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ǨǬǵǨǯǪǴ ǲǨǳǫǭǪǸǪ 

ǨǫǴǥũǹũǪ 

Ǫ ɸŬȍȌȖůŬ ǵŮȐȊȆȇǾ ǞȇȅŮůȄ ŬɸȌŰŮȈŮǿ ŰȌ ǲŬȍŬŭȌŰǽȌ ǲ8ȁ ŰȄȎ ǧȍǼůȄȎ (ǨɸȆȉǽȍȌȏȎ ǨȍȂŬůǿŬȎ) ǧ8 
ŰȌȏ ǨȍŮȏȊȄŰȆȇȌȖ ǲȍȌȂȍǼȉȉŬŰȌȎ ȉŮ ŰǿŰȈȌ: 

ŪǥǭǪǴ-ǨǮǲ (MIS  380043)  

ǲȍȒŰȕŰȏɸȌȎ ǴȐŮŭȆŬůȉȕȎ ǦǼȅȍȒȊ ũŮűȏȍȗȊ ůŮ ǳŮȏůŰȌɸȌȆǾůȆȉȌ ǞŭŬűȌȎ ȉŮ ūȏůȆȇǾ 
ǴŮȆůȉȆȇǾ ǮȕȊȒůȄ 

ȉŮ ǴȏȊŰȌȊȆůŰǾ (ǨȍŮȏȊȄŰȆȇȕ ǶɸŮȖȅȏȊȌ) ŰȌȊ ũŮȗȍȂȆȌ ǮɸȌȏȇȌȁǼȈŬ ǬŬȅȄȂȄŰǾ ǨǮǲ, ȇŬȆ ȉŮ 
ǨɸȆůŰȄȉȌȊȆȇȕ ǶɸŮȖȅȏȊȌ ŰȄȎ ǧȍǼůȄȎ ǧ8 ŰȌȊ ǷǼȍȄ ũŬȊŰǽ, ǬŬȅȄȂȄŰǾ ǨǮǲ. 

ǴȏȂȇŮȇȍȆȉǽȊŬ, Ȅ ŮȊ ȈȕȂȒ ǧȍǼůȄ ǧ8, ȉŮ ŰǿŰȈȌ: 

"ǨűŬȍȉȌȂǾ ůŮ ǷŬȈȖȁŭȆȊȄ (ǬŬȈȒŭȆȒŰǾ) ũǽűȏȍŬ" 

ŬűȌȍǼ ůŰȄȊ ŮűŬȍȉȌȂǾ ȇŬȆ ůȏȂȇȍȆŰȆȇǾ ŬȋȆȌȈȕȂȄůȄ ŰȄȎ ɸȍȌŰŮȆȊȕȉŮȊȄȎ ȊǽŬȎ ȉŮȅȌŭȌȈȌȂǿŬȎ 
ůȐŮŭȆůȉȌȖ ůŮ ȐŬȈȖȁŭȆȊȄ ȂǽűȏȍŬ, ŮȊȗ ŰȌ ŬȊŰȆȇŮǿȉŮȊȌ ŰȌȏ ŮȊ ȈȕȂȒ ɸŬȍŬŭȌŰǽȌȏ ɸŮȍȆȂȍǼűŮŰŬȆ 
ůŰȄȊ ŮȂȇŮȇȍȆȉǽȊȄ ŮȍŮȏȊȄŰȆȇǾ ɸȍȕŰŬůȄ ȒȎ ŬȇȌȈȌȖȅȒȎ: 

"Ǳ ůȇȌɸȕȎ ŰȄȎ ǨȍŮȏȊȄŰȆȇǾȎ ǱȉǼŭŬȎ ŮǿȊŬȆ ȊŬ ŭȆŮȍŮȏȊǾůŮȆ ŰȄ ŭȏȊŬŰȕŰȄŰŬ ŮűŬȍȉȌȂǾȎ ŰȄȎ 
ɸȍȌŰŮȆȊȕȉŮȊȄȎ ȉŮȅȌŭȌȈȌȂǿŬȎ ůȐŮŭȆŬůȉȌȖ ȇŬȆ ŰŬ ɸȍȌŰŮȍǾȉŬŰŬ ǽȊŬȊŰȆ ůȏȉȁŬŰȆȇȗȊ ȉŮȅȕŭȒȊ 
ůȐŮŭȆŬůȉȌȖ ȂȆŬ ŰȄȊ ɸŮȍǿɸŰȒůȄ ȉȆŬȎ ȇŬȈȒŭȆȒŰǾȎ ȂǽűȏȍŬȎ, ȉŮ ȐŬȈȖȁŭȆȊȌȏȎ ɸȏȈȗȊŮȎ ȇŬȆ 
ůȖȉȉȆȇŰȌ ȇŬŰǼůŰȍȒȉŬ. ǥȏŰȕȎ Ȍ ŰȖɸȌȎ ȂǽűȏȍŬȎ, ŬȊ ȇŬȆ ŮǿȊŬȆ ȈȆȂȕŰŮȍȌ ŭȆŬŭŮŭȌȉǽȊȌȎ ůŰȄȊ 
ǨȈȈǼŭŬ, ȉɸȌȍŮǿ ȊŬ ŬɸȌŰŮȈǽůŮȆ ȉǿŬ ŰŮȐȊȆȇǼ ȇŬȆ ȌȆȇȌȊȌȉȆȇǼ ȇŬȈȖŰŮȍȄ ȈȖůȄ ůŮ ɸŮȍȆɸŰȗůŮȆȎ 
ȂŮűȏȍȗȊ ȉŮůŬǿȒȊ-ȉŮȂǼȈȒȊ ŬȊȌȆȂȉǼŰȒȊ ŬȊǼȉŮůŬ ůŰŬ ȉŮůȕȁŬȅȍŬ (ɸ.Ȑ. ȉŮȂŬȈȖŰŮȍŬ Ŭɸȕ 80m). 
ǲŬȍǼȈȈȄȈŬ, ɸŬȍȌȏůȆǼȃŮȆ ůȏȂȇŮȇȍȆȉǽȊŮȎ ȆŭȆŬȆŰŮȍȕŰȄŰŮȎ ůŮ ůȐǽůȄ ȉŮ ŰȆȎ ȂǽűȏȍŮȎ Ŭɸȕ 
ůȇȏȍȕŭŮȉŬ ŰȒȊ ǧȍǼůŮȒȊ 6 ȇŬȆ 7, ȈȕȂȒ ŰȒȊ ŭȆŬűȌȍŮŰȆȇȗȊ ȏȈȆȇȗȊ ȇŬŰŬůȇŮȏǾȎ ŬȈȈǼ ȇŬȆ ȈȕȂȒ 
ŰȄȎ ɸȆȌ ŮȖȇŬȉɸŰȄȎ ŬɸȕȇȍȆůȄȎ, Ȅ ȌɸȌǿŬ ȉɸȌȍŮǿ ȊŬ ȌŭȄȂǾůŮȆ ůŮ: (Ŭ) ȈȆȂȕŰŮȍȌ ŬȏůŰȄȍǼ ȇȍȆŰǾȍȆŬ 
ŮɸȆŰŮȈŮůŰȆȇȕŰȄŰŬȎ ȁǼůŮȆ ŰȒȊ ŮɸȆŰȍŮɸȕȉŮȊȒȊ ȉŮŰŬȇȆȊǾůŮȒȊ ŰȄȎ ȅŮȉŮȈǿȒůȄȎ, ŬȈȈǼ ŮɸǿůȄȎ (ȁ) 
ŬȏȋŬȊȕȉŮȊȌ ȇǿȊŭȏȊȌ ůȏȊŰȌȊȆůȉȌȖ ŰȌȏ űȌȍǽŬ ŰȄȎ ŬȊȒŭȌȉǾȎ ȇŬŰǼ ŰȄ ȈŮȆŰȌȏȍȂǿŬ ŰȌȏ 
ȍŮȏůŰȌɸȌȆȄȉǽȊȌȏ ŮŭǼűȌȏȎ ȒȎ çűȏůȆȇȌȖè ůȏůŰǾȉŬŰȌȎ ůŮȆůȉȆȇǾȎ ȉȕȊȒůȄȎ. 

ǱȆ ȇȖȍȆŮȎ ŭȍŬůŰȄȍȆȕŰȄŰŮȎ ɸȌȏ ȅŬ ɸȍǽɸŮȆ ȊŬ ɸȍŬȂȉŬŰȌɸȌȆȄȅȌȖȊ ȂȆŬ ŰȄȊ ȌȈȌȇȈǾȍȒůȄ ŬȏŰǾȎ ŰȄȎ 
ǧȍǼůȄȎ ŮǿȊŬȆ ȌȆ ŬȇȕȈȌȏȅŮȎ: 

(Ŭ) ǥȍȐȆȇȗȎ, ȅŬ ɸȍǽɸŮȆ ȊŬ ŮȇŰȆȉȄȅȌȖȊ ȌȆ ŮɸȆŰȍŮɸȕȉŮȊŮȎ ȉŮŰŬȇȆȊǾůŮȆȎ ůŰȄ ȅŮȉŮȈǿȒůȄ 
(ȇŬȅȆȃǾůŮȆȎ ȇŬȆ ůŰȍȌűǽȎ) ȂȆŬ ŭȆǼűȌȍȌȏȎ ŰȖɸȌȏȎ ȇŬȈȒŭȆȒŰȗȊ ȂŮűȏȍȗȊ, ȇŬȆ ůȏȂȇŮȇȍȆȉǽȊŬ ȂȆŬ 
ŰȖɸȌ çǼȍɸŬȎè (harp) ȇŬȆ ŬȇŰȆȊȒŰȕ (fan), ȉŮ ȉȌȊȕɸȈŮȏȍȌ Ǿ ŬȉűǿɸȈŮȏȍȌȏȎ ɸȏȈȗȊŮȎ, ȇŬȅȗȎ ȇŬȆ 
ȂȆŬ ŬȊȄȍŰȄȉǽȊŮȎ ȂǽűȏȍŮȎ ȉŮ ȇȖȍȆȌ ȇŬȈȗŭȆȌ ȉŮŰŬȋȖ ŰȒȊ ȇȌȍȏűȗȊ ŰȒȊ ɸȏȈȗȊȒȊ ȇŬȆ 
ȇŬŰŬȇȕȍȏűȌȏȎ ŬȊŬȍŰǾȍŮȎ. ŪŬ ȈȄűȅȌȖȊ ȏɸȕȑȄ ŰŬ ŮɸȆŰȍŮɸȕȉŮȊŬ ŮɸǿɸŮŭŬ ȁȈǼȁȄȎ ȇŬȆ 



ȈŮȆŰȌȏȍȂȆȇȕŰȄŰŬȎ (ɸ.Ȑ. ȕȐȈȄůȄ ůŰȄȊ ȌŭǾȂȄůȄ, ŮɸȆůȇŮȏǼůȆȉŮȎ ȁȈǼȁŮȎ, ȉǾ ŮɸȆůȇŮȏǼůȆȉŮȎ 
ȁȈǼȁŮȎ) ȇŬȅȗȎ ȇŬȆ ŰȌ ŬȊŬȉŮȊȕȉŮȊȌ ŮɸǿɸŮŭȌ ůŮȆůȉȆȇȕŰȄŰŬȎ (ɸ.Ȑ. ůŮȆůȉȆȇǾ ŭȆǽȂŮȍůȄ ȉŮ 90, 450 
Ǿ 900 ȐȍȕȊȆŬ ɸŮȍǿȌŭȌ ŮɸŬȊŬűȌȍǼȎ) ȇŬȆ ȅŬ ȇŬȅȌȍȆůŰȌȖȊ ȉŮŰǼ Ŭɸȕ ȉǿŬ ůȏȈȈȌȂȆȇǾ ŬȋȆȌȈȕȂȄůȄ 
ŰȒȊ ɸŬȍŬȇǼŰȒ: 

¶ ȉǿŬ ŮȇŰŮŰŬȉǽȊȄ ȁȆȁȈȆȌȂȍŬűȆȇǾ ǽȍŮȏȊŬȎ ŰȒȊ ůȏȊŬűȗȊ ȇŬȊȌȊȆůŰȆȇȗȊ ŭȆŬŰǼȋŮȒȊ ȇŬȆ 
ȌŭȄȂȆȗȊ (ɸ.Ȑ. ǨȏȍȒȇȗŭȆȇŬȎ 2 ï ǮǽȍȌȎ 2, ǨȏȍȒȇȗŭȆȇŬȎ 8 ï ǮǽȍȌȎ 2, ǨȏȍȒȇȗŭȆȇŬȎ 7, 
MCEER & FHA ï ȇŮűǼȈŬȆȌ 11.4), 

¶ ɸŬȍŬŭŮǿȂȉŬŰŬ ŬɸȕȇȍȆůȄȎ Ŭɸȕ ǾŭȄ ȇŬŰŬůȇŮȏŬůȉǽȊŮȎ ȂǽűȏȍŮȎ ȇŬŰǼ ŰȄ ŭȆǼȍȇŮȆŬ 
ɸȍȕůűŬŰȒȊ ůŮȆůȉȗȊ, ȇŬȆ 

¶ ɸŬȍŬȉŮŰȍȆȇǽȎ ŬȊŬȈȖůŮȆȎ ŭȆŬűȕȍȒȊ ŭȌȉȆȇȗȊ ůŰȌȆȐŮǿȒȊ ŰȄȎ ȂǽűȏȍŬȎ (ɸ.Ȑ. ȉŮůȕȁŬȅȍŬ, 
ȇŬȈȗŭȆŬ, ȇŬŰǼůŰȍȒȉŬ) ȏɸȕ ůŰŬŰȆȇǽȎ ȇŬȆ ŬȊŬȇȏȇȈȆȃȕȉŮȊŮȎ ŭȏȊŬȉȆȇǽȎ űȌȍŰǿůŮȆȎ. 

(ȁ) ǴŰȄ ůȏȊǽȐŮȆŬ, ŰŬ ȁǼȅȍŬ ȉȆŬȎ ŰȏɸȆȇǾȎ ȇŬȈȒŭȆȒŰǾȎ ȂǽűȏȍŬȎ, ŰȖɸȌȏ çǼȍɸŬȎè Ǿ ŬȇŰȆȊȒŰȌȖ, 
ȉŮ ȉŮůŬǿȌ ǼȊȌȆȂȉŬ 80-120m ȉŮŰŬȋȖ ŰȒȊ ɸȏȈȗȊȒȊ, ȅŬ ůȐŮŭȆŬůŰȌȖȊ ȉŮ ȁǼůȄ ŰȄȊ ůȏȉȁŬŰȆȇǾ 
ȉŮȅȌŭȌȈȌȂǿŬ ȅŮȉŮȈǿȒůȄȎ, ȉŮ ȐȍǾůȄ ȌȉǼŭŬȎ ɸŬůůǼȈȒȊ ȇŬȆ ȇŬȅȌȈȆȇǾ ȁŮȈŰǿȒůȄ ŰȌȏ ŮŭǼűȌȏȎ 
ůŰȄȊ ɸŮȍȆȌȐǾ ŰȄȎ ȅŮȉŮȈǿȒůȄȎ. ǲȍȕȅŮůǾ ȉŬȎ ŮǿȊŬȆ ȊŬ ŮɸȆȈǽȋȌȏȉŮ ȉǿŬ ȏɸŬȍȇŰǾ ȂǽűȏȍŬ Ǿ ȉǿŬ 
ȉŮȈŮŰȄȉǽȊȄ ȂǽűȏȍŬ ůŮ ůŰǼŭȆȌ ȌȍȆůŰȆȇǾȎ ȉŮȈǽŰȄȎ ůŮ ɸŮȍȆȌȐǾ ɸȌŰŬȉȌȖ, ȕɸȌȏ ȌȆ ůȏȊȅǾȇŮȎ ŰȌȏ 
ȏɸŮŭǼűȌȏȎ ŮǿȊŬȆ ȇŬȅȌȍȆůȉǽȊŮȎ Ŭɸȕ ɸȈǾȍŮȆȎ ȂŮȒŰŮȐȊȆȇǽȎ ȉŮȈǽŰŮȎ, ŮȊȗ ɸȍȌȁȈǽɸŮŰŬȆ ŮȇŰŮŰŬȉǽȊȄ 
ȍŮȏůŰȌɸȌǿȄůȄ ȇǼŰȒ Ŭɸȕ ǽȊŬ Ǿ ɸŮȍȆůůȕŰŮȍŬ ȁǼȅȍŬ ŰȄȎ ȂǽűȏȍŬȎ. 

(Ȃ) ǵǽȈȌȎ, Ȅ ŭȆŬůŰŬůȆȌȈȕȂȄůȄ ŰȄȎ ȂǽűȏȍŬȎ ůŮ ůŰŬŰȆȇȌȖȎ ȇŬȆ ůŮȆůȉȆȇȌȖȎ ůȏȊŭȏŬůȉȌȖȎ 
űȌȍŰǿůŮȒȊ ȅŬ ŮɸŬȊŬȈȄűȅŮǿ ȂȆŬ ŰȄ ȊǽŬ ȉŮȅȌŭȌȈȌȂǿŬ ŰȄȎ çűȏůȆȇǾȎè ůŮȆůȉȆȇǾȎ ȉȕȊȒůȄȎ, 
ŮűŬȍȉȕȃȌȊŰŬȎ ŮɸȆűŬȊŮȆŬȇǾ ȅŮȉŮȈǿȒůȄ ȇŬȆ ȉŮȍȆȇǾ ȁŮȈŰǿȒůȄ ŰȌȏ ȍŮȏůŰȌɸȌȆǾůȆȉȌȏ ŮŭǼűȌȏȎ ȉŮ 
ŭȄȉȆȌȏȍȂǿŬ ŮɸȆűŬȊŮȆŬȇǾȎ ȉȕȊȌȊ ȇȍȌȖůŰŬȎ, ůŮ ůȏȊŭȏŬůȉȕ ȉŮ ŰȆȎ ŮɸȆŰȍŮɸȕȉŮȊŮȎ ȉŮŰŬȇȆȊǾůŮȆȎ 
ůŰȄ ȅŮȉŮȈǿȒůȄȎ ɸȌȏ ȅŬ ȇŬȅȌȍȆůŰȌȖȊ ůŰȌ ȁǾȉŬ (Ŭ) ɸȌȏ ɸŮȍȆȂȍǼűȄȇŮ ɸŬȍŬɸǼȊȒ. ǵŬ 
ɸȈŮȌȊŮȇŰǾȉŬŰŬ ŬȈȈǼ ȇŬȆ ȌȆ ɸŮȍȆȌȍȆůȉȌǿ ŰȄȎ ȊǽŬȎ ȉŮȅȌŭȌȈȌȂǿŬȎ ȅŬ ůȏȂȇȍȆȅȌȖȊ ȉŮ ŰŬ ŬȊŰǿůŰȌȆȐŬ 
ŰȄȎ ůȏȉȁŬŰȆȇǾȎ ȈȖůȄȎ ȇŬȆ ȅŬ ŬȋȆȌȈȌȂȄȅȌȖȊ ȉŮ ȁǼůȄ ŰȕůȌ ŰŮȐȊȆȇȗȊ ȕůȌ ȇŬȆ ȌȆȇȌȊȌȉȆȇȗȊ 
ȇȍȆŰȄȍǿȒȊ. 

Ǫ ɸŬȍȌȖůŬ ǨȍŮȏȊȄŰȆȇǾ ǞȇȅŮůȄ - ɸŬȍŬŭȌŰǽȌ, ŬűȌȍǼ ůŰȆȎ ǨɸȆȉǽȍȌȏȎ ǨȍȂŬůǿŮȎ (ȁ) ȇŬȆ (Ȃ) 
ŬȊȒŰǽȍȒ, ŮȊȗ Ȅ ǨɸȆȉǽȍȌȏȎ ǨȍȂŬůǿŬ (Ŭ) ɸŮȍȆȂȍǼűŮŰŬȆ ůŰȄȊ ǨȍŮȏȊȄŰȆȇǾ ǞȇȅŮůȄ - ǲŬȍŬŭȌŰǽȌ 
(ǲ8Ŭ). 

ǨɸȆůȄȉŬǿȊŮŰŬȆ ȕŰȆ, ȇŬŰǼ ŰŬ ɸȍȗŰŬ ȁǾȉŬŰŬ ŬȏŰǾȎ ŰȄȎ ŭȆŮȍŮȖȊȄůȄȎ, ŭȆŬɸȆůŰȗȅȄȇŮ ȕŰȆ ȌȆ ŰǼůŮȆȎ 
ŮŭǼűȌȏȎ ȈȕȂȒ ȉȌȊǿȉȒȊ űȌȍŰǿȒȊ ůŰȆȎ ȅǽůŮȆȎ ŰȒȊ ȁǼȅȍȒȊ ȇȌȆȊȗȊ ȇŬȈȒŭȆȒŰȗȊ Ǿ ȇȍŮȉŬůŰȗȊ 
ȂŮűȏȍȗȊ ǾŰŬȊ ȉŮȂŬȈȖŰŮȍŮȎ Ŭɸȕ ŰŬ ȕȍȆŬ ɸȌȏ ȅŮȒȍǾȅȄȇŬȊ ȒȎ ŬɸȌŭŮȇŰǼ ȂȆŬ ŰȄȊ ɸȍȌŰŮȆȊȕȉŮȊȄ 
ȇŬȆȊȌŰȕȉȌ ȈȖůȄ, ȂȆŬ ȁǼȅȍŬ ɸȌȏ ȅŮȉŮȈȆȗȊȌȊŰŬȆ ůŮ ȍŮȏůŰȌɸȌȆǾůȆȉŬ ŮŭǼűȄ. ũȆô ŬȏŰȕ 
ŬɸȌűŬůǿůŰȄȇŮ ȊŬ ȉŮȈŮŰȄȅŮǿ Ȅ ɸŮȍǿɸŰȒůȄ ȉȆŬȎ ŰȌȋȒŰǾȎ ȉŮŰŬȈȈȆȇǾȎ ȂǽűȏȍŬȎ ȉŮ ŬȊȄȍŰȄȉǽȊȌ 
ůȖȉȉȆȇŰȌ ȇŬŰǼůŰȍȒȉŬ, ɸȌȏ ŮǿȊŬȆ ȉǿŬ ůȏȊǾȅȄȎ ȈȖůȄ ȂǽűȏȍŬȎ ȉŮ ȇŬȈȗŭȆŬ ȂȆŬ ȉȆȇȍȕŰŮȍŬ 
ŬȊȌǿȂȉŬŰŬ ȇŬȆ ŮɸȌȉǽȊȒȎ ȌŭȄȂŮǿ ůŮ ȉȆȇȍȕŰŮȍŮȎ ŰǼůŮȆȎ ŮŭǼűȌȏȎ ȈȕȂȒ ȉȌȊǿȉȒȊ űȌȍŰǿȒȊ. ǲǽȍŬȊ 
ŰȌȖŰȌȏ, Ȍ ŮȊ ȈȕȂȒ ŰȖɸȌȎ ȂǽűȏȍŬȎ ŭȆŬŰȄȍŮǿ ɸȌȈȈǼ Ŭɸȕ ŰŬ ȐŬȍŬȇŰȄȍȆůŰȆȇǼ ŰȒȊ ȇŬȈȒŭȆȒŰȗȊ 
ȂŮűȏȍȗȊ (ɸ.Ȑ. ȉŮȂŬȈȖŰŮȍȄ ŬȊȌȐǾ ůŮ ȉŮŰŬȇȆȊǾůŮȆȎ ŰȄȎ ȅŮȉŮȈǿȒůȄȎ) ȇŬȆ ǽŰůȆ ȆȇŬȊȌɸȌȆŮǿ ɸȈǾȍȒȎ 
ŰȆȎ ŬɸŬȆŰǾůŮȆȎ ŰȌȏ ŮȍŮȏȊȄŰȆȇȌȖ ɸȍȌȂȍǼȉȉŬŰȌȎ. 

ǮǨŪǱǧǱǭǱũǫǥ Ǭǥǫ ǥǲǱǵǨǭǨǴǮǥǵǥ 

ǡɸȒȎ ɸȍȌŬȊŬűǽȍȅȄȇŮ, ȉŮȈŮŰǼŰŬȆ ȉǿŬ ȌŭȆȇǾ ŰȌȋȒŰǾ ȉŮŰŬȈȈȆȇǾ ȂǽűȏȍŬ ȉŮ ŬȊȄȍŰȄȉǽȊȌ 
ůȖȉȉȆȇŰȌ ȇŬŰǼůŰȍȒȉŬ ŭȖȌ ŬȉűȆǽȍŮȆůŰȒȊ ŰȉȄȉǼŰȒȊ. Ǫ ȂǽűȏȍŬ ȅŮȒȍŮǿŰŬȆ ɸȒȎ ȅŮȉŮȈȆȗȊŮŰŬȆ 
ŮɸȆűŬȊŮȆŬȇǼ ůŮ ǽŭŬűȌȎ ȍŮȏůŰȌɸȌȆǾůȆȉȌ ůŮ ȉŮȂǼȈȌ ȁǼȅȌȎ. ǵȌ ȂŮȒŰŮȐȊȆȇȕ ɸȍȌűǿȈ ŰȌȏ ŮŭǼűȌȏȎ 
ǽȐŮȆ ŮɸȆȈŮȂŮǿ Ŭɸȕ ȉǿŬ ȏɸŬȍȇŰǾ ȂǽűȏȍŬ ůŰȄȊ ɸŮȍȆȌȐǾ ŰȌȏ ɸȌŰŬȉȌȖ ǴŰȍȏȉȗȊŬ, ȕɸȌȏ ȌȆ ůȏȊȅǾȇŮȎ 
ŰȌȏ ȏɸŮŭǼűȌȏȎ ŮǿȊŬȆ ȇŬȅȌȍȆůȉǽȊŮȎ Ŭɸȕ ɸȈǾȍŮȆȎ ȂŮȒŰŮȐȊȆȇǽȎ ȉŮȈǽŰŮȎ, ŮȊȗ ɸȍȌȁȈǽɸŮŰŬȆ 
ŮȇŰŮŰŬȉǽȊȄ ȍŮȏůŰȌɸȌǿȄůȄ ȇǼŰȒ Ŭɸȕ ŰȌ ȉŮůȕȁŬȅȍŬ ŰȄȎ ȂǽűȏȍŬȎ. 

Ǫ ȂǽűȏȍŬ ŬɸȌŰŮȈŮǿŰŬȆ Ŭɸȕ ŭȖȌ ŬȉűȆǽȍŮȆůŰŬ ŬȊȌǿȂȉŬŰŬ ȅŮȒȍȄŰȆȇȌȖ ȉǾȇȌȏȎ 42.00m ŰȌ ȇŬȅǽȊŬ, 
ŰŬ ȌɸȌǿŬ ůȏȊŭǽȌȊŰŬȆ ȉŮŰŬȋȖ ŰȌȏȎ ȉŮ ɸȈǼȇŬ ůȏȊǽȐŮȆŬȎ. ǵȌ ȅŮȒȍȄŰȆȇȕ ɸȈǼŰȌȎ ŰȌȏ 



ȇŬŰŬůŰȍȗȉŬŰȌȎ ȆůȌȖŰŬȆ ȉŮ 14.70m. ǵȌ ȇŬŰǼůŰȍȒȉŬ ŰȄȎ ȂǽűȏȍŬȎ ŮǿȊŬȆ ůȖȉȉȆȇŰȌ ȇŬȆ ŰȌ ȇǼȅŮ 
ǼȊȌȆȂȉŬ ŬɸȌŰŮȈŮǿŰŬȆ Ŭɸȕ ŭȖȌ ȇȖȍȆŮȎ ŭȌȇȌȖȎ ȇŬȆ ŭŮȇŬŮűŰǼ ŭȆŬŭȌȇǿŭŮȎ. ǬǼȅŮ ȇȖȍȆŬ ŭȌȇȕȎ 
ŬȊŬȍŰǼŰŬȆ Ŭɸȕ ǽȊŬ ŰȕȋȌ ȉŮ ŰȄ ȐȍǾůȄ ŬȊŬȍŰǾȍȒȊ ŮȊȗ ŰŬ ŭȖȌ ŰȕȋŬ ŰȌȏ ȇǼȅŮ ŬȊȌǿȂȉŬŰȌȎ 
ůȏȊŭǽȌȊŰŬȆ ȉŮŰŬȋȖ ŰȌȏȎ ȉŮ ŮȂȇǼȍůȆȌȏȎ ȇŬȆ ŭȆŬȂȗȊȆȌȏȎ ůȏȊŭǽůȉȌȏȎ ŭȏůȇŬȉȑǿŬȎ. ǵȌ ȖȑȌȎ ŰȒȊ 
ŰȕȋȒȊ ŮǿȊŬȆ ǿůȌ ȉŮ 10.00m. ǱȆ ŭȌȇȌǿ, ȌȆ ŭȆŬŭȌȇǿŭŮȎ, ŰŬ ŰȕȋŬ ȇŬȆ ȌȆ ůȖȊŭŮůȉȌȆ ŭȏůȇŬȉȑǿŬȎ 
ǽȐȌȏȊ ȇŬŰŬůȇŮȏŬůŰŮǿ Ŭɸȕ ŭȌȉȆȇȕ ȐǼȈȏȁŬ. ǵȌ ȉŮůȕȁŬȅȍȌ ŬɸȌŰŮȈŮǿŰŬȆ Ŭɸȕ ŰȄ ŭȌȇȕ ǽŭȍŬůȄȎ ȇŬȆ 
ŰȍŮȆȎ ůŰȖȈȌȏȎ ȇȏȇȈȆȇǾȎ ůȏȉɸŬȂȌȖȎ ŭȆŬŰȌȉǾȎ Ŭɸȕ ȌɸȈȆůȉǽȊȌ ůȇȏȍȕŭŮȉŬ ȉȌȍűȗȊȌȊŰŬȎ ǽŰůȆ ǽȊŬ 
ɸȈŬǿůȆȌ ůŰȄȊ ŮȂȇǼȍůȆŬ ǽȊȊȌȆŬ ŰȄȎ ȂǽűȏȍŬȎ, ǽȐŮȆ ŭŮ ȖȑȌȎ 10m ůȏȉɸŮȍȆȈŬȉȁŬȊȌȉǽȊȄȎ ŰȄȎ 
ŭȌȇȌȖ ǽŭȍŬůȄȎ. ǵŬ ŬȇȍȕȁŬȅȍŬ ȅŮȒȍȌȖȊŰŬȆ ɸȌȈȖ ŭȖůȇŬȉɸŰŬ ůŮ ůȐǽůȄ ȉŮ ŰȄ ȂǽűȏȍŬ ȇŬȆ ȂȆô 
ŬȏŰȕ ȈŬȉȁǼȊȌȊŰŬȆ ȏɸȕȑȄ ȒȎ ŬȇȈȕȊȄŰŬ. 

ǥȍȐȆȇȗȎ ȉŮȈŮŰǼŰŬȆ Ȅ ůȏȉȁŬŰȆȇǾ ȈȖůȄ ȅŮȉŮȈǿȒůȄȎ, ůȖȉűȒȊŬ ȉŮ ŰȄȊ ȌɸȌǿŬ ŰȌ ȉŮůȕȁŬȅȍȌ 
ȅŮȉŮȈȆȗȊŮŰŬȆ ůŮ ȉǿŬ ȌȉǼŭŬ ɸŬůůǼȈȒȊ ɸȌȏ ůȏȊŭǽȌȊŰŬȆ ȉŮ ŰȌȏȎ ůŰȖȈȌȏȎ ŰȌȏ ȉŮůȌȁǼȅȍȌȏ ȉǽůȒ 
ŭȖůȇŬȉɸŰȌȏ ȇŮűŬȈȌŭǽůȉȌȏ. ǵȌ ǽŭŬűȌȎ ȂȖȍȒ ȇŬȆ ŬȊǼȉŮůŬ Ŭɸȕ ŰȌȏȎ ɸŬůůǼȈȌȏȎ ȅŮȒȍŮǿŰŬȆ ȕŰȆ 
ȁŮȈŰȆȗȊŮŰŬȆ ȉŮ ȐŬȈȆȇȌɸŬůůǼȈȌȏȎ. ǮȌȍűȗȊŮŰŬȆ ɸȍȌůȌȉȌǿȒȉŬ ŰȄȎ ȂǽűȏȍŬȎ ɸȌȏ ɸŮȍȆȈŬȉȁǼȊŮȆ 
ŰȄȊ ŬȊȒŭȌȉǾ, ŰȌ ȉŮůȕȁŬȅȍȌ, ŰȌȊ ȇŮűŬȈȕŭŮůȉȌ ȇŬȆ ŰȌȏȎ ɸŬůůǼȈȌȏȎ, ŮȊȗ Ȅ ŬȈȈȄȈŮɸǿŭȍŬůȄ 
ŮŭǼűȌȏȎ ï ȇŬŰŬůȇŮȏǾȎ ȈŬȉȁǼȊŮŰŬȆ ȏɸȕȑȄ ȉŮ ȌȍȆȃȕȊŰȆŬ ȇŬȆ ȇŬŰŬȇȕȍȏűŬ ŮȈŬŰǾȍȆŬ. Ǳ 
ůȐŮŭȆŬůȉȕȎ ŰȄȎ ȂǽűȏȍŬȎ ɸȍŬȂȉŬŰȌɸȌȆŮǿŰŬȆ ůŮ ǱȍȆŬȇǾ ǬŬŰǼůŰŬůȄ ǥůŰȌȐǿŬȎ (ǱǬǥ) ȇŬȅȗȎ ȇŬȆ ůŮ 
ǱȍȆŬȇǾ ǬŬŰǼůŰŬůȄ ǭŮȆŰȌȏȍȂȆȇȕŰȄŰŬȎ (ǱǬǭ), ŮűŬȍȉȕȃȌȊŰŬȎ ŰȌȏȎ ůȏȊŭȏŬůȉȌȖȎ űȌȍŰǿůŮȒȊ 
ůȖȉűȒȊŬ ȉŮ ŰȌȏȎ ȆůȐȖȌȊŰŮȎ ȇŬȊȌȊȆůȉȌȖȎ (ǨȏȍȒȇȗŭȆȇŮȎ) ȇŬȆ ȂǿȊŮŰŬȆ ǽȈŮȂȐȌȎ ŮɸǼȍȇŮȆŬȎ ȕȈȒȊ 
ŰȒȊ ůŰȌȆȐŮǿȒȊ ŰȄȎ ȂǽűȏȍŬȎ (ȉŮŰŬȈȈȆȇǼ ůŰȌȆȐŮǿŬ, ɸȈǼȇŬ ŬȊȒŭȌȉǾȎ Ŭɸȕ ȌɸȈȆůȉǽȊȌ ůȇȏȍȕŭŮȉŬ, 
ůŰȖȈȌȆ ȉŮůȌȁǼȅȍȌȏ, ɸǼůůŬȈȌȆ ȇŬȆ ȇŮűŬȈȕŭŮůȉȌȎ Ŭɸȕ ȌɸȈȆůȉǽȊȌ ůȇȏȍȕŭŮȉŬ, ŮűǽŭȍŬȊŬ, 
ŬȍȉȌǿ). 

ǴŰȄ ůȏȊǽȐŮȆŬ ȉŮȈŮŰǼŰŬȆ Ȅ ȇŬȆȊȌŰȕȉȌȎ ȈȖůȄ ȅŮȉŮȈǿȒůȄȎ ȇŬȆ ŮɸŬȊŬȈŬȉȁǼȊŮŰŬȆ Ȅ ŬȊǼȈȏůȄ ŰȄȎ 
ȂǽűȏȍŬȎ ůŮ ǱǬǥ ȇŬȆ ůŮ ǱǬǭ. Ǫ ȇŬȆȊȌŰȕȉȌȎ ȈȖůȄ ȅŮȉŮȈǿȒůȄȎ ǽȐŮȆ ůŰȕȐȌ ŰȄȊ ŮȇȉŮŰǼȈȈŮȏůȄ ŰȄȎ 
çűȏůȆȇǾȎ ůŮȆůȉȆȇǾȎ ȉȕȊȒůȄȎè ɸȌȏ ɸȍȌȇŬȈŮǿŰŬȆ Ŭɸȕ ŰȌ űŬȆȊȕȉŮȊȌ ŰȄȎ ȍŮȏůŰȌɸȌǿȄůȄȎ. ǴŮ 
ŬȏŰǾȊ ŰȄȊ ɸŮȍǿɸŰȒůȄ Ȅ ȅŮȉŮȈǿȒůȄ ŰȄȎ ȂǽűȏȍŬȎ ŮǿȊŬȆ ŮɸȆűŬȊŮȆŬȇǾ, ŮȊȗ ɸȍŬȂȉŬŰȌɸȌȆŮǿŰŬȆ 
ȉŮȍȆȇǾ ȁŮȈŰǿȒůȄ ŰȌȏ ȍŮȏůŰȌɸȌȆǾůȆȉȌȏ ŮŭǼűȌȏȎ ȉŮ ȐŬȈȆȇȌɸŬůůǼȈȌȏȎ, ŭȄȉȆȌȏȍȂȗȊŰŬȎ ǽŰůȆ ȉǿŬ 
ŮɸȆűŬȊŮȆŬȇǾ ȇȍȌȖůŰŬ. ǮȌȍűȗȊŮŰŬȆ ȇŬȆ ɸǼȈȆ ɸȍȌůȌȉȌǿȒȉŬ ŰȄȎ ȂǽűȏȍŬȎ ɸȌȏ ɸŮȍȆȈŬȉȁǼȊŮȆ ŰȄȊ 
ŬȊȒŭȌȉǾ ȇŬȆ ŰȌ ȉŮůȕȁŬȅȍȌ, ŮȊȗ ŰȌ ȅŮȉǽȈȆȌ ŰȌȏ ȉŮůȌȁǼȅȍȌȏ ȇŬȅȗȎ ȇŬȆ Ȅ ŬȈȈȄȈŮɸǿŭȍŬůȄ 
ŮŭǼűȌȏȎ ï ȇŬŰŬůȇŮȏǾȎ ȈŬȉȁǼȊȌȊŰŬȆ ȏɸȕȑȄ ȉŮ ȉŮŰŬűȌȍȆȇǼ ȇŬȆ ůŰȍȌűȆȇǼ ŮȈŬŰǾȍȆŬ. 
ŪŮȒȍȌȖȊŰŬȆ ůŰŬŰȆȇǼ ȇŬȆ ůŮȆůȉȆȇǼ ŮȈŬŰǾȍȆŬ ȂȆŬ ŰŬ ůŰŬŰȆȇǼ ȇŬȆ ůŮȆůȉȆȇǼ űȌȍŰǿŬ, ŬȊŰǿůŰȌȆȐŬ. 
ǨɸǿůȄȎ, ůŰȄ ŭȏȊŬȉȆȇǾ ŬȊǼȈȏůȄ ŮȊŮȍȂȌɸȌȆȌȖȊŰŬȆ ŬɸȌůȁŮůŰǾȍŮȎ ɸȌȏ ǽȐȌȏȊ ŮűŬȍȉȌůŰŮǿ ůŰȄ 
ȁǼůȄ ŰȌȏ ȅŮȉŮȈǿȌȏ. 

ũȆŬ ŰȄȊ ȇŬȆȊȌŰȕȉȌ ȈȖůȄ ȅŮȒȍȌȖȊŰŬȆ ŭȖȌ ǴŮȆůȉȆȇǼ ǴŮȊǼȍȆŬ ɸȌȏ ȇŬȅȌȍǿȃȌȊŰŬȆ ůŰȄ ȂŮȒŰŮȐȊȆȇǾ 
ȉŮȈǽŰȄ. ǴŰȌ ɸȍȗŰȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ, ȈŬȉȁǼȊŮŰŬȆ ȏɸȕȑȄ ǽȊŬȎ ůŮȆůȉȕȎ ȉŮ ɸŮȍǿȌŭȌ ŮɸŬȊŬűȌȍǼȎ 
Tret = 225 ȐȍȕȊȆŬ, Ȍ ȌɸȌǿȌȎ ŭŮȊ ɸȍȌȇŬȈŮǿ ȍŮȏůŰȌɸȌǿȄůȄ, ŮȊȗ ůŰȌ ŭŮȖŰŮȍȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ Ȍ 
ůŮȆůȉȕȎ ǽȐŮȆ ɸŮȍǿȌŭȌ ŮɸŬȊŬűȌȍǼȎ Tret = 1000 ȐȍȕȊȆŬ ȇŬȆ ɸȍȌȇŬȈŮǿ ȍŮȏůŰȌɸȌǿȄůȄ. ǵŬ ŭȏȊŬȉȆȇǼ 
ŮȈŬŰǾȍȆŬ ȇŬȆ ȌȆ ŬɸȌůȁŮůŰǾȍŮȎ ůŰȄ ȁǼůȄ ŰȌȏ ȉŮůȌȁǼȅȍȌȏ ǽȐȌȏȊ ŭȆŬűȌȍŮŰȆȇǽȎ ŰȆȉǽȎ ȂȆŬ ŰŬ ŭȖȌ 
ǴŮȆůȉȆȇǼ ǴŮȊǼȍȆŬ, ȉŮ ŬȏŰǼ ŰȌȏ ǴŮȊŬȍǿȌȏ 1, ůȖȉűȒȊŬ ȉŮ ŰȌ ȌɸȌǿȌ ŭŮȊ ɸȍŬȂȉŬŰȌɸȌȆŮǿŰŬȆ 
ȍŮȏůŰȌɸȌǿȄůȄ, ȊŬ ǽȐȌȏȊ ȉŮȂŬȈȖŰŮȍŮȎ ŰȆȉǽȎ. ǲŬȍǼȈȈȄȈŬ, ŰȌ ɸȍȗŰȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ, ȌŭȄȂŮǿ ůŮ 
ȉŮȂŬȈȖŰŮȍȄ űŬůȉŬŰȆȇǾ ŮɸȆŰǼȐȏȊůȄ, ŮűȕůȌȊ ŰȌ ŭŮȖŰŮȍȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ ŮȇȉŮŰŬȈȈŮȖŮŰŬȆ ŰȄ 
çűȏůȆȇǾ ůŮȆůȉȆȇǾ ȉȕȊȒůȄè ȇŬŰǼ ŰȄ ŭȆǼȍȇŮȆŬ ŰȄȎ ȍŮȏůŰȌɸȌǿȄůȄȎ. ǹůŰȕůȌ, ŰȌ ŭŮȖŰŮȍȌ ǴŮȆůȉȆȇȕ 
ǴŮȊǼȍȆȌ ɸȍȌȔɸȌȅǽŰŮȆ ŰȄȊ ŮȋǽȈȆȋȄ ȉŮȂǼȈȒȊ ɸŬȍȌŭȆȇȗȊ ȌȍȆȃȕȊŰȆȒȊ ȉŮŰŬȇȆȊǾůŮȒȊ ůŰȄ ȁǼůȄ ŰȌȏ 
ȉŮůȌȁǼȅȍȌȏ ȇŬŰǼ ŰȄ ŭȆǼȍȇŮȆŬ ŰȌȏ ůŮȆůȉȌȖ ȇŬȆ ȏɸȌŭȄȈȗȊŮȆ ŰȄȊ ŬȊǼɸŰȏȋȄ ůȄȉŬȊŰȆȇȗȊ 
ɸŬȍŬȉŮȊȌȏůȗȊ ȇŬȅȆȃǾůŮȒȊ ȇŬȆ ůŰȍȌűȗȊ ȉŮŰǼ ŰȌ ůŮȆůȉȆȇȕ ȂŮȂȌȊȕȎ, ȇŬŰŬȊŬȂȇŬůȉȌǿ ɸȌȏ 
ůȏȉɸŮȍȆȈŬȉȁǼȊȌȊŰŬȆ ůŰȌȏȎ ůŰŬŰȆȇȌȖȎ ůȏȊŭȏŬůȉȌȖȎ. ǴȇȌɸȕȎ ŰȌȏ ůȐŮŭȆŬůȉȌȖ ŮǿȊŬȆ Ȅ ůŰŬŰȆȇǾ 
ŮɸǼȍȇŮȆŬ ŰȄȎ ȂǽűȏȍŬȎ ȉŮ ŰȄȊ ŮɸȆűŬȊŮȆŬȇǾ ȅŮȉŮȈǿȒůȄ ȇŬȆ ȂȆŬ ŰŬ ŭȖȌ ǴŮȆůȉȆȇǼ ǴŮȊǼȍȆŬ. ǬŬȆ ůŮ 
ŬȏŰǾ ŰȄ ȈȖůȄ Ȍ ůȐŮŭȆŬůȉȕȎ ŰȄȎ ȂǽűȏȍŬȎ ɸȍŬȂȉŬŰȌɸȌȆŮǿŰŬȆ ůŮ ǱǬǥ ȇŬȆ ǱǬǭ, ŮűŬȍȉȕȃȌȊŰŬȎ 
ŰȌȏȎ ůȏȊŭȏŬůȉȌȖȎ űȌȍŰǿůŮȒȊ ůȖȉűȒȊŬ ȉŮ ŰȌȏȎ ȆůȐȖȌȊŰŮȎ ȇŬȊȌȊȆůȉȌȖȎ (ǨȏȍȒȇȗŭȆȇŮȎ) ȇŬȆ 
ȂǿȊŮŰŬȆ ǽȈŮȂȐȌȎ ŮɸǼȍȇŮȆŬȎ ȕȈȒȊ ŰȒȊ ůŰȌȆȐŮǿȒȊ ŰȄȎ ȂǽűȏȍŬȎ (ȉŮŰŬȈȈȆȇǼ ůŰȌȆȐŮǿŬ, ůŰȖȈȌȆ 
ȉŮůȌȁǼȅȍȌȏ Ŭɸȕ ȌɸȈȆůȉǽȊȌ ůȇȏȍȕŭŮȉŬ, ŮűǽŭȍŬȊŬ, ŬȍȉȌǿ). 

ǥɸȕ ŰȆȎ ŬȊŬȈȖůŮȆȎ ɸȍȌǽȇȏȑŮ ɸȒȎ ȂȆŬ ŰȄȊ ȇŬȆȊȌŰȕȉȌ ȈȖůȄ ɸȍǼȂȉŬŰȆ Ȅ ȍŮȏůŰȌɸȌǿȄůȄ ȈŮȆŰȌȏȍȂŮǿ 
ȒȎ ůŮȆůȉȆȇǾ ȉȕȊȒůȄ ȂȆŬ ŰȄȊ ŬȊȒŭȌȉǾ ŰȄȎ ȂǽűȏȍŬȎ, ȉŮ ŬɸȌŰǽȈŮůȉŬ ȌȆ ůŮȆůȉȆȇȌǿ ůȏȊŭȏŬůȉȌǿ 
ŰȌȏ ŭŮȖŰŮȍȌȏ ǴŮȆůȉȆȇȌȖ ǴŮȊŬȍǿȌȏ ȊŬ ȌŭȄȂȌȖȊ ůŮ ůȐŮŰȆȇǼ ȐŬȉȄȈǽȎ ȇŬŰŬɸȌȊǾůŮȆȎ ȇŬȆ ȊŬ ȉȄȊ 



ŮǿȊŬȆ ȇȍǿůȆȉȌȆ ȂȆŬ ŰȄ ŭȆŬůŰŬůȆȌȈȕȂȄůȄ, ɸŬȍǼ ŰȌ ȂŮȂȌȊȕȎ ȕŰȆ ȈŬȉȁǼȊȌȊŰŬȆ ȏɸȕȑȄ ůŮ ŬȏŰȌȖȎ 
ŰȌȏȎ ůȏȊŭȏŬůȉȌȖȎ ŰŬȏŰȕȐȍȌȊŮȎ ůȄȉŬȊŰȆȇǽȎ ɸŬȍȌŭȆȇǽȎ ȌȍȆȃȕȊŰȆŮȎ ȉŮŰŬȇȆȊǾůŮȆȎ ůŰȄ ȁǼůȄ ŰȌȏ 
ȉŮůȌȁǼȅȍȌȏ. ǵȌ ŰǿȉȄȉŬ ȕȉȒȎ ɸȌȏ ɸȍǽɸŮȆ ȊŬ ȇŬŰŬȁȈȄȅŮǿ ůŰŬ ɸȈŬǿůȆŬ ŬȏŰǾȎ ŰȄȎ ȈȖůȄȎ ŮǿȊŬȆ ȕŰȆ 
ȇȍǿůȆȉȌȆ ɸȈǽȌȊ ȂǿȊȌȊŰŬȆ ȌȆ ůŰŬŰȆȇȌǿ ůȏȊŭȏŬůȉȌǿ ɸȌȏ ŬűȌȍȌȖȊ ŰȄȊ ȇŬŰǼůŰŬůȄ ȈŮȆŰȌȏȍȂǿŬȎ ŰȄȎ 
ȂǽűȏȍŬȎ ȉŮŰǼ ŰȌ ůŮȆůȉȕ ɸȌȏ ɸȍȌȇŬȈŮǿ ȍŮȏůŰȌɸȌǿȄůȄ ȇŬȆ ůȏȉɸŮȍȆȈŬȉȁǼȊȌȏȊ ŰȆȎ ȉȕȊȆȉŮȎ 
ȇŬȅȆȃǾůŮȆȎ ȇŬȆ ůŰȍȌűǽȎ ɸȌȏ ȌűŮǿȈȌȊŰŬȆ ůŰȄ ȍŮȏůŰȌɸȌǿȄůȄ. ǵȌ ŬɸȌŰǽȈŮůȉŬ ŮǿȊŬȆ ŰŬ ȉŮŰŬȈȈȆȇǼ 
ůŰȌȆȐŮǿŬ ŰȄȎ ŬȊȒŭȌȉǾȎ ȊŬ ǽȐȌȏȊ ȂȆŬ ŰȄȊ ɸŮȍǿɸŰȒůȄ ŬȏŰǾ ŮȈŬűȍȗȎ ȉŮȂŬȈȖŰŮȍȌȏȎ ůȏȊŰŮȈŮůŰǽȎ 
ŮȇȉŮŰǼȈȈŮȏůȄȎ Ŭɸȕ ŬȏŰȌȖȎ ɸȌȏ ɸȍȌȇȖɸŰȌȏȊ Ŭɸȕ ŰȄȊ ŬȊǼȈȏůȄ ŰȄȎ ůȏȉȁŬŰȆȇǾȎ ȈȖůȄȎ, ȐȒȍǿȎ 
ɸǼȊŰȒȎ ȊŬ ŬɸŬȆŰŮǿŰŬȆ ŬȖȋȄůȄ ŰȄȎ ŭȆŬŰȌȉǾȎ ŰȌȏȎ, ȉŮ ŮȋŬǿȍŮůȄ ŰȌȏȎ ŭȆŬȂȗȊȆȌȏȎ ůȏȊŭǽůȉȌȏȎ 
ŭȏůȇŬȉȑǿŬȎ ȉŮŰŬȋȖ ŰȒȊ ŰȕȋȒȊ, ŰŬ ŮűǽŭȍŬȊŬ ȇŬȆ ŰȌȏȎ ŬȍȉȌȖȎ. 

ǲŬȍǼȈȈȄȈŬ, ȂȆŬ ŰȌ ȉŮůȕȁŬȅȍȌ, Ȅ ŮȏȉŮȊǾȎ ŭȍǼůȄ ŰȄȎ ȍŮȏůŰȌɸȌǿȄůȄȎ ȒȎ űȏůȆȇǾȎ ůŮȆůȉȆȇǾȎ 
ȉȕȊȒůȄȎ ȇŬȆ Ȅ ŮȏȇŬȉȑǿŬ ŰȄȎ ȅŮȉŮȈǿȒůȄȎ ůŮ ůȐǽůȄ ȉŮ ŰȄ ȁŬȅȆǼ ȅŮȉŮȈǿȒůȄ ŰȒȊ ɸŬůůǼȈȒȊ, ŭŮȊ 
ɸȍȌȇŬȈŮǿ ŭȆŬűȌȍǼ ůŰȄ ŭȆŬŰȌȉǾ ŰȒȊ ůŰȖȈȒȊ Ǿ ȇŬȆ ůŰȌȊ ȌɸȈȆůȉȕ ŰȌȏȎ ůŮ ůȐǽůȄ ȉŮ ŰȄȊ 
ůȏȉȁŬŰȆȇǾ ȈȖůȄ, ȇŬȅô ȕ,ŰȆ ŭȏůȉŮȊǽůŰŮȍȌ ȂȆŬ ŰȌ ȉŮůȕȁŬȅȍȌ ŬɸȌŭŮȆȇȊȖŮŰŬȆ ŰȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ 
1 ɸȌȏ ȌŭȄȂŮǿ ůŮ ȉŮȂŬȈȖŰŮȍȌ ůŮȆůȉȕ, ŮȊȗ Ȍ ŬɸŬȆŰȌȖȉŮȊȌȎ ȌɸȈȆůȉȕȎ ȂȆŬ ŰȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ 1 
ŮǿȊŬȆ ɸŬȍȕȉȌȆȌȎ ȉŮ ŬȏŰȕȊ ɸȌȏ ɸȍȌȇȖɸŰŮȆ Ŭɸȕ ŰȄ ůȏȉȁŬŰȆȇǾ ȈȖůȄ. ǞŰůȆ, ŬȊ ȇŬȆ ŰȌ ȇȕůŰȌȎ ŰȄȎ 
ŬȆůȅȄŰǼ ŬɸȈȌȖůŰŮȍȄȎ ȇŬȆȊȌŰȕȉȌȏ ȈȖůȄȎ ȅŮȉŮȈǿȒůȄȎ ŰȌȏ ȉŮůȌȁǼȅȍȌȏ ŬȊǽȍȐŮŰŬȆ ůŮ ɸŮȍǿɸȌȏ 
36% ŰȌȏ ŬȊŰǿůŰȌȆȐȌȏ ȇȕůŰȌȏȎ ŰȄȎ ůȏȉȁŬŰȆȇǾȎ ȈȖůȄȎ, ŰȌ ůȏȊȌȈȆȇȕ ȌȆȇȌȊȌȉȆȇȕ ȕűŮȈȌȎ ŰȄȎ 
ȇŬȆȊȌŰȕȉȌȏ ȈȖůȄȎ ůŮ ůȖȂȇȍȆůȄ ȉŮ ŰȄ ůȏȉȁŬŰȆȇǾ ȂȆŬ ȌȈȕȇȈȄȍȄ ŰȄȊ ŮȋŮŰŬȃȕȉŮȊȄ ȂǽűȏȍŬ 
ŬȊǽȍȐŮŰŬȆ ůŮ 9%õ13%. ǵȌ ɸȌůȌůŰȕ ŬȏŰȕ ȅŬ ŮǿȊŬȆ ȏȑȄȈȕŰŮȍȌ ůŮ ȂǽűȏȍŮȎ ɸȌȈȈȗȊ 
ŬȊȌȆȂȉǼŰȒȊ, ȉŮ ȉŮȂŬȈȖŰŮȍȌ ŬȍȆȅȉȕ ȉŮůȌȁǼȅȍȒȊ, ȕɸȌȏ ŮȇŰȆȉǼŰŬȆ ȕŰȆ ȅŬ ɸȍȌůŮȂȂǿȃŮȆ ŰȌ 20%, 
ŬȊǼȈȌȂŬ ȁǽȁŬȆŬ ȇŬȆ ȉŮ ŰȌ ɸȈǾȅȌȎ ŰȒȊ ȉŮůȌȁǼȅȍȒȊ. 

ǨɸȆůȄȉŬǿȊŮŰŬȆ ŮɸǿůȄȎ ȕŰȆ Ȍ ŬȇȍȆȁǾȎ ȏɸȌȈȌȂȆůȉȕȎ ŰȒȊ ɸŬȍȌŭȆȇȗȊ ȉŮŰŬȇȆȊǾůŮȒȊ ŰȌȏ ŮŭǼűȌȏȎ 
ȇŬŰǼ ŰȄ ŭȆǼȍȇŮȆŬ ŰȌȏ ůŮȆůȉȌȖ, ŬȈȈǼ ȇŬȆ ŰȒȊ ȉȕȊȆȉȒȊ ȇŬȅȆȃǾůŮȒȊ ȇŬȆ ůŰȍȌűȗȊ ȉŮŰǼ Ŭɸȕ ǽȊŬ 
ůŮȆůȉȕ ɸȌȏ ɸȍȌȇŬȈŮǿ ȍŮȏůŰȌɸȌǿȄůȄ, ȇȍǿȊŮŰŬȆ ɸȌȈȖ ůȄȉŬȊŰȆȇȕȎ, ȇŬȅô ȕ,ŰȆ ŰŬ ȉŮȂǽȅȄ ŬȏŰǼ ŮǿȊŬȆ 
ȇȍǿůȆȉŬ ůŰȌ ůȐŮŭȆŬůȉȕ ŰȄȎ ȂǽűȏȍŬȎ ȉŮ ŰȄȊ ȇŬȆȊȌŰȕȉȌ ȈȖůȄȎ ȅŮȉŮȈǿȒůȄȎ. ǮŮ ŭŮŭȌȉǽȊȄ ŰȄ 
ŭȏůȇȌȈǿŬ ŬȋȆȕɸȆůŰȌȏ ȏɸȌȈȌȂȆůȉȌȖ ŬȏŰȗȊ ŰȒȊ ȉŮȂŮȅȗȊ, ŬȏŰȕ ŮǿȊŬȆ ǽȊŬ ȅǽȉŬ ɸȌȏ ɸȍǽɸŮȆ ȊŬ 
ŮɸȆȈȏȅŮǿ, ɸȍȌȇŮȆȉǽȊȌȏ ȊŬ ŭȆŮȏȇȌȈȏȊȅŮǿ Ȅ ŭȆǼŭȌůȄ ŮűŬȍȉȌȂǾȎ ŬȏŰǾȎ ŰȄȎ ȈȖůȄȎ. EȊŬȈȈŬȇŰȆȇǼ 
ŬȈȈǼ ȇŬȆ ůȏȉɸȈȄȍȒȉŬŰȆȇǼ, ŮǿȊŬȆ ŬȏŰȌȊȕȄŰȌ ȕŰȆ Ȅ ȇŬȆȊȌŰȕȉȌȎ ȈȖůȄ ȅŮȉŮȈǿȒůȄȎ ɸȍȌůűǽȍŮŰŬȆ 
ɸŮȍȆůůȕŰŮȍȌ ȂȆŬ ůŰŬŰȆȇǼ ůȏůŰǾȉŬŰŬ ŬȊȒŭȌȉǾȎ ŰŬ ȌɸȌǿŬ ŮǿȊŬȆ ȈȆȂȕŰŮȍȌ ŮȏŬǿůȅȄŰŬ ůŮ 
ȇŬȅȆȃǾůŮȆȎ ȇŬȆ ůŰȍȌűǽȎ ŰȄȎ ȅŮȉŮȈǿȒůȄȎ. 

ǴȏȉɸȈȄȍȒȉŬŰȆȇǼ ŰȒȊ ɸŬȍŬɸǼȊȒ ŰȌȊǿȃŮŰŬȆ ȕŰȆ ȂȆŬ ŰȄ ůȏȂȇŮȇȍȆȉǽȊȄ ȂǽűȏȍŬ ŰŬ ůŰȌȆȐŮǿŬ ŰȄȎ 
ŬȊȒŭȌȉǾȎ ɸȌȏ ŬɸŬȆŰȌȖȊ ŬȖȋȄůȄ ȈȕȂȒ ŰȒȊ ůŰŬŰȆȇȗȊ ůȏȊŭȏŬůȉȗȊ ŭȍǼůŮȒȊ ȉŮŰǼ ŰȄ 
ȍŮȏůŰȌɸȌǿȄůȄ (ŭȆŬȂȗȊȆȌȆ ůȖȊŭŮůȉȌȆ ŭȏůȇŬȉȑǿŬȎ ȉŮŰŬȋȖ ŰȒȊ ŰȕȋȒȊ, ŮűǽŭȍŬȊŬ ȇŬȆ ŬȍȉȌǿ) ŮǿȊŬȆ 
ŭŮȏŰŮȍŮȖȌȊŰŬ ȇŬȆ ŮȖȇȌȈŬ ŬȊŰȆȇŬŰŬŰŬůŰǼůȆȉŬ. ǨǿȊŬȆ ůȏȊŮɸȗȎ ŭȏȊŬŰȕȊ ȊŬ ȏȆȌȅŮŰȄȅŮǿ ůŰȌȊ 
ůȐŮŭȆŬůȉȕ Ȅ ůŰȍŬŰȄȂȆȇǾ ŭȆŬŰǾȍȄůȄȎ ŬȏŰȗȊ ŰȒȊ ůŰȌȆȐŮǿȒȊ ůŰŬ ŬȍȐȆȇǼ ŰȌȏȎ ȉŮȂǽȅȄ, ŬűŬǿȍŮůǾ 
ŰȌȏȎ (ŮűȕůȌȊ ŬɸŬȆŰȄȅŮǿ) ȉŮŰǼ Ŭɸȕ ŮȊŭŮȐȕȉŮȊȌ ůŮȆůȉȆȇȕ ȂŮȂȌȊȕȎ ɸȌȏ ȅŬ ǽȐŮȆ ɸȍȌȇŬȈǽůŮȆ 
ȍŮȏůŰȌɸȌǿȄůȄ, ȉŮ ŬɸȌŰǽȈŮůȉŬ ŰȄȊ ŬȊǼŰŬȋȄ ŰȒȊ ȏɸȕȈȌȆɸȒȊ ŭȌȉȆȇȗȊ ůŰȌȆȐŮǿȒȊ ŰȄȎ ŬȊȒŭȌȉǾȎ 
ŰȄȎ ȇŬŰǼ ŰŬ ǼȈȈŬ ȆůȌůŰŬŰȆȇǾȎ ȂǽűȏȍŬȎ, ȇŬȆ ŬȊŰȆȇŬŰǼůŰŬůǾ ŰȌȏȎ. ǵȕŰŮ, ȂȆŬ ŰȌȊ ǽȈŮȂȐȌ ŰȄȎ 
ŬȊȒŭȌȉǾȎ, ŭŮȊ ȅŬ ȐȍŮȆǼȃŮŰŬȆ ȊŬ ȈȄűȅȌȖȊ ȏɸȕȑȄ ůŰȌȏȎ ůŰŬŰȆȇȌȖȎ ůȏȊŭȏŬůȉȌȖȎ ȉŮŰǼ ŰȄ 
ȍŮȏůŰȌɸȌǿȄůȄ ȌȆ ɸŬȍŬȉǽȊȌȏůŮȎ ȁȏȅǿůŮȆȎ ȇŬȆ ůŰȍȌűǽȎ, ŭŮŭȌȉǽȊȌȏ ȕŰȆ ŬűŮŰȄȍǿŬ ȅŬ ŮǿȊŬȆ ǽȊŬȎ 
ŬɸŬȍŬȉȕȍűȒŰȌȎ űȌȍǽŬȎ, ȉŮ ŮȋŬǿȍŮůȄ ȉȕȊȌȊ ŰŬ ǿŭȆŬ ȁǼȍȄ. ǬȖȍȆȌ ɸȈŮȌȊǽȇŰȄȉŬ ŬȏŰǾȎ ŰȄȎ 
ȅŮȗȍȄůȄȎ ŭŮȊ ŮǿȊŬȆ ŰȕůȌ Ȅ ï ǽŰůȆ ȇŬȆ ŬȈȈȆȗȎ ŬȉŮȈȄŰǽŬ - ȌȆȇȌȊȌȉǿŬ ŰȌȏ ŬȍȐȆȇȌȖ ůȐŮŭȆŬůȉȌȖ, 
ȕůȌ Ȅ ȏɸȌȁǼȅȉȆůȄ ŰȄȎ ůȄȉŬůǿŬȎ ŰȄȎ ɸȍȕȁȈŮȑȄȎ ŰȒȊ ȌűŮȆȈȕȉŮȊȒȊ ůŮ ȍŮȏůŰȌɸȌǿȄůȄ 
ɸŬȍŬȉŮȊȌȏůȗȊ ȁȏȅǿůŮȒȊ ȇŬȆ ůŰȍȌűȗȊ. 

ǨɸȆůȄȉŬǿȊŮŰŬȆ ȕȉȒȎ ȕŰȆ, ůŮ ȇǼȅŮ ɸŮȍǿɸŰȒůȄ, Ȅ ȇŬȆȊȌŰȕȉȌȎ ȈȖůȄ ɸȍȌůűǽȍŮȆ ŰȌ ŮɸȆɸȈǽȌȊ 
ɸȈŮȌȊǽȇŰȄȉŬ ȉȆŬȎ ŬůűŬȈȆůŰȆȇǾȎ ŭȆȇȈŮǿŭŬȎ ǽȊŬȊŰȆ ŬŰȏȐȄȉŬŰȆȇȗȊ ɸȌȈȖ ȏȑȄȈȗȊ ůŮȆůȉȆȇȗȊ 
ŭȍǼůŮȒȊ ɸȌȏ ȅŬ ȉɸȌȍȌȖůŬȊ ȊŬ ŮȇŭȄȈȒȅȌȖȊ, ȉŮȂŬȈȖŰŮȍȒȊ ŬȇȕȉȄ ȇŬȆ ŰȒȊ ŭȍǼůŮȒȊ ɸȌȏ 
ȐȍȄůȆȉȌɸȌȆȌȖȊŰŬȆ ůŰȌ ǴŮȆůȉȆȇȕ ǴŮȊǼȍȆȌ 2, ŭŮŭȌȉǽȊȌȏ ȕŰȆ ŰȕŰŮ ȅŬ ůȏȉȁŮǿ ȍŮȏůŰȌɸȌǿȄůȄ ȇŬȆ ȅŬ 
ŮȊŮȍȂȌɸȌȆȄȅŮǿ Ȅ ɸȍȌůŰŬůǿŬ ŰȄȎ ȂǽűȏȍŬȎ ȉǽůȒ ŰȄȎ ŬȊŬɸŰȏůůȕȉŮȊȄȎ űȏůȆȇǾȎ ůŮȆůȉȆȇǾȎ 
ȉȕȊȒůȄȎ. ǥȏŰȌȊȕȄŰȌ ŮǿȊŬȆ ȕŰȆ Ȅ ůȏȉȁŬŰȆȇǾ ȈȖůȄ ŭŮȊ ɸȍȌůűǽȍŮȆ ŰǽŰȌȆŬ ɸȍȌůŰŬůǿŬ ȇŬȆ ȅŬ 
ȇȆȊŭȏȊŮȖŮȆ Ŭɸȕ ɸȌȈȖ ůȌȁŬȍǽȎ ȁȈǼȁŮȎ ȇŬȆ ŮȊŭŮȐȕȉŮȊȄ ȇŬŰǼȍȍŮȏůȄ ůŮ ŰǽŰȌȆŮȎ ɸŮȍȆɸŰȗůŮȆȎ. 
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Chapter  1  

1.  INTRODUCTION  

This Technical Report constitutes part of Deliverable 8 of the Research Project entitled: 

THALIS -NTUA (MIS 380043)  

Innovative Design of Bridge Piers on Liquefiable Soils with the use of Natural 
Seismic Isolation  

performed under the general coordination of Professor George Bouckovalas (Principal 
Investigator) and Professor Charis Gantes (Scientific Responsible for WP8).  

Namely, it presents the actions taken and the associated results of Work Package WP8, 
entitled:  

ñApplication to large span, cable-stayed bridgesò 

The Scope of Work Package WP8 , has been described in the approved Research Proposal 
as follows: 

ñThe aim of this WP is to explore the feasibility of the proposed new design methodology, and 
the resulting advantages over conventional design methods, in the case of a cable-stayed 
bridge, with steel piers and composite deck system. This bridge type, although less common 
in Greece, may provide a technically and economically optimum solution for cases of medium-
large spans between the piers (e.g. larger than 80 m). In parallel, it presents specific 
peculiarities as compared to the RC bridges of WP 6 and WP 7, due to the different 
construction materials, as well as due to the more flexible response which may lead t o: (a) 
less strict performance criteria with regard to the allowable foundation movements, but also 
(b) increased risk of structure -to-excitation resonance when part of the liquefied ground will 
act as a ñnaturalò base isolation system. 

The main work tasks required to achieve the aim of this WP are the following:  

(a) Initially, the allowable foundation movements (settlements and rotations) will have to be 
established for different types of cable -stayed bridges, namely ñharpò and ñfanò types, with 
one or two pylons, as well as cable suspended bridges with a main suspension cable between 
the pylon tops and vertical hangers. The relevant criteria will take into account the permissible 
damage and serviceability levels (e.g. driving discomfort, repairable damage, non-repairable 
damage), as well as the anticipated seismicity level (e.g. seismic excitation with 90, 450 or 
900 years return period), and will be established after a joint evaluation of:  

¶ an extensive literature survey of relevant codes and guidelines (e.g. Eurocode 2-Part 
2, Eurocode 8-Part 2, Eurocode 7, MCEER & FHA-chapter 11.4), 
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¶ examples of actual bridge performance during recent earthquakes, and 

¶ parametric analyses of various bridge components (e.g. pylons, cables, deck) under 
static and cyclic dynamic loading. 

(b) Next, the pylons of a typical ñharpò or ñfanò type cable-stayed bridge, with a midspan of 
80-120m, will be designed using the conventional foundation approach, i.e. pile groups with 
ground improvement between and around the piles. It is our intention to select an actual 
(existing or in the design stage) river bridge site, where the subsoil conditions are well 
established by geotechnical surveys, while extensive liquefaction is expected underneath one 
or more of the bridge piers.  

(c) Finally, the static and seismic design of this bridge will be repeated with the new 
methodology of ñnaturalò seismic isolation (i.e. shallow foundation and partial improvement, of 
the top part only of the liquefiable soil), in connection with the allowable foundati on 
movements which were established in work task (a) above. The comparative advantages and 
limitations of the new design methodology, relative to the conventional ones, will be 
consequently evaluated on the basis of technical, as well as cost criteria. 

The present Research Report -Deliverable (D8b) refers to work tasks (b) and (c) above, while 
the work task (a) is described in a separate Research Report - Deliverable (D8a). 

It should be clarified in advance that, during the initial phases of this investigat ion it was 
established that the soil stresses due to permanent loads developing under the piers of 
common cable-stayed and cable suspended bridges exceeded the values which are considered 
as acceptable for the proposed innovative solution of piers seated on liquefiable soil. It was 
therefore decided to address in this WP the case of an arch steel bridge with suspended deck, 
which is a solution adopted for smaller spans and therefore leads to smaller soil stresses 
under permanent loads. Furthermore, this bri dge type maintains a number of basic 
characteristics of cable suspended bridges (i.e. the capacity to sustain relatively large 
fȌundation displacements) and consequently satisfies all relevant project requirements. 

The work described herein constitutes the study of the arch steel bridge with conventional pile 
foundation. It has been performed with the contribution of the following members of our 
Research Team , from the Institute of Steel Structures, School of Civil Engineering, National 
Technical University of Athens: 

Å Charis J. Gantes , Professor, School of Civil Engineering, NTUA 

Å Isabella Vassilopoulou,  Civil Engineer, Ph.D. 
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Chapter  2 
2.  APPLIED CODES 

The codes that are used for the design of the bridge are the following:  

¶ Eurocode 0: Basis of structural design; 

¶ Eurocode 1-1.4: Actions on structures ï General actions, Wind actions; 

¶ Eurocode 1-1.5: Actions on structures ï General actions, Thermal actions; 

¶ Eurocode 1-2: Actions on structures ï Traffic loads on bridges; 

¶ Eurocode 2-1.1: Design of concrete structures ï General rules and rules for buildings; 

¶ Eurocode 2-2: Design of concrete structures ï Concrete Bridges ï Design and 
detailing rules; 

¶ Eurocode 3-1: Design of steel structures ï General rules and rules for buildings; 

¶ Eurocode 3-1.8: Design of steel structures ï Design of joints;  

¶ Eurocode 3-2: Design of steel structures ï Steel Bridges; 

¶ Eurocode 4-1.1: Design of composite steel and concrete structures ï General rules 
and rules for buildings;  

¶ Eurocode 4-2: Design of composite steel and concrete structures ï General rules and 
rules for bridges; 

¶ Eurocode 8-1: Design of structures for earthquake resistance ï General rules, seismic 
actions and rules for buildings; 

¶ Eurocode 8-2: Design of structures for earthquake resistance ï Bridges; 

¶ DIN 4141-14: Structural bearings, laminated elastomeric bearings ï design and 
construction; 

¶ Ǩǯ1337-1: Structural bearings ï General design rules; 

¶ Ǩǯ1337-3: Structural bearings ï Elastomeric bearings; 

¶ DIN 4014: Bored Cast-in-place Piles - Formation, Design and Bearing Capacity. 
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Chapter  3 
3.  BRIDGE DESCRIPTION  

3.1  Geometry and cross sections  

The bridge under investigation is situated over a riverbank and it is a steel arch road bridge 
with two simply supported spans, with total length 87.60m. The total widt h of the deck is 
equal to 15.00m, while at the supports it becomes 15.55m. The steel members of each span 
include two (2) main beams, seventeen (17) transverse beams, two (2) arches connected with 
transverse and diagonal bracing members. Each main beam is suspended by each arch with 
seven (7) hangers. The distance of the transverse steel beams is 2.625m. A composite deck is 
formed using trapezoidal profiles of type SYMDECK 150 and a concrete slab. The total 
thickness of the composite slab is 35cm. The concrete slab is connected with the transverse 
and main beams through steel shear connectors in order to ensure composite action. The 
characteristics of the bridgeôs steel members are listed in Table 3.1. The elevation view of a 
single span is illustrated in Figure 3.1, the arrangement in plan view of the main and 
transverse beams is shown in Figure 3.2, the plane view of the bridge in Figure 3.3 and the 
section of the bridge at mid span in Figure 3.4. 

Table 3.1: Characteristics of the bridgeôs steel members 

ǲǿȊŬȇŬȎ 3.1: ǷŬȍŬȇŰȄȍȆůŰȆȇǼ ŰȒȊ ȉŮŰŬȈȈȆȇȗȊ ůŰȌȆȐŮǿȒȊ ŰȄȎ ȂǽűȏȍŬȎ 

Type  
Total 

number  
Cross section  

Length of each 
member  

Theoretical 
span/rise  

Main beams 4 HEB900 43.30m 42.00m 

Transverse beams 34 HEB900 14.30m 14.70m 

Arches 4 CHS750/20 47.70m 42.00m / 10.00m  

Transverse bracing members 10 CHS244.5/8 13.95m 14.70m 

Diagonal bracing members 16 CHS139.7/8 8.45m 9.13m 

Hangers 28 CHS168.3/8 3.90m ï 9.625m 4.375m ï 10.00m 
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Figure 3.1: Elevation view of a single span 

ǴȐǾȉŬ 3.1: ǡȑȄ ŮȊŰȕȎ ŬȊȌǿȂȉŬŰȌȎ ȂǽűȏȍŬȎ 

 
Figure 3.2: Arrangement in plan view of the deckôs beams of a single span 

ǴȐǾȉŬ 3.2: ǧȆǼŰŬȋȄ ŭȌȇȗȊ ȇŬŰŬůŰȍȗȉŬŰȌȎ ŮȊŰȕȎ ŬȊȌǿȂȉŬŰȌȎ ȂǽűȏȍŬȎ 

 
Figure 3.3: Plan view of a single span 

ǴȐǾȉŬ 3.3: ǬǼŰȌȑȄ ŮȊŰȕȎ ŬȊȌǿȂȉŬŰȌȎ ȂǽűȏȍŬȎ 
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Figure 3.4: Section of the bridge at midspan 

ǴȐǾȉŬ 3.4: ǨȂȇǼȍůȆŬ ŰȌȉǾ ȂǽűȏȍŬȎ ůŰȌ ȉǽůȌȊ ŰȌȏ ŬȊȌǿȂȉŬŰȌȎ 

The pier consists of three circular reinforced concrete columns, 8.00m tall, having a circular 
cross section of 1.50m diameter. The distance between the three columns is equal to 7.35m. 
They are connected at the top with a 17.00m long concrete beam, having the cross ï section 
of Figure 3.5a. The pierôs foundation consists of eight piles ū120 and L=25.00m, arranged in a 
grid of orthogonal distances X Ĭ Y = 4.00m Ĭ 4.90m. The pilecapôs dimensions are 17.70m Ĭ 
6.00m and its thickness is 2.00m (Figure 3.5b). The section of the bridge at the pier is given 
in Figure 3.6. The elevation view of the bridge is illustrated in Figure 3.7. 
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(a) (b)  

Figure 3.5: (a) Geometry of the pier in longitudinal section, (b) Geometry of the pierôs pilecap 

ǴȐǾȉŬ 3.5: (a) ũŮȒȉŮŰȍǿŬ ȉŮůȌȁǼȅȍȌȏ ůŰȄ ŭȆŬȉǾȇȄ ǽȊȊȌȆŬ, (b) ũŮȒȉŮŰȍǿŬ ȇŮűŬȈȌŭǽůȉȌȏ 
ȉŮůȌȁǼȅȍȌȏ 
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Figure 3.6: Section of the bridge at the pier  

ǴȐǾȉŬ 3.6: ǨȂȇǼȍůȆŬ ŰȌȉǾ ȂǽűȏȍŬȎ ůŰȄ ȅǽůȄ ȉŮůȌȁǼȅȍȌȏ 

 
Figure 3.7: Elevation view of the bridge 

ǴȐǾȉŬ 3.7: ǡȑȄ ȂǽűȏȍŬȎ 

The connection of the deck and the pier and the abutments is realized with anchored 
elastomeric bearings type NB4 700x800x275 (150). The bearings consist of ten (10) layers of 
elastomer, with thickness t e=0.015m. The total thickness of the elastomer is t=0.150m. 
Details of the bearings are shown in Figure 3.8. 
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(a) 

 

(b)  

 

(c) 

 
Figure 3.8: Details of the elastomeric bearings: (a) plan view, (b) vertical section, (c) perspective 

view 

ǴȐǾȉŬ 3.8: ǭŮɸŰȌȉǽȍŮȆŮȎ ŮȈŬůŰȌȉŮȍȆȇȗȊ ŮűŮŭȍǼȊȒȊ: (a) ȇǼŰȌȑȄ (ȁ) ȇŬŰŬȇȕȍȏűȄ ŰȌȉǾ (Ȃ) 
ɸȍȌȌɸŰȆȇȕ 

3.2  Materials  

All steel members are made of S355 structural steel. For the composite deck reinforced 
concrete C35/45 is used, for the sidewalks C20/25, for the pilecap, the columns and the beam 
of the pier C30/37, and for the piles C20/25. The reinforcement steel is B500C.  
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3.3  Soil profile  

The selected site is located within the riverbed of Strymonas river in Serres, Greece, and has 
been the subject of geotechnical investigation due to the foundation of the middle pier of 
ñStrymonas riverò bridge of ñEgnatia Odosò Highway. The soil profile at the site has been 
created from river deposits and consists of loose liquefiable silty sands and soft clays, while 
the ground water table is located on the ground surface, a fact that is further enhancing the 
liquefaction susceptibility. More specifically, the following soil layers were identified:  

Layer 1 (0-28m):  Silty sand (SM) and locally non-plastic silt (ML) 

Layer 2 (28-31m):  Low plasticity clay (CL) 

Layer 3 (31-34m):  Silty sand (SM) and locally low plasticity clayey sand (SM-SC) 

Layer 4 (34-43m):  Low plasticity clay (CL) 

Layer 5 (43-50m):  Non-plastic silt (ML) and locally well graded silty sand (SW-SM). 

In more detail, the soil profile that will be used for the numerical analyses is plotted in Figure 
3.9, along with the factor of safety against liquefaction (from Appendix C of Deliverable D4: 
Elastic Response Spectra for Liquefiable soils). 

 
Figure 3.9 : Examined soil profile and factor of safety against liquefaction with depth  

ǴȐǾȉŬ 3.9: ǨŭŬűȆȇȕ ɸȍȌűǿȈ ȇŬȆ ǽȈŮȂȐȌȎ ȍŮȏůŰȌɸȌǿȄůȄȎ 

The Young Modulus of the soilôs layers is given in Table 3.2, as well as the constant of the 
horizontal springs for a single pile, which is equal to Kh=E/D, where D is the pileôs diameter 
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(for D>1.0m, it is taken equal to 1.00m). These constants have to be reduced according to 
the methodology described in DIN4014. In Table 3.3, instead, the vertical springs for pileôs 
diameter D=1.20m are provided with depth. These have to be reduced due to group of piles 
according to Poulos and Davis (1974), with a reduction factor calculated according to Table 
3.4, where pileôs stiffness coefficient K can be taken equal to 2000. 

Table 3.2: Young Modulus E of the soilôs layers and horizontal springs for pileôs diameter D=1.20m 

ǲǿȊŬȇŬȎ 3.2: ǮǽŰȍȌ ŮȈŬůŰȆȇȕŰȄŰŬȎ Ǩ ŰȌȏ ŮŭǼűȌȏȎ ȇŬȆ ȌȍȆȃȕȊŰȆŬ ŮȈŬŰǾȍȆŬ ȂȆŬ ɸǼůůŬȈȌ ŭȆŬȉǽŰȍȌȏ 
D=1.20 m 

Depth (m)  E (MPa)  Kh (MN/m 3)  

0 ï 24 20 20 

24 ï 28 25 25 

28 ï 31 30 30 

31 ï 34 30 30 

34 ï 43 55 55 

43 - 50 38 38 

Table 3.3: Vertical springôs constant for pileôs diameter D=1.20m 

ǲǿȊŬȇŬȎ 3.3: ǬŬŰŬȇȕȍȏűŬ ŮȈŬŰǾȍȆŬ ȂȆŬ ɸǼůůŬȈȌ ŭȆŬȉǽŰȍȌȏ D=1.20 m 

L (m)  Kv (MN/m) for D=120m  

15 132 

20 160 

25 191 

30 224 

35 271 

Table 3.4: Reduction factor Rs for the vertical springs of a group of piles  

ǲǿȊŬȇŬȎ 3.4: ǮŮȆȒŰȆȇȕȎ ůȏȊŰŮȈŮůŰǾȎ Rs ȂȆŬ ŰŬ ȇŬŰŬȇȕȍȏűŬ ŮȈŬŰǾȍȆŬ ȌȉǼŭŬȎ ɸŬůůǼȈȒȊ ŬȆȐȉǾȎ 

  Number of piles in the group  

Length / Diameter  Distance / Diameter 4 9 16 25 

(L/B) (e/B) Pileôs Stiffness K 

  10 100 1000 Ð 10 100 1000 Ð 10 100 1000 Ð 10 100 1000 Ð 

 2 1.52 1.14 1.00 2.02 1.31 1.31 1.00 1.00 2.39 1.49 1.00 1.00 2.70 1.63 1.00 1.00 

10 5 1.15 1.08 1.00 1.23 1.23 1.12 1.02 1.00 1.30 1.14 1.02 1.00 1.33 1.15 1.03 1.00 

 10 1.02 1.01 1.00 1.04 1.04 1.02 1.00 1.00 1.04 1.02 1.00 1.00 1.03 1.02 1.00 1.00 

 2 1.88 1.62 1.05 1.00 2.84 2.57 1.16 1.00 3.70 3.28 1.33 1.00 4.48 4.13 1.50 1.00 

25 5 1.36 1.36 1.08 1.00 1.67 1.70 1.16 1.00 1.94 2.00 1.23 1.00 2.15 2.23 1.28 1.00 

 10 1.14 1.15 1.04 1.00 1.23 1.26 1.06 1.00 1.30 1.33 1.07 1.00 1.33 1.38 1.08 1.00 

 2 2.54 2.26 1.81 1.00 4.40 3.95 3.04 1.00 6.24 5.89 4.61 1.00 8.18 7.93 6.40 1.00 

100 5 1.85 1.84 1.67 1.00 2.71 2.77 2.52 1.00 3.54 3.74 3.47 1.00 4.33 4.68 4.45 1.00 

 10 1.44 1.49 1.46 1.00 1.84 1.99 1.98 1.00 2.21 2.48 2.53 1.00 2.53 2.98 3.10 1.00 
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Chapter  4 
4.  SEISMIC CONDITIONS  

4.1  Seismic response spectra  

In order  to define seismic actions the design spectrum of Eurocode 8 is taken into 
consideration, for soil type D, soil factor S=0.80 and peak ground acceleration PGAb=0.32g, 
accounting for the Seismic Scenario 2, with the following characteristics: 

¶ return period Tret = 1000 years 

¶ earthquake magnitude Mw = 7.0  

¶ peak ground acceleration at outcropping bedrock PGAb = 0.32g  

Additionally, the following parameters are considered:  

¶ Behavior factor    qh=1.50, q v=1.00  

¶ Damping ratio    ȃ=3% 

¶ Damping correction factor  118.1
35

10
n =

+
=  

¶ Peak ground acceleration   PGAb,h=0.32g, PGAb,v=0.90Ĭ0.32g=0.288g 

¶ Periods for horizontal component (ǵB=0.20s, ǵC=0.80s, TD=2.00s, S=0.80)  

¶ Periods for vertical component  (ǵB=0.05s, ǵC=0.15s, TD=1.00s)  

The horizontal elastic response spectrum is illustrated in Figure 4.1a, while Figure 4.1b shows 
the vertical one. 
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(a) (b)  

Figure 4.1: (a) Horizontal elastic response spectrum, (b) Vertical elastic response spectrum 

ǴȐǾȉŬ 4.1: (a) ǱȍȆȃȕȊŰȆȌ ŮȈŬůŰȆȇȕ űǼůȉŬ ŬɸȕȇȍȆůȄȎ, (b) ǬŬŰŬȇȕȍȏűȌ ŮȈŬůŰȆȇȕ űǼůȉŬ ŬɸȕȇȍȆůȄȎ 

4.2  Modal response spectrum analysis  

A modal analysis is performed to calculate the natural frequencies and vibration modes of the 
bridge. The inertial effects of the design seismic action are evaluated by taking into account 
the presence of the masses associated with all gravity loads appearing in the following 
combination of actions: 

ki
1i

E
1j

kj Qȑ""G ÖÖ+ää
²²

 where ȑǨ=0.20 for  road traffic loads. 

It is ensured that the sum of the effective modal masses for the modes taken into account is 
at least 90% of the total mass of the structure. The total mass does not include the pilesô 
mass. The maximum displacements, internal loads and stresses are superimposed according 
to CQC (Complete Quadratic Combination) method. 
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Chapter  5 
5.  ANALYSIS OF THE BRIDGE  

5.1  Model of the bridge  

The main and transverse beams, the horizontal bracing members of the arches and the arches 
are modeled with beam elements. Moment releases are applied at the ends of the transverse 
beams. The hangers and the diagonal bracing members of the arches are modeled with truss 
elements. The concrete slab is simulated using shell elements with a thickness of 25cm, 
accounting for the mean value of the slabôs thickness. The bearings at the abutments and the 
pier are modeled with equivalent elastic springs, with different stiffness for static and seismic 
combinations. Thus, for the horizontal springs the stiffness of the bearings f or static load 
combinations is: 

m/kN3360
m150.0

m8.0m7.0m/kN900

t

AG
K

2
g

st,h =
³³

=
³

=  (5.1) 

while for displacements under seismic load combinations the stiffness of the horizontal springs 
is given as:  

m/kN4200m/kN336025.1
t

AG25.1
K

g
se,h =³=

³³
=  (5.2) 

and for the calculation of the internal forces under seismic load combinations, the 
corresponding stiffness of the horizontal springs is: 

m/kN5040m/kN420020.1
t

AG25.120.1
K

g
In,se,h =³=

³³³
=  (5.3) 

with Gg=900kN/m 2 the conventional shear modulus, A the overall plan area of the bearing and 
t the total thickness of the elastomer layers. The vertical springs have a stiffness constant 
equal to:  

Ǭv= =
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222 m/kN2000000

1

44.12m/kN90025.15

1
m150.0

m80.0m70.0 2.26Ĭ106kN/m 

(5.4) 



Chapter 5: ANALYSIS OF THE BRIDGE 

- 16 - 

where S is the shape factor of the elastomeric bearing equal to:  

44.12
m015.0)m80.0m70.0(2

m80.0m70.0

tL

A
S

e

=
³+³

³
=

³
=  (5.5) 

with L the perimeter of the bearing and t e the effective thickness of an individual elastomer 
layer and the bulk modulus is taken equal to Eb=2000MPa. 

The soil-structure interaction is taken into account with equivalent springs acting on the piles. 
More specifically, the calculated spring constant of a single pile is based on the values of Table 
3.2, as also shown in Figure 5.1. 

 
Figure 5.1: Young modulus E of soil with respect to the pilesô length 

ǴȐǾȉŬ 5.1: ǮǽŰȍȌ ŮȈŬůŰȆȇȕŰȄŰŬȎ ŮŭǼűȌȏȎ Ǩ ůŮ ůȐǽůȄ ȉŮ ŰȌ ȉǾȇȌȎ ɸŬůůǼȈȒȊ 

The values of the springsô stiffness are: 

ks = Es / D Č ks = 20000 kǯ/m3 for the upper 21.00m of the pile  (5.6) 

ks = Es / D Č ks = 25000 kǯ/m3 for the remaining 4.00m of the pile  (5.7) 

where D is the pile diameter (considered equal to 1.00m if the pile diameter is larger than 
1.00m).  

The elastic length of the pile L is:  

m36.3L
20.120000

64/20.1ɸ1030

Dk

EI
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å
=  (5.8) 

Thus, l/L =25.00 / 3.36 = 7.44 > 4.00 (where l is the pileôs length that corresponds to the E 
taken into account).  

For the reduction factors of t he springs, the distances of the piles are taken into account (a L in 
the direction of the force and a Q perpendicular to the force) and the factors ŬL and ŬQǩ are 
calculated according to DIN4014. In the longitudinal direction the reduced values of the 
springs are (Figure 5.2):  

s
33.1

LQZsi k)Ŭ*Ŭ(k Ö= = (0.67 Ĭ 1.00)1.33 Ĭ 20000kǯ/m3 =  

=(0.58 Ĭ 20000)kǯ/m3 for the upper 21.00m  
(5.9) 
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s
33.1

LQZsi k)Ŭ*Ŭ(k Ö= = (0.67 Ĭ 1.00)1.33 Ĭ 25000 kǯ/m3 =  

=(0.58 Ĭ 20000)kǯ/m3 for the remaining 3.00m  
(5.10) 

In the transve rse direction the reduced values of the springs are (Figure 5.3):  

s
33.1

LQZsi k)Ŭ*Ŭ(k Ö= = (0.76 Ĭ 1.00)1.33 Ĭ 20000 kǯ/m3 =  

=(0.69 Ĭ 20000)kǯ/m3 for the upper 21.00m  
(5.11) 

s
33.1

LQZsi k)Ŭ*Ŭ(k Ö= = (0.76 Ĭ 1.00)1.33 Ĭ 25000 kǯ/m3 =  

=(0.69 Ĭ 25000)kǯ/m3 for the remaining 3.00m  
(5.12) 

 
Figure 5.2: Reduced factors for pileôs horizontal springs in the longitudinal direction 

ǴȐǾȉŬ 5.2: ǮŮȆȒŰȆȇȌǿ ůȏȊŰŮȈŮůŰǽȎ ȌȍȆȃȕȊŰȆȒȊ ŮȈŬŰȄȍǿȒȊ ɸŬůůǼȈȒȊ, ȇŬŰǼ ŰȄ ŭȆŬȉǾȇȄ ǽȊȊȌȆŬ 

 
Figure 5.3: Reduced factors for pileôs horizontal springs in the transverse direction 

ǴȐǾȉŬ 5.3: ǮŮȆȒŰȆȇȌǿ ůȏȊŰŮȈŮůŰǽȎ ȌȍȆȃȕȊŰȆȒȊ ŮȈŬŰȄȍǿȒȊ ɸŬůůǼȈȒȊ, ȇŬŰǼ ŰȄȊ ŮȂȇǼȍůȆŬ ǽȊȊȌȆŬ 

Regarding the vertical springs of the piles, the constant for a pile of L=24.00m is given in 
Table 3.3 and it is equal to k v=191MN/m, while the reduction factor R s according to Table 3.4 
is equal to 1.15, considering L/B=20, e/B=4.08 and K=2000. Thus, the vertical springôs 
constant for the piles of diameter 1.20m are:  
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kv=191000kN/m/1.15=166000kN/m  (5.13) 

The numerical model of the bridge is shown in Figure 5.4. The finite element analysis software 
that is used is Sofistik. 

 
Figure 5.4: Model of the bridge 

ǴȐǾȉŬ 5.4: ǲȍȌůȌȉȌǿȒȉŬ ȂǽűȏȍŬȎ 

5.2  Vibrat ion modes and natural frequencies  

The natural frequencies and periods of the first six vibration modes are listed in Table 5.1, 
while Figure 5.5 shows the corresponding modal shapes. 

Table 5.1: Eigenfrequencies and eigenperiods of the bridge 

ǲǿȊŬȇŬȎ 5.1: ǫŭȆȌůȏȐȊȕŰȄŰŮȎ ȇŬȆ ȆŭȆȌɸŮȍǿȌŭȌȆ ŰȄȎ ȂǽűȏȍŬȎ 

Mode number  Eigenfrequency (rad/sec)  Eigenfrequency (Hz)  Period (sec)  

1 3.733 0.594 1.683 

2 4.000 0.637 1.571 

3 5.069 0.807 1.239 

4 11.265 1.793 0.558 

5 13.317 2.119 0.472 

6 13.877 2.209 0.453 
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(a) first mode  (b) second mode 

  
(c) third mode  (d) fourth mode  

 
 

(e) fifth mode  (f) sixth mode  
Figure 5.5: Eigenmodes of the bridge 

ǴȐǾȉŬ 5.5: ǫŭȆȌȉȌȍűǽȎ ȂǽűȏȍŬȎ 

5.3  Load Cases  

The load cases considered are the following: 

LC 1: Self weight 

LC 2: Superimposed 

Pavement and future layer: g=0.20mĬ24kN/m3+0.50kN/m 2=5.30kN/m 2  

Each sidewalk with parapets: g=( 0.33m2Ĭ25kN/m3 + 0.95kN/m) / 1.25m = 7.36kN/m 2 

Earth weight on the pilecap  g=0.50m Ĭ 20 kN/m3= 10kN/m 2. 

LC 3: Shrinkage and creep 

An equivalent uniform decrease of temperature is used to simulate the shrinkage of the 
concrete slab, equal to -13o.  

LC 4: Braking load 

The total braking load is:  
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Qik=0.6ŬQl(2Qlk)+0.10Ŭql qlk w1 L=0.6Ĭ0.9Ĭ2Ĭ300+0.10Ĭ1.0Ĭ9Ĭ3Ĭ87.60=560.52kN 

It is: 180ĬŬQl<=Q ik<=900 => 180Ĭ0.9<=Qik<=900 => 162<=Q ik<=900.  

The distributed uniform horizontal load over the bridgeôs deck is:  

Qik/(14.70m  Ĭ 87.60m)=0.43  kN/m2 

LC 5-6:  Uniform difference of temperature for check of elastomeric bearings and expansion 
joints. 

For the check of bearings and expansion joints the uniform difference of temperature is 
calculated as: 

ǧǵǯ,con-20oC=-41oC, ǧǵǯ,exp+20 oC=59oC. 

As in LC 15 and 16, the temperature variations are applied on the steel members of the 
superstructure and the slab of the deck.  

LC 7:  Wind action y 

Considering a wind velocity Vb=30m/sec, a uniform load is applied at the members of the 
bridge towards +y (depending on their exposed dimensi on):  

Piers: 0.0238kN/m 

Deck: 0.415kN/m2  

Hangers: 0.11-0.13kN/m 

Arches: 0.56kN/m 

Diagonal bracing members: 0.09kN/m 

LC 8:  Wind action x 

Similarly, considering a wind velocity Vb=30m/sec, a uniform load is applied at the members 
of the bridge towards +x:  

Piers: 0.0323kN/m 

Deck: 0.104kN/m2  

Hangers: 0.11-0.13kN/m 

Arches: 0.56kN/m 

Diagonal bracing members: 0.07kN/m 

Horizontal bracing members:: 0.19kN/m  

LC 9:  Wind action z 

Considering a wind velocity Vb=30m/sec, a uniform load is applied at the members of the 
bridge towards +z:  

Half Deck: 1.01kN/m2  
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Arches: 0.56kN/m 

Diagonal bracing members: 0.11kN/m 

Horizontal bracing members: 0.19kN/m 

LC 10, 11, 12:  Settlement of 1cm at the pier and 1cm at the abutments.  

LC 15 -16:  Uniform difference of temperature on deck.  

Considering an initial temperature T 0=+10 oC, a minimum shade air temperature Tmin= -15oC 
and a maximum one Tmax=+45 oC, the uniform temperature components are determined by 
EC1. Part.1-5 for a composite bridge (Type 2) and are equal to T e,min= -11oC and Te,max=+ 49oC. 
Thus: 

ǧǵǯ,con=T 0-Te,min= -21oC, ǧǵǯ,exp= T e,max - T0 =+39 oC. 

The temperature variations are applied on the steel members of the superstructure and the 
slab of the deck. 

LC 20 -99: Tandem System of Traffic Load Model 1 

The carriageway width is 11.25m, thus, three l anes are considered with width 3.00m and a 
tandem system is applied at varied positions of the bridge, as:  

Lane 1: 0.9Ĭ150kN=135kN/wheel (four wheels) 

Lane 2: 0.9Ĭ100kN=90kN/wheel (four wheels) 

Lane 3: 0.9Ĭ50kN=45kN/wheel (four wheels) 

LC 101 -103: UDL System of Traffic Load Model 1 

A distributed load is applied on the deck equal to 2.5kN/m 2 

LC 121 -123, 141 -143: UDL System of Traffic Load Model 1 

At Lane 1 an additional distributed load is applied, equal to 6.5kN/m 2. 

LC 201 -260: Tandem System of Traffic Load Model 2 

A single axle load is applied at different positions of the bridge with value: 
0.9Ĭ200kN=180kN/wheel (two wheels) 

LC 320 -399: Tandem System of Traffic Load Model 1 with cracked deck concrete 

LC 401 -403: UDL System of Traffic Load Model 1 with cracked deck concrete 

LC 421 -423, 441 -443: UDL System of Traffic Load Model 1 with cracked deck concrete 

LC 501 -560: Tandem System of Traffic Load Model 2 with cracked deck concrete 

LC600: Uniform road traffic loads 

This load case is used for the seismic combinations, taking into account Load Model 1. The 
loads considered for this LC are listed in Table 5.2. A uniform load is applied to the shell 
elements equal to 4.67kN/m2. 
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Table 5.2: Live Load of the road bridge 

ǲǿȊŬȇŬȎ 5.2: ǬȆȊȄŰȕ űȌȍŰǿȌ ȌŭȌȂǽűȏȍŬȎ 

 Load  Width  Length  Sum of Loads  

TS 

Lane 1: 0.9Ĭ600kN=540kN 

Lane 2: 0.9Ĭ400kN=360kN 

Lane 3: 0.9Ĭ200kN=180kN 

  

1080.00kN 

UDL 9.00kN/m2 3.00m 87.60m 2365.20kN 

UDL 2.50kN/m 2 14.70m-3.00m 87.60m 2562.30kN 

Total Load   6007.50kN 

Distributed Load 14.70m 87.60m 4.67kN/m 2 

LC2010: Earthquake x-x 

LC2011: Earthquake y-y 

LC2012: Earthquake z-z 

5.4  Load Combinations at Ultimate Limit State (ULS)  

The load combination at ULS is described as: 

kiȆ0
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(5.14) 

where the partial factors ȂG and ȂQ are listed in Table 5.3, while factor ȑ0 can be found in 
Table 5.4: 

Table 5.3: Partial factors for actions in ULS 

ǲǿȊŬȇŬȎ 5.3: ǨɸȆȉǽȍȌȏȎ ůȏȊŰŮȈŮůŰǽȎ ȂȆŬ ŭȍǼůŮȆȎ ůŮ ǱǬǥ 

Action  Contribution  Factor  Persistent /  Transient  Accidental  

Permanent actions 
unfavourable ȂGsup 1.35 1.00 

favourable ȂGinf 1.00 1.00 

Traffic loads  
unfavourable ȂQ 1.35 1.00 

favourable ȂQ 0.00 0.00 

Settlements 
unfavourable ȂGset 1.20 0.00 

favourable ȂGset 0.00 0.00 

Other variable actions 
unfavourable ȂQ 1.50 1.00 

favourable ȂQ 0.00 0.00 

Accidental actions unfavourable Ȃǥ --- 1.00 

The following ULS load combinations are considered: 

LC 1100 and 1200: This combination includes the following load cases: 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC4    Braking load  

+LC7 or LC8   Wind action Ñx or Ñ y 

+LC9    Wind action Ñz 
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+LC10, 11, 12 Settlements at the pier and the abutments  
(only for the design of superstructure)  

+LC15, 16   Thermal loads  

+LC20-99   Tandem System (LM1) 

+LC101-103   UDL 2.5kN/m2 (LM1) 

+LC121-123 or 141-143  UDL 6.50kN/m2 (LM1) 

LC 1300 : This combination includes the following load cases: 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC4    Braking load  

+LC7 or LC8   Wind action Ñx or Ñ y 

+LC9    Wind action Ñz 

+LC10, 11, 12 Settlements at the pier and the abutments  
(only for the design of superstructure)  

+LC15, 16   Thermal loads  

+LC201-260   Traffic load (LM2) 

5.5  Load Combinations at Serviceability Limit State (SLS)  

The load combinations at the SLS are: 

Characteristic combination: ki
1i

01k
1j

kj Qȑ""Q""G ÖÖ++ ää
²²

 
(5.15) 

Frequent combination: ki
1i

i21k1,1
1j

kj Qȑ""Qȑ""G ÖÖ+Ö+ ää
²²

 
(5.16) 

where the ȑ factors for road bridges are given in Table 5.4: 

Table 5.4: Factors ȑ for road bridges 

ǲǿȊŬȇŬȎ 5.4: ǴȏȊŰŮȈŮůŰǽȎ ȑ ȂȆŬ ȌŭȌȂǽűȏȍŮȎ 

Actions  Symbol  ȑ0 ȑ1 ȑ2 

Traffic load Gr1 (LM1) 
TS 0.75 0.75 0.00 

UDL 0.40 0.40 0.00 

 Gr2 (LM2)  0.00 0.75 0.00 

Thermal actions   0.60 0.60 0.50 

Horizontal forces   0.00 0.00 0.00 

Wind forces   1.00 0.00 0.00 

Settlements   1.00 1.00 1.00 

The SLS load combinations are: 
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LC 1600: Characteristic Load Combination 

For this combination the tensile strength in the concrete reinforcement should not exceed 
0.80fyk, otherwise the reinforcement is increased. Additionally, the compressive stress in the 
concrete slab should be less or equal to 0.60fck. 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC4    Braking load  

+LC7 or LC8   Wind action Ñx or Ñ y 

+LC9    Wind action Ñz 

+LC15, 16   Thermal loads  

+LC20-99   Tandem System (LM1) 

+LC101-103   UDL 2.5kN/m2 (LM1) 

+LC121-123 or 141-143  UDL 6.50kN/m2 (LM1) 

LC 1700: Characteristic Load Combination 

For this combination the tensile strength in the reinforcement should not exceed 0.80f yk, 
otherwise the reinforcement is increased. Additionally, the compressive stress in the slab 
concrete should be less or equal to 0.60fck. 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC4    Braking load  

+LC7 or LC8   Wind action Ñx or Ñ y 

+LC9    Wind action Ñz 

+LC15, 16   Thermal loads  

+LC201-260   Traffic load (LM2) 

LC 1800: Frequent Load Combination (Calculation of deformations taking into account 
cracked deck concrete) 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC15, 16   Thermal loads  
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+LC320-399   Tandem System (LM1) 

+LC401-403   UDL 2.5kN/m2 (LM1) 

+LC421-423 or 441-443  UDL 6.50kN/m2 (LM1) 

5.6  Seismic Load Combinations  

The seismic load combination is described as: 

E""Qȑ""G ki
1i

Ei
1j

kj +ÖÖ+ää
²²

 
(5.17) 

where Q are the variable loads, including traffic and thermal loads, while E represents the 
following earthquake combinations: 

ǨEdx ''+" 0.30 ǨEdy "+" 0.30 ǨEdz 

0.30 ǨEdx ''+" ǨEdy "+" 0.30 ǨEdz 

0.30 ǨEdx ''+" 0.30 ǨEdy "+" ǨEdz 

The ȑE factors for the variable loads are listed in Table 5.5: 

Table 5.5: Factors ȑE for seismic load combinations 

ǲǿȊŬȇŬȎ 5.5: ǴȏȊŰŮȈŮůŰǽȎ ȑE ȂȆŬ ůŮȆůȉȆȇȌȖȎ ůȏȊŭȏŬůȉȌȖȎ 

Actions  Symbol  ȑE 

Traffic load Gr1 (LM1) 
TS 0.20 

UDL 0.20 

 Gr2 (LM2)  0.00 

Thermal actions   0.50 

Horizontal forces   0.00 

Wind forces   0.00 

The load cases included in the seismic load combinations are: 

LC 4000: This combination concerns the pierôs columns and the superstructure. It includes 
the following load cases: 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC600    Uniform traffic load  

+LC15, 16   Thermal loads  

+LC2010 (°1.0 or °0.3)/1.50  Earthquake Ƿ  

+LC2011 (°1.0 or °0.3)/1. 50 Earthquake Y  

+LC2012 (°1.0 or °0.3)  Earthquake Z 
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LC 4100: This combination concerns the pierôs piles and pilecap. It includes the following load 
cases: 

LC1    Self weight 

+LC2    Superimposed 

+LC3    Shrinkage 

+LC600    Uniform traffic load  

+LC15, 16   Thermal loads  

+LC2010 (°1.0 or °0.3)  Earthquake Ƿ  

+LC2011 (°1.0 or °0.3)  Earthquake Y  

+LC2012 (°1.0 or °0.3)  Earthquake Z 
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Chapter  6 
6.  DESIGN OF CONCRETE MEMBERS 

6.1  Evaluation of the results  

The results of the concrete components of the bridge are summarizing in Table 6.1. 

Table 6.1: Analysesô results/requirements for concrete members 

ǲǿȊŬȇŬȎ 6.1: ǥɸȌŰŮȈǽůȉŬŰŬ/ŬɸŬȆŰǾůŮȆȎ ŬȊŬȈȖůŮȒȊ ȂȆŬ ůŰȌȆȐŮǿŬ Ŭɸȕ ȌɸȈȆůȉǽȊȌ ůȇȏȍȕŭŮȉŬ 

Members  Results / Requirement  Conventional Solution  

Piles 

Longitudinal Reinforcement 90.4cm2 

Stirrups 8.45cm2 

Max compressive force 
4574kN (static) 

5085kN (seismic) 

Pilecap 
Longitudinal Reinforcement 49.70cm2 

Transverse Reinforcemnt 33.6cm2 

Pier 

Longitudinal Reinforcement 186.70cm2 

Stirrups 16.60cm2 

Max compressive force 9673kN 

Deck slab 
Longitudinal Reinforcement 47.9cm2 

Transverse Reinforcemnt 33.6cm2 

6.2  Reinforcement of the piles  

The required reinforcement of the piles is equal to 90.4cm 2 (Figure 6.1). A minimum 
percentage of 1% is considered and 25ū25 (122.75m2) are used for the piles.  
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Figure 6.1: Required reinforcement of the piles 

ǴȐǾȉŬ 6.1: ǥɸŬȆŰȌȖȉŮȊȌȎ ȌɸȈȆůȉȕȎ ɸŬůůǼȈȒȊ 

6.3  Bearing capacity of the piles  

Given the soil profile of Figure 3.9, the bearing capacity of the piles is calculated according to 
the Appendix C of Deliverable D4: Elastic Response Spectra for Liquefiable soils, for three pile 
diameters, ū100, ū120 and ū150 (Figure 6.2). For the calculation of the pilesô bearing 
capacity, safety factors 2.00 and 1.30 are taken into account, referring to the static 
combinations and seismic ones, respectively. Thus, the bearing capacity of a pile with a 
diameter 1.20m and length 25.00m is 9.50MN /2.00=4.75MN for static loads and 
9.50MN/1.30=7.30MN for seismic loads. The maximum values of the load at the top of the 
pierôs piles are: 

Static combinations: minǯ = 4553 kǯ (LC 1100) <4750kN (Figure 6.3) ã 

Seismic combinations: minǯ = 5092 kǯ (LC 4100) <7300kN (Figure 6.4) ã 
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(a) (b)  (c) 

Figure 6.2: (a) Friction (b) Tip (c) Ultimate bearing capacities of piles  

ǴȐǾȉŬ 6.2: ūǽȍȌȏůŬ ȆȇŬȊȕŰȄŰŬ ɸŬůůǼȈȒȊ (a) ǱȍȆŬȇȕ űȌȍŰǿȌ ŰȍȆȁǾȎ (b) ǱȍȆŬȇȕ űȌȍŰǿȌ ŬȆȐȉǾȎ (c) 
ǨɸȆŰȍŮɸȕȉŮȊȌ ȌȍȆŬȇȕ űȌȍŰǿȌ ɸŬůůǼȈȒȊ 
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Figure 6.3: Maximum axial force at the piles for static load combinations 

ǴȐǾȉŬ 6.3: ǮǽȂȆůŰȌ ŬȋȌȊȆȇȕ űȌȍŰǿȌ ůŰȌȏȎ ɸŬůůǼȈȌȏȎ ȂȆŬ ůŰŬŰȆȇȌȖȎ ůȏȊŭȏŬůȉȌȖȎ űȌȍŰǿůŮȒȊ 
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Figure 6.4: Maximum axial force at the piles for seismic load combinations 

ǴȐǾȉŬ 6.4: ǮǽȂȆůŰȌ ŬȋȌȊȆȇȕ űȌȍŰǿȌ ůŰȌȏȎ ɸŬůůǼȈȌȏȎ ȂȆŬ ůŮȆůȉȆȇȌȖȎ ůȏȊŭȏŬůȉȌȖȎ űȌȍŰǿůŮȒȊ 

6.4  Pilesô Confinement 

The maximum compressive load of the piles is ǯc=5092kǯ. 

Since the normalized axial force nk exceeds the limit of 0.08, as:  
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cck

c
k

Af

N
n = = 5092 / (20000 Ĭ 3.14 Ĭ 1.202/4) = 0.23 > 0.08  

confinement should be provided. The minimum amount of confining reinforcement for a spiral 
is:  

18.0nȈ
A

A
40.1Ȓ k

cc

c
min ²ÖÖÖ=  = 1.40 Ĭ 1.202 / 1.04 2 Ĭ 0.37 Ĭ 0.23= 0.16<0.18 Ą Ȓ=0.18 

The quantity of the confining reinforcement is defined by the mechanical reinforcement r atio 
which is:  

15.1

10500

5.1

1020

18.0ȍmin
f

f
Ȓȍmin

3

3

w
y d

cd
minw

³

³

³=Ý=  Ý minȍw=0.00552 

A spiral ū14/10 is used accounting for a volumetric ratio equal to: 

Lsp

sp
w

sD

A4
ȍ =  = 4 Ĭ 1.54cm2 /(104cm Ĭ 10cm) => ȍw = 0.006>minȍw 

The spacing of the spiral satisfies the limits of:  

sL=10cm<6 dbL=6 Ĭ 2.2cm=13.2cm where dbL is the longitudinal bar diameter and  

sL=10cm<D cc/5=104cm/5=20.8cm where D cc is the diameter of the confined concrete core.  

6.5  Reinforcement of pilecap  

The required reinforcement of the pilecap is illustrated in Figure 6.5, where the principal 
direction is parallel to x -axis, while the cross one is parallel to y-axis. A reinforcement grid of 
ū22/10 is used for the upper and lower reinforcement of the pilecap. 



Chapter 6: DESIGN OF CONCRETE MEMBERS 

- 33 - 

 
Figure 6.5: Required reinforcement of the pilecap 

ǴȐǾȉŬ 6.5: ǥɸŬȆŰȌȖȉŮȊȌȎ ȌɸȈȆůȉȕȎ ȇŮűŬȈȌŭǽůȉȌȏ ɸŬůůǼȈȒȊ 

6.6  Reinforcement of the pier  

The required reinforcement of the pierôs columns is equal to 186.7cm2 (Figure 6.6). A 
minimum percentage of 1% is considered and 45ū25 (220.95cm2) are used for the columns of 
the pier. 
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Figure 6.6: Required reinforcement of the pier 

ǴȐǾȉŬ 6.6: ǥɸŬȆŰȌȖȉŮȊȌȎ ȌɸȈȆůȉȕȎ ůŰȖȈȒȊ ȉŮůȌȁǼȅȍȌȏ 

6.7  Pierôs Confinement 

The maximum compressive load of the piers is for Load Combination 1200 and it is equal to 
ǯc=9673kN (Figure 6.7). 

 
Figure 6.7: Maximum axial force at the pier 

ǴȐǾȉŬ 6.7: ǮǽȂȆůŰȌ ŬȋȌȊȆȇȕ űȌȍŰǿȌ ůŰȌȏȎ ůŰȖȈȌȏȎ ȉŮůȌȁǼȅȍȌȏ 
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Since the normalized axial force nk exceeds the limit of 0.08, as:  

cck

c
k

Af

N
n = = 9673 / (30000 Ĭ 3.14 Ĭ 1.502/4) = 0.18 > 0.08  

confinement should be provided. The minimum amount of confining reinforcement for a spiral 
is:  

18.0nȈ
A

A
40.1Ȓ k

cc

c
min ²ÖÖÖ=  = 1.40 Ĭ 1.502 / 1.34 2 Ĭ 0.37 Ĭ 0.18 = 0.12<0.18 Ą Ȓ=0.18 

The mechanical reinforcement ratio is: 

15.1

10500

5.1

1030

18.0ȍmin
f

f
Ȓȍmin

3

3

w
y d

cd
minw

³

³

³=Ý=  Ý minȍw=0.008  

Stirrups 2ū16/15 are used with a volumetric ratio: 

Lsp

sp
w

sD

A4
ȍ =  = 2 Ĭ 4 Ĭ 2.00cm2 /(134cm Ĭ 15cm) => ȍw = 0.008=minȍw 

The spacing of the stirrups satisfies the limits of:  

sL=15cm=6d bL=6 Ĭ 2.5cm=15cm where dbL is the longitudinal bar diameter and  

sL=15cm<D cc/5=134cm/5=26.8cm where D cc is the diameter of the confined concrete core.  

6.8  Reinforcement of deck slab  

The required reinforcement of the deck slab is shown in Figure 6.8, where the principal 
direction is parallel to x-axis, while the cross one is parallel to y-axis. In the longitudinal 
direction ū14/10 is used for the upper and lower reinforcement, while in the transverse 
direction ū12/10 is chosen. 
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Figure 6.8: Required reinforcement of the concrete deck slab 

ǴȐǾȉŬ 6.8: ǥɸŬȆŰȌȖȉŮȊȌȎ ȌɸȈȆůȉȕȎ ɸȈǼȇŬȎ ȇŬŰŬůŰȍȗȉŬŰȌȎ 

 
































































































































































































