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 !"#$%&' ()$*+,"$-.!//0' -!1/&2!$%&' */&.!"$&-!-

 !""#!$%&'!($") *+, $%-./.($/00/1 2/3/004 5%& '/67(1-

"$'&& 0! 0(8 /"('/1 0!9%-62&. +!($") /:(02! 5%/;0/"$04< <!%!2-

$(%&"$&2 "&3/'4< =3(#(0$/' & %!""#!$%&'!($") %!"5%(7(3(0&(

-"&3&1 #(>7- "$!3?0/1 /./3/;2/1 & .($/004# 0!5/30&$(3(#.

@5&"4'!A$") 6/04 2/0:(0$%!:&& 0!5%)>(0&1. @5%(7(3)A$") /"-

0/'04( 5!%!#($%4 /5$&#&6!:&&.

#$%&'&()'* – +',-'./)*01 2)($3(*4, 2'2)'56/1 /. 2)784*'1 )$%-

&0 .7-'8*(**'1 &()'*',. 9()'* : ;7**'1 +'*2)$%+<// :0-'8*5() *(

)'84+' $'84 =8(,(*)7, :'2-$/*/,7>6(?' '2(:0( 23/,7>6/( %2/8/5, *'

/ %-$%?'?' '2*':7*/5, -':0@7>6(?' %2)'1A/:'2)4 ,()788/A(2+'1 '&'-

8'A+/. B)784*75 '&'8'A+7, : 2:'> 'A($(;4, -',/,' '2(:'?' 237)/5, :'2-

-$/*/,7() $72)5?/:7>6/( *7-$53(*/5 -$/ /.?/&7C, 2;:/?7C. #7+3( /2-

28(;':7)(85,/ %2)7*':8(*' [1], A)' : 2)784*'1 )$%&( :,(2)' '3/;7(,'1

%27;+/ -$'/2C';/) *7&%C7*/( &()'*7 / (?' $72@/$(*/(, 2'C$7*5>6((25

*7 -$')53(*// ,*'?/C 8(), A)' '&(2-(A/:7() -';37)/( &()'*7 / ;'-'8-

*/)(84*' -':0@7() *(2%6%> 2-'2'&*'2)4 )$%&'&()'**'1 +'8'**0.

D/2. 1. E(+')'$0( :7$/7*)0 )$%&'&()'**0C +'*2)$%+</1

#$%&'&()'**0( +'*2)$%+<// 'A(*4 *7;(3*0 : =+2-8%7)7<// – 

: -$(;(84*', 2'2)'5*// '*/ *( )($5>) *(2%6%> 2-'2'&*'2)4 ,?*':(*-

*', +7+ 3(8(.'&()'**0(, 7 (6( ;8/)(84*'( :$(,5 2-'2'&*0 :0;($3/-
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:7)4 *7?$%.+%. E(2%675 2-'2'&*'2)4 )$%&'&()'**0C =8(,(*)': %:(8/-

A/:7()25 .7 2A() -':0@(*/5 %2)'1A/:'2)/ =8(,(*)7 /.-.7 *78/A/5 &(-

)'**'?' 5;$7.

987?';7$5 '-/27**0, +7A(2):7, )$%&'&()'**0( +'8'**0 %2-(@-

*' -$/,(*5>)25 : 2)$'/)(842):( ,'2)':, :02')*0C .;7*/1, $7.8/A*0C

F($,(**0C +'*2)$%+</1, -%)(-$':';':.

D72A() *7 *(2%6%> 2-'2'&*'2)4 2)784*0C )$%&, .7-'8*(**0C &(-

)'*',, 7 )7+3( )$%&'&()'*7 2 ;'-'8*/)(84*0, 7$,/$':7*/(,, '-/20-

:7>) 2)$'/)(84*0( 2)7*;7$)0 -$'(+)/$':7*/5 $7.8/A*0C 2)$7*: Euro-

code-4 (EC4)[2], Australian Standards (AS), American Concrete Institute, 

Chinese code [3] / ).;.

G *72)'56(( :$(,5 '&6(-$/*5)0, 2)7*;7$)', $72A()': )$%&'&(-

)'*7 5:85()25 Eurocode 4. H$(;87?7(,01 .;(24 ,()'; $72A()7 ;'2)7)'A-

*' -$'2) ;85 /*3(*($*0C $72A()': / ;7() .7-72 -' *(2%6(1 2-'2'&*'-

2)/. E/3( -$/:(;(*7 F'$,%87 ;85 +$%?80C )$%&, %A/)0:7>675 ')*'2/-

)(84*%> ?/&+'2)4 )$%&0 *7 /.?/& / +',&/*/$':7**%> *7?$%.+%

237)/(-/.?/&:
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 !
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$ %

?;( Ac / Aa – -8'67;/ &()'*7 / 7$,7)%$0 2''):()2):(**' : -'-($(A*',

2(A(*// +'8'**0; fcd, fyd – $72A()*0( .*7A(*/5 -$'A*'2)/ &()'*7 *7

237)/( / -$(;(87 )(+%A(2)/ 2)78/; fc, fy – *'$,7)/:*0( .*7A(*/5 -$'A-

*'2)/ &()'*7 *7 237)/( / -$(;(87 )(+%A(2)/ 2)78/; Ia, Ic – -'2)'5**0(

+'=FF/</(*)0, .7:/256/( ') ?/&+'2)/ +'8'**0.

J;*7+' 'A(*4 A72)' $(.%84)7)0 =)'1 ,()';/+/ *( 2':-7;7>) 2 $(-

.%84)7)7,/ /2-0)7*/1 /, +$',( )'?', ;7>) +7+ .7*/3(**0( : 2$(;*(,

*7 15–20 % .*7A(*/5 $72A()*'1 *(2%6(1 2-'2'&*'2)/ )$%&'&()'*7 -'

2$7:*(*/> 2 =+2-($/,(*)',, )7+ / .7:0@(**0( ;' 15 % [4]. #7+/, '&-

$7.',, *()'A*0( $(.%84)7)0 .72)7:85>) -$'(+)/$':6/+': -$/&(?7)4 +

&K84@/, +'=FF/</(*)7, .7-727, A)' -$/:';/) + %:(8/A(*/> 2)'/,'-

2)/ -$'(+)7 / + (?' )$%;'(,+'2)/.

!85 :'.,'3*'2)/ 2$7:*(*/5 / 7*78/.7 $(.%84)7)': /228(;':7*/5

2 =+2-($/,(*)784*0,/ ;7**0,/ -'2)$'(*7 +'*(A*'-=8(,(*)*75 ,'-

;(84, ,7+2/,784*' -$/&8/3(**75 + =+2-($/,(*)784*'1 %2)7*':+( /2-

28(;':7*/5 )$%&'&()'**0C 2)($3*(1. G +7A(2):( ,';(8/ ,7)($/78':

&087 -$/*5)7 ,';(84 H$7*;)85 (,';(84 /;(784*'?' %-$%?'-

-872)/A(2+'?' ,7)($/787), A)' -'.:'8/8' 2$7:*/)4 $(.%84)7)0 L"M

,';(8/$':7*/5 2 7*78/)/A(2+/,/ $(.%84)7)7,/ / *7?85;*' *7&8>;7)4
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.7 :.7/,*0, :8/5*/(, &()'**'?' 5;$7 / 2)784*'1 '&'8'A+/ *7 $7.*0C

2)7;/5C ;(F'$,/$':7*/5 +'8'**0.

!85 +7A(2):(**'?' /228(;':7*/5 E!B )$%&'&()'**'?' 2)($3*5

/ 2$7:*(*/5 $(.%84)7)': 7*78/)/A(2+/C $(@(*/1 2 L"M =+2-($/,(*-

)', / -$/*5)0,/ ,()';/+7,/ *7A784*01 ,';%84 %-$%?'2)/ &()'*7

-$/*/,7825 -' BH 52-101—2003 «9()'**0( / 3(8(.'&()'**0( +'*2)-

$%+<// &(. -$(;:7$/)(84*'?' *7-$53(*/5 7$,7)%$0». !85 2$7:*(*/5

$(.%84)7)': ,';(8/$':7*/5 2 '-0)*0,/ ;7**0,/ ,';%84 -$/*/,7825

-' $(.%84)7)7, /2-0)7*/1 &()'*7 ;85 +'*+$()*'?' =+2-($/,(*)7.

N(',()$/A(2+/( C7$7+)($/2)/+/ 2/2)(,0 '-$(;(858/24 2 %A()',

2%6(2):%>6/C '?$7*/A(*/1 $7.8/A*0C 2)7*;7$)': / -$7+)/A(2+'?' -$/-

,(*(*/5 : 2)$'/)(842):(, 7 )7+3( -' ;7**0, +'*+$()*0C =+2-($/,(*)':.

G $(.%84)7)( A/28(**0C =+2-($/,(*)': -'8%A(*0 ;/7?$7,,0

$72-$(;(8(*/5 2%,,7$*'1 '2(:'1 *7?$%.+/ ,(3;% %-$%?/, .7-'8*/)(-

8(, / 2)784*'1 '&'8'A+'1 : .7:/2/,'2)/ ') '2(:0C ;(F'$,7</1 +'8'*-

*0. !7**75 ;/7?$7,,7 -'2)$'(*7 ;85 $7.8/A*0C ')*'@(*/1 ?(',()$/-

A(2+/C / F/./A(2+/C C7$7+)($/2)/+ +',-'*(*)': )$%&'&()'**'?'

2)($3*5. E7 $/2. 2 -$/:(;(* -$/,($ )7+'?' $72-$(;(8(*/5, 7 *7 $/2. 3 

-'+7.7* +7A(2):(**01 ?$7F/+ =+2-($/,(*)784*'1 .7:/2/,'2)/ ;85 $7.-

8/A*01 ,7$'+ &()'*7 -' EC4. B)'/) .7,()/)4, A)' -'8%A(*/( )7+'?'

$72-$(;(8(*/5 *7 -$7+)/+( .7)$%;*/)(84*', )7+ +7+ : +7A(2):( =+2-(-

$/,(*)784*0C %2)7*':'+ -$/,(*5>)25 -$(220, ;85 +')'$0C '-$(;(85-

()25 '&675 *7?$%.+7.

D/2. 2. D72-$(;(8(*/( *7?$%.'+ ,(3;% &()'**0, 5;$', / )$%&'1
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D/2. 3. "7A(2):(**01 ?$7F/+ =+2-($/,(*)784*'1

.7:/2/,'2)/

O*78/./$%5 ;7**0(, -$(;2)7:8(**0( *7 $/2. 2, ,'3*' 2;(87)4

:0:';, A)' -$/ -($(C';( &()'*7 /. .'*0 %-$%?/C ;(F'$,7</1 : -872)/-

A(2+%> 2)7;/> -$';'837()25 *(.*7A/)(84*01 $'2) *7?$%.+/ *7 5;$'.

!7**01 F7+) :0.:7* 2*/3(*/(, .*7A(*/1 $7;/784*0C *7-$53(*/1

: .'*( -872)/A(2+'?' )(A(*/5, A)' '&P52*5()25 $7.8/A/(, +'=FF/</(*-

)': H%722'*7 %-$%?'1 2)784*'1 '&'8'A+/ (Qs= 0,3) / 5;$7 &()'*7 -$/

-872)/A(2+/C ;(F'$,7</5C (Qb= 0,5). E7 =)7-( 2':,(2)*'?' -872)/A(-

2+'?' ;(F'$,/$':7*/5 2)784*'1 '&'8'A+/ / &()'**'?' .7-'8*/)(85 *7-

&8>;7()25 *(.*7A/)(84*'( -($($72-$(;(8(*/( -'2)'5**' ;(12):%>6(1

*7?$%.+/ ,(3;% +',-'*(*)7,/ )$%&'&()'*7, /, +7+ 28(;2):/(, :'.$72)7-

() *7?$%.+7 *7 2)784*%> '&'8'A+%.

B)'/) )7+3( .7,()/)4, A)' ;85 +'$')+/C '&$7.<': )$%&'&()'**0C

+'8'** (L/D < 3, ?;( L – ;8/*7 +'8'**0, D – ;/7,()$ +'8'**0) C7$7+-

)($*7 &'A+''&$7.*75 F'$,7 ;(F'$,/$':7*/5 -$/ 237)//, % ;8/**0C

'&$7.<': (L/D > 3) -'5:85>)25 C7$7+)($*0( +'84<7 *7 $722)'5*// z R D

($/2. 4). G '&872)/ ;7**0C +'8(< *7&8>;7()25 *(.*7A/)(84*'( %:(8/-

A(*/( '2(:0C *7-$53(*/1 : &()'*( *7 3–6 %, )'?;7 +7+ $7;/784*0( *7-

-$53(*/5 237)/5 %:(8/A/:7>)25 -' 7&2'8>)*',% .*7A(*/> -$/,($*'

: 2 $7.7. M)' 2:/;()(842):%() ' )',, A)' ;85 ;8/**0C '&$7.<': :8/5*/(

?$7*/A*0C %28':/1 2-'2'&2):%() '&$7.':7*/> ;:%C -')(*</784*0C

,(2) $7.$%@(*/5 +'*2)$%+<//. E7 ;7**01 ,',(*) $7.$7&')7* $5; +'*-

2)$%+)/:*0C ,($ -' %2/8(*/> ;7**0C =8(,(*)': +'8'**.



103

! .

D/2. 4. S7$7+)($*0( F'$,0 ;(F'$,/$':7*/5 )$%&'&()'*7

-$/ $7.*0C ;8/*7C '&$7.<': (/.'-'85 $7;/784*0C -($(,(6(*/1):

! – L/D = 2,88; . – L/D = 5,77 

G *72)'56/1 ,',(*) '2*':*0( )$%;*'2)/ -' '<(*+( *(2%6(1

2-'2'&*'2)/ )$%&'&()'**0C +'8'** .7+8>A7>)25 : =+2-($/,(*)784*',

'-$(;(8(*// -$'A*'2)*0C C7$7+)($/2)/+ &()'*7, +'*2'8/;/$':7**'?'

: .7,+*%)'1 2)784*'1 '&'8'A+(. H':0@(*/( -$'A*'2)/ &()'**'?' 5;$7

5:85()25 '2*':'-'87?7>6/, F7+)'$', =FF(+)/:*'2)/ )$%&'&()'**0C

+'8'** / )$(&%() &'8(( ;()784*'?' /.%A(*/5 / &'8(( +7A(2):(**'1 -$'-

$7&')+/ ,7)(,7)/A(2+'1 ,';(8/ $7&')0 ,7)($/787.

J)2%)2):/( *'$,7)/:*'1 &7.0 -' -$'(+)/$':7*/> )$%&'&()'*-

*0C +'*2)$%+</1, *(;'2)7)'A*'( +'8/A(2):' )('$()/A(2+/C / =+2-(-

$/,(*)784*0C /228(;':7*/1 : *7@(1 2)$7*(, */.+75 '2:(;',8(*-

*'2)4 / -$7+)/A(2+'( -$/,(*(*/( $722,7)$/:7(,0C +',-'./)*0C

+'*2)$%+</1 ;(87>) .7;7A% /228(;':7*/5, :*(;$(*/5 / $7.$7&')+/

2)7*;7$)': ;85 )$%&'&()'*7 *7/&'8(( 7+)%784*'1 / -($2-(+)/:*'1

;85 D'22//.
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