɚɏˊŮ EN 1993-1-5. 

ȹɘŬűɞɟŮŰɘəɎ, ɖ ɛŮɘɤɛɏɜɖ ɟɞˊɐ ŬɜŰɞɢɐɠ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ ŬɜŰɞɢɐ 

ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŰɞɛɐɠ, ɡˊɞɚɞɔɘůɛɏɜɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮɘɤɛɏɜɖ ŬɜŰɞɢɐ  

(1 ï r) fy (7.14)    ɔɘŬ Űɖɜ ŮˊɘűɎɜŮɘŬ ŭɘɎŰɛɖůɖɠ, ɧˊɞɡ 

2

,

2
1Ed

pl Rd

V

V
r
å õ
= -æ öæ ö
ç ÷

  (7.15) 

ŭ. ȰɚŮɔɢɞɠ ŭɘŬŰɞɛɐɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ əŬɘ ɗɚɑɣɖ (ȺɁ1993-1Ä6.2.9) 

ȳˊɞɡ ɡˊɎɟɢŮɘ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɐ Űɖɠ 

ůŰɖɜ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ.ũɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1 əŬɘ 2, ˊɟɏˊŮɘ ɜŬ 

ɘəŬɜɞˊɞɘŮɑŰŬɘ Űɞ ˊŬɟŬəɎŰɤ əɟɘŰɐɟɘɞ: 

         MEd ¢ MN,Rd     (7.16) 

ɧˊɞɡ MN,Rd ŮɑɜŬɘ ɖ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ ɛŮɘɤɛɏɜɖ ɚɧɔɤ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ 

NEd. 

ũɘŬ ɛɘŬ ŰŮŰɟŬɔɤɜɘəɐ ůɡɛˊŬɔɐ ŭɘŬŰɞɛɐ ɢɤɟɑɠ ɞˊɏɠ əɞɢɚɘɩɜ Űɞ MN,Rd ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ: 

  ( )
2

, , ,1 /N Rd pl Rd Ed pl RdM M N Nè ø= -
é ùê ú

         (7.17) 

ũɘŬ ŭɘŬŰɞɛɏɠ ŭɘˊɚɐɠ ůɡɛɛŮŰɟɑŬɠ Ƚ əŬɘ ȼ ɐ ɎɚɚŮɠ ŭɘŬŰɞɛɏɠ ɛŮ ˊɏɚɛŬŰŬ, ŭŮɜ 

ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ůŰɖɜ ˊɚŬůŰɘəɐ 

ɟɞˊɐ ŬɜŰɞɢɐɠ ˊŮɟɑ Űɞɜ ɎɝɞɜŬ y-y ɧŰŬɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ əŬɘ ŰŬ ŭɨɞ ˊŬɟŬəɎŰɤ 

əɟɘŰɐɟɘŬ: 

,Ed pl RdN 0,25 N¢       (7.18) 

     
0

0,5 w w y

Ed

M

h t f
N

g
¢       (7.19) 

ũɘŬ ŭɘŬŰɞɛɏɠ ŭɘˊɚɐɠ ůɡɛɛŮŰɟɑŬɠ Ƚ əŬɘ ȼ, ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ˊɟɧɓɚŮɣɖ ɔɘŬ 

Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ůŰɖɜ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ ˊŮɟɑ Űɞɜ ɎɝɞɜŬ z-

z ɧŰŬɜ: 

    
0

w w y

Ed

M

h t f
N

g
¢         (7.20) 
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ũɘŬ ŭɘŬŰɞɛɏɠ ɧˊɞɡ ɞɘ ɞˊɏɠ əɞɢɚɘɩɜ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ, ɞɘ ˊŬɟŬəɎŰɤ 

ˊɟɞůŮɔɔɑůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŮɚŬŰɏɠ ŭɘŬŰɞɛɏɠ Ƚ ɐ ȼ əŬɘ ɔɘŬ 

ůɡɔəɞɚɚɖŰɏɠ ŭɘŬŰɞɛɏɠ Ƚ ɐ ȼ ɛŮ ɑůŬ ˊɏɚɛŬŰŬ: 

 
( )

( ), , , , , ,; }
0

1
min{

1 ,5
N y Rd pl y Rd pl y Rd

n
M M M

a

-
=

-
            (7.21) 

 ɔɘŬ n ¢ a:   , , , ,N z Rd pl z RdM M=                                                  (7.22) 

 ɔɘŬ n > a:    , , ,

2

, 1
1

N z Rd pl z Rd

n a

a
M  M

è ø-å õ
-é ùæ ö
-ç ÷é

=
ùê ú

          (7.23) 

ɧˊɞɡ: 
.

}
2

min
( )

, ;0,5{
 

fEd

pl Rd

A btN
n  a

N A

-
= =           (7.24) 

ũɘŬ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ˊŬɟŬəɎŰɤ əɟɘŰɐɟɘɞ: 

      
, ,

, , , ,

1
y Ed z Ed

N y Rd N z Rd

M M

M M

a b
è øè ø

+ ¢é ùé ù
é ùé ùê úê ú

     (7.25) 

ůŰɞ ɞˊɞɑɞ a əŬɘ b ŮɑɜŬɘ ůŰŬɗŮɟɏɠ, ˊɞɡ ůɡɜŰɖɟɖŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ 

ɛɞɜɎŭŬ, ɐ Ŭɚɚɘɩɠ ɤɠ Ůɝɐɠ: 

ï I əŬɘ H ŭɘŬŰɞɛɏɠ: 

2 max{5 ;1}na b= =  

Ů. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ əŬɛˊŰɘəɧ ɚɡɔɘůɛɧ (ȺɁ1993-1Ä6.3.1) 

ȰɜŬ ɗɚɘɓɧɛŮɜɞ ɛɏɚɞɠ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢŮŰŬɘ ɏɜŬɜŰɘ ɚɡɔɘůɛɞɨ ɤɠ Ůɝɐɠ: 

  
,

1,0Ed

b Rd

N

N
¢       (7.26) 

ɧ́ ɞɡ NEd ŮɑɜŬɘ ɖ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɗɚɘˊŰɘəɐɠ ŭɨɜŬɛɖɠ  

   Nb,Rd ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ Űɞɡ ɗɚɘɓɧɛŮɜɞɡ ɛɏɚɞɡɠ ůŮ ɚɡɔɘůɛɧ. 

ȼ ŬɜŰɞɢɐ Ůɜɧɠ ɗɚɘɓɧɛŮɜɞɡ ɛɏɚɞɡɠ ůŮ ɚɡɔɘůɛɧ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ: 

 ,

1

y

b Rd

M

A f
N

c

g
=  ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1, 2 əŬɘ 3  (7.27) 

ɧˊɞɡ c ŮɑɜŬɘ ɞ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ  ɔɘŬ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɞɟűɐ ɚɡɔɘůɛɞɨ. 

ɆŮ ɛɏɚɖ ɡˊɧ Ŭɝɞɜɘəɐ ɗɚɑɣɖ, ɖ Űɘɛɐ Űɞɡ c ɔɘŬ Űɖɜ əŬŰɎɚɚɖɚɖ Ŭɜɖɔɛɏɜɖ 

ɚɡɔɖɟɧŰɖŰŬl̀ ˊɟɏˊŮɘ ɜŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ 

ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ (8.28) 

      
22

1
c

l

=

F+ F -

   ŬɚɚɎ 1,0c¢          (7.28) 

ɧˊɞɡ:  ( )
2

0,5 1 0,2a l lè øF= + - +
é ùê ú

                          (7.29) 

               
1

1y cr

cr

Af L

N i
l

l
= =                                           (7.30) 

 a ŮɑɜŬɘ ɏɜŬɠ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 

 Ncr ŮɑɜŬɘ Űɞ ŮɚŬůŰɘəɧ əɟɑůɘɛɞ űɞɟŰɑɞ ɔɘŬ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɞɟűɐ ɚɡɔɘůɛɞɨ 

                  ɓŬůɘůɛɏɜɞ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɚɐɟɞɡɠ ŭɘŬŰɞɛɐɠ. 
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ɄɑɜŬəŬɠ 8.8: ɆɡɜŰŮɚŮůŰɏɠ ŬŰŮɚŮɘɩɜ ɔɘŬ əŬɛˊɨɚŮɠ ɚɡɔɘůɛɞɨ (ȺɁ1993-1 Ʉɑɜ. 6.1). 

 

 

 

 

ɄɑɜŬəŬɠ 8.9: Ⱥˊɘɚɞɔɐ əŬɛˊɨɚɖɠ ɚɡɔɘůɛɞɨ ɔɘŬ ŭŮŭɞɛɏɜɖ ŭɘŬŰɞɛɐ (ȺɁ1993-1 Ʉɑɜ. 6.2). 

 

ũɘŬ ɚɡɔɖɟɧŰɖŰŬ 0,2l¢  ɐ ɔɘŬ 0,04Ed

cr

N

N
¢  ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɞɡ ɚɡɔɘůɛɞɨ ɛˊɞɟɞɨɜ 

ɜŬ ŬɔɜɞɞɨɜŰŬɘ əŬɘ ɜŬ ŮűŬɟɛɧɕɞɜŰŬɘ ɛɧɜɞ ɏɚŮɔɢɞɘ ŭɘŬŰɞɛɩɜ. 

ůŰ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ ˊɚŮɡɟɘəɧ (ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ) (ȺɁ1993-1Ä6.3.2.2) 

ɀɑŬ ˊɚŮɡɟɘəɎ ɛɖ ˊɟɞůŰŬŰŮɡɛɏɜɖ ŭɞəɧɠ ˊɞɡ ɡˊɧəŮɘŰŬɘ ůŮ əɎɛɣɖ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ 

ɎɝɞɜŬ ˊɟɏˊŮɘ ɜŬ ŮɚɏɔɢŮŰŬɘ ɏɜŬɜŰɘ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɤɠ Ůɝɐɠ: 

     
,

1,0Ed

b Rd

M

M
¢       (7.31) 

ɧˊɞɡ Mb,Rd ŮɑɜŬɘ ɖ ɟɞˊɐ ŬɜŰɞɢɐɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ. 

ȼ ɟɞˊɐ ŬɜŰɞɢɐɠ ůŮ ɚɡɔɘůɛɧ ɛɘŬɠ ˊɚŮɡɟɘəɎ ɛɖ ˊɟɞůŰŬŰŮɡɛɏɜɖɠ ŭɞəɞɨ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ: 

, ,

1

y

b Rd LT pl y

M

f
M Wc

g
=  ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1 ɐ 2  (7.32) 

ɧˊɞɡ cLT  ŮɑɜŬɘ ɞ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɔɘŬ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ. 

ȾŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ a0 a b c d 

ɆɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ a 0,13 0,21 0,34 0,49 0,76 
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ũɘŬ əŬɛˊŰɧɛŮɜŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ, ɖ Űɘɛɐ Űɞɡ cLT ɔɘŬ Űɖɜ ŬɜŰɑůŰɞɘɢɖ 

Ŭɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ lLT, ŮɑɜŬɘ: 

      
2

2

1
1,0LT LT

LTLT LT

  ŬɚɚɎ c c

l

= ¢

F + F -

          (7.33) 

ɧˊɞɡ ( )
2

0,5 1 0,2LT LTLT LTa l lè øF = + - +
é ùê ú

                 (7.34)    

 a LT ŮɑɜŬɘ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 

 
y y

LT

cr

W f

M
l =                                                        (7.35) 

 Mcr ŮɑɜŬɘ ɖ ŮɚŬůŰɘəɐ əɟɑůɘɛɖ ɟɞˊɐ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ 

ũɘŬ ŭɘŬŰɞɛɐ ɛŮ ŭɨɞ ɎɝɞɜŮɠ ůɡɛɛŮŰɟɑŬɠ: 

22
2 2 0,5tz

1 2 22 2

z

( *L) *G*I*E*I
* *{[( ) * ( * ) ] * }

( * ) *E*I

p

p
M = + + -w

cr g g

w z

I kk
C C z C z

k L k I
    (7.36) 

 

ɄɑɜŬəŬɠ 8.10: ɆɡɜŰŮɚŮůŰɏɠ ŬŰŮɚŮɘɩɜ ɔɘŬ əŬɛˊɨɚŮɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ 

                       (ȺɁ 1993-1 Ʉɑɜ.6.3).  

ȾŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ a b c d 

ɆɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ aLT 0,21 0,34 0,49 0,76 

 
 ɄɑɜŬəŬɠ 8.11: ȾŬɛˊɨɚɖ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɔɘŬ ŭɘŬŰɞɛɏɠ (ȺɁ1993-1 Ʉɑɜ. 6.4). 

ȹɘŬŰɞɛɐ ȳɟɘŬ 
ȾŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ 

ȺɚŬŰɏɠ ŭɘŬŰɞɛɏɠ Ƚ 
h/b ¢ 2 

h/b > 2 

a 

b 

ɆɡɔəɞɚɚɖŰɏɠ ŭɘŬŰɞɛɏɠ Ƚ 
h/b ¢ 2 

h/b > 2 

c 

d 

ȯɚɚŮɠ ŭɘŬŰɞɛɏɠ  - d 

 

ɕ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ɡˊɧ əɎɛɣɖ əŬɘ ɗɚɑɣɖ (ȺɁ1993-1Ä6.3.3) 

ɀɏɚɖ ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ ůɡɜŭɡŬůɛɏɜɖ əɎɛɣɖ əŬɘ ɗɚɑɣɖ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɜ: 
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N M Mc
c

ggg

+D +D
+ + ¢      (7.38) 

ɧˊɞɡ NEd, My,Ed əŬɘ Mz,Ed ŮɑɜŬɘ ɞɘ Űɘɛɏɠ ůɢŮŭɘŬůɛɞɨ Űɞɡɠ ɗɚɘˊŰɘəɐɠ ŭɨɜŬɛɖɠ əŬɘ Űɤɜ 

 ɛŮɔɑůŰɤɜ ɟɞˊɩɜ ɤɠ Űɞɡɠ Űɞɡɠ y-y əŬɘ z-z ɎɝɞɜŮɠ əŬŰɎ   

ɛɐəɞɠ Űɞɡ ɛɏɚɞɡɠ, ŬɜŰɑůŰɞɘɢŬ  

         DMy,Ed, DMz,Ed         ŮɑɜŬɘ ɞɘ ɟɞˊɏɠ ɚɧɔɤ Űɖɠ ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ əŮɜŰɟɞɓŬɟɘəɞɨ 

                                      ɎɝɞɜŬ  
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        cy əŬɘ cz                   ŮɑɜŬɘ ɞɘ ɛŮɘɤŰɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ɚɧɔɤ əŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ 

        cLT                            ŮɑɜŬɘ ɞ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ  ɚɧɔɤ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ 

                                      ɚɡɔɘůɛɞɨ  

       kyy, kyz, kzy, kzz          ŮɑɜŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ  

ũɘŬ ɛɏɚɖ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ ůŰɟŮˊŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ Űɞ cLT ɗŬ ŮɑɜŬɘ 

 cLT = 1,0.  

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kyy , kyz , kzy , kzz ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖ ɛɏɗɞŭɞ ˊɞɡ 

ɏɢŮɘ ŮˊɘɚŮɔŮɑ. ɇɘɛɏɠ ɔɘŬ ŬɡŰɞɨɠ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ 

ɄŬɟɎɟŰɖɛŬ A (ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞɠ 1) ɐ Ŭˊɧ Űɞ ɄŬɟɎɟŰɖɛŬ B (ŮɜŬɚɚŬəŰɘəɐ 

ɛɏɗɞŭɞɠ 2). Ⱥŭɩ ŮˊɘɚɏɔŮŰŬɘ ɖ ɛɏɗɞŭɞɠ 2 əŬɘ ɞɘ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɑɜɞɜŰŬɘ Ŭˊɧ 

Űɞɡɠ ɄɑɜŬəŮɠ 8.12, 8.13 ɔɘŬ ɛɏɚɖ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ. 

ɄɑɜŬəŬɠ 8.12:  ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij ɔɘŬ ɛɏɚɖ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ ůŰɟŮˊŰɘəɏɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ (ȺɁ1993-1 Ʉɑɜ. ȸ.1). 

 
 

ɄɑɜŬəŬɠ 8.13:  ɆɡɜŰŮɚŮůŰɏɠ Cm ɘůɞŭɨɜŬɛɖɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞˊɐɠ (ȺɁ1993-1 Ʉɑɜ. ȸ.3). 
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8.2.1  ȾŰɑɟɘɞ ȷ 

8.2.1.1 ȾɨɟɘŬ ŭɞəɧɠ 

ũɘŬ Űɖɜ əɨɟɘŬ ŭɞəɧ Űɞɡ əŰɘɟɑɞɡ ȷ ɖ ŭɡůɛŮɜɏůŰŮɟɖ ŮɑɜŬɘ ɖ ŭɞəɧɠ Ⱦ-12 Űɞɡ 1ɞɡ ɞɟɧűɞɡ 

ɔɘŬ Űɞ ůɡɜŭɡŬůɛɧ (5) Űɖɠ Ƀ.Ⱦ.ȷ ɛŮ əɨɟɘŬ Űɖ ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ əŬŰɎ Ɉ əŬɘ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ: 

- ŰɏɛɜɞɡůŬ Vz = 223,38 kN 

- ɟɞˊɐ  My = 252,3 kNm 

ũɘŬ Űɖɜ əɨɟɘŬ ŭɞəɧ ɛɐəɞɡɠ L=500 cm ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ŭɘŬŰɞɛɐ HEB260 ŭɘŬŰɞɛɐ 

əŬŰɖɔɞɟɑŬɠ 1 ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ ŬɡŰɎ ůŰɞɜ ɄɑɜŬəŬ 8.14. 

ɄɑɜŬəŬɠ 8.14: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ HEB260. 

 

 

 

 

ɆŰŬ ɆɢɐɛŬŰŬ 8.3, 8.4 űŬɑɜŮŰŬɘ ɖ ɛɞɟűɐ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ Űɤɜ əɡɟɑɤɜ ŭɞəɩɜ ůŰɞ 

ˊɚŬɑůɘɞ D Űɖɠ ŭɡůɛŮɜɏůŰŮɟɖɠ əɨɟɘŬɠ ŭɞəɞɨ əŬɘ ɏˊŮɘŰŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɏɚŮɔɢɞɘ. 

 
  ɆɢɐɛŬ 8.3: ȹɘɎɔɟŬɛɛŬ ŰŮɛɜɞɡůɩɜ Vz ůŰɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ. 

h 

(cm) 

b 

(cm) 

tw 

(cm) 

tf 

(cm) 

r 

(cm) 

hw 

(cm) 

A 

(cm2) 

Iy 

(cm4) 

Wy 

(cm3) 

iy 

(cm) 

Iz 

(cm4) 

Wz 

(cm3) 

iz 

(cm) 

26 26 1 1.75 2.4 17.7 118 14920 1150 11.2 5130 395 6.58 

Wpl,y 

(cm3) 

Wpl,z 

(cm3) 

I t 

(cm4) 

Iw 

(cm6) 

1283 602 124 753700 
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ɆɢɐɛŬ 8.4: ȹɘɎɔɟŬɛɛŬ ɟɞˊɩɜ My ůŰɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ. 

Ŭ. ȰɚŮɔɢɞɠ  ůŮ ɛɞɜɞŬɝɞɜɘəɐ əɎɛɣɖ 

ɄɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ ŭɘŬŰɞɛɐɠ ɀy,Rd 

ȷˊɧ Űɖ ůɢɏůɖ (8.7) ˊɟɞəɨˊŰŮɘ: 

, ,

1283*35,5
45546,5kNcm 455,47kNm 252,30kNm

1
y Rd y EdM M= = = > =  

ɓ. ȰɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ 

ȺɛɓŬŭɧɜ ŭɘɎŰɛɖůɖɠ  Av  

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ ɔɘŬ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.12)   

max{118 2*26*1,75 (1 2*2,4)*1,75;1,20*17,7*1} max{37,15;21,24}vA = - + + =  

237,15cmvA =  

 ɄɚŬůŰɘəɐ ŬɜŰɞɢɐ ɏɜŬɜŰɘ ŰɏɛɜɞɡůŬɠ Vpl,Rd  

(8.11) Ý , ,

37,15*(35,5 / 3)
761,42kN 223,38kN

1
pl Rd z EdV V= = > =  

ɔ. ȰɚŮɔɢɞɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

, ,223,39kN 0,5* 380,71kNz Ed pl RdV V= < =  

ȯɟŬ ŭŮ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɚɧɔɤ ŰɏɛɜɞɡůŬɠ. 

ŭ. ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

Ⱦɟɑůɘɛɖ ŮɚŬůŰɘəɐ ɟɞˊɐ Mcr 

k=kw=1,00 (ɔɘŬ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ) 

E=21000 kN/cm2 

G=8100 kN/cm2 

zg=0 (Űɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ) 
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C1 = 0,712 , C2 = 0,652 , C3 = 1,070 (ɡˊɏɟ Űɖɠ ŬůűŬɚŮɑŬɠ) 

ɇŬ ɡˊɧɚɞɘˊŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ŭɞɗŮɑ ˊɘɞ ˊɎɜɤ əŬɘ ɔɘŬ ŭɘŬŰɞɛɐ ɛŮ ŭɨɞ ɎɝɞɜŮɠ ůɡɛɛŮŰɟɑŬɠ: 

(8.36)Ý  ,Ed59268,30 592,68kNm 252,30kNmcr ykNcm MM = = > =  

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ 

(8.35) Ý
1283*35,5

0,877
59268,30

LTl = =  

ȺˊŮɘŭɐ h/b = 1 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ a ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,21. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

ȷˊɧ (8.34) Ý 20,5*[1 0,21*(0,877 0,2) 0,877 ] 0,955LTF = + - + =  

ȷˊɧ (8.33) Ý
2 2 2

2

1 1
0,749 1,0

0,955 0,955 0,877
c

l

= = = <
+ -F + F -

LT

LTLT LT

 

ȷɜŰɞɢɐ əɎɛɣɖɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ ɀb,Rd 

(8.32)Ý ,

0,749*35,5*1283
32120kNcm 321,20kNm

1
b RdM = = =  

(8.31)Ý  , , 252,30kNmb Rd y EdM M> =  

Ⱥˊɞɛɏɜɤɠ ɖ ŭɘŬŰɞɛɐ Űɖɠ əɨɟɘŬɠ ŭɞəɞɨ ŮɑɜŬɘ ŮˊŬɟəɐɠ ůŮ Ƀ.Ⱦ.ȷ.. 

8.2.1.2 ȹŮɡŰŮɟŮɨɞɡůŬ ŭɞəɧɠ 

ũɘŬ Űɖɜ ŭŮɡŰŮɟŮɨɞɡůŬ ŭɞəɧ Űɞɡ əŰɘɟɑɞɡ ȷ əŬɘ ɞɘ ůɡɜŭɡŬůɛɞɑ (3) ɏɤɠ (5) Űɖɠ Ƀ.Ⱦ.ȷ 

ŭɑɜɞɡɜ ŰŬ ɑŭɘŬ ŭɡůɛŮɜɏůŰŮɟŬ ɛŮɔɏɗɖ: 

- ŰɏɛɜɞɡůŬ Vz = 66,62 kN 

- ɟɞˊɐ  My = 116,58 kNm 

ũɘŬ Űɖ ŭŮɡŰŮɟŮɨɞɡůŬ ŭɞəɧ ɛɐəɞɡɠ L=700 cm ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ŭɘŬŰɞɛɐ HEA240 

ŭɘŬŰɞɛɐ əŬŰɖɔɞɟɑŬɠ 1 ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ ŬɡŰɎ ůŰɞɜ ɄɑɜŬəŬ 8.15. 

ɄɑɜŬəŬɠ 8.15: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ HEA240.

 

 

 

 

 

ɆŰŬ ɆɢɐɛŬŰŬ 8.5, 8,6 űŬɑɜŮŰŬɘ ɖ ɛɞɟűɐ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ Űɤɜ ŭŮɡŰŮɟŮɡɞɡůɩɜ 

ŭɞəɩɜ ůŰɞ ˊɚŬɑůɘɞ 3 əŬɘ ɏˊŮɘŰŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɏɚŮɔɢɞɘ. 

h 

(cm) 

b 

(cm) 

tw 

(cm) 

tf 

(cm) 

r 

(cm) 

hw 

(cm) 

A 

(cm2) 

Iy 

(cm4) 

Wy 

(cm3) 

iy 

(cm) 

Iz 

(cm4) 

Wz 

(cm3) 

iz 

(cm) 

23 24 0.75 1.2 2.1 16.4 76.8 7760 675 10.1 2770 231 6 

Wpl,y 

(cm3) 

Wpl,z 

(cm3) 

I t 

(cm4) 

Iw 

(cm6) 

745 352 41.7 328500 
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ɆɢɐɛŬ 8.5: ȹɘɎɔɟŬɛɛŬ ŰŮɛɜɞɡůɩɜ Vz ůŰɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ. 

 
ɆɢɐɛŬ 8.6: ȹɘɎɔɟŬɛɛŬ ɟɞˊɩɜ My ůŰɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ. 

Ŭ. ȰɚŮɔɢɞɠ  ůŮ ɛɞɜɞŬɝɞɜɘəɐ əɎɛɣɖ     

 ɄɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ ŭɘŬŰɞɛɐɠ ɀy,Rd 

ȷˊɧ Űɖ ůɢɏůɖ 8.7 ˊɟɞəɨˊŰŮɘ: 

, ,

745*35,5
26447,5kNcm 264,48kNm 116,58kNm

1
y Rd y EdM M= = = > =  
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ɓ. ȰɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ      

ȺɛɓŬŭɧɜ ŭɘɎŰɛɖůɖɠ  Av  

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ ɔɘŬ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.12)   

2

max{76,8 2*24*1,2 (0,75 2*2,1)*1,2;1,20*16,4*0,75}

max{25,14;14,76} 25,14cm

v

v

A

A

= - + + Ý

= =
 

 ɄɚŬůŰɘəɐ ŬɜŰɞɢɐ ɏɜŬɜŰɘ ŰɏɛɜɞɡůŬɠ Vpl,Rd  

ȷˊɧ (8.11)Ý  , ,

25,14*(35,5 / 3)
515,27 kN 66,62kN

1
pl Rd z EdV V= = > =  

ɔ. ȰɚŮɔɢɞɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

ȹŮɜ ɢɟŮɘɎɕŮŰŬɘ Ůűɧůɤɜ ůŰɞ ůɖɛŮɑɞ Űɖɠ ɛɏɔɘůŰɖɠ ŰɏɛɜɞɡůŬɠ ɖ ɟɞˊɐ əɎɛɣɖɠ ŮɑɜŬɘ ɛɖŭɏɜ. 

ŭ. ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

Ⱦɟɑůɘɛɖ ŮɚŬůŰɘəɐ ɟɞˊɐ Mcr 

k=kw=1,00 (ɔɘŬ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ) 

E=21000 kN/cm2 

G=8100 kN/cm2 

zg=h/2=23/2=11,5 cm (Űɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ ůŰɞ Ɏɜɤ ˊɏɚɛŬ) 

C1 = 1,132 , C2 = 0,459 , C3 = 0,525 (ɔɘŬ əŬŰŬɜŮɛɖɛɏɜŬ űɞɟŰɑŬ əŬɘ ŬɛűɘŬɟɗɟɤŰɐ 

ůŰɐɟɘɝɖ) 

ɇŬ ɡˊɧɚɞɘˊŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ŭɞɗŮɑ ˊɘɞ ˊɎɜɤ əŬɘ ɔɘŬ ŭɘŬŰɞɛɐ ɛŮ ŭɨɞ ɎɝɞɜŮɠ ůɡɛɛŮŰɟɑŬɠ: 

(8.36) Ý ,Ed20653,30kNcm 206,53kNm 116,58kNmcr yMM = = > =  

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ 

(8.35) Ý
745*35,5

1,132
59268,30

LTl = =  

ȺˊŮɘŭɐ h/b = 0,958 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ a ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,21. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.34) Ý 20,5*[1 0,21*(1,132 0,2) 1,132 ] 1,238LTF = + - + = 

(8.33) Ý
2 2

1
0,575 1,0

1,238 1,238 1,132
LTc = = <

+ -
 

ȷɜŰɞɢɐ əɎɛɣɖɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ ɀb,Rd 

(8.32) Ý ,

0,575*35,5*745
15207kNcm 152,07kNm

1
b RdM = = =  

(8.31) Ý , , 116,58kNmb Rd y EdM M> =  

Ⱥˊɞɛɏɜɤɠ ɖ ŭɘŬŰɞɛɐ Űɖɠ ŭŮɡŰŮɟŮɨɞɡůŬɠ ŭɞəɞɨ ŮɑɜŬɘ ŮˊŬɟəɐɠ ůŮ Ƀ.Ⱦ.ȷ.. 

8.2.1.3 ȹɘŬŭɞəɑŭŬ 

ȼ ŭɘŬŭɞəɑŭŬ ɏɢŮɘ Űɖɜ ɑŭɘŬ ŭɘŬŰɞɛɐ ɛŮ Űɖ ŭŮɡŰŮɟŮɨɞɡůŬ ŭɞəɧ əŬɘ ŭɏɢŮŰŬɘ ŰŬ ɑŭɘŬ ɛŮɔɏɗɖ 

ɞ́ ɧŰŮ ŮˊŬɟəŮɑ əŬɘ ŬɡŰɐ ůŮ Ƀ.Ⱦ.ȷ. 
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8.2.1.4 ɈˊɞůŰɨɚɤɛŬ 

ũɘŬ Űɞ ɡˊɞůŰɨɚɤɛŬ Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮŰŬɘ ůŰɞ ɓŬůɘəɧ ůɡɜŭɡŬůɛɧ (3) Ƀ.Ⱦ.ȷ, ɛŮ ŭɘŮɨɗɡɜůɖ 

Ŭɜɏɛɞɡ əŬŰɎ Y, ŭɡůɛŮɜɏůŰŮɟŬ ŮɑɜŬɘ ŰŬ ůɡɛɛŮŰɟɘəɎ ɡˊɞůŰɡɚɩɛŬŰŬ Űɞɡ ˊɟɩŰɞɡ ɞɟɧűɞɡ: 

YP1-13 , YP1-18 ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ (x=7 m, y=10m) əŬɘ (x=42m, y=10m) ŬɜŰɘůŰɞɑɢɤɠ ŰŬ 

ɞˊɞɑŬ, ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɑŭɘŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡɠ ɧˊɤɠ űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

- Ŭɝɞɜɘəɐ N = 2516,16 kN 

- ŰɏɛɜɞɡůŬ Vz = 21,87 kN 

- ɟɞˊɐ  My,down = 70,88 kNm , My,up = -38,44 kNm 

ũɘŬ Űɞ ɡˊɞůŰɨɚɤɛŬ ɛɐəɞɡɠ L=500cm ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ŭɘŬŰɞɛɐ HEB340 ŭɘŬŰɞɛɐ 

əŬŰɖɔɞɟɑŬɠ 1 ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ ŬɡŰɎ ůŰɞɜ ɄɑɜŬəŬ 8.16. 

ɄɑɜŬəŬɠ 8.16: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ HEB340. 

 

 

 

 

ɆŰŬ ɆɢɐɛŬŰŬ 8.7, 8.8, 8.9, 8.10 űŬɑɜŮŰŬɘ ɖ ɗɏůɖ əŬɘ ɖ ɛɞɟűɐ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ 

Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ ɏˊŮɘŰŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɏɚŮɔɢɞɘ. 

 

ɆɢɐɛŬ 8.7: ȹɡůɛŮɜɏůŰŮɟŬ ɡˊɞůŰɡɚɩɛŬŰŬ ɔɘŬ ůɡɜŭɡŬůɛɧ (3) Ƀ.Ⱦ.ȷ.. 

 

h 

(cm) 

b 

(cm) 

tw 

(cm) 

tf 

(cm) 

r 

(cm) 

hw 

(cm) 

A 

(cm2) 

Iy 

(cm4) 

Wy 

(cm3) 

iy 

(cm) 

Iz 

(cm4) 

Wz 

(cm3) 

iz 

(cm) 

34 30 1.2 2.15 2.7 24.3 171 36660 2160 14.6 9690 646 7.53 

Wpl,y 

(cm3) 

Wpl,z 

(cm3) 

I t 

(cm4) 
Iw (cm6) 

2408 986 258 2454000 
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ɆɢɐɛŬ 8.8: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɩɜ ŭɡɜɎɛŮɤɜ N ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. 

 

ɆɢɐɛŬ 8.9: ȹɘɎɔɟŬɛɛŬ ŰŮɛɜɞɡůɩɜ ŭɡɜɎɛŮɤɜ Vz ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. 
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ɆɢɐɛŬ 8.10: ȹɘɎɔɟŬɛɛŬ ɟɞˊɩɜ əɎɛɣɖɠ My ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. 

Ŭ. ȰɚŮɔɢɞɠ  ůŮ əɎɛɣɖ   

ɄɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ ŭɘŬŰɞɛɐɠ ɀy,Rd 

(8.7)Ý  , ,

2408*35,5
85484kNcm 854,84kNm 70,88kNm

1
y Rd y EdM M= = = > =  

ȾŬŰɎ z ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ Ůűɧůɤɜ z, 0,00=EdM kNm. 

ɓ. ȰɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ      

ȺɛɓŬŭɧɜ ŭɘɎŰɛɖůɖɠ  Av  

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ ɔɘŬ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.12): 

2

max{171 2*30*2,15 (1,2 2*2,7)*2,15;1,20*24,3*1,2}

max{56,19;34,99} 56,19cm

v

v

A

A

= - + + Ý

= =
 

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰŬ ˊɏɚɛŬŰŬ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢŮȭůɖ (8.13): 

2171 24,3*1,2 141,84cmvA = - =  

 ɄɚŬůŰɘəɐ ŬɜŰɞɢɐ ɏɜŬɜŰɘ ŰɏɛɜɞɡůŬɠ Vpl,Rd  

ũɘŬ ŰɏɛɜɞɡůŬ ˊŬɟɎɚɚɖɚɖ ůŰɞɜ əɞɟɛɧ 

(8.11)Ý  , ,

56,19*(35,5 / 3)
1151,67 kN 21,87 kN

1
pl Rd z EdV V= = > =  

ũɘŬ ŰɏɛɜɞɡůŬ ˊŬɟɎɚɚɖɚɖ ůŰŬ ˊɏɚɛŬŰŬ 

ȹŮɜ ŬˊŬɘŰŮɑŰŬɘ ɏɚŮɔɢɞɠ Ůűɧůɤɜ  , 0,00=y EdV kN . 
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ɔ. ȰɚŮɔɢɞɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

, ,21,87kN 0,5* 575,84kNz Ed pl RdV V= < =  

ȯɟŬ ŭŮ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɚɧɔɤ ŰɏɛɜɞɡůŬɠ.

 

ŭ. ȰɚŮɔɢɞɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ əŬɘ ɗɚɑɣɖ 

ȺɚɏɔɢŮŰŬɘ ŮɎɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ 

ɚɧɔɤ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ɛɧɜɞ əŬŰɎ Űɞɜ y ɎɝɞɜŬ əŬɗɩɠ əŬŰɎ Űɞɜ z ɖ əŬɛˊŰɘəɐ ɟɞˊɐ 

ŮɑɜŬɘ ɛɖŭɏɜ. 

(8.18)Ý  ,0,25* 0,25* * 0,25*171*35,5 0,25*6070,5 1517,63kNpl Rd yN A f= = = =  

(8.19) Ý
0

0,5* * * 0,5*24,3*1,2*35,5
517,59

1gM
= =

w w yh t f
kN  

,

0

0,5* * *
2516,16kN 0,25* ,

w w y

d pl Rd d

h t f
N

g
E E

M

N = > N >  

ȯɟŬ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɑůŰŬůɖɠ 

,

2516,16
0,4145

6070,5
(

117 2*30*2,15
min{ ;0,5} min{0,246;0,5} 0

4

,246
17

8

1

.2 )

Ed

pl Rd

N
n

N

a

ë
= = =î

î
ì
î
î

-
=

í
= =

 

ȷˊɧ Űɖ ůɢɏůɖ (8.21): 

 , , , , , ,

1
min{ * ; } min{570,59;854,84} 570,59kNm

1 0,5*
N y Rd pl y Rd pl y Rd

n
M M M

a

-
= = =

-
 

, ,70,88= <Ed N y RdM kNm M  

ȯɟŬ ɖ ŭɘŬŰɞɛɐ ŮˊŬɟəŮɑ ůŮ ůɡɜŭɡŬůɛɏɜɖ əɎɛɣɖ əŬɘ ɗɚɑɣɖ. 

Ů. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ əŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

1) ũɘŬ ɚɡɔɘůɛɧ əŬŰɎ Űɞɜ ɎɝɞɜŬ yy (ɚɡɔɘůɛɧɠ əŬŰɎ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ). 

ȽůɞŭɨɜŬɛɞ ɀɐəɞɠ ɚɡɔɘůɛɞɨ Lcr 

Ƚ11=Ƚ12=Ƚy,ȼȺȸ260=14920 cm4 , Ic=I1=Iy,HEB340=36660 cm4 , L11=L12=500 cm 

Ƀɘ ŭɡůəŬɛɣɑŮɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ Ⱥ.1 Űɞɡ 

ȺɁ1993-1 ˊɞɡ ŬűɞɟɎ ŭɞəɞɨɠ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ əŬɘ ɏɢɞɡɜ 

ɛŮŰŬɗŮŰɎ ɎəɟŬ. 

 
336660

73,32cm
500

c
c

c

I
K

L
= = =                                    31

1

1

36660
91,65cm

400

I
K

L
= = =   

311
11 12

11

14920
1,5* 1,5* 44,76cm

500

I
K K

L
= = = = 

 
ɆɢɐɛŬ 8.11: ȾŬŰŬɜɞɛɐ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ɚɡɔɘůɛɧ ɡˊɞůŰɡɚɩɛŬŰɞɠ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ Űɞɡ ɎɝɞɜŬ. 
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 Ƀɘ ůɡɜŰŮɚŮůŰɏɠ əŬŰŬɜɞɛɐɠ ŭɡůəŬɛɣɑŬɠ ɏɢɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ: 

1
1

1 11 12

73,32 91,65
0,648

73,32 91,65 2*44,76
h

+ +
= = =

+ + + + +

c

c

K K

K K K K
 

2 0,00h=  ŪŮɤɟŮɑŰŬɘ ɧŰɘ Űɞ ɡˊɞůŰɨɚɤɛŬ ŮɑɜŬɘ ˊŬəŰɤɛɏɜɞ. 

ȯɟŬ Űɞ ɘůɞŭɨɜŬɛɞ ɛɐəɞɠ ɚɡɔɘůɛɞɨ ɔɘŬ ɡˊɞůŰɨɚɤɛŬ ɛŮ ɛŮŰŬɗŮŰɎ ɎəɟŬ ŮɑɜŬɘ: 

1 2 1 2

1 2 1 2

1 0,2*( ) 0,12* *
* 1,345*500 672,30cm

1 0,8*( ) 0,6* *
cr cL L

h h h h

h h h h

- + -
= = =

- + +
 

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ  

(8.30)Ý  
672,30

0,603
* * / 14,6* * 21000 / 35,5

cr
y

y y

L

i E f
l

p p
= = =

 

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ b ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,34. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.28)Ý  20,5*[1 0,34*(0,603 0,2) 0,603 ] 0,75F= + - + = 

(8.29) Ý
2 2

1
0,836 1,0

0,75 0,75 0,603
yc= = <

+ -
 

2) ũɘŬ ɚɡɔɘůɛɧ əŬŰɎ Űɞɜ ɎɝɞɜŬ zz (ɚɡɔɘůɛɧɠ əŬŰɎ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ).

 

ȽůɞŭɨɜŬɛɞ ɀɐəɞɠ ɚɡɔɘůɛɞɨ Lcr 

Ƚ11=Ƚ12=Ƚy,ȼȺȷ240=7760 cm4 , Ic=I1=Iz,HEB340=9690 cm4 , L11=L12=700 cm 

Ƀɘ ŭɡůəŬɛɣɑŮɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ Ⱥ.1 Űɞɡ 

ȺɡɟɤəɩŭɘəŬ 3 ˊɞɡ ŬűɞɟɎ ŭɞəɞɨɠ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ əŬɘ ɏɢɞɡɜ 

ŬɛŮŰŬɗŮŰɎ ɎəɟŬ. 

 

39690
19,38cm

500

c
c

c

I
K

L
= = =                                    31

1

1

9690
24,23cm

400

I
K

L
= = =   

311
11 12

11

7760
0,5* 0,5* 5,54cm

700

I
K K

L
= = = =

 

 Ƀɘ ůɡɜŰŮɚŮůŰɏɠ əŬŰŬɜɞɛɐɠ ŭɡůəŬɛɣɑŬɠ ɏɢɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ: 

1
1

1 11 12

19,38 24,23
0,797

19,38 24,23 2*5,54
h

+ +
= = =

+ + + + +

c

c

K K

K K K K
 

 

ɆɢɐɛŬ 8.12: ȾŬŰŬɜɞɛɐ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ɚɡɔɘůɛɧ ɡˊɞůŰɡɚɩɛŬŰɞɠ ˊŮɟɑ Űɞɜ ŬůɗŮɜɐ Űɞɡ ɎɝɞɜŬ. 
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2 1,00h=  ŪŮɤɟŮɑŰŬɘ ɧŰɘ Űɞ ɡˊɞůŰɨɚɤɛŬ ŮɑɜŬɘ ŬɟɗɟɤŰɧ ɡˊɏɟ əŬɘ Űɖɠ ŬůűŬɚŮɑŬɠ. 

ȯɟŬ Űɞ ɘůɞŭɨɜŬɛɞ ɛɐəɞɠ ɚɡɔɘůɛɞɨ ɔɘŬ ɡˊɞůŰɨɚɤɛŬ ɛŮ ŬɛŮŰŬɗŮŰɎ ɎəɟŬ ŮɑɜŬɘ: 
2

1 2 1 20,5 0,14*( ) 0,55*( ) * 0,929*500 464,64h h h h= + + + + = =cr cL L cm 

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ  

(8.30)Ý  
464,64

0,808
* * / 7,53* * 21000 / 35,5

cr
z

z y

L

i E f
l

p p
= = =

 

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ c ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,49.

 
ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.28) Ý 20,5*[1 0,49*(0,808 0,2) 0,808 ] 0,975F= + - + = 

(8.29) Ý
2 2

1
0,657 1,0

0,975 0,975 0,808
zc= = <

+ -
 

min y zmin{ , } min{0,836;0,657} 0,657c c c= = =  

(8.27)Ý  ,

0,657*35,5*171
3990kN 2516kN

1
b Rd EdN N= = > =  

ůŰ. ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

Ⱦɟɑůɘɛɖ ŮɚŬůŰɘəɐ ɟɞˊɐ Mcr 

k=kw=1,00 (ɔɘŬ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ) 

E=21000 kN/cm2 

G=8100 kN/cm2 

zg=0 cm (Űɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ) 

C1 = 2,704 , C2 = 0 , C3 = 0,676 (Ŭˊɧ ˊɑɜŬəŬ F.1.1 EC3 ɛŮ ɣ=-38,44/70,88å-1/2) 

ɇŬ ɡˊɧɚɞɘˊŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ŭɞɗŮɑ ˊɘɞ ˊɎɜɤ əŬɘ ɔɘŬ ŭɘŬŰɞɛɐ ɛŮ ŭɨɞ ɎɝɞɜŮɠ ůɡɛɛŮŰɟɑŬɠ: 

(8.36)Ý  ,Ed492189kNcm 4921,89kNm 70,88kNmcr yMM = = > =  

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ 

(8.35) Ý
2408*35,5

0,417
492189

LTl = =  

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ a ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,21. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.34)Ý 20,5*[1 0,21*(0,417 0,2) 0,417 ] 0,610LTF = + - + =  

  (8.33)Ý
2 2

1
0,948 1,0

0,61 0,61 0,417
LTc = = <

+ -
 

ȷɜŰɞɢɐ əɎɛɣɖɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ ɀb,Rd 

ȷˊɧ Űɖ ůɢɏůɖ (8.32): 

, ,

0,948*35,5*2408
81066kNcm 810,66kNm 70,88kNm

1
b Rd y EdM M= = = > =  
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ɕ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ɡˊɧ əɎɛɣɖ əŬɘ ɗɚɑɣɖ 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ 2 Űɞɡ ȺɡɟɤəɩŭɘəŬ 3 ɔɘŬ ɛɏɚɖ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ 

ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ. 

ɆɡɜŰŮɚŮůŰɏɠ ɘůɞŭɨɜŬɛɖɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞˊɐɠ cm 

ȷˊɧ Űɞɡɠ ɄɑɜŬəŮɠ 8.12 əŬɘ 8.13 ɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ əŬɘ ɞɘ Űɘɛɏɠ Űɞɡɠ ŮɑɜŬɘ: 

ũɘŬ cmy : ɣ=-38,44/70,88=-0,542 Ÿ -1ÒɣÒ1 Ÿ cmy= 0,6+0,4*(-0,542)= 0,4 

ũɘŬ cmz : ŭŮɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ůűɧůɤɜ Mz=0 kNm. 

ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij 

1

2516
*(1 ( 0,2)* ) 0,4*(1 (0,603 0,2)* ) 0,480

* / 0,836*6070,5 /1
l

c gM
+ - = + - =Ed

ymy

y Rk

N
c

N

 

1

2516
*(1 0,8* ) 0,4*(1 0,8* ) 0,559

* / 0,836*6070,5c gM
+ = + =Ed

my

y Rk

N
c

N
 

min{0,480;0,559} 0,480= =yyk  , 0,6* 0,288= =zy yyk k  

ȯɝɞɜŬɠ yy 

,

,

1 1

2516 70,88
* 0,48* 0,538 1,0

* 6070,5 854,84
0,836* 0,948**

1 1

c
c

g gM M

M
+ = + = <

y EdEd
yy

y Rk y Rk

LT

N
k

N M
 

ȯɝɞɜŬɠ zz 

,

,

1 1

2516 70,88
* 0,288* 0,656 1,0

* 6070,5 854,84
0,657* 0,948**

1 1

c
c

g gM M

M
+ = + = <

y EdEd
zy

z Rk y Rk

LT

N
k

N M
 

Ⱥˊɞɛɏɜɤɠ Űɞ ɡˊɞůŰɨɚɤɛŬ ˊŮɟɜɎŮɘ ɧɚɞɡɠ Űɞɡɠ Ůɚɏɔɢɞɡɠ. 

8.2.1.5 ȾŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

ũɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ɏɔɘɜŬɜ ɞɘ ɏɚŮɔɢɞɘ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ 

ˊɘɞ ˊɎɜɤ. ȺˊŮɘŭɐ ŭŮɜ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɐ ɖ ŰɞˊɞɗɏŰɖůɐ Űɞɡɠ ůŮ ɧɚŬ ŰŬ ˊɚŬɑůɘŬ əŬɘ ɚɧɔɤ Űɖɠ 

ɛɞɟűɐɠ Űɞɡ əŰɘɟɑɞɡ ŮɚɏɔɗɖəŬɜ ɧɚɞɘ ɞɘ ůɨɜŭŮůɛɞɘ əŬɗôɨɣɞɠ əŬɘ ůŮ ɧɚŬ ŰŬ ˊɚŬɑůɘŬ 1, 3, 5 

əŬɘ ŮɚɏɔɢɗɖəŮ ɖ ŮɝŬůűɎɚɘůɖ ɞɛɞɘɞɔŮɜɞɨɠ ˊɚŬůŰɘɛɖɠ ůɡɛˊŮɟɘűɞɟɎɠ əŬɗôɡɣɞɠ. ȳɚɞɘ ɞɘ 

ɏɚŮɔɢɞɘ ɏɔɘɜŬɜ ɔɘŬ ůŮɘůɛɧ əŬŰɎ ɉ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɞ ůŮɘůɛɘəɧ ůɡɜŭɡŬůɛɧ 1 

(G+Gô+0,3*Q+Ex+0,3*Ey). ȺɜŭŮɘəŰɘəɎ ˊɟŬɞɡůɘɎɕŮŰŬɘ ɞ ɏɚŮɔɢɞɠ Űɞɡ ůɡɜŭɏůɛɞɡ 

ŭɡůəŬɛɣɑŬɠ Űɞɡ ˊɚŬɘůɑɞɡ 1 Űɞɡ ˊɟɩŰɞɡ ɞɟɧűɞɡ. 

Ƀ ůɨɜŭŮůɛɞɠ Űɞɡ 1ɞɡ ɞɟɧűɞɡ ɏɢŮɘ əɞɑɚɖ ŭɘŬŰɞɛɐ RHS200x100x10ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɧˊɤɠ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 8.17.  

ɇɞ ɛɐəɞɠ Űɞɡ ŮɑɜŬɘ: 2 2500 700 860,23cmL= + =  əŬɘ ɞɘ ŭɡɜɎɛŮɘɠ ˊɞɡ ŭɏɢŮŰŬɘ : 

ȺűŮɚəɡůŰɘəɐ: Nt=584,86 kN əŬɘ ɗɚɘˊŰɘəɐ: Nc = - 684,40 kN 

ɄɑɜŬəŬɠ 8.17: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ RHS200x100x10. 

 h 

(cm) 

b 

(cm) 

tw 

(cm) 

tf 

(cm) 

hw 

(cm) 

A 

(cm2) 

Iz 

(cm4) 

Wz 

(cm3) 

iz 

(cm) 

20 10 1 1 18 54.9 869 174 3.98 
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ɆɢɐɛŬ 8.13: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɩɜ ŭɡɜɎɛŮɤɜ ůŰɞɡɠ əŬŰ.ůɡɜŭ.ŭɡůə. Űɞɡ ˊɚŬɘůɑɞɡ 1 ɔɘŬ Űɞ ůŮɘůɛɘəɧ 

ůɡɜŭɡŬůɛɧ 1. 

ɀɐəɞɠ ɚɡɔɘůɛɞɨ 

ŪŮɤɟɞɨɛŮ ɧŰɘ ɏɢŮɘ Űɞ ɛɘůɧ ɛɐəɞɠ ɚɡɔɘůɛɞɨ Ůűɧůɤɜ ŬɡŰɧɠ ůɡɜŭɏŮŰŬɘ ůŰɞ ɛɏůɞ. 

0,5* 0,5*860,23 430,11cm= = =crL L  

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ 

ȷɡŰɐ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ Ŭűɞɨ ŬɡŰɧɠ ɏɢŮɘ Űɖ ɛɘəɟɧŰŮɟɖ ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ 

ɎɟŬ ŮɑɜŬɘ ɘŭɡůɛŮɜɏůŰŮɟɞɠ. 

430,11
1,414

* * / 3,98* * 21000 / 35,5
l

p p
= = =cr

z

z y

L

i E f
, ɘəŬɜ. ɖ (8.4): 1,3 2,0zl¢ ¢  

ȺˊŮɘŭɐ ɖ ŭɘŬŰɞɛɐ ŮɑɜŬɘ əɞɑɚɖ Ůɜ ɗŮɟɛɩ ɏɚŬůɖɠ ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 

ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ a ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ɎɝɞɜŮɠ ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ 

ɑůɞɠ ɛŮ: ŬLT = 0,21. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɢ 

(8.29) Ý 20,5*[1 0,21*(1,414 0,2) 1,414 ] 1,628F= + - + = 

(8.30) Ý
2 2

1
0,411 1,0

1,628 1,628 1,414
c= = <

+ -
 

(8.27)Ý  
min

,

1

* * 0,411*35,5*54,9
800,94kN 684,40kN

1

y

b Rd c

f A
N N

c

gM
= = = > =  

,

1

* 35,5*54,9
1948,95kN 584,86kN

1

y

pl Rd t

f A
N N

gM
= = = > =  

ȯɟŬ ŮˊŬɟəŮɑ əŬɘ ɔɘŬ Űɖ ɗɚɘˊŰɘəɐ əŬɘ ɔɘŬ Űɖɜ ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ. 

ɈˊŮɟŬɜŰɞɢɐ ɋ 

, 1948,95
2,85

684,40
W= = =

pl Rd

Ed

N

N
 

ɆɡɜɞˊŰɘəɎ ŰɩɟŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɔɘŬ əɎɗŮ ˊɚŬɑůɘɞ ůŰɞɡɠ ɄɑɜŬəŮɠ 8.18, 8.19, 

8.20. 
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ɄɑɜŬəŬɠ 8.18: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɞɚɞɔɘůɛɞɨ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ˊɚŬɘůɑɞɡ 1 ɛŮ 

ŮˊŬɟəɐ ˊɚɎůŰɘɛɖ ůɡɛˊŮɟɘűɞɟɎ əŬɗô ɨɣɞɠ. 

ȳɟɞűɞɘ ȹɘŬŰɞɛɐ 
Nt 

(kN) 

Nc 

(kN) 

Npl,Rd 

(kN) 
Nt/Npl,Rd<1,0 

1 200x100x10 584.86 684.4 1948.95 0.38 

2 180x100x7.1 503.7 548.22 1320.6 0.38 

3 150x100x7.1 425.7 451.75 1167.95 0.36 

4 150x100x5 318.34 330.42 841.35 0.38 

5 100x100x4 183.58 187.02 539.6 0.34 

 

ɄɑɜŬəŬɠ 8.19: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɞɚɞɔɘůɛɞɨ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ˊɚŬɘůɑɞɡ 3 ɛŮ 

ŮˊŬɟəɐ ˊɚɎůŰɘɛɖ ůɡɛˊŮɟɘűɞɟɎ əŬɗô ɨɣɞɠ. 

ȳɟɞűɞɘ ȹɘŬŰɞɛɐ 
Nt 

(kN) 
Nc (kN) 

Npl,Rd 

(kN) 
Nt/Npl,Rd<1,0 

1 180x100x8 404.34 543.88 1476.8 0.27 

2 150x100x8 445.18 521.04 1306.4 0.34 

3 150x100x6.3 376.56 421.43 1047.25 0.36 

4 150x100x5 287.16 308.1 841.35 0.34 

5 100x100x4 176.78 182.8 539.6 0.33 

 

 

 

 

 

ɄɑɜŬəŬɠ 8.20: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɞɚɞɔɘůɛɞɨ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ˊɚŬɘůɑɞɡ 5 ɛŮ 

ŮˊŬɟəɐ ˊɚɎůŰɘɛɖ ůɡɛˊŮɟɘűɞɟɎ əŬɗô ɨɣɞɠ. 

ȳɟɞűɞɘ ȹɘŬŰɞɛɐ Nt (kN) Nc (kN) 
Npl,Rd 

(kN) 
Nt/Npl,Rd<1,0 

1 180x100x7.1 371.32 476.11 1320.6 0.28 

2 150x100x6.3 330.84 380.34 1047.25 0.32 

3 150x100x5 300.25 332.7 841.35 0.36 

4 150x100x5.6 250.79 267.57 738.4 0.34 

5 90x90x4 144.68 148.97 436.65 0.33 

 

 

 

 

 

 

Lcr (cm) 1,3<ɚ<2,0 ɢ Nb,Rd (kN) Nc/Nb,Rd ɋ (ɋmax-ɋmin)/ɋmin 

403.11 1.414 0.411 800.94 0.85 2.85 

0.199 

403.11 1.299 0.471 622 0.88 2.41 

403.11 1.329 0.454 530.25 0.85 2.59 

403.11 1.296 0.473 397.96 0.83 2.55 

403.11 1.349 0.444 239.58 0.78 2.89 

Lcr (cm) 1,3<ɚ<2,0 ɢ Nb,Rd (kN) Nc/Nb,Rd ɋ (ɋmax-ɋmin)/ɋmin 

430.12 1.4 0.418 617.3 0.88 2.72 

0.19 

403.11 1.339 0.449 586.57 0.89 2.51 

403.11 1.316 0.461 482.78 0.87 2.48 

403.11 1.296 0.473 397.96 0.77 2.73 

403.11 1.349 0.444 239.58 0.76 2.95 

Lcr (cm) 1,3<ɚ<2,0 ɢ Nb,Rd (kN) Nc/Nb,Rd ɋ (ɋmax-ɋmin)/ɋmin 

430.12 1.386 0.425 561.26 0.85 2.77 

0.158 

403.11 1.316 0.461 482.78 0.79 2.75 

403.11 1.296 0.473 397.96 0.84 2.53 

403.11 1.374 0.431 318.25 0.84 2.76 

403.11 1.499 0.373 162.87 0.91 2.93 
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Ⱥˊɞɛɏɜɤɠ ɧɚɞɘ ɞɘ ůɨɜŭŮůɛɞɘ ɘəŬɜɞˊɞɘɞɨɜ ɧɚŬ ŰŬ əɟɘŰɐɟɘŬ ˊɚŬůŰɘɛɧŰɖŰŬɠ əŬɗôɨɣɞɠ. 

ũɘŬ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ ŰɩɟŬ ŬɡŰɎ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɚŮɔɢɗɞɨɜ ɛŮ ɛɑŬ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ ɔɘŬ Űɖɜ 

ɞˊɞɑŬ ɖ Ŭɝɞɜɘəɐ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ůŮɘůɛɧ əŬŰɎ ɉ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊɟɞůŬɡɝɖɗŮɑ ɛŮ 

1,1*ɔɞɜ*ɋ ,ɧˊɞɡ ɋ ɖ ŮɚɎɢɘůŰɖ ɡˊŮɟŬɜŰɞɢɐ ɔɘŬ əɎɗŮ ˊɚŬɑůɘɞ. ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɔɘŬ ɋ=2,95 

ˊɞɡ ŮɑɜŬɘ ɖ ŭɡůɛŮɜɏůŰŮɟɖ Űɘɛɐ ɔɘŬ ɡˊŮɟŬɜŰɞɢɐ ůŰɞ ˊɚŬɑůɘɞ 3 ɧŰɘ: 

1,1*1,25*2,95=4,06>q=1,5 Űɞ ɞˊɞɑɞ ŭŮɜ ɏɢŮɘ ɜɧɖɛŬ Ůűɧůɞɜ ŮɛŮɑɠ ɗɏɚɞɡɛŮ ŮɚŬůŰɘəɐ 

ŬɜɎɚɡůɖ ɛŮ ɢŬɛɖɚɐ əŬŰɖɔɞɟɑŬ ˊɚŬůŰɘɛɧŰɖŰŬɠ. ɃˊɧŰŮ ɖ Ŭɝɞɜɘəɐ Űɞɡ ůŮɘůɛɞɨ 

ˊɟɞůŬɡɝɎɜŮŰŬɘ ɛŮ ůɡɜŰŮɚŮůŰɐ 1,5=q. Ƀ ůɡɜŭɡŬůɛɧɠ Ŭˊɧ Űɞɜ ɞˊɞɑɞ ɗŬ ˊɎɟɞɡɛŮ ŰŬ ɛŮɔɏɗɖ 

ŮɑɜŬɘ: G+Gô+0,3*Q+1,5*Ex+1,5*0,3*Ey. ȷɡŰɧɠ ɞ ůɡɜŭɡŬůɛɧɠ ŭɑɜŮɘ Ŭɝɞɜɘəɐ Ɂ=3160 kN 

ůŰɞ ŭɡůɛŮɜɏůŰŮɟɞ ɡˊɞůŰɨɚɤɛŬ Űɞɡ ˊɟɩŰɞɡ ɞɟɧűɞɡ YP-1-1 ůŰɖ ůɡɛɓɞɚɐ ˊɚŬɘůɑɤɜ 1 əŬɘ 

B ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ (x=7,0 m, y=0,0 m). ɇŬ ɡˊɧɚɞɘˊŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ŰŬ ɚŬɛɓɎɜɞɡɛŮ Ŭˊɧ 

Űɞɜ ůŮɘůɛɘəɧ ůɡɜŭɡŬůɛɧ 1. 

ï ŰɏɛɜɞɡůŬ Vz = 36,52 kN , ŰɏɛɜɞɡůŬ Vy = 3,70 kN 

ï ɟɞˊɐ  My,down = 113,08 kNm , My,up = -0,05 kNm , ɟɞˊɐ  Mz,down = -17,71 kNm , Mz,up 

= -1,87 kNm 

 
ɆɢɐɛŬ 8.14: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɩɜ ŭɡɜɎɛŮɤɜ ɔɘŬ Űɞ ɡˊɞůŰɨɚɤɛŬ YP-1-1 Űɞɡ ˊɚŬɘůɑɞɡ 1. 
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ɆɢɐɛŬ 8.15: ȹɘɎɔɟŬɛɛŬ əŬɛˊŰɘəɩɜ ɟɞˊɩɜ əŬŰɎ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ ɔɘŬ Űɞ ɡˊɞůŰɨɚɤɛŬ YP-1-1 Űɞɡ 

ˊɚŬɘůɑɞɡ 1. 

Ŭ. ȰɚŮɔɢɞɠ  ůŮ əɎɛɣɖ   

 ɄɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ ŭɘŬŰɞɛɐɠ ɀy,Rd 

, ,

, ,

2408*35,5
85484kNcm 854,84kNm 113,08kNm

1
(8.7)

986*35,5
35003kNcm 353,03kNm 17,71kNm

1

y Rd y Ed

z Rd z Ed

M M

M M

ë
= = = > =îî

ì
î = = = > =
îí

 

ɓ. ȰɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ      

ȺɛɓŬŭɧɜ ŭɘɎŰɛɖůɖɠ  Av  

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ ɔɘŬ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ ŮɑɜŬɘ ɧˊɤɠ ɡˊɞɚɞɔɑůŰɖəŮ ˊɘɞ 

ˊɟɘɜ: 256,19cmvA =  

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰŬ ˊɏɚɛŬŰŬ ŮɑɜŬɘ ɧˊɤɠ ɡˊɞɚɞɔɑůŰɖəŮ ˊɘɞ 

ˊɟɘɜ: 2141,84cmvA =  

 ɄɚŬůŰɘəɐ ŬɜŰɞɢɐ ɏɜŬɜŰɘ ŰɏɛɜɞɡůŬɠ Vpl,Rd  

ũɘŬ ŰɏɛɜɞɡůŬ ˊŬɟɎɚɚɖɚɖ ůŰɞɜ əɞɟɛɧ 

(8.11)Ý  , ,

56,19*(35,5 / 3)
1151,67 kN 36,52kN

1
pl Rd z EdV V= = > =  

ũɘŬ ŰɏɛɜɞɡůŬ ˊŬɟɎɚɚɖɚɖ ůŰŬ ˊɏɚɛŬŰŬ 

(8.11) Ý , ,

141,84*(35,5 / 3)
2644kN 3,7 kN

1
pl Rd y EdV V= = > =  

ɔ. ȰɚŮɔɢɞɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

, ,36,52kN 0,5* 575,84kNz Ed pl RdV V= < =  

ȯɟŬ ŭŮ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɚɧɔɤ ŰɏɛɜɞɡůŬɠ. 
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ŭ. ȰɚŮɔɢɞɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ əŬɘ ɗɚɑɣɖ 

ȺɚɏɔɢŮŰŬɘ ŬɟɢɘəɎ ŮɎɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ 

ŭɘŬŰɞɛɐɠ ɚɧɔɤ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ əŬŰɎ Űɞɜ y ɎɝɞɜŬ. 

(8.18) Ý ,0,25* 0,25* * 0,25*171*35,5 0,25*6070,5 1517,63kNpl Rd yN A f= = = =  

(8.19) Ý
0

0,5* * * 0,5*24,3*1,2*35,5
517,59kN

1

w w yh t f

gM
= =  

,

0

0,5* * *
3160kN 0,25* ,

w w y

d pl Rd d

h t f
N

g
E E

M

N = > N >  

ȯɟŬ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɑůŰŬůɖɠ. 

,

3160
0,521

6070,5
(

2171 *30*2,15
min{ ;0,5} min{0,246;0,5} 0

4

,246
17

8

1

.2 )

Ed

pl Rd

N
n

N

a

ë
= = =î

î
ì
î
î

-
=

í
= =

 

ȷˊɧ Űɖ ůɢɏůɖ (8.21): 

, , , , , ,

1
min{ * ; } min{467,23;854,84} 467,23kNm

1 0,5*
N y Rd pl y Rd pl y Rd

n
M M M

a

-
= = =

-
 

ȾŬŰɎ Űɞɜ z ɎɝɞɜŬ: 

(8.20)Ý  
0

* * 24,3*1,2*35,5
1035,18kN 3160kN

1

w w y

Ed

h t f
N

gM
= = < =  

ȯɟŬ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɑůŰŬůɖɠ. 

0,521=n  , 0,246a=  əŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.23): 

2 2

, , ,

0,521 0,246
*[1 ( ) ] 350,03*[1 ( ) ] 303,54kNm

1 1 0,246
N z Rd pl zRd

n a
M M

a

- -
= - = - =

- -
 

ũɘŬ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ ůŮ Ƚ ŭɘŬŰɞɛɐ: Ŭ=2 , ɓ=max{5* n;1}=max{2,61;1}=2,61. 

(8.25) Ý
, , 2 2,60

, , , ,

113,08 17,71
[ ] [ ] [ ] [ ] 0,06 1

467,23 303,54

a b+ = + = <
y Ed z Ed

N y Rd N z Rd

M M

M M
 

ȯɟŬ ɖ ŭɘŬŰɞɛɐ ŮˊŬɟəŮɑ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ əŬɘ ɗɚɑɣɖ. 

Ů. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ əŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

1) ũɘŬ ɚɡɔɘůɛɧ əŬŰɎ Űɞɜ ɎɝɞɜŬ yy (ɚɡɔɘůɛɧɠ əŬŰɎ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ). 

ȽůɞŭɨɜŬɛɞ ɀɐəɞɠ ɚɡɔɘůɛɞɨ Lcr 

 

ɆɢɐɛŬ 8.16: ȾŬŰŬɜɞɛɐ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ɚɡɔɘůɛɧ ɡˊɞůŰɡɚɩɛŬŰɞɠ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ Űɞɡ ɎɝɞɜŬ. 
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Ƚ12=Ƚy,ȼȺȸ260=14920 cm4 , Ic=I1=Iy,HEB340=36660 cm4 , L12=500 cm 

Ƀɘ ŭɡůəŬɛɣɑŮɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ Ⱥ.1 Űɞɡ 

ȺɡɟɤəɩŭɘəŬ 3 ˊɞɡ ŬűɞɟɎ ŭɞəɞɨɠ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ əŬɘ ɏɢɞɡɜ 

ɛŮŰŬɗŮŰɎ ɎəɟŬ. 

 336660
73,32cm

500

c
c

c

I
K

L
= = =                                    31

1

1

36660
91,65cm

400

I
K

L
= = =   

311
12

11

14920
1,5* 1,5* 44,76cm

500

I
K

L
= = =  

 Ƀɘ ůɡɜŰŮɚŮůŰɏɠ əŬŰŬɜɞɛɐɠ ŭɡůəŬɛɣɑŬɠ ɏɢɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ: 

1
1

1 12

73,32 91,65
0,787

73,32 91,65 44,76
h

+ +
= = =

+ + + +

c

c

K K

K K K
 

2 0,00h=  ŪŮɤɟŮɑŰŬɘ ɧŰɘ Űɞ ɡˊɞůŰɨɚɤɛŬ ŮɑɜŬɘ ˊŬəŰɤɛɏɜɞ. 

ȯɟŬ Űɞ ɘůɞŭɨɜŬɛɞ ɛɐəɞɠ ɚɡɔɘůɛɞɨ ɔɘŬ ɡˊɞůŰɨɚɤɛŬ ɛŮ ɛŮŰŬɗŮŰɎ ɎəɟŬ ŮɑɜŬɘ: 

1 2 1 2

1 2 1 2

1 0,2*( ) 0,12* *
* 1,508*500 753,83cm

1 0,8*( ) 0,6* *
cr cL L

h h h h

h h h h

- + -
= = =

- + +
 

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ  

(8.30) Ý  
753,83

0,676
* * / 14,6* * 21000 / 35,5

l
p p

= = =cr
y

y y

L

i E f
 

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ b ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,34. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.29) Ý 20,5*[1 0,34*(0,676 0,2) 0,676 ] 809F= + - + = 

(8.28) Ý
2 2

1
0,797 1,0

0,809 0,809 0,676
yc= = <

+ -
 

2) ũɘŬ ɚɡɔɘůɛɧ əŬŰɎ Űɞɜ ɎɝɞɜŬ zz (ɚɡɔɘůɛɧɠ əŬŰɎ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ). 

ȽůɞŭɨɜŬɛɞ ɀɐəɞɠ ɚɡɔɘůɛɞɨ Lcr 

ȿɧɔɤ Űɞɡ ɧŰɘ əŬŰɎ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ Űɞ ɡˊɞůŰɨɚɤɛŬ ɏɢŮɘ Űɞ ůɨɜŭŮůɛɞ ŭɡůəŬɛɣɑŬɠ 

ŮɑɜŬɘ ŭɖɚŬŭɐ ŬɛűɘŬɟɗɟɤŰɧ ŰɧŰŮ: 

500=crL cm 

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ  

 (8.30) Ý
500

0,869
* * / 7,53* * 21000 / 35,5

l
p p

= = =cr
z

z y

L

i E f
 

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ c ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,49.

 
ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.29) Ý 20,5*[1 0,49*(0,869 0,2) 0,869 ] 1,042F= + - + = 

(8.28) Ý
2 2

1
0,619 1,0

1,042 1,042 0,869
zc= = <

+ -
 

 

min y zmin{ , } min{0,797;0,619} 0,619c c c= = =  
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(8.27) Ý
min

,

1

* * 0,619*35,5*171
3758kN 3160kN

1

y

b Rd Ed

f A
N N

c

gM
= = = > =  

ůŰ. ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

Ⱦɟɑůɘɛɖ ŮɚŬůŰɘəɐ ɟɞˊɐ Mcr 

k=kw=1,00 (ɔɘŬ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ) 

E=21000 kN/cm2 

G=8100 kN/cm2 

zg=0 cm (Űɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ) 

C1 = 1,879 , C2 = 0 , C3 = 0,939 (Ŭˊɧ ˊɑɜŬəŬ F.1.1 EC3 ɛŮ ɣå0) 

ɇŬ ɡˊɧɚɞɘˊŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ŭɞɗŮɑ ˊɘɞ ˊɎɜɤ əŬɘ ɔɘŬ ŭɘŬŰɞɛɐ ɛŮ ŭɨɞ ɎɝɞɜŮɠ ůɡɛɛŮŰɟɑŬɠ: 

(8.36) Ý ,Ed342021kNcm 3420,21kNm 113,08kNmcr yMM = = > =  

ȷɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ 

(8.35) Ý
2408*35,5

0,5
342021

LTl = =  

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ a ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,21. 

ɀŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ ɢLT 

(8.34) Ý 20,5*[1 0,21*(0,5 0,2) 0,5 ] 0,656LTF = + - + =  

(8.33) Ý
2 2

1
0,924 1,0

0,656 0,656 0,5
LTc = = <

+ -
 

ȷɜŰɞɢɐ əɎɛɣɖɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ ɀb,Rd 

ȷˊɧ Űɖ ůɢɏůɖ (8.32): 

, ,

0,924*35,5*2408
79012kNcm 790,12kNm 113,08kNm

1
b Rd y EdM M= = = > =  

ɕ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ɡˊɧ əɎɛɣɖ əŬɘ ɗɚɑɣɖ 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ 2 Űɞɡ ȺɡɟɤəɩŭɘəŬ 3 ɔɘŬ ɛɏɚɖ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ 

ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ. 

ɆɡɜŰŮɚŮůŰɏɠ ɘůɞŭɨɜŬɛɖɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞˊɐɠ cm 

ȷˊɧ Űɞɡɠ ɄɑɜŬəŮɠ 8.12 əŬɘ 8.13 ɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ əŬɘ ɞɘ Űɘɛɏɠ Űɞɡɠ ŮɑɜŬɘ: 

ũɘŬ cmy : ɣ=-0,05/-113,08=0Ÿ -1ÒɣÒ1 Ÿ cmy= 0,6+0,4*0=0,6 

ũɘŬ cmz : ɣ=-1,87/-17,71=0,106Ÿ -1ÒɣÒ1 Ÿ cmz= 0,6+0,4*0,106=0,642 

ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ kij 

1

3160
*(1 ( 0,2)* ) 0,6*(1 (0,676 0,2)* ) 0,787

* / 0,797*6070,5 /1
l

c gM
+ - = + - =Ed

ymy

y Rk

N
c

N

 

1

3160
*(1 0,8* ) 0,6*(1 0,8* ) 0,914

* / 0,797*6070,5c gM
+ = + =Ed

my

y Rk

N
c

N
 

min{0,787;0,914} 0,787= =yyk  , 0,6* 0,472= =zy yyk k  
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1

3160
*(1 (2* 0,6)* ) 0,642*(1 (2*0,869 0,6)* ) 1,257

* / 0,619*6070,5 /1
l

c gM
+ - = + - =Ed

zmz

z Rk

N
c

N

 

1

3160
*(1 1,4* ) 0,642*(1 1,4* ) 1,398

* / 0,619*6070,5c gM
+ = + =Ed

mz

z Rk

N
c

N
 

min{1,257;1,398} 1,257= =zzk  , 0,6* 0,754= =yz zzk k  

ȯɝɞɜŬɠ yy 

, z,

, z,

11 1

3160 113,08
* * 0,787*

* 6070,5 854,84
0,797* 0,924**

1 1

c
c

gg g MM M

M M
+ + = + +

y Ed EdEd
yy yz

y Rk y Rk Rk

LT

N
k k

N M M
 

17,71
0,754* 0,804 1,0

350,03

1

+ = <  

ȯɝɞɜŬɠ zz 

, ,

, ,

1 11

3160 113,08
* * 0,472*

* 6070,5 854,84
0,619* 0,924**

1 1

c
c

g ggM MM

M M
+ + = + +

y Ed z EdEd
zy zz

z Rk y Rk z Rk

LT

N
k k

N M M
 

17,71
1,257* 0,972 1,0

350,03

1

+ = <  

Ⱥˊɞɛɏɜɤɠ Űɞ ɡˊɞůŰɨɚɤɛŬ ˊŮɟɜɎŮɘ ɧɚɞɡɠ Űɞɡɠ ɘəŬɜɞŰɘəɞɨɠ Ůɚɏɔɢɞɡɠ. 

8.2.2 ȾŰɑɟɘɞ ȸ 

8.2.2.1 ȾɨɟɘŬ ŭɞəɧɠ 

ȼ əɨɟɘŬ ŭɞəɧɠ Űɞɡ əŰɘɟɑɞɡ ȸ ŮɑɜŬɘ ŬɛűɘŬɟɗɟɤŰɐ əŬɗɩɠ ɚɧɔɤ Űɞɡ ɧŰɘ ɏɢɞɡɛŮ 

əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ əŬɘ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ ŬɡŰɞɑ ŮɝŬůűŬɚɑɕɞɡɜ Űɖɜ 

ˊɚŮɡɟɘəɐ ŮɡůŰɎɗŮɘŬ, Ůɜɩ Űɞ ˊɚŬɑůɘɞ ŬɜŬɚŬɛɓɎɜŮɘ űɞɟŰɑŬ ɓŬɟɨŰɖŰŬɠ. ȹɡůɛŮɜɏůŰŮɟŮɠ ŮɑɜŬɘ 

ɞɘ ŭɞəɞɑ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ (1) ɏɤɠ (5) Űɖɠ Ƀ.Ⱦ.ȷ ɛŮ əɨɟɘŬ ŰŬ əŬŰŬəɧɟɡűŬ əɘɜɖŰɎ 

űɞɟŰɑŬ əŬɘ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ: 

- ŰɏɛɜɞɡůŬ Vz = 202,91 kN 

- ɟɞˊɐ  My = 336,91 kNm 

ũɘŬ Űɖɜ əɨɟɘŬ ŭɞəɧ ɛɐəɞɡɠ L=500cm ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ŭɘŬŰɞɛɐ HEB260 ŭɘŬŰɞɛɐ 

əŬŰɖɔɞɟɑŬɠ 1 ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ ɧˊɤɠ ɞɟɑůŰɖəŬɜ ˊɘɞ ˊɟɘɜ. 

ȼ ɛɞɟűɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɟɞˊɩɜ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 8.17 Űɖɠ ŮˊɧɛŮɜɖɠ ůŮɚɑŭŬɠ. 

Ŭ. ȰɚŮɔɢɞɠ  ůŮ ɛɞɜɞŬɝɞɜɘəɐ əɎɛɣɖ     

(8.7)Ý  , ,

1283*35,5
45546,5kNcm 455,47kNm 336,91kNm

1
y Rd y EdM M= = = > =
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ɆɢɐɛŬ 8.17: ȹɘɎɔɟŬɛɛŬ ɟɞˊɩɜ My ůŰɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ. 

ɓ. ȰɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ      

ȰɢŮɘ ɡˊɞɚɞɔɘůŰŮɑ Ŭˊɧ ˊɟɘɜ ɔɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ ɔɘŬ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ: 

(8.11) Ý , ,

37,15*(35,5 / 3)
761,42kN 202,91kN

1
pl Rd z EdV V= = > =  

ɔ. ȰɚŮɔɢɞɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

, ,202,91kN 0,5* 380,71kNz Ed pl RdV V= < =
 

ȯɟŬ ŭŮ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɚɧɔɤ ŰɏɛɜɞɡůŬɠ. 

ŭ. ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

k=kw=1,00 (ɔɘŬ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ) 

E=21000 kN/cm2 

G=8100 kN/cm2 

zg=0 (Űɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ) 

C1 = 1,132 , C2 = 0,459 , C3 = 0,525 (ɔɘŬ ŬɛűɘŬɟɗɟɤŰɐ ůŰɐɟɘɝɖ ɛŮ əŬŰŬɜŮɛɖɛɏɜɞ 

űɞɟŰɑɞ ɡˊŮɟ Űɖɠ ŬůűŬɚŮɑŬɠ) 

ɇŬ ɡˊɧɚɞɘˊŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ŭɞɗŮɑ ˊɘɞ ˊɎɜɤ. 

(8.36) Ý ,Ed94229kNcm 942,30kNm 336,91kNmcr yMM = = > =  

(8.35) Ý
1283*35,5

0,695
94229

LTl = =  
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ȺˊŮɘŭɐ h/b = 1 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ a ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,21. 

(8.34) Ý 20,5*[1 0,21*(0,695 0,2) 0,695 ] 0,794F = + - + =LT  ,   

(8.33) Ý
2 2

1
0,850 1,0

0,794 0,794 0,695
c = = <

+ -
LT  

ȷˊɧ Űɖ ůɢɏůɖ (8.32): 

, ,

0,850*35,5*1283
38713kNcm 387,13kNm 336,91kNm

1
b Rd y EdM M= = = > =  

Ⱥˊɞɛɏɜɤɠ ɖ ŭɘŬŰɞɛɐ Űɖɠ əɨɟɘŬɠ ŭɞəɞɨ ŮɑɜŬɘ ŮˊŬɟəɐɠ ůŮ Ƀ.Ⱦ.ȷ.. 

8.2.2.2 ȹŮɡŰŮɟŮɨɞɡůŬ ŭɞəɧɠ 

ȼ ŭŮɡŰŮɟŮɨɞɡůŬ ŭɞəɧɠ ŭɏɢŮŰŬɘ ŰŬ ɑŭɘŬ ɛŮɔɏɗɖ ɛŮ Űɖ ŭŮɡŰŮɟŮɨɞɡůŬ Űɞɡ əŰɘɟɑɞɡ ȷ ɞˊɧŰŮ 

ŮˊŬɟəŮɑ ůŮ Ƀ.Ⱦ.ȷ. ɔɘŬ Űɞ əŰɑɟɘɞ ȸ. 

8.2.2.3 ȹɘŬŭɞəɑŭŬ 

ȼ ŭɘŬŭɞəɑŭŬ ŭɏɢŮŰŬɘ əŬɘ ŬɡŰɐ ŰŬ ɑŭɘŬ ɛŮɔɏɗɖ ɛŮ Űɖ ŭɘŬŭɞəɑŭŬ Űɞɡ əŰɘɟɑɞɡ ȷ ɞ́ ɧŰŮ 

ŮˊŬɟəŮɑ əŬɘ ŬɡŰɐ ůŮ Ƀ.Ⱦ.ȷ. ɔɘŬ Űɞ əŰɑɟɘɞ ȸ. 

8.2.2.4 ɈˊɞůŰɨɚɤɛŬ 

ũɘŬ Űɞ ɡˊɞůŰɨɚɤɛŬ Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮŰŬɘ ůŰɞ ɓŬůɘəɧ ůɡɜŭɡŬůɛɧ (3) Ƀ.Ⱦ.ȷ, ɛŮ ŭɘŮɨɗɡɜůɖ 

Ŭɜɏɛɞɡ əŬŰɎ Y, ŭɡůɛŮɜɏůŰŮɟŬ ŮɑɜŬɘ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Űɞɡ ˊɟɩŰɞɡ ɞɟɧűɞɡ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ůŮ ŮůɤŰŮɟɘəɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɞˊɞɑŬ, ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɑŭɘŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡɠ 

ɧˊɤɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 8.21. 

- Ŭɝɞɜɘəɐ N = 2515,55 kN 

- ŰɏɛɜɞɡůŬ Vz = 4,00 kN 

- ɟɞˊɐ  My,down = 16,26 kNm , My,up = -3,54 kNm 

ũɘŬ Űɞ ɡˊɞůŰɨɚɤɛŬ ɛɐəɞɡɠ L=500cm ɢɟɖůɘɛɞˊɞɑɖɗɖəŮ ɖ ŭɘŬŰɞɛɐ HEB360 ŭɘŬŰɞɛɐ 

əŬŰɖɔɞɟɑŬɠ 1 ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ ŬɡŰɎ ůŰɞɜ ŮˊɧɛŮɜɞ ˊɑɜŬəŬ. 

ɄɑɜŬəŬɠ 8.21: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɘŬŰɞɛɐɠ HEB360. 

h 

(cm) 

b 

(cm) 

tw 

(cm) 

tf 

(cm) 

r 

(cm) 

hw 

(cm) 

A 

(cm2) 

Iy 

(cm4) 

Wy 

(cm3) 

iy 

(cm) 

Iz 

(cm4) 

Wz 

(cm3) 

iz 

(cm) 

36 30 1.25 2.25 2.7 26.1 181 43190 2400 15.5 10140 676 7.49 

 

 

 

 

ɆŰŬ ɆɢɐɛŬŰŬ 8.18, 8.19 űŬɑɜŮŰŬɘ ɖ ɗɏůɖ əŬɘ ɖ ɛɞɟűɐ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ Űɤɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ ɏˊŮɘŰŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɞɘ ɏɚŮɔɢɞɘ. 

Wpl,y 

(cm3) 

Wpl,z 

(cm3) 

I t 

(cm4) 
Iw (cm6) 

2683 1032 293 2883000 
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ɆɢɐɛŬ 8.18: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɩɜ ŭɡɜɎɛŮɤɜ N ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. 

 

ɆɢɐɛŬ 8.19: ȹɘɎɔɟŬɛɛŬ ɟɞˊɩɜ ŰŮɛɜɞɡůɩɜ Vz əŬɘ ɟɞˊɩɜ əɎɛɣɖɠ My ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. 

Ŭ. ȰɚŮɔɢɞɠ  ůŮ əɎɛɣɖ   

(8.7)Ý  , ,

2683*35,5
95247kNcm 952,47kNm 16,26kNm

1
y Rd y EdM M= = = > =   

ȾŬŰɎ z ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ Ůűɧůɤɜ z, 0,00=EdM kNm. 
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ɓ. ȰɚŮɔɢɞɠ ůŮ ŭɘɎŰɛɖůɖ      

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ ɔɘŬ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰɞɜ əɞɟɛɧ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.12): 

2max{60,96;39,15} 60,96cmvA = =  

ũɘŬ ŮɚŬŰɐ ŭɘŬŰɞɛɐ Ƚ əŬɘ űɞɟŰɑɞ ˊŬɟɎɚɚɖɚɞ ůŰŬ ˊɏɚɛŬŰŬ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢɏůɖ (8.13): 

2181 26,1*1,25 135cmvA = - =  

ũɘŬ ŰɏɛɜɞɡůŬ ˊŬɟɎɚɚɖɚɖ ůŰɞɜ əɞɟɛɧ 

(8.11) Ý , ,

60,96*(35,5 / 3)
1249,48kN 4,00kN

1
pl Rd z EdV V= = > =  

ũɘŬ ŰɏɛɜɞɡůŬ ˊŬɟɎɚɚɖɚɖ ůŰŬ ˊɏɚɛŬŰŬ 

ȹŮɜ ŬˊŬɘŰŮɑŰŬɘ ɏɚŮɔɢɞɠ Ůűɧůɤɜ  , 0,00kNy EdV = . 

ɔ. ȰɚŮɔɢɞɠ ůŮ əɎɛɣɖ əŬɘ ŭɘɎŰɛɖůɖ 

, ,4,00kN 0,5* 624,74kNz Ed pl RdV V= < =  

ȯɟŬ ŭŮ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɚɧɔɤ ŰɏɛɜɞɡůŬɠ. 

ŭ. ȰɚŮɔɢɞɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ əŬɘ ɗɚɑɣɖ 

ȺɚɏɔɢŮŰŬɘ ŮɎɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜŮɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ŬɜŰɑůŰŬůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ 

ɚɧɔɤ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ɛɧɜɞ əŬŰɎ Űɞɜ y ɎɝɞɜŬ əŬɗɩɠ əŬŰɎ Űɞɜ z ɖ əŬɛˊŰɘəɐ ɟɞˊɐ 

ŮɑɜŬɘ ɛɖŭɏɜ. 

(8.18) Ý ,0,25* 0,25*181*35,5 0,25*6425,5 1606,38kNpl Rd EdN N= = = <,  

(8.19) Ý
0

0,5* * *
579,09kN 2515,55kN

w w y

Ed

h t f
N

gM
= < =   

ȯɟŬ ɢɟŮɘɎɕŮŰŬɘ ŬˊɞɛŮɑɤůɖ Űɖɠ əŬɛˊŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɑůŰŬůɖɠ. 

,

2515,55
0,391

6425,55
(

118 2*30*2,25
min{ ;0,5} min{0,254;0,5} 0

4

,254
18

8

1

.2 )

Ed

pl Rd

N
n

N

a

ë
= = =î

î
ì
î
î

-
=

í
= =

 

(8.21) Ý , , min{663,94;952,47} 663,94kNmN y RdM = =  

, ,16,26kNmEd N y RdM M= <  

ȯɟŬ ɖ ŭɘŬŰɞɛɐ ŮˊŬɟəŮɑ ůŮ ůɡɜŭɡŬůɛɏɜɖ əɎɛɣɖ əŬɘ ɗɚɑɣɖ. 

Ů. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ůŮ əŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

1) ũɘŬ ɚɡɔɘůɛɧ əŬŰɎ Űɞɜ ɎɝɞɜŬ yy (ɚɡɔɘůɛɧɠ əŬŰɎ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ). 

 

ɆɢɐɛŬ 8.20: ȾŬŰŬɜɞɛɐ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ɚɡɔɘůɛɧ ɡˊɞůŰɡɚɩɛŬŰɞɠ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ Űɞɡ ɎɝɞɜŬ. 



 

99 

 

Ƚ11=Ƚ12=Ƚy,ȼȺȸ260=14920 cm4 , Ic=I1=Iy,HEB360=43190 cm4 , L11=L12=500 cm 

Ƀɘ ŭɡůəŬɛɣɑŮɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ ˊɑɜŬəŬ Ⱥ.1 Űɞɡ 

ȺɡɟɤəɩŭɘəŬ 3 ˊɞɡ ŬűɞɟɎ ŭɞəɞɨɠ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ ůŮ Ŭɝɞɜɘəɏɠ ŭɡɜɎɛŮɘɠ əŬɘ ɏɢɞɡɜ 

ŬɛŮŰŬɗŮŰɎ ɎəɟŬ. 

 343190
86,38cm

500

c
c

c

I
K

L
= = =                 ,         31

1

1

43190
107,98cm

400

I
K

L
= = =   

311
11 12

11

14920
0,5* 0,5* 14,92cm

500

I
K K

L
= = = = 

 Ƀɘ ůɡɜŰŮɚŮůŰɏɠ əŬŰŬɜɞɛɐɠ ŭɡůəŬɛɣɑŬɠ ɏɢɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ: 

1
1

1 11 12

0,867h
+

= =
+ + +

c

c

K K

K K K K
 , 2 0,00h=  (ɡˊɞůŰɨɚɤɛŬ ˊŬəŰɤɛɏɜɞ) 

ȯɟŬ Űɞ ɘůɞŭɨɜŬɛɞ ɛɐəɞɠ ɚɡɔɘůɛɞɨ ɔɘŬ ɡˊɞůŰɨɚɤɛŬ ɛŮ ŬɛŮŰŬɗŮŰɎ ɎəɟŬ ŮɑɜŬɘ: 

2

1 2 1 20,5 0,14*( ) 0,55*( ) * 0,663*500 331,5cmcr cL Lh h h h= + + + + = =  

(8.30) Ý
331,5

0,280
15,5* * 21000 / 35,5

yl
p

= =  

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ b ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,34. 

(8.29) Ý 20,5*[1 0,34*(0,280 0,2) 0,280 ] 0,553F= + - + = 

(8.28) Ý
2 2

1
0,971 1,0

0,553 0,553 0,280
c= = <

+ -
y  

2) ũɘŬ ɚɡɔɘůɛɧ əŬŰɎ Űɞɜ ɎɝɞɜŬ zz (ɚɡɔɘůɛɧɠ əŬŰɎ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ). 

 

ɆɢɐɛŬ 8.21: ȾŬŰŬɜɞɛɐ ŭɡůəŬɛɣɑŬɠ ɔɘŬ ɚɡɔɘůɛɧ ɡˊɞůŰɡɚɩɛŬŰɞɠ ˊŮɟɑ Űɞɜ ŬůɗŮɜɐ Űɞɡ ɎɝɞɜŬ. 

Ƚ11=Ƚ12=Ƚy,ȼȺȷ240=7760 cm4 , Ic=I1=Iz,HEB360=10140 cm4 , L11=L12=700 cm 

Ƀɘ ŭɡůəŬɛɣɑŮɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɞəɩɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɧˊɤɠ ˊɟɘɜ ɔɘŬ ŬɛŮŰɎɗŮŰŬ ˊɚŬɑůɘŬ. 
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 Ƀɘ ůɡɜŰŮɚŮůŰɏɠ əŬŰŬɜɞɛɐɠ ŭɡůəŬɛɣɑŬɠ ɏɢɞɡɜ Űɘɠ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ: 
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 , 2 1,00h= (ɡˊɞůŰɨɚɤɛŬ ŬɟɗɟɤŰɧ ɡˊɏɟ Űɖɠ ŬůűŬɚŮɑŬɠ) 

2

1 2 1 20,5 0,14*( ) 0,55*( ) * 0,932*500 465,87cmcr cL Lh h h h= + + + + = =  
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(8.30) Ý
465,87

0,814
7,49* * 21000 / 35,5

zl
p

= =  

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.8, 8.9 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ c ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,49.

 
(8.29) Ý 20,5*[1 0,49*(0,814 0,2) 0,814 ] 0,982F= + - + =   
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ůŰ. ȰɚŮɔɢɞɠ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ 

k=kw=1,00 (ɔɘŬ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ) 

zg=0 cm (Űɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ) 

C1 = 2,281 , C2 = 0 , C3 = 0,855 (Ŭˊɧ ˊɑɜŬəŬ F.1.1 EC3 ɛŮ ɣ=-3,54/16,26å-1/4) 

ɇŬ ɡˊɧɚɞɘˊŬ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ŭɞɗŮɑ ˊɘɞ ˊɎɜɤ. 

(8.36) Ý ,Ed456451kNcm 4564,51kNm 16,26kNmcr yMM = = > =  

(8.35) Ý
2683*35,5

0,457
492189

LTl = =  

ȺˊŮɘŭɐ h/b = 1,133 < 2 ŰɧŰŮ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 8.10, 8.11 ŮˊɘɚɏɔŮŰŬɘ əŬɛˊɨɚɖ 

ɚɡɔɘůɛɞɨ a ɞˊɧŰŮ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ: ŬLT = 0,21. 

(8.34) Ý 20,5*[1 0,21*(0,457 0,2) 0,457 ] 0,631LTF = + - + = 
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ȷˊɧ Űɖ ůɢɏůɖ (8.32): 

, ,

0,937*35,5*2683
89263kNcm 892,63kNm 16,26kNm

1
b Rd y EdM M= = = > =  

ɕ. ȰɚŮɔɢɞɠ ɛɏɚɞɡɠ ɡˊɧ əɎɛɣɖ əŬɘ ɗɚɑɣɖ 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ 2 Űɞɡ ȺɡɟɤəɩŭɘəŬ 3 ɔɘŬ ɛɏɚɖ ˊɞɡ ŭŮɜ ɡˊɧəŮɘɜŰŬɘ 

ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ əŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ɚŬɛɓɎɜɞɜŰŬɘ ɧˊɤɠ ɔɘŬ Űɞ əŰɑɟɘɞ ȷ. 

ũɘŬ cmy : ɣ=-3,54/16,26=-0,218 Ÿ -1ÒɣÒ1 Ÿ cmy= 0,6+0,4*(-0,218)= 0,513 

ũɘŬ cmz : ŭŮɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ůűɧůɤɜ Mz=0 kNm. 
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Ⱥˊɞɛɏɜɤɠ Űɞ ɡˊɞůŰɨɚɤɛŬ ˊŮɟɜɎŮɘ ɧɚɞɡɠ Űɞɡɠ Ůɚɏɔɢɞɡɠ. 

8.2.2.5 ȾŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ 

ũɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ŮɚɏɔɢɗɖəŬɜ ɧˊɤɠ ɏɔɘɜŮ əŬɘ ɔɘŬ Űɞ 

əŰɑɟɘɞ ȷ ɞɘ ůɨɜŭŮůɛɞɘ əŬŰɎ ɉ Űɤɜ ˊɚŬɘůɑɤɜ 1 , 3 , 5 ɔɘŬ ůŮɘůɛɧ əŬŰɎ ɉ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ 

ɔɘŬ Űɞ ůŮɘůɛɘəɧ ůɡɜŭɡŬůɛɧ 1 (G+Gô+0,3*Q+0,3*Ex+Ey) əŬɘ ɞɘ ůɨɜŭŮůɛɞɘ əŬŰɎ Ɉ Űɤɜ 

ˊɚŬɘůɑɤɜ A , H  ɔɘŬ ůŮɘůɛɧ əŬŰɎ Y əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɞ ůŮɘůɛɘəɧ ůɡɜŭɡŬůɛɧ 2 

(G+Gô+0,3*Q+Ex+0,3*Ey). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɚɧɔɤ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞɡɠ ɄɑɜŬəŮɠ 8.22, 8.23, 8.24, 8.25, 8.26. 

ũɘŬ əɎɗŮ ˊɚŬɑůɘɞ Űɤɜ əŬŰ. Ɇɡɜŭ. ȹɡůə. ȾŬŰɎ ɉ: 

ɄɑɜŬəŬɠ 8.22: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɞɚɞɔɘůɛɞɨ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ˊɚŬɘůɑɞɡ 1 ɛŮ 

ŮˊŬɟəɐ ˊɚɎůŰɘɛɖ ůɡɛˊŮɟɘűɞɟɎ əŬɗô ɨɣɞɠ. 

ȳɟɞűɞɘ ȹɘŬŰɞɛɐ Nt (kN) Nc (kN) Npl,Rd (kN) Nt/Npl,Rd<1,0 

1 200x100x7.1 441.51 514.48 1420 0.31 

2 150x100x7.1 398.79 434.06 1167.95 0.34 

3 150x100x6.3 329.33 352.48 1047.25 0.31 

4 100x100x5 223.43 232.9 663.85 0.34 

5 90x90x4 151.67 154.72 482.8 0.31 

 

 

 

 

 

 

 

 

 

 

 

Lcr (cm) 1,3<ɚ<2,0 ɢ Nb,Rd (kN) Nc/Nb,Rd ɋ (ɋmax-ɋmin)/ɋmin 

430.12 1.373 0.431 612.02 0.84 2.76 

0.16 

403.11 1.329 0.454 530.25 0.82 2.69 

403.11 1.316 0.461 482.78 0.73 2.97 

403.11 1.367 0.434 288.11 0.81 2.85 

403.11 1.507 0.369 178.15 0.87 3.12 




















































































































