SBUFé:

MHSU& (") -, *
3+*&)0)2&)+$%!+!,42*+$01+4$12& (!
&.1&)567$$+$%

#8&90$()&!:01;&)$<!=>>1?@&)+% &#A
BO@+@088<!=>>17@&)+%&HA
C4*+05!D0)554%$<!=>>17@ &) +%&!HA!
>0)845!E+8<IC4205!>4%$F)&1&#A
B0$+&8!G,51)/2<!H?I'E)4'61#A |
BO@+('BOF,20$<!H?I'E)4'6'#A !
J052'5!1)&268+%$%<!>;082&)5 !

K%$05+!3&)$0$(&L<!>;082&)5
!

MIN,14*&)!IOPO®



3N4)( !

)4R&,1&11,0)!%8&%$42./)15!+15020)*&1&12&(! CA4205!>4$F)&1&<H?I<I=>>I4F;1>;0828)5 S!
COF,1)+,105!1+881?AT3L./). +$0$5+&)+$%!AF-812&(@&),0$(&!60)18)$05 !./)!(&)05!
8%&$$50158)S! T10$!(&550!2&(&8!;0(&!16)4R&, 1&11+$1&!@0)+11%&$42./)4TNEH4) 1&$!;0)!
).011015!0@!0)*&15%)'66&%

#)*&15%)'66U!

#8890$()&1:01;&)$<!=>>17@&)+I6&HA
BO@+(13088<!=>>17@&)+%&#A
>0)845!E+8<IC4205!>4$F)&1&HA
BO$+&8!G,51R<IH?IE)46IHA |
J052'51J&268+$%<!>:0828&)5 |
K%$05+!13&)$0$(&L<!>;082&)5
C4*+05!D0)554$<1=>>17@&)+%6& #A

)4R&,1&1!:0)!6)&5&$1&)011)&5'810116V!&11!582+$0)+2<!5&!A+80WBRESLE 15!)&5'8101!;0)!
6)&5&$1&)01511)8 @&1&$5,068+%0!50220$;0$9W/5&!110*&88!$&(0LK:;Y!
)&.8)&$5%)'6652/1&$!,0)!  %&$42./)15 S

J&.&)&$5%)'66U

101)+,!E)41; 14F;1Z0$5!Z&(8'$(  <!1?,0$5,0 !
:0)1+$!'D0$+$%&<!IGHA

:0%$'5!A7F,51)/2 <PHG>N !

'*8+,01+4$51[6 ! \4)$08],4$.8)&$5 !] 2101'5!
7$.8)&$5*+()0% ! K#A?G!=8& |B&8;+ | I*8+F&)0( !
14$.8)&$5*+()0% ! K#A?G!?20$\45&! | #51)0,1 !
\4$0810)1+,&8 K$1&!*&51721 T1,051!




SBUFé:

?0220%$.011$+%$%!
3+%8)0)28&)+$%!4F;1567$$0)28)+$%!7)! 1@ V! @788&10*8&)0(&!1&,$+,8)+$42!1[%6%*)0$5F ;&S|
(&!,42*+$&)05!(4F,157880$<11)48+%1@+5!2&511+&)4&$(&!6VI011!.++8)0)2&)+$%!+$1&!7)!
+$,8'(&)011+1%67880$(&!G")46&+5,1510$(0) ('WG')4,4(XSITH(&)!(&1!5&$051&! (&F&$$+&11;0)!
1*&)&(O0  $(&10)*&1&!%RA)15!+$42!>G=IW>G=10$5@0)0)!./)IG")4,4(X!./)!011!.+*&)0)2&)+$%!
5,01+$,8'(&)05!+1$7510!%&$8)01+4$!10@!G")4,4(S!=75101%&$&)01+4$10@!G")4,4(!,4228)1011!
*)R01%67880!@+(!V)55,+.1&1!10POOJOPOY<!@+8,&1!8&(&)!1+88!&$!/,0(10$@ 7$($+$%!0@!1&,$+,8)$0!+!
502@8&),0$ SIB&1V(&)!&$!*)+5116V!1&).0)&$;&1&)!4F;! '$5,06/0@!.++&)0)28)+$%!W3I>X4F;!
&.18)567$$+$%4F;!(&)05!5[$8)%+&...&,1&)!421(&I0$@ 7$(5!+!502@&),0$ SIA&)7,$+$%0)!
*058)0(&!16V!,4$51)',1+4$&)51*7)./)2V%014F;1201&)+081[6&)!.+$$5!28$![11&)8+%0)&!
"1@7)(&)+$%!0@!.+*8)$5!,060F+1&1!1+8850220$5!28&(1&. 1&)567$$+$%!7)!@+,1+%!./)1011!
&$1)&6)&$/)&$!5,0!,'$$0!%/)0!6)4(', 1+@+1&15 al4F;1201&)+08@+$51&)SI#11!,42*+$&)0tJ
4F;18.18)567$$+$%!1)451%& & 1[(0$(&)./)*711)+$%0)2& (10 @5&&S(&!6V *[%%1+(&)<!
2+$5,$+$%10@*& 14$% @48[28&) <EA96%,451$0(&)14F;1/,0(1;V88*0);& 1!/ @&)!;&80!
*[%%8+@5F[,&8$!4F;|@7)(& &(RO$S!B& 1!, 0$14F,5V188&(011+881./)*711)+$%0)!0@!; 7850!4F;!
57,8);&11+1*)0$5F;&$1%8&$42!101112+$5,01*&;4@&110@!1)0(+1+4$&880!10)*&15+$1&$5+@0!
6)4F&55&)<I5V5421;:0$18&)+$%&$!0@!1)0(+1+4$LHBIESY6S

3/8RO$(&!)&.&)&$5%)'6652/1&1;0)1%8&$42./)15U !
OPO@VIROMI66510)152/18& !
OPOYM@PQ!J&5'8101)&(4@+5$+$%! 480 /)5/, |
OPO@PYaOh!?8'12/1& !




SBUFé:

1101233 *

AO,%)'$( !

ZV88*0);&1<!,8+201!4F;!12+8R/
210%$(0)(&)!542!51)!0$@7$(0$(&110@!.+*&)0)2&)+$%!
A)O$5F;./)0$,)+$%!4F;1.4'5 |

?[.1&!

E&$42./)0$(& !

d&1&%$5,068+%!0$5015

)4@,)4660) !
1716)4%)02 !

J&5'8101
DO**./)5/,1./)1011!,0)0,1&)+5&)0!*&14%$%!4F;10)28)+$%5201&)+08&1 !
DO** /)5/,1&.1&)567$(01*08,0) !

N*5&)@01+4$&)!"$(&)!'6656 7$$+$%
N*5&)@01+4%$&)!&.1&)!'66567$$+3%
N*5&) @01+4%$&)12&(10@58&8$(&!6VI5[$8)%+&..&,1&)10@!.+*&)0)28)+$%

?8'15015&)

J&.&)&$58)!

A+80%0!MU"M422'$+,01+4$!0@!)&5'8101
?&2+3$0)+'2 |

Mf!
Md
Md



SBUFé:

AO,%)'$( !

3+%8)0)28&)+$%!4F;1567$$0)28)+$%!7)! 1@ V! @788&10*8&)0(&!1&,$+,8)+$42!1[%6%*)0$5F ;&S|
(&!,42*+$&)05!(4F,157880$<11)48+%1@+5!2&511+&)4&$(&!6VI011!.++8)0)2&)+$%!+$1&!7)!
+$,8'(&)011+1967880$(&!G")46&+5,1510$(0) ('WG')4,4(XSITH(&)!(&1!5&$051&! (&F&$S$+&11;0)!
1*&)&(O0  $(&10)*&1&!%RA)15!+$42!>G=IW>G=10$5@0)0)!./)IG")4,4(X!./)!011!.+*&)0)2&)+$%!
5,01+$,8'(&)05!+1$7510!%&$8)01+4$!10@!G")4,4(S'=75101%&$8)01+4$10@!G') 4, 105!+1)',!
'$(&)!OPOY <!@+8,2/R8+%ul§$!/,0(10$@7$($+$%!0@!1&,$+,&)$0!+! 42*+$01+4$S

B&1)V(&)!&$!%)+5116V1&).0)&$;&18&)14F;!,'$5,06/0@!.+*&)0)28&)+$%!W3JI>XI4F;!
&.18)567$$+$%!+!,42*+$01+4$SIA&)7,$+$%0)1*05&)0(&!6V!,4$51)', 1+4$&)5!%7)./) 2V%0!I4F;!
201&)+081[6&)!.+$$512&$![118&)8+%60)&!'1@7)(&)+$%!0@!.+*&)$5!,060F+1&1!1+8850220$5!2&(!
&.18)567$$+$98)!@+,1+%!./)10111&$1)&6)&$/)&$!5,0!,'$$0!1%/)016)4(', 1+@+1&HBAF;!
2018&)+08@+$518&)SIH#11!,42*+$&)013J>14F;1&.1&)56 7$$+$%!1)451%8&*& 1[(0$(&!./)*711)+$%0) 1+
+[%6%1+(&)<12+$5,$+$%10@*& 14$% @48[2&)<!87%)&!*[%%,451$0(&)!4F;!/,0(;V88*0):&11/@8&)!
:&8014[%%8+@5F[E$14F;! @7)(& &(RO$S!B&1!,0$!14F, 5V!8&(0!1+881./)*711)+$%0)!10@!; 7850!4F;!
57,8);&11+1*)0$5F;&$1%&$42!101112+$5,01*&;4@&110@!1)0(+1+4$&880!10)*&15+$1&$5+@0!
6)4F&55&)<I5V5421;0$1&)+$%&$I0@!1)0(+1+4$&8810)2&)+$%S

ZV88*0);&1<!,8+201!4F;!12+8R/

ZV88*0);&1<!,8+20114F;12+8R/17)!&1110@!?AT3U5!.4,'542)V(&$!542!(&110!6)4R&, 1./)580%!
)+,10)!5+%!1+88S1#11!6)4R&, 1&)014F: ! +$$0!8/5$+$%0)!54212+$5,0)!6V@&),0$!6V!,8+201&1!7)1&11!
0@!)4R&,1&15102*+1+4$&)SIE&$42!1011!51'(&)01&..&,18)$016V!I6)4(, 1+ @+1&114F;!
2/R8+%;8&1&)$0!1+88101112+$5,01201&)+080$@ 7$($*$PBM)4R&, 1&11+88!(&!'6650110!
2V8&$UI2+$5,0(!,8+2016V@&),0$<12+$5,0(1&$&)%+0$@ 7$($+$%!4F;187%)&!,451$0(!./)!;&80!
8+@5F[,&8$S!1)4R&, 1&1110)'1%V$%56'S, 11+1$+@V$IhA'+8(1>8&@&)i1+1=81!j&)4!B&5+%$!:+&)0), +$S!!

Figur 1: Net Zero Design filosofin

Y!



SBUFé:

210%$(0)(&)!542!51[)!0$@7$(0$(&1!0@!.+*&)0)2&)+$% !

B&1!$' @0)0$(&!&)46&+5,01)02@&),&11./)!(+2&$5+4$&)+$%!0@*&14$%,4$51)', 1+4$&)!hG=!
MggQ@MM!BE&5+%S$10@'*&14$%,4$51)', 1+4BRRS!BMI#8827$$01)&%88&)4F;1)&%68&)!./)!
+[%%$0(&)WOPPIX<IWG')4,4(10X<!7)|@8&)+.+&)+$%5510$(0)(8&$!54210$@ 7$(5!./)!
(+2&$5+4$&)+$%10@1*&3%, 4$51)", 1+4$&)!1+1>G=U512&(8&2587$(&)S!G")4,4(10!:0)! @0)+1
'$(&)!)&@+(&)+$UOPORHF; 1&11158'1%+81+%1!'1;051@0)+1+88%7$% VD %'51+0POQ
(&$$0! @&)5+4$!;0)10$@7$15(&110!6)4R&, 15

J&@+(&)+$%ESI0@!%7880$(&!G")4,4(1,4228)!10111+$,8'(&)01&11!,4268828$11./)!
+*8)0)2&)0(1*&14$%!h6)G=IMggCaMMUOPERG<'B&5+%$10@*& 14$%,4$51)', 1 +4$&)<!A+80%0!
DU!?1V8.+*&)0)2&)0(!*&14$%!WOPOMXS!B&110!$[01'1,051!1+88!A+80%0!D!+$,8'(&)0)!
0$@7$($+$%ES$I0@!51VEH&14$%!5V@78!5421&.1&)56 7$(1*&14$%S!

K16)0,1+,&$!+$$&*7)1(&1!01110$@7$(0$(&110@!.+*&)0)2&)0(1*&14$%!,422&)10111/,0<! @+8,&1!
BV @&),0)1&$1)&6)&$/)E&$!$7)!(&11%7888)!'1./)0$(&1&$1)&6)&$0(&)!8+,@78!542!
14108&$1)&6)&$0(&)S

G)4,4( kB&11&')46&+5,01)02@&),&1

G=MQbcMWOPPQX!C&5112&1:4(1.4)1281088+F!.++&)&(IFA4$FRAEB") +$%!1:&!.8&9')08!
18$5+8&151)&$%1:17)1(&3$!.)72510!&8')46&+5,011&51510$(0)(&$!./)!,0)0,18)+58&)+$%!0@!
2018)+088%&$5,068&)!&.1&)"6656)+F,$+$%!:45!.+%8)0)2&)0(*&14$%8!

C;&/K$1&)$01+4$08!.8(&)01+4%$!.4)171)'F1')08!>4$F)&1&IWISKAIX

3KAI7)1&$1+$18&)$01+4$8&8814)%0$+501+4$!5421*&51V)10@!QM!IS01+4$8&880!28&(8&25./)&$+$%0)S!
3KALO)'l@&F,8011&$!42.0110$(&.1i3/)510$(0)(I'W:4(&8>4(&X!54217)1+$18&)$01+4$&881!

&), 7$(14F;108@7$(5!5421%)'$(1./)1.4)5,$+$%!4F;16)4R&, 1&)+$%!0@!

*814$%,4$51)',1+4$8&)S

4(&8>4(&1;0)!5&(0$!OPMP!+$,8'(&)01!.+*&)0)2&)0(*&14$%S! A0, %) $(&$!1+88!
510$(0)(&$<!1+8850220$5!2&(1)&5'8101&$!.)V$!51)',1)&880!1&51&)!4F;!6)0,1+5,0!89&26&8!
A+$$51+1(&55!%0,%)'$(5(4, 2&$114F ;1 4228&)!+1(&110!6)4R&, 1101110$@7$(05!542!
4268&28&$111+88!(&$!$D!%&$&)01+4$&$I0@!G")4,4(SH)%'28$1&1!./)101110$@7$(0!
4(&8>4(&!+!,42*+$01+4$G)4,4(17)12/R8+%:;&1&$!1011!. VI&S$!*)&(0)&!./)51VE&S5&!./)!;)!
(+28$5+4$8)+$%5./).0)0$(&$!5,01148,05!4F;1%68$42./)05S |

=01+4$&880!)02@8&),14F;!1510$(0)(&)

TU@&)!(&!&)468+5,01./))4)($+$%0)$014F;! 3KA!:4(&8>4(& !;0)!(&!.8&510!87$(&)!4F,5V!
$01+4$&880!0$10%$0!510$(0)(&)SI?@&)+%&!4F;IC[5,80%$(1;0)!&$!*&14$%510$(0)(1542!%7888&)!
/). ++8)0)2&)0(1*&14$%U!IBK=aG="1171V8.+*&)0)2&)0(*&14$%I!1+88!G")4, 465[51&2&1!
WB#.?1*I1$4@&2*&)IOPMOX 14F;1221fMOYMP<!1? @&$5,!510$(0) (U 4$510$10@!
+*&)0)2&)0(1*&14%$%,4$51)', 1+4$S!?@&S$5,0!210$(0)(+$51+1'1&1IWOPNIYXS

KI=4)%&10)1)+,18+$R&)!$[8+%6&$!6'*8+F&)01510@! (&$!$4)5,01*&14$%./)&$+$% &S AYT!
3+%8)0)28&)0(1*&14$%!+18051*7)0$(&!,4$51)', 1 +4$&)SIM@&$!IK108+&$!4F;1260$+&$!:0)!
.051517881!$01+4$&880!)+,1B+$R&)S



SBUFé:

A)0$5F;./)0$,)+$%!4F;1.4,'51 |

G$I*711)&1./)51V&85&!./)I(&!%)&(0)&!502;7885$[114)$0!2&(101110$@7$(0!.+*&)0)2&)0(&!
4F;18.18)567$(01*&14$%,4$51)', 1+4$&)<!,422&)!011!/,01(&)05!10$ @ 7$($+$%!+$42!
*)0$5F;&$S!IG111/,0110$@7$(0$(&!8&(&)!1+88!580%,0)&!4F;12&)!;V88*0)01+[%%$0(5@&.), 542!
2+$5,0)*V(&! @48[2&$!*&14$%!4F;10)28)+$%S1I&5'8101&11%&)!*&1[(0$(&!&,4$42+5,0!
1)(&80)!6V1%)'$(10@!87%)&!*[%%,451$0(&)!50211:/%)&!;V88*0);&1!/@8&)!;&80!8+@5F[,&8$!
4F;1811187%)&!,48(+49+(0@1)[F,S!:+$5,0(10$@7$($+$%!0@!0)2&)+$%!2+$5,0)127$%(&$!
1'$%11.[5+5,110)*& 1&<! @+8’&()0)!1+881&$!57,)0)&I4F;12&) IR 728+ 1*[%%*)0$5F; S

2[.1& !

Z'@'(5[.1&112&(16)4R&,1&1! @O)011I'$(&)5/,0!5[$&)%+&...&,1&)10@!.+*&)0)28&)+$%!4F;!
&.1&8)567$$+$%!2&(10@58&$(&!6V!6)4(,1+4$5&..&,1+@+1&1<I0$@7$(*0);&156)&510$(0!
5021!,8+2016V@&),0$S!G11!5&,'$(7)1!5[. 1L&@0)011!'$(&)5/,01641&$1+088$10@!01110$@7$(0!
$[0!(+9%+108012711&,$+,&)!./)1011'1@7)(&)0L.'$, 1+4$14F;16)&510$(0!'$(&)!
960)0$1+68&)+4(&$S!3/BROK(EB2V/B!(&. +$+&)0)!5[.1&1U
#S KI&$1)&6)&$/)&$5!68)56&, 1+@<!51'(&)012/R8+%0!,8+201)&('F&)0$(&! @+$51&)!10@!
1&,$+5,0!18/5$+$%60)1*05&)0(&I6V!. +*&)0)2&)+$%!+! 42*+$01+4$!12& (1&.1&)56 7$$+$%S
AS T1@7)(&)0'6)4(,1+@+1&15@+$51&)!2&(11&,$+5,018/5$+$%0)!*058)0(&!6V!
+*&)0)2&)+$%!+!,42*+$01+4$12&(1&.1&)56 7$$+$%S
>S ?21'(&)01.'$,1+4$14F;16)8510$(0!2&(10@58&$(&!6V!1&,$+5,0!8/5$+$%0)1*05&)0(&!
BV!.+%&)0)28&)+$%!+!, 42*+$01+4$12& (18.1&)56 7$$+$%S

Figur 2: Organisation och interaktion mellan arbetspaket och dess koppling till projektets mdl.

c!



SBUFé:

E&$42.)0$(& !

)4R&,1&11%&$42./)(&5! '$(&)!OPOY 15421&11158$+4)1'l @&F,8+$%56)4R&, 110@!+$('51)+$I4F;!
0,0(&2+$!+1502@8&),0$S!1)4R&,1815!60)1&)!)&6)&58$18(R 1&$1)&6)&$/)<!6)4RE&, 18)0$(&!
4$5'81<1*814$%8&@8&)0$1/)!14F;10,0(&2+S!)4R&, 1&15!F&$1) &3 1)'$1180%4)014)+&./)5/,S!
d08&1!10@!80%4)014)+8&./)5/,1)&%+F,510@!8$!%6&28&$502!(+5,'55+4$!2&880%$!60)1&)$0!./)!
0111.V151/)510!'1(&8$+$%!+!6)4R&, 1&1S!D0*4)014)+&./)5/'BH&5 16V!>:082&)5!C&, $+5,0!
Z/%5,4803

E&$42.)0$(&1!10@!6)4R&,18&1!(&.+$+&)®ES5 10@!./8RO$(&!0)*&1560,&114F;10,1+@+1&18&)S

#)*&1560,81#U)4AR&,151])$+$%!4F;!'66./8R$+$%<150211)0664) 1&)+$%!
2[.1&U!?[.1&1!12&(10)*&1560,&1&1!@0)011!5,060!./)'15711$+$%0)!./)!011!6)4R&, 1&1!
0%&$42./)51+$4211+(5)02!4F;1*(%&1<!50211011!5,060!&11!15020)*&15,8+20115421%8&)!
J)'15711$+$%!./)!,)&01+@+1&114F;!/668$;&1S
#,1+@+1&1#SMUIN)%0$+58)0!4F;1%&$42./)0!6)4R&, 12/1&$!4F; 1) &.&)&$5%) '6652/18$
#,1+@+1&1#SOU!I37)(+%517880!58'1)0664) 1

#)*&1560,81!AUIG96&)+2& %1

2[.1&U!?[.1&112&(/(&110!0)*&1560,81! @0Y0111%8&$42./)0!(&!680$8)0(&!&96&)+2&$1&$!
&$8+9%611680$!4F;150280!+$!./)5/,5)&5'81011./)!0$08[5S!
#,1+@+1&11ASMU!B+28&$5+4$8)+$%!0@!6)4@,)4660)!4F;1680$8) +$%!0@!&96&) +2&$1S
#,1+@+1&11ASDRI10%0$(&!0@!6)4@,)4660)!4F;124$+14)&)+$%!0@! (&$!51)',1)&880!
)&564$58$14F;11+(5&...8,18)3
#,1+@+1&1IASYUIHS08[514F; ' 1L@7)(8) +$%!0@!&968) +2&$1
#,1+@+1&1'ASQU!B&8)0664)110@!&96&)+2&$1&880!(010!4F;10$08[5!0@!)&5'8101

#)*&1560,81!1>U1N4(, 1+ @+18&15@+$51&)!4F;1461+28&)+$%1./)!,8+201&1!
2[.1&U!?[.1&112&(/(&110!0)*&1560,81! @0Y011!51'(&)0!5[$&)%+&..&,1&)1542!
A2*+$01+4$&$10@!. +%8)0)28&)0(1*&14$%!4F;1&.1&)56 7$$+$%!;0)16VI6)4(, 1+ @+1&114F;!
,8+20131!
#,1+@+1&11>SMU!IB+2&$5+4$8) + $h614R2E&) + $%65*&) 7,$+$%0)IW2411.'$, 1+4$52V8XI0@!(&
48+,0*7)0$(&!5[51828$!542!51'(&)05 !
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Figur 3: Geometri och armering och profil for efterspdanningskablar for balkarna och belastningsuppsdttningen. Alla matt i
mm.
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Figur 4: Berdknad nedbojning och krokning efter uppspdnning.
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Figur 5: Uppmditta tojningar under uppspdnning av den slakarmerade efterspdnda balken.
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Figur 6: Uppmditt efterspinningskraft och berdknat bojmoment lings balkens lingd.!
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Figur 7: Uppmditt efterspdnningskraft over tid.
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Figur 8: Uppmiitt efterspdnningskraft lings balkens ldngd.
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Figur 9: Long-term effects over time.
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Figur 10: Berdknat moment och nedbdjningsdiagram for alla fyra konfigurationerna.
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l6sningar baserade pa fiberarmering i kombination med efterspanning.
e Utvirdera produktivitetsvinster med tekniska losningar baserade pé fiberarmering i
kombination med efterspanning.
e Studera funktion och prestanda med avseende pa tekniska losningar baserade pa
fiberarmering i kombination med efterspanning.
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\ \ \ ) Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771

DD
10f19

1 Material

11 Concrete

poi=2500 &
m3

28 days

Sem g =66.2 MPa

fom= Jemka _ 555 vpa

1.2
2
fim—8 MPa\’
Fomi=03 | +MPa=39 MPa
a
0.3
Ecm::ZZ-(IOf# GPa=36.7 GPa
a
£,1=3.5:107"

Occoo.max *= 0.6 'fcm =33.1 MPa
Occimax = 0.45 'fcm =24.8 MPa
O ¢to0.max ::fctm =3.9 MPa

Octi.max ::f(‘:tm =3.9 MPa

7 days

Som7=0.87f,,, =48 MPa

2

3

—8 MP.
fo w03 [Lenr 3 MPAN T by =35 MPa
MPa
f 0.3
E,;=22+|—2"" | GPa=352 GPa
10 MPa

Occimax7*= 0.45 'fcm7 =21.6 MPa

Octimax7 ::fctm7 =3.5 MPa
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\ \ \ ) Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771

1.2 Reinforcing steel

fymi=550 MPa
E,:=200 GPa

¢2
¢:=16 mm As'i::T-n:ZOI mm*
ng=3 Ag=ng+A;; =603 mm’
n'y=4 A'gi=n';- A ;=804 mm’

A=A+ A = 1407 mm*
¢,,=8 mm

c:=20 mm

22/10/2024
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\ \ \ ) Fiberarmering i kombination med efterspanning DD
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1.3 Prestressing steel

Post-tensioning system - Strand properties.

Steel designation Y1860S7
Nominal diameter 15.7 mm
Tensile strength, fux 1860 MPa
Steel area, A 150 mm?
Breaking load, fyuk - Api 279 kN
0.1 % proof load 246 kN
Max strand load, 0.8 - fpur - Api 221 kN

E,:=195 GPa
w:=0.19

k:=0.0075

Soum=1986 MPa Jo0.1m=0.88+f,,,= 1748 MPa €p.1m *= ff’g“" =8.96.10°
Suk = 35%

Xi1000+=2.5%

¢,:=15.7 mm

o 2
A4,;=150 mm
n,=4

P

2
A,=n,+4,,;=600 mm

Py =08 fm+ A, =238.3 kN
Rgyer =21 mm

byuer=T1 mm

et ' =2 mm

Aduct = (bduct +2. tduct) * (hduct +2- tduct) =1875 mm2

22/10/2024
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2 Geometry
P4 =400 kN P4 =400 kN
1 3000 2000 3000 ]
1 1
Maxvikt G, = 4,25 Ton
AN AN
8500
L=85m
[:=8m
[;:=3m
12 = 2 m
13 =3 m
by=320 mm hy=130 mm Top flange
b,, =150 mm h, =515 mm Web
h:=hy+ h,, =645 mm Total height

d::h—c—¢w—%:609 mm

22/10/2024
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\ \ \ ) Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771

3 Sectional constants

e,=314 mm P;=102 kN P, ;:=P;;*n,=408 kN Eccentricity of tendon and
prestressing (iterative)

3.1 Areas and centroids

b
Aygi=bye hyy=41600 mm’ V= 7” =65 mm Top flange
2 hw
A,,:=b,,+h,=77250 mm Ywi= htf+7:388 mm Web
A ey = 1875 mm* Veuctnet i =Xner it +€,=584.1 mm Ducts

Yauer1’=Xp iy +€p= 595.4 mm
AC::A,f+AW:O.12 m2 pc'Ac'ltot<4-5 tonne =1
AnetzzAc_Aducl'F <OCS— 1> 'As.mtz 0.12 n/l2

Ap=A.+ (a,—1) A, + (a,— 1) * 4, =0.13 m*

Aoy + 4,9,
xc::M:275 mm
A
Ay '+Aw' W_A et * Vuctnet T as_l 'A’s'd,-'_ as_l 'As'd
= i Vif Y duct * Yduct.net < > ( ) =270 mm
Anet
Aoyt A, v, +(a,—1) A v+ (0g—1) e A od'+ (0, —1) A+ d
xpi= 7 Vy Y (P ) p *Vduct.1 < > ( ) =281 mm
A[
=h ey =t 314
€p.max ‘= _xc_c_¢w_¢_ duct — 2 - mm

h
duct 318 mm

enet::h_xnet_c_¢w_¢_tduct_

h
eI::h_xl_c_¢w_¢_2 tduct_ ‘;‘Ct =305 mm

dp :=xc+ep=0.6 m

22/10/2024
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\ \ \ ) Fiberarmering i kombination med efterspanning DD
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3.2 Second moment of inertia

by hy’ 2 by~ hy’ 2 by hy’ 2
L=+ Ay (=) Lner=— + Ay (Y= y) Lyp=——F—t Ay~ (1= ¥y)

b, h,’ b, h,’ b, +h,’
ly=——+4,- <xc_yw>2 Lner:= 1 +4,,- <xnet_yw>2 IW[::T-l-AW. <xl_yw>2

12

1.:=1+1,=0.00458 m*

1, et::ItJ‘fnet+thnet_Aduct° (xnet_yductnet>2 =0.0044 m4

n

Ly=L+ L+ (a,— 1) A, » (Vg —x7)* =0.00484 m*

22/10/2024
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3 Load effects

Moment distribution - self weight

0
E
i -10
I=
B
£ -20
=
-30 T T T r T T T b
1 2 3 4 5 6 7 8
Length [m]
Moment distribution - SLS
DJL
— -100-
£
i -200
€ -300
B
£ -4004
= 5001
-600 ; . : ; . : ; >
0 1 2 3 4 5 6 7 8
Length [m]
Shear force distribution - Pu
sood
= 3004
2,
g 1004
§=]
= -1001
48]
2
& -300-
-500 . . ; ; . . . >
0 1 2 3 4 5 6 7 a
Length [m]

Mg e =23.8 kN +m
Moy s =503.8 kN+m

Vidmae=262.8 kN Mgy, =776.6 kN-m for P,=251 kN
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Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771
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4 Accurate design

4.1 Tendon force

©#=0.19 k=0.0075

o:=atan % =6°
y

0(+1(-L

o)
P;:=P, e 2"l =3977 kN

—P;, —Pjee,,+M
Oppyim— L g =—10.7 MPa
Anet Inet
P, o,
Eppi=—————2=3,69-10"
E,-A, E,,

P()[::Ep-ep()i-Ap:432 kN

4.2 Before grouting

Octi*=

A

net

_POi + _POi'enet+Mg

_POi * enet+Mg

omax , _x,,=3.5 MPa

cti.max7 —

1

net

_Po,
Ucci::A l+

net

4.3

RH:=50

Relaxation class 2

X1000=2.5%

x,(£):=0.66+ 1599+ ™"+ (

£, = 500000

Yoo =21 (1,5) =0.039

22/10/2024

00 (h—%,0) =—13.2 MPa

cci.max7

1

net

After grouting

w:=0.7

0.75 (1 — )
_r .1073
1000

¢t:=100-24=2400

2=x()=0.0117

o =3.5 MPa

o, =21.6 MPa

O

O

ti < Octimax7 = 1

ci.max72 |Jcci| =1
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\ \ \ ) Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771
Shrinkage
£,4:=0.280+10" Class N
Prii=1.36 RH = 50%
P ) B
U=Le|— —|=1.0m
2 T
2.4,
hy:= =135 mm
u
ky:=1if hy<0.l+m =0.95
|

elseif 0.1.-m<h;<0.2.m
(hg—100 - mm)
100 « mm
elseif 0.2.-m<h;<0.3+.m
(hy—200 - mm)
100 - mm )
elseif 0.3.-m<h;<0.5.m
(hg—300 - mm)
200 « mm )

1.0-0.15-
(0.85—0.1 .

(0.75 —0.05-

elseif hy>0.5.m
|07

Eedoo =y B+ i =3.61+107"

Epgi=0.1+1077
Ecso0 *= Ecdoo + Ecqoo — 4.61. 10_4

t:=100 t

A

=4

t_ts
:Bds = =0.6

hy \’
t—t,4+0.04:[|—
mm

Bi=1—e2""=0.86

Ees :=ﬂds * Eedw +ﬁas * Eean = 3.05- 10_4

E. -¢

Fopi=EyvcoA,=36.6 kN
F. =E,c,+A,=36.7 kN
F’C&S = ES * SCS .A 'S = 49 kN

22/10/2024
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Creep

1—RH% .(35-MPa)°‘7.(35-MPa)°'2_131

Prii=|1+
0.14——
mm

16.8
ﬁfcm =——=23
Som
MPa
t=100 ty:=28
1
L= =0.49
0.141,"
02
o3:= 33 =09
Jom
MPa

. 18 hO
Brr=min[1.5+ (1+(0.012- RH)") « —L 4250+ a5, 1500 - a; | =430.9
mm

poi=|—"_|=01
T Buti-1)

Qo= ¢RH‘ﬁfcm *Bi=145

p:=¢pB.=02

ES
o= (1+¢p)=6.6
Qs of £ ( ¢)

cm

M-(l+¢)=6.3

cm

apAefzz

22/10/2024
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4.4

Effective sectional constants

Appi=A,+ (0, = 1)+ A+ (ag o= 1) + 4, 1, =0.13 m”

Atf'y{f+Aw'yw+ (apAef_ 1> 'Ap *Vaucr1 T (a&ef_ l> 'A,s°d'+ (as.ef_ 1> 'As'd

Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771

=283 mm

x[.ef::
Alsﬁf'
b i’ h lf3 5
liprep=—1—F Ay (¥rer=y)
bw ¢ hw3 2
]wl.ef::T+Aw' (xl.ef_yw>

Ilef:: tff[ef+ leef+ (ap.ef_ 1> 'Ap ° <yduct.1_x1.e/> 2= 0.005 m4

€pefi= dp —Xegf= 306 mm

o =d—X; ;=326 mm

€' o =Xp—d' =247 mm

* —Xgy=—25.3 MPa

« (h—x;,) =253 MPa

_<1 _Xt> : <P0i_FCS-p> *Cpofd
_(1 _Xt) ° <P0i_chAp> d +ch,s' Csef— F’cs,s' e(&efd
o +ch,s_F'cs‘s +Mg0.max+Mthnax
Occt™= +
Al.ef [I.ef
_<1 _Xt) ° (POi_ch.p> 'ep.efd
_<1 _Xt> ° (POi_ch.p> d +Fe es.ef_F,cs.s ° els.ef(J
Oupyi= +FCSAS_F’csAs + +Mg0Amax+Mquax
Alef [IAEf
Occoo.max — 331 MPa O ccoo.max > |O-cc.t| =1
O ctoo.max = 3.9 MPa Octoo.max > Oct1= 0
_<1 _Xt> ° <P()i_ch.p> ° epef‘J
_<l _Xt> ° <P0i_ch.p> d +ch4s *Csef F'c&s ° e,&ef<J
o +ch4s_F,cs.s +Mg0.mux+Mqt.max
Ocp.i*= +
A[ef I[ef
1=y« (Py—F.
Up(),t = ( Xt) ( o csp) + ap,ef’ O-cp't = 783 MPa
P
Opo. -
Eppi=—t=4+107

P

Agp = gpd - ng.t

22/10/2024

=49.10"°

“(

d,

Cracking allowed
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4.5 Moment capacity

Stress-block factors

1“
0.9
0.84
0.7
0.6
0.51
0.4
0.3
0.24
0.14 Ho HB
0 T T T T T T o
0 05 1 15 2 25 3 35
Concrete compressive strain [%a]
€0t =6,=3.5+107" a=ag <£CC>:0.81 L=pxr (806):0.42
x:=100 mm
xX:=root|o-fe,, ~bx+ x—d e By A's— oo imAp—SomAg, x| =76 mm
z:i=d—f+x=577 mm
’ x_d’ -3 -3 '
= ce,.=1.8-10 £y, =2.75-10 e <gy=1
X
d—x -2 -3
&gt= v8,=25+10 £y, =2.75-10 £,<&,=0
x
d,—x 5 .
&yi= *EctEp=2.810 Epo.1m=9+10 €, >Ep0 m=1
X

Mygi=a+fo+byx+(d,— Box) + &'+ Ege A’ (d,—d') +f,, - A+ (d—d,) =777 kN+m
M =T77 kN-m
MRa’Z‘]\lEd.max= 1

Minimum reinforcement amount

f;’tm

ym

Ay pin=026""0h «d=169 mm* A ,,.:=0.04+4,=4754 mm*

s.min * s.max *

A, =603 mm® S i S A
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Shear between web and flanges

Axi=—=2m
4
My, (4
F. = 249 _g00 v
z
by—b Via(4
AF; =200 ) 106 kv
AF
Vg i=———=0.4 MPa 0.4+f,,=1.6 MPa Vear <04« f, =1
i 4x
M
Fpi=—Ema — 1345 kN
z
by—b
AFy=—L . (F,~F,)=118 kN
Z.bl‘f
AF
Ed2 = Azx =0.5 MPa 04'fctm:16 MPa VEd2<0-4'f;;m:1
=
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4.6 Crack width

X;;=168 mm
Agei=bye hy+ by, o (xy—hy) =0.047 m?

A=A+ (a,—1) A"+ oA+ a,+4,=0.057 m’

boh? —h
%erw-(x,,—hgf)- x”2 tf+h_[f)+(ocs—1)-A’S-a”+aS-AS-d—l-ap-Ap-dp
Xppi= y =132 mm
17
booh, hy, 2 pe(x;—h)? —h, 2
Iy= L +bt/"h!f'(2”—xtp) +M+bw'<x11—htf>' xﬂz tf+hff_xzp 4=0.0017 m*

12
+(ag—1) A’ (x,—d)’ +a,- A+ (d—x,)* +a,+4,+ (d,—x,)*

e=d,—x, =457 mm

0.(2) = 20y TPt My

Ay Iy
o, <x”—xtp> =0 MPa o, (—xtp> =—-32 MPa 0, =00, <d—x,p> =457 MPa
a, ::c+£:28 mm

2

B o= min (ay+5-¢,10-¢,3.5-ay,h—x11,%):98 mm Aygi=h, o+ b,=0.01 m*

=05 =l =07
4y

A+E A

Ppefi=— o _o.07
Ae/f

h—h h—

k= — 0.8 ky:=0.9 k=17 Ky, = T
h—a,—x;

7.2 pp.ef kw
k,:=0.6
Sem
o=k = (140509, ) -
Agi=max Poe L=k 2| =21-107
ES ES
wyi=de S, =02 mm
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4.7 Shear capacity

Pyi=0,0,+ A, =470 kN a, = atan (%) —6°
1

Vipai="Py+tan (a,) =49.2 kN

VEd.net:: VEd.mwc_ Vjpd:213.7 kN

v, Vidma
Tdnor i= 2" =2 5 MPa Tpgi= MY — 3 MPg
' b b

°Z °Z

w w

Shear capacity of cracked concrete without shear reinforcement

i MEd.max —3m
VEd.max
A, A,
ky:=min 0.7, ep-i—i —025.—|=0.2
Qg 3) b,z b,z
—P,d
vp:=l+—:0.9
VEdJnax +3. Acs
d*A+d) -4
d:#:599 mm
d-d,+d,-A,
deA,+d,-A
pri= T 60133
2
b,-d

cp*
c

P.
O, =min (A—’, 0.2 .fLmJ =3.3 MPa

1

fom 40 mm )’
Trae0:=0.66+[100+p;+ . MPa=1.1 MPa
Rdc.0 ( 1 MPa 7
G
TRd.c*= TRch()+k] * o-cp =1.7 MPa MZ 147%

TRd.c
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Shear capacity of cracked concrete with shear reinforcement

0:=21.8 deg

8,,:=210 mm

2
A, = P «r=50 mm*
244,
Pyi= —=0.00319
W.SW
T
TRd.sy = P *Sym * €Ot (0) =4.4 MPa NI

TRd.sy

Sy

y
=2+ |- +1]=306

l,=15m

Minimum shear reinforcement amount

Jom
Pw.min ‘= 0.08- ﬂ =0.0011
_m
MPa
a:=90 °
24,
Swmax = ol =620 mm

bw"gin (0!) * Pywimin

Simax=0.75+d+ (1 +cot (o)) =449 mm

Sw< min (Sw.max ’ sl.max) =1
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4.8 Anchorage zone

Ypi=1.2
P:=y,-P;;=489.6 kN
0.2-h=129 mm

hy, =80 mm

b, =120 mm

Ou'= Pb =51 MPa fom=755.2 MPa 3+f.,=165.5 MPa

" p

Vertical reinforcement

a::hp=80 mm h=645 mm b:=%=323 mm
=1.0=2 p_gypy
4
A, =T 167 mm?
f)‘/m
AV
n,:=ceil =2
7. (8 mm)? .
4

22/10/2024
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49 Buckling

ly:=1,,=8500 mm

IC
i:=A|— =196.3 mm
AC

/
Ji=-0=433
I
= r =0.07
cm'Ac
;{lim::@239,5
n
A:=;=0.96
14029
4.
o=t o
Ac.f;’m

B:=\14+2.0=1.05

ilim;:M:51_6

n

22/10/2024
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5 Evaluation

12 12
1
0.8 0.84
0.61 0.6
0.4 0.4
0.2 0.24
O o5 01 o015 02 om 03 0
max crack width [mm]
w,=0.2 mm B (wk> =1
Veone:=A.1,,,=1.01 m?
GWP e =340 k—g3 Voone* GWP,,,.=343.5 kg

m

y

Si

174

steel "=

14

N

reel *Ps =0.153 tonne

GWPyyee:=370 kg W1 * GWP 100y =56.7 kg
tonne

:BZ <Vconc * GWPconc + Wsteel * GWPSteel) =0.73

181 <Wk) '162 <Vconc ° GWPconc + theel' GWPsteel> =0.73

22/10/2024

teel = Asio* ltot+Asw' lw' nw+Ap * lp+Asv' l,+n,=0.0195 m?

0

100 200 300 400 500 600 700 800 900
CO2 emission [kg CO2 eq]


David Dackman
Rektangel


\ \ \ ) Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771

DD
1 of 20

1 Material

11 Concrete

poi=2500 &
m3

28 days

Sem g =66.2 MPa

fom= Jemka _ 555 vpa

1.2
2
fim—8 MPa\’
Fomi=03 | +MPa=39 MPa
a
0.3
Ecm::ZZ-(IOf# GPa=36.7 GPa
a
£,1=3.5:107"

Occoo.max *= 0.6 'fcm =33.1 MPa
Occimax = 0.45 'fcm =24.8 MPa
O ¢to0.max ::fctm =3.9 MPa

Octi.max ::f(‘:tm =3.9 MPa

7 days

Som7=0.87f,,, =48 MPa

2

3

—8 MP.
fo w03 [Lenr 3 MPAN T by =35 MPa
MPa
f 0.3
E,;=22+|—2"" | GPa=352 GPa
10 MPa

Occimax7*= 0.45 'fcm7 =21.6 MPa

Octimax7 ::fctm7 =3.5 MPa
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1.2 Reinforcing steel

fymi=550 MPa
E,:=200 GPa

¢2
¢:=16 mm As'i::T-n:ZOI mm*
ng=3 Ag=ng+A;; =603 mm’
n'y=4 A'gi=n';- A ;=804 mm’

A=A+ A = 1407 mm*
¢,,=8 mm

c:=20 mm

P, = 7850 &
m3

1.3 Steel fiber reinforcement

[25] [ 1.6 ] [1.28]

30 1.82 1.45

35| kg 2.01 1.6

= —_— = MP = MP

PRl 40|73 Jsr=| 515 | MPA Jusi= 73 | MPa

45 2.33 1.84

50 ] 2.45 | 1.94
=3

k

Pri=pg, =35 -

f[.S] =Jsi. =2.01 MPa
s

fts3 = "‘31', =1.6 MPa

st
fri= 0f45 =4.5 MPa
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1.4 Prestressing steel

Post-tensioning system - Strand properties.

Steel designation Y1860S7
Nominal diameter 15.7 mm
Tensile strength, fux 1860 MPa
Steel area, A 150 mm?
Breaking load, fyuk - Api 279 kN
0.1 % proof load 246 kN
Max strand load, 0.8 - fpur - Api 221 kN

E,:=195 GPa
w:=0.19

k:=0.0075

Soum=1986 MPa Jo0.1m=0.88+f,,,= 1748 MPa €p.1m *= ff’g“" =8.96.10°
Suk = 35%

Xi1000+=2.5%

¢,:=15.7 mm

o 2
A4,;=150 mm
n,=4

P

2
A,=n,+4,,;=600 mm

Py =08 fm+ A, =238.3 kN
Rgyer =21 mm

byuer=T1 mm

et ' =2 mm

Aduct = (bduct +2. tduct) * (hduct +2- tduct) =1875 mm2
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2 Geometry
Py =400 kN P4 =400 kN
L 3000 Nl 2000 N 3000 ]
] W W ]

Maxvikt G, = 4,25 Ton

8500

L=85m
[:=8m
[;:=3m
L:=2m

13:=3 m

by=320 mm
b,, =150 mm

h:=hy+ h,, =590 mm

hy=130 mm Top flange
h,,=460 mm Web

Total height

d::h—c—¢w—%:554 mm d'::c+¢w+§:36 mm Effective height
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3 Sectional constants

e,=284 mm P,;=97 kN P :=P;;+n,=388 kN Eccentricity of tendon and
prestressing (iterative)

3.1 Areas and centroids

b
Aygi=bye hyy=41600 mm’ V= 7” =65 mm Top flange
2 hw
A,,:=b,,+h,=69000 mm Ywi= htf+7:360 mm Web
Ager= 1875 mm* Vauctnet i =Xnet it +€,=529.5 mm Ducts

Yauer1'=X i+ €, =540.3 mm
AC::Atf-l-AW:O.ll m2 pc'Ac'ltot<4-5 tonne =1
AnetzzAc_Aducl'F <OCS— 1> 'As.mtz 0.11 Wl2

Ap=A.+ (a,—1) A, + (a,— 1) « 4, =0.12 m*

Ay v+ A,y
xc:=%:249 mm
A iy '+Aw'yw_Aduc * Vauct.net T as_l 'A’s'd,-'_ as_l 'As'd
o 1= o 4 L.net < > ( ) =245 mm
Anet
Ao v+ A, o v+ (o, —1) e Ay e Va1 + (0 —1) e A e d'+ (a,— 1) < A o d
xpi= 7 Vy Y (P ) p *Vduct.1 < > ( ) =256 mm
A[
=h ey =t 284
€p.max ‘= _xc_c_¢w_¢_ duct — 2 - mm

h
enet::h_xnet_c_¢w_¢_tducz_ a;lct =289 mm
=h hduct _
eri= _xl_c_¢w_¢_tduct_7_278 mm

dp :=xc+ep=0.5 m

22/10/2024
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3.2 Second moment of inertia

by htf3 2 by htf3 2
Lys=——F—+ Ay (x.= ) Ler =~ + Ay (%es = 1)
b, +h,’ b,+h,’
IW:: D +Aw' <xc_yw>2 [w,net:: 1 +Aw° <xnet_yw>2

1.:=1,+1,=0.00353 m*

1, et::ItJ‘fnet+thnet_Aduct° (xnet_yductnet>2 =0.00338 m4

n

L=+ L+ (a,— 1) « Ay s (Vauers—x;)° =0.00375 m*

22/10/2024
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3 Load effects

Moment distribution - self weight

0
E
i -10
I=
B
£ -20
=
-30 T T T r T T T b
1 2 3 4 5 6 7 8
Length [m]
Moment distribution - SLS
DJL
— -100-
£
i -200
€ -300
B
£ -4004
= 5001
-600 ; . : ; . : ; >
0 1 2 3 4 5 6 7 8
Length [m]
Shear force distribution - Pu
sood
= 3001
2,
g 1004
§=]
= -1001
48]
2
& -300-
-500 . . ; ; . . . >
0 1 2 3 4 5 6 7 a
Length [m]

Mg e =22.1 kKN +m
Moy s =502.1 kN+m

Viamae=2491 kN My, =736.1 kN+m for P, =238 kN
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4 Accurate design
41 Tendon force
1=0.19 k=0.0075 a:= atan (%) —54°
1
—u- (0{ + ko ZL)

P;:=P, e ") =378.9 kN

P, —P.e +M
Ucpl _ i + i*Chot g0.max .enet:_10.7 MPa

Anet Inet

P. .

Eppi = ———— et ~3.53.107

E,-4, om
P()[::Ep'gp()i‘Ap:4l3 kN
4.2 Before grouting

_POi _POi'ene +M, 0.max
Oci*= + [t . * Xper = 3.4 MPa Octimax7 = 3.5 MPa Octi S Octimax7? = 1

net net

—P,, —P,ee +M

Ocei*= o + 01" Cnet ghmar <h _xnet> =—13.5 MPa Ucczﬁmax7:21'6 MPa Occimax? = |Jcci| =1

A 1

net net

4.3 After grouting
RH:=50
Relaxation class 2

Xi000=2.5% u:=0.7

P 075+ (1 —p) .
7,(2):=0.66+ x990+ €0 | —— .10
t() 1000 1000

¢, :=500000 ¢t:=100-24 =2400

Koo =1 (1,,) =0.039 2=x()=0.0117
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Shrinkage
£,4:=0.280+10" Class N
Pri=1.36 RH = 50%
by b,
u=2+|=+hs+h,+—|=17m
2 2
244,
hy= =134 mm
u
k=1 if hy<0.1+m =0.95
I

elseif 0.1 - m<h;<0.2.m
(hg—100 - mm)
C100emm
elseif 0.2.-m<h;<03-m
(hy—200 - mm) )

1.0-0.15-

100 « mm
elseif 0.3.-m<h;<0.5.m
(hyg—300 - mm)
200 « mm )

(0.85 —-0.1.

(0.75 —0.05-

elseif hy>0.5.m
|07

Ecdoo =l * Briy* €cqi =361 « 1074

Epgi=0.1+1077
€ 1= Eogn + €y =4.61+107*

t:=100 t

A

=4

t_ts
Bas= =0.61

hy \’
t—t,+0.04A| —
mm

Busi=1—e"2""=0.86
Ees :::Bds * Ecdo +/Bas *Ecan = 3.06- 10_4

E. -¢

Fopi=Ey e, A,=36.7 kN
F.  =E c,-A,=36.9 kN
F' i=E -g,-A', =492 kN

22/10/2024

DD
9 of 20


David Dackman
Rektangel


\ \ \ ) Fiberarmering i kombination med efterspanning DD
Uppdragsnr.: 10344771 10 of 20

Creep

1—RH% .(35-MPa)°‘7.(35-MPa)°'2_131

Prii=|1+
0.14——
mm

16.8
ﬁfcm =——=23
Som
MPa
t=100 ty:=28
1
L= =0.49
0.141,"
02
o3:= 33 =09
Jom
MPa

. 18 hO
By=min|15+(1+(0.012-RH)"®) « —L +250-a;, 1500 a;| =429.4
mm

poi=|—"_|=01
T Buti-1)

Qo= ¢RH‘ﬁfcm *Bi=145

p:=¢pB.=02

ES
o= (1+¢p)=6.6
Qs of £ ( ¢)

cm

M-(l+¢)=6.3

cm

apAefzz

22/10/2024
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4.4

Effective sectional constants

Appi=A,+ (0, = 1)+ A+ (g o= 1) + 4, 1, =0.12 m”

Atf'y{f+Aw'yw+ (apAef_ 1> 'Ap *Vaucr1 T (a&ef_ l> 'A,s°d'+ (as.ef_ 1> 'As'd

Fiberarmering i kombination med efterspanning
Uppdragsnr.: 10344771

=257 mm

x[.ef::
Alsﬁf'
b i’ h lf3 5
liprep=—1—F Ay (¥rer=y)
bw ¢ hw3 2
]wl.ef::T+Aw' (xl.ef_yw>

Ilef:: tff[ef+ leef+ (ap.ef_ 1> 'Ap ° <yduct.1_x1.e/> 2= 0.004 m4

€, oi=d,— X[ ;=276 mm

o =d—X1 ;=297 mm

€' o =X p—d' =221 mm

« —Xy=—30.2 MPa

« (h—x;,) =31.8 MPa

_<1 _Xt> : <P0i_FCS-p> *Cpofd
_(1 _Xt) ° <P0i_chAp> d +ch,s' Csef— F’cs,s' e(&efd
o +ch,s_F'cs‘s +Mg0.max+Mthnax
Occt™= +
Al.ef [I.ef
_<1 _Xt) ° (POi_ch.p> 'ep.efd
_<1 _Xt> ° (POi_ch.p> d +Fe es.ef_F,cs.s ° els.ef(J
Oupyi= +FCSAS_F’csAs + +Mg0Amax+Mquax
Alef [IAEf
Occoo.max — 331 MPa O ccoo.max > |O-cc.t| =1
O ctoo.max = 3.9 MPa Octoo.max > Oct1= 0
_<1 _Xt> ° <P()i_ch.p> ° epef‘J
_<l _Xt> ° <P0i_ch.p> d +ch4s *Csef F'c&s ° e,&ef<J
o +ch4s_F,cs.s +Mg0.mux+Mqt.max
Ocp.i*= +
A[ef I[ef
1=y« (Py—F.
Up(),t = ( Xt) ( o csp) + ap,ef’ O-cp't = 784 MPa
P
Opo. -
Eppi=—t=4+107

P

Agp = gpd - ng.t

22/10/2024
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Cracking allowed

—x7,) =25.9 MPa

DD
11 of 20


David Dackman
Rektangel


Fiberarmering i kombination med efterspanning

\\ \ I ) Uppdragsnr.: 10344771

DD
12 of 20

Moment capacity

4.5
£,:=6107"

2:=0.8 n:=1.0
x:=100 mm

X:=100t (172 foy o bypo Ao x + [ o A's—From+ A, 4, X\ =75 mm
_.}g/m°As_fts3'bw'(h_x)

z::d—%:524 mm

/l-x<h,f=1
,  x—=d' -3 -3 ,
&= °8CC=3.1°10 gsy=2'75'10 8-5'>8W_1
x
d—x ) -3
g 1= -6, =3.8-10 £y, =2.75-10 &>ey=1
X
dp—x 2 _3
&pi= *EectEpp,=4.1+10 &p0.m =9+ 10 &p>Epp =1

d -2

MRd::;y-fcm-b{f-/l-x-(p lox)+fvm~A’S-(dp—d'>+fym-Aso(d—dp><J:736kNom

d —x—

—fm'bw-(h—x).( A h—x)

MEd.max: 736 kN'm

MRd > MEd.max =1

Minimum reinforcement amount
Jeum b, +d=154 mm* A, ,..:=0.04+A,=4424 mm*

AS.min :=0.26-
ym

A <As SAs.mwc= 1

s.min =

A, =603 mm*
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Shear between web and flanges

Ax:=—=2m
4
My, (4
£y M) g4
z
by—b Via(4
AFy =202 2l _ gy
AF
Vg = ———=0.5 MPa 0.4+f,,=1.6 MPa Vear <04« f, =1
h{f‘ X
M
F = —Ema — 1405 kN
z
by—b
AFy=—L . (F,~F,)=123 kN
Z.bl‘f
AF
Ed2 = Azx:()s MPa 04'fctm:16 MPa VEd2<0-4'f;;m:1
.
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\ \ \ I ) Fiberarmering i kombination med efterspanning DD

4.6 Crack width

0,=34 MPa x;y=174 mm

o ::aS-M-Uc:4IO MPa

X

as::as-w-ac:MS MPa

X
Py,
Oppi= =689 MPa
4,
d,—x
ap::ap-M-ac+ap0:lO67 MPa
Xir
xy—h
o+—2L V.5,
’ ’ X
JS-AS—i—btf-ht/z-f—ap-Ap—a_q-As—ﬁsl-bw-<h—x11)=0 kN
xy—h,
o.+ n tf-ac P
x n
U'S-A’S-<dp—d’)+bzf-htjf-+-(dp—7v)+as-As-(d—dp> J=0kN-m
h_xH
+ﬂs1 ° bw * <h _x11> * (dp —Xgr— 5 ) _qu.mux
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ay:=c+£:28 mm

Be o= min (ay+5.¢,10-¢,3.5-ay,h—x”,% =98 mm Ayi=h, o+ b,=0.01 m*

£:=0.5
&=y & ¢ =0.7
%
A+E -4
pp‘ef::@:o.m
Ao

agi=min (fts} , 1) =0.5

ctm

h—h,
k ::T‘fﬁ‘:o.s ky:=0.9

i=min (1.7- (1.5-0+M-L- <1 —qf)) ,1.3. <h—x,,>]=7l mm

Srmax*
7.2 Pp.ef
k,==0.6
SRS
Ae = max Prd (1=k) -2 |=18-107
ES ES
wii=Ade S, 0= 0.129 mm
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4.7 Shear capacity

Pyi=0,9,+4,=470 kN o, :=atan (%J =54°
1
Vipai= Py~ tan (a,) =44.6 kN

VEd.net:: VEd.mwc_ Vjpd:204.4 kN

Vi V i ma
Thdmet = Ed.net =2.6 MPa Tpgi= Ed.max =32 MPa

wZ weZ

Shear capacity of cracked concrete without shear reinforcement

Nepi=max|12—0.5- Ji3 ,0.4|=0.4
MPa
np=1
M
i Ed.max =3m
VEd.max
A A
kpmmin| & e[, + 4] .2 025, 2 | =02
A, 3) b,z b,z
—P;+d
ky=1+—-"— =09
VEdAmax 3. Qg
d* eA+d}? -4
d=— 2 P P 544 mm
deAs+d,-A,
deA,+d - A
pp=— P P —00146
b, -d’

cp*

P.
Oy = min (A—’, 0.2 fch =3.4 MPa

c

1

Jon 40 mm
MPa d

3
TRdc.0*= 0.66 - (100-p,- ) MPa=1.2 MPa

TRde = TRdc.o T K1+ 05, =1.7 MPa

T nei
TRa.of*=Ner* Trae + 7 fis3 = 2.3 MPa Ednet _ 114%
TRd.cf
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Shear capacity of cracked concrete with shear reinforcement

0:=21.8 deg
S,,:=400 mm
2
A, = 2l «r=50 mm*
2.4,
RE =0.00168
W.SW

TRd.sy =P " Sym * cot(@) =2.3 MPa
New:=0.75

T
TRd.sF*= (nxw *Pw 'f)'/m + W '/{ts3> « cot (9) =5.7 MPa M = 45%
TRd.sF

L
n,=2e«—+1|=17

Sy

l[,=13m

Minimum shear reinforcement amount

fcm
oo =008 M9 _ 60011
ym
MPa
a:=90 °
2 Ay 620
Sw_ = = mm
" bw'Sin (a)'pw.min

Simax*= 0.75+d- (1 —+ cot (a)) =408 mm

Sw< min (Sw.max ’ Sl.max) =1
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4.8 Anchorage zone

Ypi=1.2
P:=y,P;;=465.6 kN
02:-h=118 mm

h, =110 mm

b, =110 mm

Opi= Pb =38.5 MPa fm=55.2 MPa 3.f,,=165.5 MPa

" p

Vertical reinforcement

a::hp=110 mm h=590 mm b:=%=295 mm
=107 pog3 iy
4
Av::l:133 mm?
ym
. A, h
n,=ceil|[——[=2 —=295 mm
5. (8 mm)* 2
4
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49 Buckling

ly:=1,,=8500 mm

IC
i:=A|— =178.8 mm
AC

/
Ii=-L=476
I
= r =0.08
cm'Ac
;{li”ﬁ:@:}Q]
n
A:=;=0.96
14029
4.
o=t o
Ac.f;’m

B:=\14+2.0=1.05

;{lim;:MZSI.z

n
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5 Evaluation

12 12
14
0.8 0.8
0.6 0.6
0.4 0.4
0.21 0.2-
O o5 01 o015 02 om 03 0
max crack width [mm]
W, =0.129 mm B (w) =1
Veone :=Ap+1,,=0.94 m*
GWP,,,. =340 k_f Voone® GWP,,..=319.6 kg
m
Viteet =Ag100* bt + Agy* Ly oy + A, o L+ A+ 1,n,=0.0183 m?

W

steel "=

V.

S

teel * Ps + Vcanc °pfs =0.177 tonne

GWPsteel =370 kg Wsteel * GWPsteel =654 kg
tonne

132 <Vconc * GWPconc + Wsteel ° GWPSZ@@I) =0.79

181 <Wk) '182 (Vconc ° GWPcanc + theel ° GWPsteel> =0.79
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