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Vedlegg A : Artikkel



B NTNU Publisert: 22. mai 2023

Fakultet for ingenioervitenskap
Institutt for konstruksjonsteknikk

Skisse av betongdekket som blir dimensjonert i oppgaven (Privat, 2023)

Integritetskontroll av betongdekke

Av Hakon Bendik Pedersen og Vegard Mortensen Eide

To studenter fra NTNU har skrevet Utforming og

. beregningsgrunnlag
bacheloroppgave hvor det er gjort

Det armerte betongdekket er satt
nye beregninger av det snart 70 ar
opp i et statisk system hvor

gamle betongdekket til Yara i )
platene er fast innspente.

Glomfjord, og sammenlignet mot .
fiord, og g Dette tillater studentene 3

dagens krav i Eurocode 2. beregne dekket bide som

enveisplate og som toveisplate
Syrebelastet miljg

Omradet betongdekket befinner seg i Kapasitet

er pavirket av et aggressivt syremilja. Beregningen beviser at

Fabrikken produserer blant annet dimensjoneringen

. .
salpetersyre opp til 60% konsentrasjon, tilfredsstiller de fleste kravene

noe betongdekket baerer synlig preg av. i Eurocode 2, og at alle
snittene har tilstrekkelig

kapasitet.



Befaring

Studentene var pa befaring av
fabrikken i februar. Dette ga et
godt bilde og grunnlag for
oppstarten av oppgaven, sier
studentene. Pa befaringen ble det
blant annet oppdaget stgrre
mengder med synlig eksponert og
korrodert armering pa undersiden

av dekket

Redusert Armeringstverrsnitt

Undersiden av dekket baerer preg av eksponert

og korrodert armering (Privat, 2023)

Observasjonene pa befaring gjorde at studentene

har beregnet et av snittene med lavere armerings-

tverrsnitt enn det som opprinnelig er. Resultatet

viser at ogsa her tilfredsstiller det snart 70 ar gamle

dekket dagens krav i Eurocoden.

Studentene konkluderer med at betongdekket

tilfredsstiller kravene, bortsett fra

rissviddekontrollen. Her er dekkets verdier for lave,

noe som skyldes den lave overdekningen pa 10 mm.

Videre konkluderes det med at dekkets skader

skyldes syreangrep fra lekkasjer og damp fra utstyret

i fabrikken.




Vedlegg B: Plakat



@NTNU

Institutt for konstruksjonsteknikk

Prosjektnr 2023-33

Intern veileder: Arne Mathias Selberg

Hakon Bendik Pedersen, Vegard Mortensen Eide ERSIET KONGAKT HEIGE Hamnevoll (Yara)

Integritetskontroll av betongdekke
Integrity control of floor divider in concrete

Prosjektbeskrivelse
Formalet med oppgaven er &
teste og gjore nye beregninger
pa et betongdekke som er fra
1954. For a kunne konkludere
om kapasiteten er tilstrekkelig
eller ikke.

L.

Hllustrasjon av statisk modell

Analyseomrader
Overdekning
Kloridinnhold
Karbonatiseringsdybde
Nedbgyning
Riss
Syreskader

Fotografi av mdlt overdekning

Konklusjon
Oppgaven har konkludert med tilstrekkelig
kapasitet for betongdekket, men kravet til
rissvidde blir ikke innfridd ved de fleste
anledningene. | tillegg til dette er det blitt
konstantert at skadene pa betongen '
skyldes det syrlige miljget og lekkasjer fra Fotografering av skadet befong
anlegget




Vedlegg C:Tegninger og skisser



Vedlegg C.1 : Armeringstegning
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Vedlegg C.2: Plate inndeling (sett fra siden)
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Vedlegg C.3: Plate inndeling (sett ovenfra)

12






Vedlegg C.4: plassering av snitt
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Vedlegg C.5: Plantegning dekke
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Vedlegg D:Beregninger
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Vedlegg D.1: Snitt 1
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Snitt 1:
s

Z 7

Sikkerhets faktor
Y= 1.5

Ys= 1.15
aee=0.85
y6=1.2
yo=15

Last:

p =7.5KkN/m?*1m= 7.5 kN/m
91=0

g2=25kN/m?® *0,3m*1m = 7.5 kN/m

Qed =Yc*g+ye*p=12*75+15*%7.5=20.25KkN/m

Geometri:
h =300 mm
b =1000 mm

d=300—10—=2835mm
¢=10+ == 16.5mm
h"=h—2x*c=267

L =4000 mm
e=2—(h—d)=1335mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accf;—f =11.3 N/mm:

fcm =28 1\]/7’717’712
fctmz 2.2 N/mm2
Ecmn= 30000 N/mm2

Standard armering
fyk=400 N/mm?2

__fyk

fya=-— =347.8 N/mm?2

ys

Es= 200000 N/mm?

EC2-Tabell 2.1N
EC2-Tabell 2.1N
EC2- NA.3.1.6(1)
EC - Tabell NA.A1.2(A)
EC - Tabell NA.A1.2(A)

(EC1-Tabell 6.4)

(betongelementboka s304)

EC2-Tabell 3.1
EC2-Tabell 3.1
EC2-Tabell 3.1

V413 Tabell 2.1.2-2

EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(3)°%)= 0.458
fcm(g) = ﬁcc(S) fcm= 12.8 N/mmz
fek(3) = fem(3) —8 MPa = 4.8 N/mm?2

fck(3)
yc

fcd(?)) = cc =272 N/mmz

Minimums armering: (EC2-9.2.1.1)
Asmin=max {0.26—— bt d; 0.0013 b¢ d} =

fctm
fyk

max {0.26% *1000*283.5; 0.0013*1000*283.5} = 405.4 mm?

Antall jern = e _ 75
3.7m

As=m(2)? * 7.5 =995.5 mm?

As1= As/2= 497.75 mm?2
Asz= As/2=497.75 mm?

Minste overdekning: (EC2-4.4.1.2 0og NA)
cminb = 13 mm

Cmin.dur = 60 mm

Acdury =10

Acaur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

EC2-3.1.2

EC2-3.1.6

EC2-Tabell NA.4.4N

Cmin = maX{Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10mm} =60mm

Nominell overdekning:

Cnom = Cmin + Acdev =60 + 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm

(EC2-4.4.1.1(2))
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Kapasitetskontroll (M-N diagram)

Punkt 1: Rent trykk

=& =0.00175

fya _ 347.8
Eyd=—=——

= = 0.00174 < &3 — armeringen flyter
Eg 200000

Te=f.q*b*h=113%1000*300 =3390000 N = 3390 kN
S1= fYL" % Ag = fyq * Ay = 347.8*497.75 =173117.45 N = 173 kN
S2 =51

Aksiell likevekt: N1 =T¢ +S1 +S2=3390+ 173 +173 = 3736 kN
Momentlikevekt: M1 =0

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
Ecu= 0.0035

&1=c*eu /h=16.5%0.0035/300 =0,00019 < eya — ikke flyting

osd =Es * &51 = 200000 * 0,00019 = 38 N/mm?

Te=fca™b*0.8h =11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1=o0s * Ast = 38 *497.75=11647 N = 18.9 kN

S2="fyg * As2 = 347.8*497.75=173117 N =173 kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+18.9+173 = 2903.9 kN

Momentlikevekt: M2 =Tc * (0.5h-0,4h)+S2*h"/2 - S1*h’/2 =

2712*(0.5*0.300-0.4*0.300)+173*0.267/2 - 18.9*0.267/2 = 102 kNm

EC2-Tabell 3.1

EC2-Table 3.1
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad =0.668 * 283.5 = 189.4 mm

g2 =22 ¢, =% % 0.0035 = 0.0032 (flyter)

ad

Te=fa*b* 0.8*ad =11.3*1000*0.8*%189.4=1712176 N=1712 kN
S1=fya* As1 =347.8*497.75=173117 N =173 kN
S2=5;

Aksiell likevekt : N3 =T +S,—-S:=1712+173-173=1712 kN
Momentlikevekt : M3 =T, * (0.5h—-0.4 ad) + S1*h" =
1712 * (0.5*300 - 0.4 * 189.4) + 173 * 267 =173 kNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec = €cu3 0g &€s1 = 2eyk

gcu=0.0035 EC2-Table 3.1

fvk 400
= 2= 2% _ 002
Es 200000
0.0035

a=—"% = = 0.467 Sgrensen (4.22)
€ cu + 28 yk 0.0035+2%0.002

ad=0.467 * 283.5 =132.4 mm

ad

Te=fea*b* 0.8*ad =11.3*1000*0.8*132.4=1196896 N =1196.9 kN
S1=fya* As1 =347.8*497.75=173117 N =173 kN
52: Sl

Aksiell likevekt : Ng=Tc+S;—S:=1196.9 + 173 —173 = 1196.9 kN
Momentlikevekt : My =T, * (0.5h—-0.4 ad) + S1*h" =
1196.9 * (0.5*300 - 0.4 *132.4) + 173 * 267 =160 KNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: ec=ecu3 0g €51 =0.015

gcu=0.0035 EC2-Table 3.1

fyk _ 400
gyk= == =——=10.002
Es 200000

g=—"to - 0985 _gqg9 Sgrensen (4.22)

€oy +0.015  0.0035+0.015

ad = 0.189 * 283.5 =53.6 mm
ad-c =2307185 40,0035 = 0.0024 (flyter)

s ad cu 53.6

Te=fca*b* 0.8*ad =11.3*1000 * 0.8 *53.6 = 484544 N = 485 kN
S1=1fya* As1 =347.8*497.75=173117N =173 kN
$=5;

Aksiell likevekt : Ns =Tc+ S, —S; =485 + 173 — 173 = 485 kN
Momentlikevekt : Ms =T, * (0.5h-0.4ad) + S1*h /2 + S2*h' /2 =
485 * (0.5*300- 0.4 *53.6) + 173 *267/2 + 173 *267/2 =109 KkNm

eo = max {h/30, 20mm} =20mm EC2-6.1 (4)

Resulterende interaksjonsdiagram:

N (kN)

4000

En

3500

3000

2500

2000

1500

1000

500

M (kNm)
Q; 20 40 60 80 100 120 140 160 180 200
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = 20'225*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)
K=1+ |22 < 20
=1+ |22 =184
283.5

PL=-2L < 002

by *d
=% =0,00176

1000%283.5

K2 =0.15 EC2-NA.6.2.2 (1)

_ K, _ 0.15
CRd,c—z - E—Ol

1
VRdec=0.1*1.84* (100 * 0.00176 * 20)3 * 1000 * 283.5 =79350.9 N =79.3 KN
VRd,c > VEd

Max nyttelast; Z222+PrL5) -4

=79.3 — p =20.4kN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq
v=06*(1-1%)=06+(1-20) =055 Serensen (4.51)
VRdmax = 0.5 * 1000*283.5*0.552*11.3 = 884179.8 N = 884 kN

VRd,max > VEd

Max nyttelast : Z2rt2+PeL5) -4

=884 — p =288 kN/m
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Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 _qgag Sgrensen (4.20)
EcutEyq  0.0035+0.00174

2=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp = * % *D*d*ay=0.8*1.0% —--*1000*283.5*0.668=4922 mm? Serensen (4.21)

yd :

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ Syaras  _ 347.8%995.5 _
T Asnk feqrbrd  0.8%1.0%11.3x1000%283.5 0.135

£5= = * £y = >+ 0.0035 = 0.0224

— & < &,d=0.03 EC2- Tabell NA.3.5 (901)

Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

=0.8*1.0*0.135*(1-0.5*0,8*0.135) * 11.3*1000*283.5?

= 92789634 Nmm = 92.7 KNm
[1.2(g1+g2)+1.5p]*L?  (1.2%7.5+1.5%7.5)%42

Mgq = 12 - 12

Mpra> MEga OK.

(7.5%1.24p*1.5) %42
12

=27 kNm

Max nyttelast : =92.7 — p =40 KN/m

Aksialkraftkapasitet:

¢ = b*h = 1000*300 = 300000 mm?
NRrd = fed (Ac — As) +Hya * As Serensen (4.5)
=11.3 * (300000- 995.5) + 347.8 * 995.5 = 3724985.75 N = 3724 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

Ag 995.5
=—=——""—=0.0035
P = bed ~ T000+2835

np =6.667 * 0.0035 = 0.023

o= m — np =v0.0232 + 2 % 0.023 — 0.023 =0.19

ls=As* (1—(1)*(1—%) *d2=995.5* (1-0.19) * (1— %) * 283.52=6.07*10'mm*
El = Es * I = 200000%6.07*10" = 1.21 * 10'* Nmm?

g =15 KkN/m

Nedbgyning (bruksgrensetilstand) : & = ﬁ

L 0 L*  15x4000*

= =0.83 mm
EI ~ 384%1.21%1013

Langtidsnedbgyning:
permanent last:

g=75*1.2=9kN/m
p=7.5%*15=1125KkN/m (antar 100% permanent)
lasttilfelle 1: g =9 kN/m , ¢(e°, 3)

lasttilfelle 2 : p=11.25 kN/m , ¢(e=, 28)

2A 2%¥300%1000
hp====——"—""=231mm
u 2%(300+4+1000)

Kryptall : utendgrsforhold
@(t, to) = o * P(t.to)

@0 = @rr * B(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _80
Pru =1+ 0.1*13\(}(;1_0 =l 3102031 =133
_ 168 _ 168 _

B(fen) = 722 =122 =317

1
Blto) = Greeom

1
B3)= (0.1+30-20) =0.74

p— 1 —

¢3=1.33*3.17*0.74=3.12
(28 =1.33*3.17 * 0.49 = 2.07

- (t—to) 103
Pltto) = [ v o)

B(e=,3) — 1
B(oo, 28) — 1

@(s°, 3) =4.96 * 1=3.12
@(s°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Sgrensen (5.11)
Sgrensen (5.12)

EC2-Tillegg B
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Ecm

B = o)
1 =22000 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L2 9) %42
My = ZE = O 15 kNm
12 12
L2 11.25)*42
Mz:q* =( ) =15 KNm
12 12

Mi+M. 12415
Ec,middle:Mlll MZZ SV i 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =236
Ec,middel 8483
Ag 995.5
= =———=0.0035
p bxd 1000%283.5

np = 23.6 * 0.0035 = 0.083
a=/(Mp)% + 2np — np = 0.083Z + 2 x 0.083 — 0.083 = 0.33
le = 0.5%02*(1-5)*b*d = 0.5%0.33%*(1— =) *1000*283 5° = 1.10 * 10°mm*

El = Ecmiddel * lc = 8483*1.10*10° = 9.3 * 10'2 Nmm?

Nedbgyning midt pa bjelken:
1 g+L* _ 20.25x4000*

Btang = 382 Bl 384:93:1012 1.45 mm
Nedbgyning pga svinn:
—@gsa*fem
€ca0 = 0.85 [(220+110 * ager)*e’ Jemo ] 10 * Bryy
fcmO =10 MPa
Ods1 = 3
ods2 = 0.13
= J(RH 37 (8037 —
Bru = 1.55[1 (RHO) ]=1.55[1 (100) 1=0.76

—0.13

*28.
€0 = 0.85 [(220+110 * 3)*e 10 )] 10 * 0.76 = 2.47 * 10

€ed(t) = Pas (t,ts) * Kn * Ecapo

Bos (1) = — =) it 00 3 Bg=1
(t—t)+0.4 /hOS
kh =0.78

ea(00) = 1% 0.78 * 2.47 * 10 = 1.93 * 10"
Eea(00) = 2.5 (fac— 10) * 100 = 2.5 (20 — 10) * 10 = 2.5 * 10
€es= Eea+ €= 1.93 * 10 + 2.5 * 10° = 2.18 * 10

Sgrensen (5.5)
Sgrensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement klasse S)
(Sement klasse S)

Serensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Serensen (5.26)
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Svinnkrumning:

Ks=€es *n * ASI—*e Sgrensen (5.135)
ad=2=2 _ﬂ = 150

e = d-ad = 283.5-150 =133.5
b+h3 n\2
| = +b*h*<ad—5) + n* Ag* e?

1000*3003
12

Ks=2.18* 10" * 23.6*

+ 1000 * 300 * (150 _ ﬂ) +23.6 % 995.5 * 133.52 = 26.69 *108mm?*

995.5+133.5
22222 = 256 * 107 mm'?
26.69 %108

KL%  2.56%1077%40002
Ss = 5 =0.51mm

Gsvinn =

6tota| = 6|ang + 65\/inn = 1.45 + 0.51 = 1-96 mm

L 4000
Brmaks = 55 = ———= 16mm > 1.93 > ok EC2-7.4.1 (4)

_(7.5%1.2+1.5%q)*4000*

Max nyttelast : 16 = 384+9.351012

+0.51 - q=138 kN/m

Rissviddekontroll:

kc = Cnom/Cmin,dur = 10/60 :01667

Wmax = 0,3 * k¢ = 0.3 * 0.1667 = 0.05 mm Sgrensen (tabell 5.2)
20.25%42
M = 0 =27 kNm
- * 6* — *

05 = s * M0 = 200000 * RIS - o0ipa Sgrensen (5.55)

= 0.4 (langvarig last)
fct eff = femt = 2.2MPa EC2-Tabell 3.1
h,ert = min {2.5(h-d);(*==); 2} = min {2.5(300-283.5);(**—=22%); 220 = 41 25

As _ 9955

Pp.eft = — Aoerr 100018175 =0.024 Sgrensen (s.153)

— i 200000 = 6.667

Eem . 30000
—kt *f eff*(l‘H?Pp eff)
Esm -Ecm = Cpeff - > 0.6 * E— Sgrensen (5.59)
Eum -Eam = 00 a0 (OO0 _ 507 (s 5 6. = 3.3%10*
200000 200000

Cnom =10mm
5*(Cnom+§)= 5*(10+12—3) = 82.5 < senteravstand =300
Srmax = 1.3*%(h-ad) = 1.3*(300-0.33*283.5) = 268.4 Serensen (5.61)
Wk = Srmax * (€sm -Eem) = 268.4 * 3.37*10* = 0.09 Sarensen (5.58)

Wk > Wmax = 0.05 (Rissviddekrav ikke oppfylt)
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Max nyttelast:

O5—0.4%—22—«(1+6.667%0.024)

*-
268.4* 0024
200000

=0.05 > 05=79.7

*10%%(1— *
ZOOOOO*M 106x(1 0.3;3;) 283.5
9.3x10

* xq) * 42
(1.2 7.5+112.5 Q4" _ 19.5 > q=3.7

=797 - M=19.5
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Vedlegg D.2: Snitt 2
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Snitt 2:

7 |

Sikkerhets faktor

ye=15 EC2-Tabell 2.1N
ys= 1.15 EC2-Tabell 2.1N
ve=1.2 EC - Tabell NA.A1.2(A)
vo=15 EC - Tabell NA.A1.2(A)
Last:

p = 7.5 KN/m? *1m= 7.5 kN/m (EC1-Tabell 6.4)
91=0

= 25kN/m?® *0,3m*1m = 7.5 kN/m
‘3; =ye*g+yo*p=12*75+15%7.5=20.25kN/m (Petongelementboka s304)

Geometri:

h =300 mm

b =1000 mm

d =300 — 10—12—3:283.5mm
c=10 +12—3= 16.5mm
h®=h—-—2=xc=267

L = 4000 mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accfyc—f =11.3 N/mm

cm = mm -lape .

f 28N/ 2 EC2-Tabell 3.1
fetm= 2.2 N/mm? EC2-Tabell 3.1
Ecn= 30000 N/mm? EC2-Tabell 3.1

Standard armering:
fyk=400 N/mm? V413 Tabell 2.1.2-2

fra= f;—i‘ = 347.8 N/mm?

Es= 200000 N/mm? EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager
s=10.38 For sement klasse S

Bee(3) = exp(s(1-(?)0'5)= 0.458
fcm(3) = ,Bcc(3) fcm: 12.8 ]V/TTLTTL2
fek(3) = fem(3) — 8 MPa = 4.8 N/mm?

fck(3)
yc

fcd(?)) = cc =272 N/mmz

Minimums armering: (EC2-9.2.1.1)
Asmin= max {0.26f§ytkm bt d; 0.0013 b d} =
max {0.26% *1000*283.5; 0.0013*1000*283.5} = 405.4 mm?2
Antall jern = 28jern _ 75
3.7m
As=m()? * 7.5 =995.5 mm?

As1 = As= 995.5 mm?
As2=0=0mm?

Minste overdekning: (EC2-4.4.1.2 og NA)
cminh = 13 mm

Cmin.dur = 60 mm

Acdury =10

Acdur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

EC2-3.1.2

EC2-3.1.6

EC2-Tabell NA.4.4N

Cmin = maX{Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10mm} =60mm

Nominell overdekning:

Cnom = Cmin+ AcCdev=60 4+ 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm

(EC2-4.4.1.1(2))
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Kapasitetskontroll (M-N diagram)

n= Bs 200090 _936 (se langtidsnedbgyning)

Ec,middel 8483
(Xd _ Acx0.5h+m*Ag*xd _300000%0.5¥300+23.6%¥995.5%283.5

Ac+1* Ag 300000+23.6¥995.5
e =d-ad = 283.5-160 =123.5

=160

Punkt 1: Rent trykk

=& =0.00175

Tya _ 3475 _ 0.00174 < &c3 — armeringen flyter
Es 200000

Te=feqa*b*h=113%1000*300 =3390000 N = 3390 kN

S = % ¥ Ayt = fyq * Agy = 347.8%995.5 =346235 N = 346 kN

S2=0
Aksiell likevekt: N1 =Tc +S1 +S2 =3390 + 346 = 3736 kN

Momentlikevekt : M1 =T¢ * (ad — 0.5h) - Sy * e
3390*(160-150)- 346* 123.5=-8.8

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
gcu= 0.0035

&1=c*eu /h=16.5%0.0035/300 =0,00019 < eya — ikke flyting

osd =Es * €51 = 200000 * 0,00019 = 38 N/mm?

Te=fca™b*0.8h =11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1 =051 * As1 =38 *995.5 =37829 N = 38 kN

S2=fya* A =347.8*0=0N = 0 kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+38 = 2750 kN

Momentlikevekt: M2 =Tc * (ad -0,4h)+Sz2*e2 - S1*e1 =

2712*(160-0.4*300)- 38*123.5 = 104 kNm

EC2-Tabell 3.1

EC2-Table 3.1
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad 2=0.668 * 283.5 =189.4 mm

g2 =22 ¢, =% % 0.0035 = 0.0032 (flyter)

ad

Te=fa*b* 0.8*ad =11.3*1000*0.8*189.4=1712176 N=1712 kN
S1="fya* As1 = 347.8 *995.5 = 346234.9 N = 346 kN
S2=1fya*As2=347.8*0=0N=0KkN

Aksiell likevekt : N3 =T, +S;—S; =1712 —346 = 1366 kN

Momentlikevekt : M3 =T, * (ad — 0.4 ad2) + S1* e =
1712 * (160 - 0.4 *189.4) + 346 * 123.5 =187 KNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec=&cu3 0g €s1 = 2eyk

gcu=0.0035 EC2-Table 3.1

fvk 400
= 2= 20 _ 002
Es 200000

£ 0.0035
a= < = = 0.467 Sgrensen (4.22)
Ecu+26yr  0.0035+2%0.002

adz=0.467 * 283.5 =132.4 mm

d- 132.4—-16.5
£s2 = % * £ =——— *0.0035 = 0.003 (flyter)

Te=fca*b* 0.8* ad2=11.3*1000*0.8*132.4 =1196896 N = 1196.9 kN
S1="fya* As1 = 347.8 *995.5 = 346234.9 N = 346 kN
S2=1fya*As2=347.8*0=0N=0KkN

Aksiell likevekt : N4 =Tc+ S, —5;:=1196.9 — 346 = 850.9 kN
Momentlikevekt : Ma =T, * (ad - 0.4 ad2) + S1* e+ S2*h'/2 =
1196.9* (160 - 0.4 * 132.4) + 346 *123.5=171 kNm
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Punkt 5: Trykkbrudd i betong og stor armeringstayning

Bruddkriterium: ec=ecu3 0g €51 =0.015

Ecu= 00035
_ fyk_ 400 _
&Yk= 55 T 200000 0.002
g feu __ 00035 _ a9

T £y +0.015  0.0035+0.015

ad 2= 0.189 * 283.5 =53.6 mm

d- 53.6—16.5
£52 = “a_dc * gy = * 0.0035 = 0.0024 (flyter)

Te=faa*b* 0.8* ad2=11.3*1000 * 0.8 * 53.6 = 484544 N = 485 kN
S1=fya * As1 = 347.8 ¥ 995.5 = 346234.9 N = 346 kN
S2=fya*As2=347.8*0=0N=0KkN

Aksiell likevekt : Ns=T.+S,—S5; =484 + 0— 346 =138 kN
Momentlikevekt : Ms =T, * (ad — 0.4 ad2) + S1 * e=
485 * (160 -0.4 *53.6) + 346 * 123.5 =110 kNm

eo = max {h/30, 20mm} =20mm

Resulterende interaksjonsdiagram:

EC2-Table 3.1

S@rensen (4.22)

EC2-6.1 (4)

N (kN)
4000
En
3500
3000
2500
2000
1500
1000
500
Fem
o M (kNm)
-20 Q; 20 40 60 80 100 120 140 160 180 200
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = 20'225*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)
K=1+ |22 < 20
=1+ |22 =184
283.5

PL=-2L < 002

by *d
=25 _ -0.0035

1000%283.5

K2 =0.15 EC2-NA.6.2.2 (1)

_K, _ 015 _
CRd,c - z - E - 01

VRdc=0.1*1.84* (100 * 0.0035 * 20)3 * 1000 * 283.5 =79350.9 N =99.8 KN
VRd,c > VEd (0K)

(7.5%1.24+p=1.5) 4

Max nyttelast: =99.8 — p =27kN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq
v=06*(1-1%)=06+(1-20) =055 Serensen (4.51)
VRdmax = 0.5 * 1000*283.5*0.552*11.3 = 884179.8 N = 884 kN

VRd,max > VEd

Max nyttelast : Z2rt2+PeL5) -4

=884 — p =288 kN/m
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Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 _qgag Sgrensen (4.20)
€cuteyq  0.0035+0.00174

1=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp=An* ;Ld *b*d*a,=0.8*1.0* %*1000*283.5*0.668=4922 mm? Sgrensen (4.21)

yd :

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ Tyarags  _ 347.8¥995.5 ~0.135

T Aenx feqrbrd  0.8%1.0%11.3%1000%283.5

£5= = * £y = >+ 0.0035 = 0.0224
— & < &,d=0.03 EC2- Tabell NA.3.5 (901)
Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

= 0.8*1.0*0.135*(1-0.5*0,8*0.135) * 11.3*1000*283.52
= 92789634 Nmm = 92.7 kNm

M., = [1.2(91+92)+1.5-p]*L? _ (1.2%7.5+1.5%7.5)*4?
Ed — 24 - 24

Mpra> MEga OK.
(7.5%1.24p*1.5) %42

=13.5kNm

Max nyttelast : =92.7 — p=286.7 KN/m

Aksialkraftkapasitet:

A = b*h = 1000*300 = 300000 mm?

Nrg = fed (Ac — As) +Hya * As Sgrensen (4.5)
=11.3 *(300000- 995.5) + 347.8 * 995.5 = 3724985.75 N = 3725 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

Ag 995.5
=—=——""—=0.0035
P = bed ~ T000+2835

np =6.667 * 0.0035 = 0.023

o= m — np =v0.0232 + 2 % 0.023 — 0.023 =0.19

ls=As* (1—(1)*(1—%) *d2=995.5* (1-0.19) * (1— %) * 283.52=6.07*10'mm*
El = Es * I = 200000%6.07*10" = 1.21 * 10'* Nmm?

g =15 KkN/m

Nedbgyning (bruksgrensetilstand) : & = ﬁ

L 0 L*  15x4000*

= =0.83 mm
EI ~ 384%1.21%1013

Langtidsnedbgyning:
permanent last:

g=75*1.2=9kN/m
p=7.5%*15=1125KkN/m (antar 100% permanent)
lasttilfelle 1: g =9 kN/m , ¢(e°, 3)

lasttilfelle 2 : p=11.25 kN/m , ¢(e=, 28)

2A 2%¥300%1000
hp====——"—""=231mm
u 2%(300+4+1000)

Kryptall : utendgrsforhold
@(t, to) = o * P(t.to)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _80
Pru =1+ 0.1*13\(}(;1_0 =l 3102031 =133
_ 168 _ 168 _

B(fen) = 722 =122 =317

1
Blto) = Greeom

1
B3)= (0.1+30-20) =0.74

p— 1 —

¢3=1.33*3.17*0.74=3.12
(@28 =1.33*3.17 * 0.49 = 2.07

— (t-to) 703
Bt = [, - i)

B(e=,3)— 1
B(oe, 28) — 1

@(s°, 3) =4.96 * 1=3.12
@(s°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Sgrensen (5.11)
Sgrensen (5.12)

EC2-Tillegg B
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Ecm

Ber = 1+ o(t,to)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L% 9)x42
My = T — O _ 5y Nm
24 24
L% 11.25)%42
M, = L = 12947 _ 7 5y Nm
24 24

Mi+M. 6+7.5
Ec,middle:Mlll MZZ = ——z = 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =23.6
Ec,middel 8483
Ag 995.5
= =———=0.0035
p bxd 1000%283.5

np = 23.6 * 0.0035 = 0.083
a=/(Mp)% + 2np — np = 0.083Z + 2 x 0.083 — 0.083 = 0.33
le = 0.5%02*(1-5)*b*d = 0.5%0.33%*(1— =) *1000*283 5° = 1.10 * 10°mm*

El = Ecmiddel * lc = 8483*1.10*10° = 9.3 * 10'2 Nmm?

Nedbgyning midt pa bjelken:
1 g+L* _ 20.25x4000*

Btang = 382 Bl 384:93:1012 1.45 mm
Nedbgyning pga svinn:
—@gsa*fem
€ca0 = 0.85 [(220+110 * ager)*e’ Jemo ] 10 * Bryy
fcmO =10 MPa
Ods1 = 3
ods2 = 0.13
= J(RH 37 (8037 —
Bru = 1.55[1 (RHO) ]=1.55[1 (100) 1=0.76

—0.13

*28.
€0 = 0.85 [(220+110 * 3)*e 10 )] 10 * 0.76 = 2.47 * 10

€ed(t) = Pas (t,ts) * Kn * Ecapo

Bus (1) = — 50— it 0 > pee=1
(t—t)+0.4 /hOS
kh =0.78

ea(00) = 1% 0.78 * 2.47 * 10 = 1.93 * 10"
Eea(00) = 2.5 (fac— 10) * 100 = 2.5 (20 — 10) * 10 = 2.5 * 10
€es= Eea+ €= 1.93 * 10 + 2.5 * 10° = 2.18 * 10

Sgrensen (5.5)
Sgrensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement klasse S)
(Sement klasse S)

Serensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Serensen (5.26)
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Svinnkrumning:

Agxe
Ks=E€s *n* ST Sgrensen (5.135)
ud = Ac+0.5h+n*Agxd _300000%0.5%300+23.6%995.5%283.5 _ 160
Ac+n* Ag 300000+23.6¥995.5

e = d-ad = 283.5-160 =123.5
. 2
1=2" 4 s h (ad—%) + n* Ag* e?

= % + 1000 * 300 * (160 _ 32ﬂ) +23.6 % 995.5 * 123.52 = 26.38 *108mm?*
Ks = 2.18 * 10 * 23.6% 22222232 = 9 40 * 107 mm?
26.38 10
w2 «10~7 % 2
Gsvmn - KSSL =2.40 108 4000 = 0.48mm

Ototal = 6Iang + Ogvinn = 1.45 + 0.48 = 1.93 mm

L 4000
Brmaks = 55 = ———= 16mm > 1.93 > ok EC2-7.4.1 (4)

16 = _(7.5%1.2+1.5%q)*4000*

Max nyttelast : TYRWYEE

+0.48 — q =138 kN/m

Rissviddekontroll:

kc = Cnom/Cmin,dur = 10/60 :01667

Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm Sarensen (tabell 5.2)
M =225 _ 135 kNm
* 6* - *

05 = Eg % M “)d = 200000 * 22220 9;113'13;3) 28335 —55MPa Sgrensen (5.55)

= 0.4 (langvarig last)
fct eff = femt = 2.2MPa EC2-Tabell 3.1
h,ert = min {2.5(h-d);(*==); 2} = min {2.5(300-283.5);(**—=22%); 220 = 41 25

As 9955

Pp.eff = Aoerr 100018175 =0.024 Sarensen (s.153)

— i — 200000 = 6.667

Ecm 30000
K *fcteff*(l npp eff) "
Esm -Ecm = 2pe] E > 0.6 Sgrensen (5.59)
Eum -Gam = 200G (HOST0020) _ (3105 5 .60 = 1.65%10"
200000 200000

Cnom =10mm
5*(Cnom+§)= 5*(10+12—3) = 82.5 < senteravstand =300
Srmax = 1.3*(h-ad) = 1.3%(300-0.33*283.5) = 268.5 Sgrensen (5.61)
Wi = Srmax * (Esm -Ecm) = 268.4 * 1.65%10* = 0.044 Sarensen (5.58)

Wk < Wmax = 0.05 (Rissviddekrav oppfylt)
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Max nyttelast:

Os
200000

0.6 * *268.5=0.05 — 05 = 62

Mx10%%(1-0.33)#283.5 _
9.3¥1012

200000 * 62 ->M=15.1

(1.2%7.5+1.5%q) *42
24

—15.1 > q=9.1
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Vedlegg D.3: Snitt 3
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Snitt 3:

p
/ﬁ e o S 0 0 00 &0 8 b0 0 e
I EEEEEEREREE

- i

Sikkerhets faktor
Yc= 1.5

Ys= 1.15
acc=0.85
y6=1.2
yo=15

Last:

p =7.5KkN/m?*1m= 7.5 kN/m
91=0

g2=25kN/m?® *0,3m*1m = 7.5 kN/m

Qed=yc*g+yo*p=12*75+15%7.5=20.25kN/m

Geometri:

h =300 mm

b =1000 mm

d=300— 10—12—3:283.5mm
c=10 +12—3= 16.5mm
h=h-—2x*c=267

L =4000 mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accf;—f =11.3 N/mm:

fcm =28 N/TTLTTL2

fctmz 2.2 N/mmz

Ecm= 30000 N/mm2

Standard armering:
fyk=400 N/mm?2

__fyk

fya=-—=347.8 N/mm?2

ys

Es= 200000 N/mm?

EC2-Tabell 2.1N

EC2-Tabell 2.1N
EC2- NA.3.1.6(1)
EC - Tabell NA.A1.2(A)
EC - Tabell NA.AL.2(A)

(EC1-Tabell 6.4)

(betongelementboka s304)

EC2-Tabell 3.1
EC2-Tabell 3.1
EC2-Tabell 3.1

V413 Tabell 2.1.2-2

EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager
s=10.38 For sement klasse S

Bee(3) = exp(s(1-(?)0'5)= 0.458
fcm(3) = ,Bcc(3) fcm: 12.8 ]V/TTLTTL2
fek(3) = fem(3) — 8 MPa = 4.8 N/mm?

fck(3)
yc

fcd(?)) = cc =272 N/mmz

Minimums armering: (EC2-9.2.1.1)
Asmin= max {0.26f§ytkm bt d; 0.0013 b d} =
max {0.26% *1000*283.5; 0.0013*1000*283.5} = 405.4 mm?2
Antall jern = 36Jern _ 15
3.7m
As=m(2)? + 15 =1991 mm?

As1= As* 25%=497.75 mm?
As2 = As * 75%= 1493.25 mm?2

Minste overdekning: (EC2-4.4.1.2 og NA)
cminh = 13 mm

Cmin.dur = 60 mm

Acdury =10

Acdur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

EC2-3.1.2

EC2-3.1.6

EC2-Tabell NA.4.4N

Cmin = maX{Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10mm} =60mm

Nominell overdekning:

Cnom = Cmin+ AcCdev=60 4+ 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm

(EC2-4.4.1.1(2))
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Kapasitetskontroll (M-N diagram)

Acx0.5h+n*Agxd _300000%0.5%¥300+23.6%(1493.25—-497.75)%283.5
Actnx Ay 300000+23.6%(1493.25—497.75)

e, = d-od = 283.5-160 =123.5 (avstand As; til T.A)

e1=h-e; = 267-123.5 = 143.5 (avstand Aq til T.A)

=160 — 140

od =

Punkt 1: Rent trykk

ec= &3 =0.00175 EC2-Tabell 3.1

fya _ 347.8
Eyd=—=——

= = 0.00174 < &3 — armeringen flyter
Eg 200000

Te=f.q*b+h=113%*1000 * 300 = 3390000 N = 3390 kN

Si= fYL" % Agy = fyq * Agy = 347.8*497.75 =173117.45 N = 173 kN

Sy = % % Agy = fyq * Agy = 347.8 * 1493.25 = 519352.35 N = 519 kN

Aksiell likevekt: N1 =T¢ +S1 +S2 =3390 + 173 + 519 = 4082 kN
Momentlikevekt : M1 =T *( ad -0.5h)+Sz*e2 - S1*e1
= 3390*(140-300/2)+519*123.5-173*143.5 =5.4

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
gcu=0.0035 EC2-Table 3.1

&1 =C*¢&cu /h=16.5%0.0035/300 = 0,00019 < &ya — ikke flyting

0sd =Es * €51 = 200000 * 0,00019 = 38 N/mm?

Tc = feca * b *0.8%h = 11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1=o0s * Ast = 38 *497.75=18914.5 N = 19 kN

S2="fya * As2 = 347.8 *1493.25 = 519352 N = 519 kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+19+519 = 3250 kN

Momentlikevekt: M2 =Tc * (ad -0,4h)+S2*ez2 - S1*e1 =

3250*(140-0.4*300)+519*123.5 - 19*143.5 = 126 kNm
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad2=0.668 * 283.5 =189.4 mm

g2 =22 ¢, =% % 0.0035 = 0.0032 (flyter)

ad

Tc=faa*b* 0.8* ad2=11.3*1000*0.8*189.4=1712176 N=1712 kN
S1="fya™* As1 = 347.8%497.75=173117.45N =173 kN
S2 =fya* As2 = 347.8 * 1493.25 = 519352.35 N = 519 kN

Aksiell likevekt : N3 =Tc+S;—S;=1712 +519 - 173 = 2058 kN

Momentlikevekt : M3 =T, * (ad—0.4 ad2) + S1 *e1 + S2*e2 =
1712*(140-0.4*189.4) + 173 *143.5+ 519 * 123.5 =199 KNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec=&cu3 0g €s1 = 2eyk

scu= 0.0035 EC2-Table 3.1

fyk 400
gk= 2= =———=10.002
Es 200000

q=—Lta = 9008 _ 447 Sgrensen (4.22)

" ecut2eyr  0.0035+2+0.002

adz= 0.467 * 283.5 =132.4 mm
ad-c =13247185 L 0.0035 = 0.003 (flyter)

*

Es2 = Ecy =
s ad cu 132.4

Te=fca*b* 0.8* ad2=11.3*1000*0.8*132.4 =1196896 N = 1196.9 kN
S1=1fya* As1 = 347.8*497.75=173117.45N =173 kN
S2 =fya* As2 = 347.8 * 1493.25 = 519352.35 N = 519 kN

Aksiell likevekt : Ng=Tc+S;—S;=1196.9 + 519 —-173 = 1543 kN
Momentlikevekt : Ma =T, * (ad —0.4 ad2) + S1 *e1+ S2*e2 =
1196.9* (140 -0.4*132.4) + 173 *143.54519*123.5 =193 KNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: &c=&cu3 0g &s1 = 0.015

£cu= 0.0035 EC2-Table 3.1
_ fyk _ 400
&k = &5 T 200000 0.002
q=—"to - 085 _gqg9 Sgrensen (4.22)
€cu+0.015  0.0035+0.015
ad 2= 0.189 * 283.5 =53.6 mm
g2 =0 g, =257185 4 0.0035 = 0.0024 (flyter)

ad 53.6

Tc=faa*b* 0.8* ad2=11.3*1000 * 0.8 * 53.6 = 484544 N = 485 kN
S1="fya* As1 = 347.8*497.75=173117.45N =173 kN
S2 = fya* As2 = 347.8 * 1493.25 = 519352.35 N = 519 kN

Aksiell likevekt : Ns =T+ S, —S; =484 +519-173 =830 kN
Momentlikevekt : Ms =T, * (ad—0.4 ad2) + S1*h'/2 4+ S2*h’/2 =
485 * (140-0.4*53.6) + 173 *143.5+ 519 * 123.5 =146 kNm

eo = max {h/30, 20mm} =20mm EC2-6.1 (4)

Resulterende interaksjonsdiagram:

N (kN)
En
4000
3500
3000
2500
2000
Fire
1500
1000 Fem
I e
500
M (kNm)
Q' 20 40 60 80 100 120 140 160 180 200
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = 20'225*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)
K=1+ |22 < 20
=1+ |22 =184
283.5

PL=-2L < 002

by *d
=% =0,00176

1000%283.5

K2 =0.15 EC2-NA.6.2.2 (1)

_ K, _ 0.15
CRd,c—z - E—Ol

1
VRdec=0.1*1.84* (100 * 0.00176 * 20)3 * 1000 * 283.5 =79350.9 N =79.3 KN
VRd,c > VEd

Max nyttelast; Z222+PrL5) -4

=79.3 — p =20.4kN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq
v=06*(1-1%) =06+ (1-20) =055 Serensen (4.51)
VRdmax = 0.5 * 1000*283.5*%0.552*11.3 = 884179.8 N = 884 kN

VRd,max > VEd

Max nyttelast : Z2rt2+PeL5) -4

=884 — p =288 kN/m

49



Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 468 Serensen (4.20)
EcutEyq  0.0035+0.00174

2=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp = An * % **d*ay=0.8%1.0% -—>*1000%283.5*0.668=4922 mm? Serensen (4.21)

yd :

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ fyaxas  _ 347.8+1991 _
T Asnk feqrbrd  0.8%1.0%11.3x1000%283.5 0.270

£5= = * £oy = = % 0.0035 = 0.0095

— & < &,d=0.03 EC2- Tabell NA.3.5 (901)

Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

=0.8*1.0*0.27*(1-0.5*0,8*0.27) * 11.3*1000*283.5?

=174985948.3 Nmm = 175 KNm

Mo, = [1.2(g1+92)+1.5p]*L? _ (1.2%7.5+1.5%7.5)x42
Ed — 12 - 12

Mpra> MEea OK.
(7.5%1.24p*1.5) %42

=27 kNm

Max nyttelast :

~175— p =81.5 KN/m

Aksialkraftkapasitet:

A: = b*h = 1000*300 = 300000 mm?

NRrg = fed (Ac — As) +Hya * As Sgrensen (4.5)
=11.3 *(300000- 1991) + 347.8 * 1991 = 4059971.5 N = 4060 kN

50



Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Ecm 30000

Ag 1991
=—=—">—=0.007
P = hed ~ 10002835

np = 6.667 * 0.007 = 0.047
a=,/(Mp)2 + 2np — np =V0.0472 + 2 * 0.047 — 0.047 = 0.26

lk=As* (1-(1)*(1-%) *d2=1991 * (1-0.26) * (1— %) * 283.5%2 =10.8*10’'mm*
El = Es * I = 200000*10.8*10" = 2.16 * 10'®* Nmm?
g =15 kN/m

1  gxL* _ 15x4000*

Nedbgyning (bruksgrensetilstand) : &, = vo1F E T meaoieios

=0.46 mm

Langtidsnedbgyning:

permanent last:
g=75*1.2=9kN/m
p=7.5*15=11.25kN/m (antar 100% permanent)
lasttilfelle 1: g=9 kN/m , @(ee, 3)
lasttilfelle 2 : p=11.25 kN/m , @(e=, 28)
24, 2%300%1000
= =231mm

ho = “u "~ 2#(300+1000)
Kryptall : utendersforhold
(P(tl tO) = (PO * B(tato)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _80
OrH =1+ 0.1*13\7;1_0 =1+ . 3102031 =133
B(fem) = }fL_i = 2=3.17
B = vy
B3) = Gyyyzemy = 074

p— 1 —
B(28) = (0.1+28020) — 0.49

¢3=1.33*3.17*0.74=3.12
(28 =1.33*3.17 * 0.49 = 2.07

— 1_(=to) 703
Pltto) = [ v o)

B(e=,3) — 1
B(eo, 28) — 1

@(e°, 3) =4.96 * 1 =3.12
©(o°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Sgrensen (5.11)
Sarensen (5.12)

EC2-Tillegg B
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Ecm

B = o)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L2 9) %42
My = 25 = O - 15 kNm
12 12
L2 11.25)*42
M, = LE = Q12947 _ 45 \m
12 12

Mi+M. 12415
Ec,middle:Mlll MZZ SV i 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =236
Ec,middel 8483
Ag 1995
= =——=0.007
p bxd 1000%283.5

np = 23.6 * 0.007 = 0.165
a=+/Mp)2+2np — np =v0.1652 + 2 * 0.165 — 0.165 = 0.43
le = 0.5%02*(1-5)*b*d = 0.5%0.43%*(1— 222 *1000*283 5° = 1.80 * 10°mm*

El = Ecmiddel * lc = 8483*1.80*10° = 1.5 * 10" Nmm?

Nedbgyning midt pa bjelken:
1 g+L* _ 20.25+4000*

Buang = 384 Bl 384+1.5:1013 0.9 mm
Nedbgyning pga svinn:
—@gsa*fem

€ca0 = 0.85 [(220+110 * ager)*e’ Jemo ] 10 * Bryy
fcmO =10 MPa
Ods1 = 3
ods2 = 0.13

= J(RH 37 (8037 —
Bru = 1.55[1 (RHO) ]=1.55[1 (100) 1=0.76

—0.13

*28.
€0 = 0.85 [(220+110 * 3)*e 10 )] 10 * 0.76 = 2.47 * 10

€ed(t) = Pas (t,ts) * Kn * Ecapo

Bus (1) = — 50— it 0 > pee=1
(t—t)+0.4 /hOS
kh = 0.78

ea(00) = 1% 0.78 * 2.47 * 10 = 1.93 * 10"
Eea(00) = 2.5 (fac— 10) * 100 = 2.5 (20 — 10) * 10 = 2.5 * 10
€es= Eea+ €= 1.93 * 10 + 2.5 * 10° = 2.18 * 10

Sgrensen (5.5)
Sgrensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement klasse S)
(Sement klasse S)

Serensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Sgrensen (5.26)
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Svinnkrumning:
Ks=&Ecs *n * Aste Sgrensen (s.135)

1
(ld — Ac*0.5h+n*Agxd _300000%0.5¥300+23.6%(1493.25—-497.75)%283.5
g2 = d-ad = 283.5-160 =123.5 (avstand As. til T.A)

= =160 — 140
A+ Ag 300000+23.6%(1493.25—497.75)
e1=h-e; = 267-123.5 = 143.5 (avstand Aq til T.A)

«h3 2
I=b1;l +bxh=x (ad—%) + n* Ag* e?
%3003
= % +1000 * 300 * (140 — ﬂ) +23.6 % 1493.25 + 123.52 + 23.6 * 497.75 + 143.52

= 30.6 *10®mm*
Ks=2.18 * 10 * 23.6*

Kg*L? 4.3*10—7*40002
8 8

1493.25%123.5+497.75%143.5
30.6 x108

=0.86mm

=43*107" mm™

6SVII’]I’] -

6tota| = 6|ang + Gsvinn = 0.9 + 0.86 = 1-76 mm

L 4-000
Omaks = 350 250 - =16mm > Storal > Ok EC2-7.4.1 (4)

16 = _(7.5%1.2+1.5%q)*4000*
384%1.5x1013

Max nyttelast : +0.86 — q =221 kN/m

Rissviddekontroll:

kc - Cnom/Cmm dur — 10/60 0 1667

Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm Sgrensen (tabell 5.2)
20.25*42

M= T 27 KNm
05 = Es * 204 = 50000 » 1010492035 g g Sgrensen (5.55)

= 0.4 (langvarig last)
fct eff = fcmt = 22|\/|Pa ECZ'Tabe” 31
h,err=min {2.5(h-d);(*=); 2} = min {2.5(300-283.5);(**—22%2%). 220 = 41 25

As 1991

Pp.eft = — Aoerr 100074175 =0.048 Sarensen (s.153)

:i 200000 = 6.667

Eem . 30000
Us_kt*}::t eff*(l"'npp,eff)
Esm -Eom = 2l 206+ Sgrensen (5.59)
€y -Eam = S04 B0 HESET00) 1y o045 064 = 1.74*10*
200000 200000

Cnom =10mm
5*(Cnom+§)= 5*(10+12—3) = 82.5 < senteravstand =300
St max = 1.3*(h-ad) = 1.3*(300-0.43*283.5) = 231.5 Sarensen (5.61)
Wk = Srmax * (€sm -Eem) =231.5* 1.74%10%=0.04 Sgrensen (5.58)

Wk < Wmax = 0.05 (Rissviddekrav oppfylt)
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Max Nyttelast :

0.6 * 20(‘)’300 *231.5=0.05—> cs=71.9
200000 * M*10%%(1-0.43)%283.5 719 — M =333

1.5%1013

(1.2%7.5+1.5%q)*4?
12

—333q=10
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Vedlegg D.4: Snitt 4
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Snitt 4:

7 |

Sikkerhets faktor

ye=15 EC2-Tabell 2.1N
ys= 1.15 EC2-Tabell 2.1N
ve=1.2 EC - Tabell NA.A1.2(A)
vo=15 EC - Tabell NA.A1.2(A)
Last:

p = 7.5 KN/m? *1m= 7.5 kN/m (EC1-Tabell 6.4)
91=0

= 25kN/m?® *0,3m*1m = 7.5 kN/m
‘3; =ye*g+yo*p=12*75+15%7.5=20.25kN/m (Petongelementboka s304)

Geometri:

h =300 mm

b =1000 mm
d=300—10—13—12—3:270.5mm
c= 10+13+12—3=29.5mm
h'=h-2x%c=241

L = 4000 mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accfyc—f =11.3 N/mm

cm = mm -lape .

f 28N/ 2 EC2-Tabell 3.1
fetm= 2.2 N/mm? EC2-Tabell 3.1
Ecn= 30000 N/mm? EC2-Tabell 3.1

Standard armering:
fyk=400 N/mm? V413 Tabell 2.1.2-2

fra= f;—i‘ = 347.8 N/mm?

Es= 200000 N/mm? EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(3)°%)= 0.458
fcm(g) = ﬁcc(S) fcm= 12.8 N/mmz
fek(3) = fem(3) —8 MPa = 4.8 N/mm?2

fck(3)
YC

fea(3) = ace = 2.72 N/mm?2

Minimums armering: (EC2-9.2.1.1)

Asmin= max {026% be d; 0.0013 be d} =
max {0.2622 *1000*270.5 ; 0.0013*1000*270.5} = 386.8 mm?

jern _
0.85m
As=mr()? * 7 =929 mm?
As1 = As= 929 mm?

As2= 0= 0mm?2

Antall jern =

Minste overdekning: (EC2-4.4.1.2 0og NA)
cminb =13 mm

Cmindur = 60 mm

Acdury =10

Acaur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

EC2-3.1.2

EC2-3.1.6

EC2-Tabell NA.4.4N

Cmin = maX{Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10mm} =60mm

Nominell overdekning:

Cnom = Cmin + Acdev= 60 + 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm

(EC2-4.4.1.1(2))
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Kapasitetskontroll (M-N diagram)

Es _ _ 200000 _ . _
Ecmiddel 8483 23.6 (se langtidsnedbgyning)

o = Ac0-ShH1*As+d _30000040.5+300+23.61929+270.5 _ 4o
Ac+1* Ag 300000+23.6%929
e =d-ad = 270.5-158 =112.5

Punkt 1: Rent trykk

gc=¢&c3 =0.00175

fyd _ 347.8
Eyd=——=——
Es 200000

Te=fq*b*h=113*1000*300 =3390000 N = 3390 kN

S1= % % Ag = fyq * Asy = 347.8%929 =323106 N = 323 kN

S2=0

= 0.00174 < &3 — armeringen flyter

Aksiell likevekt: N1 =Tc +S1 +S2 =3390 + 323 = 3713 kN
Momentlikevekt : My = T¢ * (ad — 0.5h) - Sy * e
3390*(158-150)- 323* 112.5 =-92

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
gcu= 0.0035

&1=c*eu /h=16.5%0.0035/300 = 0,00034 < eya — ikke flyting

osd =Es * €s1 = 200000 * 0,00034 = 68 N/mm?

Tc = feca * b *0.8%h = 11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1=0s * As1 =68 * 929 =63172 N = 63 kN

S2=fyy*A2=3478*0=0N=0kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+63 = 2775 kN

Momentlikevekt: M2 =Tc * (ad -0,4h)+S1*e =

2712*(158-0.4*300)- 63*112.5 = 96 kNm

EC2-Tabell 3.1

EC2-Table 3.1
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad2=0.668 *270.5 =180.7 mm

g2 =22 ¢, =% «0.0035 = 0.003 (flyter)

ad

Te=fca*b* 0.8* ad2=11.3*1000* 0.8 *180.7 = 1633528 N = 1634 kN
S1="fya™* As1 = 347.8 %929 = 323106.2 N =323 kN
S2=1fya*As2=347.8*0=0N=0KkN

Aksiell likevekt : N3 =T, +S;—S; =1634 —323 =1311 kN

Momentlikevekt : M3 =T, * (ad—0.4 ad2) + S1 * e =
1712 * (158 - 0.4 * 180.7) + 323 * 112,5 =183 kNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec=&cu3 0g €s1 = 2eyk

gcu=0.0035 EC2-Table 3.1

fvk 400
= 2= 20 _ 002
Es 200000

£ 0.0035
a= < = = 0.467 Sgrensen (4.22)
Ecu+26yr  0.0035+2%0.002

adz=0.467 * 270.5 =126.3 mm

d- 126.3—29.5
£s2 = % * £¢y =————*0.0035 = 0.0027(flyter)

Te=fca*b* 0.8* ad2=11.3*1000*0.8*126.3 =1141752 N =1142 kN
S1="fya™* As1 = 347.8*%929 = 323106.2 N = 323 kN
S2=1fya*As2=347.8*0=0N=0KkN

Aksiell likevekt : Na=Tc+S;—-S;=1142 —323 =819 kN
Momentlikevekt : Ms =T, * (ad — 0.4 adz) + S1* e =
1142* (158-0.4*126.3) + 323 *112.5 =159 kNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: &c=&cu3 0g &s1 = 0.015

scu= 0.0035

fyk _ 400
gyk= == =——=10.002
Es 200000

o= € cu __ 00035 _ 0.189
€cu+0.015  0.0035+0.015
adz2=0.189 * 270.5 =51 mm
ez =" g, =22225 00035 = 0.0015 (flyter)

osd =Es * £51 = 200000 * 0,0015 = 300 N/mm?

Tc = fca * b *0.8* ad2 = 11.3*1000*0.8*51 = 461040 N = 461 kN

S1="fya* As1 = 347.8 * 929 =323106.2 N = 323 kN

S2=0sd*As2=300*0=0N=0KkN

Aksiell likevekt : Ns=T.+S;—S; =461 +0—-323 =138 kN
Momentlikevekt : Ms =T, * (ad — 0.4 ad2) + S1 * e =
461 * (158-0.4*53.6) + 323 *112.5 =99 kNm
eo = max {h/30, 20mm} =20mm

Resulterende interaksjonsdiagram:

N (kN)

En 4000
3000

2000

1000

EC2-Table 3.1

Sdrensen (4.22)

EC2-6.1 (4)

M (kNm)

-100 -50 0 50 100

200
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = 20'225*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)

=—————— =0.0034
1000%270.5

K,=0.15 EC2-NA.6.2.2 (1)

K. 0.15
Cric=—=2 = —=0.1
Ye 1.5

1
VRdc=0.1*1.86* (100 * 0.0034 * 20)3 * 1000 * 270.5 =95319.8 N = 95.3 kN
VRd,c > VEd (0K)

(7.5%1.24+p=1.5) 4

Max nyttelast: =95.3 —» p=25.7 kN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq

v=06*(1-1%)=06+(1-20) =055 Serensen (4.51)

VRdmax = 0.5 * 1000*270.5*0.552*11.3 = 843635.4 N = 843 kN
VRd,max > VEd

Max nyttelast ; Z222+PL5) -4

—843 — p = 275 KN/m
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Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 _qgag Sgrensen (4.20)
€cuteyq  0.0035+0.00174

1=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp =M * ;Ld *b*d*ap=0.8*1.0* %*1000*270.5*0.668:4697 mm? Sgrensen (4.21)

yd :

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ Tyarags  _ 347.8¥929 = 0.132

T Aenk feqrbrd | 0.8%1.0%11.3%1000%270.5

£ = 2% gy = 22 40,0035 = 0.023

a 0.132
— & < &,d=0.03 EC2- Tabell NA.3.5 (901)
Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

= 0.8*1.0*0.132*(1-0.5*0,8*0.132) * 11.3*1000*270.52
=82702490.9 Nmm = 82.7 kNm

M., = [1.2(g1+92)+1.5p]*L? _ (1.2%7.5+1.5%7.5)x42
Ed — 24 - 24

Mpra> MEea OK.
(7.5%1.24p*1.5) %42

=13.5 kNm

Max nyttelast : =82.7 —» p=76.7 KN/m

Aksialkraftkapasitet:

A = b*h = 1000*300 = 300000 mm?

Nra = fed (Ac — As) +yg * As Sgrensen (4.5)
=11.3 *(300000- 929) + 347.8 * 929 = 3702608.5 N = 3703 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

_ Ay _ 929 _
P=ped ~ T000+2705 _ 0.0034

np = 6.667 * 0.0034 = 0.023
a=+/(Mp)2+ 2np — np =+0.0232 + 2 * 0.023 — 0.023 = 0.21

lk=As* (1-(1)*(1-%) * 2 =929 * (2-0.21) * (12— %) * 270.5% = 4.99*10’'mm*
El = Es * s = 200000*4.99*%10" = 9.98 * 10'2 Nmm?
g =15 kN/m

1 gxL* _ 15x4000*

Nedbgyning (bruksgrensetilstand) : &, = 01 EI " 302908100

=1.00 mm

Langtidsnedbgyning:
permanent last:

g=75*1.2=9kN/m
p=7.5*15=11.25kN/m (antar 100% permanent)
lasttilfelle 1: g=9 kN/m , @(ee, 3)

lasttilfelle 2 : p=11.25 kN/m , @(e=, 28)

24 2%300%1000
hp=—<=———"=231mm
u  2%(300+1000)

Kryptall : utendersforhold
(P(tl tO) = (PO * B(tato)

@0 = @rr * B(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _80
Pru=1+ 0.1*13\7;1—0 =l o 1
B(fem) = }fL_i = %_: =3.17
B = vy
B3) = Gyyyzemy = 074

p— 1 —
B(28) = (0.1+28020) — 0.49

¢3=1.33*3.17*0.74=3.12
(28 =1.33*3.17 * 0.49 = 2.07

- (t—to) 103
Pltto) = [ v o)

B(oe,3) — 1
B(eo, 28) — 1

@(e°, 3) =4.96 * 1 =3.12
©(o°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Serensen (5.11)
Sarensen (5.12)

EC2-Tillegg B
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Ecm

Ber = 1+ o(t,to)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L% 9)x42
My = T — O _ 5y Nm
24 24
L% 11.25)%42
M, = L = 12947 _ 7 5y Nm
24 24

Mi+M. 6+7.5
Ec,middle:Mlll MZZ = ——z = 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =23.6
Ec,middel 8483
Ag 929
=—=———=0.0034
p bxd  1000%270.5

np = 23.6 * 0.0034 = 0.08
o=yMp)% +2np — np =v0.082 + 2 x 0.08 — 0.08 = 0.33

lo = 0.5%02*(1-5)*b*d = 0.5%0.33*(1— 2--)*1000270.5° = 9.59 * 10°mm*

El = Ecmiddel * Ic = 8483*9.59 * 108 = 8.1 * 10'> Nmm?

Nedbgyning midt pa bjelken:
1, gxL* _ 20.25x4000*

Stang = 382 Bl 3844811012 1.67 mm
Nedbgyning pga svinn:

(_“dsz*fcm)
€cd0=0.85[(220+110 * adsl)*e femo ] 106 * BRH
fcmo =10 MPa
Ods1 = 3
ogs2 = 0.13

Br = 1.55[1-(5—1’{*0)3] = 1.55[1-(5-)*] = 0.76

—0.13%28
a0 = 0.85 [(220+110 * 3)*¢ 10 )] 10° * 0.76 = 2.47 * 10**

€cd(t) = Bds (t,ts) *Kn * Ecdo

Bus (L) = —5) {0 > Bg=1
(t—ts)+0.4 /h03
kn=0.78

€ca(e0) =1*0.78 * 2.47 * 10* = 1.93 * 10*
€ca(>0) =2.5 (fu— 10) * 10°=2.5 (20 - 10) * 10° =25 * 10°
€s=Ecgt €a=1.93*10*+25*10°=2.18 * 10*

Sgrensen (5.5)
Serensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement Kklasse S)
(Sement Kklasse S)

Sgrensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Serensen (5.26)
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Svinnkrumning:

Agxe
Ko =8 *n*=— Sgrensen (s.135)
o = Ac0-ShH1*As+d _30000040.5+300+23.61929+270.5 _ 4o
Actn* Ag 300000+23.6%929

e = d-ad =270.5-158 =112.5
b+h3 n\2
| = +b*h*<ad—5) + n* Ag* e?

1000*300

+ 1000 * 300 * (158 _ ﬂ) +23.6 %929 ¥ 112.52 = 25.5 *108mm*

Ks = 2.18 * 107 * 23,6 22122 = 9 1 * 107 mm?
25.5 %10

<] 2 «10=7 % 2
Gsvinn - K58L =2.1 10 - 4000 = 0.42mm

Ototal = 6Iang + Osvinn = 1.67 + 0.42 = 2.09 mm

L 4000
Omaks = 250 ? =16mm > Stotal = Ok EC2-7.4.1 (4)

16 = _(7.5%1.2+1.5%q)*4000*

Max nyttelast : TYRYRTSY

+0.42 — q =120 kN/m

Rissviddekontroll:

kc = Cnom/Cmin,dur = 10/60 :01667

Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm Sarensen (tabell 5.2)
M =225 _ 135 kNm
* 6* - *
05 = E; * 2294 = 900000 * 310392705 _gp\mpa Sorensen (5.55)
= 0.4 (langvarig last)
fct eff = femt = 2.2MPa EC2-Tabell 3.1
h,ert = min {2.5(h-d);(*==); 2} = min {2.5(300-270.5);(**—=2272%); 222 = 70,25
As 929  _
Pp.eff = Aceff = 000035 0.013 Sgrensen (5.153)
_ Eg 200000
N _a_ 30000 =6.667
Us_kt*fft eff*(l'”)pp,eff) o
Eom Eom = pef ’; >06% 2 Sarensen (5.59)
60— 04-* *(1+6 667+%0.013) _s 4
Esm -Eem = =678*107> = 0.6 * =1.8*10
200000 200000
Cnom =10mm
5*(Cnom+§): 5*(10+12—3) = 82.5 < senteravstand =300
Srmax = 1.3*(h-ad) = 1.3*(300-0.33*270.5) = 274 Serensen (5.61)
Wk = Sr'max * (Ssm 'Ecm) = 274 * 1.8*10_4 = 0049 Sﬂrensen (558)

Wk < Wmax = 0.05 (Rissviddekrav oppfylt)
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Max nyttelast:

0.6 * 20(‘)’300 #274 = (.05 — o5 =60.8
200000 * M2 10392705 6 g, M =135
8.1%10
«42
20254 _ 13,5 kNm — 7.5
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Vedlegg D.S: Snitt 5

67



Snitt 5:

// |

Sikkerhets faktor
Yc= 1.5

Ys= 1.15
acc=0.85
y6=1.2
yo=15

Last:

p=1715 kKN/m? *1m= 7.5 kN/m
g1=0

g2= 25kN/m3 *0,3m*1m = 7.5 kN/m

Qed =Yc*g+ye*p=12*75+15*%7.5=20.25kN/m

Geometri:

h =300 mm

b =1000 mm
d=300—10—13—12—3:270.5mm
c= 10+13+12—3=29.5mm
hR=h—-2xc=241

L = 4000 mm

e =h’/2=241/2 =120.5
ad =h/2 =300/2 =150

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= acese=11.3 N/mm:
fcm= 28 N/TTLTTL2

fctmz 2.2 N/mmz
Ecm=30000 N/mm2

Standard armering
fyk=400 N/mm?2

__fyk

fya=-—=347.8 N/mm?2

ys

Es= 200000 N/mm?

EC2-Tabell 2.1N

EC2-Tabell 2.1N
EC2- NA.3.1.6(1)
EC - Tabell NA.A1.2(A)
EC - Tabell NA.A1.2(A)

(EC1-Tabell 6.4)

(betongelementboka s304)

EC2-Tabell 3.1
EC2-Tabell 3.1
EC2-Tabell 3.1

V413 Tabell 2.1.2-2

EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager EC2-3.1.2
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(?)0'5)= 0.458
fcm(3) = ,Bcc(3) fcm: 12.8 ]V/TTLTTL2
fek(3) = fem(3) — 8 MPa = 4.8 N/mm?

fck(3)
YC

fea(3) = aee =2.72 N/mm? EC2-3.1.6

Minimums armering: (EC2-9.2.1.1)

Asmin= max {0.26f§ytkm bt d; 0.0013 b d} =

max {0.26% *1000*270.5; 0.0013*1000*270.5} = 386.8 mm?

Antall jern = SJern _ 7
0,85m
As=mr(2)? * 7 =929 mm?
As1= As/2= 464.5 mm?
As2= As/2=464.5 mm?

Minste overdekning: (EC2-4.4.1.2 og NA)

cminbh =13 mm

Cmindur = 60 mm EC2-Tabell NA.4.4N
Acdury=10

Acaur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

Cmin = maX{Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10mm} =60mm

Nominell overdekning: (EC2-4.4.1.1(2))

Cnom = Cmin + Acdev =60 + 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm
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Kapasitetskontroll (M-N diagram)

Punkt 1: Rent trykk

ec=¢&c3 =0.00175

fya _ 347.8
Eyd=—=——

= = 0.00174 < &3 — armeringen flyter
Eg 200000

Te=f.q*b*h=113%1000*300 =3390000 N = 3390 kN
S1= fYL" % Agy = fyq * A1 = 347.8* 464.5 =161553.1 N = 162 kN
S2 =51

Aksiell likevekt: N1 =T¢ +S1 +S2=3390 + 162 +162 = 3714 kN
Momentlikevekt: M1 =0

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
Ecu= 0.0035

&1 =C*é&cu /h=29.5%0.0035/300 = 0,00034 < &ya — ikke flyting

osd =Es * €51 = 200000 * 0,00034= 68 N/mm?

Tc = feca * b *0.8%h = 11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1=o0s4 * Ast = 68 * 464.5 =17651 N = 31.6 kN

S2="fya * A2 = 347.8*464.5 =161553.1 N = 162 kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+31.6+173 = 2916.6 kN

Momentlikevekt: M2 =Tc * (0.5h-0,4h)+S2*h"/2 - S1*h’/2 =

2712*(0.5*0.300-0.4*0.300)+162*0.241/2 - 31.6*0.241/2 = 104.7 kNm

EC2-Tabell 3.1

EC2-Table 3.1
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad =0.668 *270.5 =180.7 mm

g2 =22 ¢, =% % 0.0035 = 0.0029 (flyter)

ad

Tc=fa*b* 0.8*ad =11.3*1000 *0.8*180.7 =1633528 N = 1634 kN
S1=fya* As1 =347.8*464.5 =161553.1 N =162 kN
S2=5;

Aksiell likevekt : N3 =T +S,—S1=1634 + 162 — 162 = 1634 kN
Momentlikevekt : M3 =T, * (0.5h—-0.4 ad) + S1*h" =
1634 * (0.5*300 - 0.4 * 180.7) + 162 * 241 =166 kNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec=&cu3 0g €s1 = 2eyk

gcu= 0.0035 EC2-Table 3.1
= 2= 20 _ 002

Es 200000 )
g=—"2e = 0008 _ 467 Sgrensen (4.22)

" Eeu+2ey  0.0035+2+0.002

ad=0.467 *270.5 =126.3 mm

ad—c 12637295 0.0035 = 0.0027 (flyter)

£s2 = * €., =
27 T cu 126.3

Te=faa*b* 0.8*ad =11.3*1000*0.8*126.3 =1196896 N = 1142 kN
S1=1fyd* As1 = 347.8*464.5 =161553.1 N =162 kN
S2=5;

Aksiell likevekt : N4 =Tc+S,—S1=1142 + 162 — 162 = 1142 kN
Momentlikevekt : Ma =T, * (0.5h—0.4 ad) + S1*h" =
1142 * (0.5*300- 0.4 *126.3) + 162 * 241 =152.6 kNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: &c=&cu3 0g &s1 = 0.015

ecu=0.0035 EC2-Table 3.1
= 2= 20 _ 002

Es 200000
q=—"to - 085 _gqg9 Sgrensen (4.22)

€oy +0.015  0.0035+0.015

ad = 0.189 * 270.5 =51.1 mm
d-c =2117295 4 0.0035 = 0.0015 (flyter ikke )

04
& 2 = —% tS =
s ad cu 51.1

0sd =Es * &2 =200000 * 0,0015 = 300 N/mm?

Te=fca*b* 0.8*ad =11.3*1000*0.8*51.1 =461944 N = 462 kN
S1="fya* As1 = 347.8 *464.5 =161553.1 N =162 kN
S;=0sd * As2 = 300 * 464.5 =139350 N = 139 kN

Aksiell likevekt : Ns =T.+S;—S; =462 + 162 — 162 = 462 kN
Momentlikevekt : Ms =T * (0.5h—-0.4 ad) + S1*h /2 + S2*h'/2 =
462 * (0.5*300-0.4*51.1) + 162*241/2 + 139 *241/2 =96 KNm

eo = max {h/30, 20mm} =20mm EC2-6.1 (4)

Resulterende interaksjonsdiagram:

N (kN)

4000

En

3500

3000

2500

2000

1500

1000

500

M (kNm)
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = 20'225*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)
K=1+ |22 < 20
=1+ |22 =186
270.5

PL=-2L < 002

by *d
=22 20,0017

1000%270.5

K2 =0.15 EC2-NA.6.2.2 (1)

_K, _ 015
CRd,c—z - E—Ol

1
VRdec=0.1*1.86* (100 * 0.0017 * 20)3 * 1000 * 270.5 =75655.4 N =75.7 KN
VRd,c > VEd

Max nyttelast; Z222+PrL5) -4

=75.7 — p=19.2kN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq
v=06*(1-1%)=06+(1-20) =055 Serensen (4.51)
VRdmax = 0.5 * 1000*270.5*%0.552*11.3 = 843935.4 N = 844 kN

VRd,max > VEd

Max nyttelast : Z2rt2+PeL5) -4

=844 — p =275 kN/m
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Momentkapasitet:

ga=124= 275 2 0,00174
ap=— = 0085 468 Serensen (4.20)
EcutEyq  0.0035+0.00174
2=0.8 EC2-3.1.7 (3)
n=1.0 EC2-3.1.7 (3)
Asp = An * % **d*ay=0.8%1.0% -—=*1000%270.5%0.668=4696.6 mm?  Sgrensen (4.21)
yd :
— As< As,b
Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ fyaxas  _ 347.8+929 _
T Aenk feqrbrd  0.8%1.0%11.3x1000%270.5 0.132
£s= 2% g, = 2224,0.0035 = 0.0230
(04 0.132
— & < &,d=0.03 EC2- Tabell NA.3.5 (901)
Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

=0.8*1.0*0.132*(1-0.5*0,8*0.132) * 11.3*1000*270.5%

=82702490.9 Nmm = 82.7 KNm

Mo, = [1.2(g1+92)+1.5p]*L? _ (1.2%7.5+1.5%7.5)x42
Ed — 12 - 12

Mpra> MEea OK.
(7.5%1.24p*1.5) %42

=27 kNm

Max nyttelast : =82.7 — p=35.3 KN/m

Aksialkraftkapasitet:

A: = b*h = 1000*300 = 300000 mm?

NRrg = fed (Ac — As) +Hya * As Sgrensen (4.5)
=11.3 * (300000- 929) + 347.8 * 929 = 3702608.5 N = 3703 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

_ Ay _ 929 _
P=ped ~ T000+2705 _ 0.0034

np = 6.667 * 0.0034 = 0.023
a=+/(Mp)2+ 2np — np =+0.0232 + 2 * 0.023 — 0.023 = 0.19

lk=As* (1-(1)*(1-%) * 2 =929 * (2-0.19) * (21— %) * 270.5%2 = 5.16*10’mm*
El = Es * Is = 200000*5.16*10" = 1.03 * 10'®* Nmm?
g =15 kN/m

1  gxL* _ 15x4000*

Nedbgyning (bruksgrensetilstand) : &, = vo1F EI " 3eaTo510D

=0.97 mm

Langtidsnedbgyning:
permanent last:

g=75*1.2=9kN/m
p=7.5*15=11.25kN/m (antar 100% permanent)
lasttilfelle 1: g=9 kN/m , @(ee, 3)

lasttilfelle 2 : p=11.25 kN/m , @(e=, 28)

24 2%300%1000
hp=—<=———"=231mm
u  2%(300+1000)

Kryptall : utendersforhold
(P(tl tO) = (PO * B(tato)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH 80
Prr =1+ 0.1*13\(}(;1—0 =1+ 0.1+ 3102031 =133
B(fem) = }fL_i = %_: =3.17
B = vy
B3) = Gyyyzomy = 074
B(28) = ————=0.49

(0.1+280:20)
¢3=1.33*3.17*0.74=3.12
(28 =1.33*3.17 * 0.49 = 2.07

— (t-to) 703
Pt = [, - i)

B(oe,3) — 1
B(eo, 28) — 1

@(e°, 3) =4.96 * 1 =3.12
©(o°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Serensen (5.11)
Sarensen (5.12)

EC2-Tillegg B
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Ecm

B = 1+ o(t,to)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L% 9)x42
My = ZE = O 15 kNm
12 12
L% 11.25)%42
M, = LE = Q12947 _ 45 \m
12 12

Mi+M. 12415
Ec,middle:Mlll MZZ SV i 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =236
Ec,middel 8483
Ag 929
=2 =2 -0,0034
p bxd  1000%270.5

np = 23.6 * 0.0034 = 0.080
o=yMp)% +2np — np =v0.082 + 2 x 0.08 — 0.08 = 0.33

lo = 0.5%02*(1-5)*b*d = 0.5%0.33*(1— 2--)*1000*270.5° = 0.96 * 10°mm*

El = Ecmidgel * lc = 8483*0.96*10° = 8.1 * 102 Nmm?

Nedbgyning midt pa bjelken:
1, gxL* _ 20.25x4000*

Stang = 382 Bl 3844811012 1.67 mm
Nedbgyning pga svinn:

(_“dsz*fcm)
€cd0=0.85[(220+110 * adsl)*e femo ] 106 * BRH
fcmo =10 MPa
Ods1 = 3
ogs2 = 0.13

Br = 1.55[1-(5—1’{*0)3] = 1.55[1-(5-)*] = 0.76

—0.13%28
a0 = 0.85 [(220+110 * 3)*¢ 10 )] 10° * 0.76 = 2.47 * 10**

€cd(t) = Bds (t,ts) *Kn * Ecdo

Bds (t,ts) =¢ t—o e Bds: 1
(t—ts)+0.4 /h03
kn=0.78

€ca(e0) =1*0.78 * 2.47 * 10* = 1.93 * 10*
€ca(>0) =2.5 (fu— 10) * 10°=2.5 (20 - 10) * 10° =25 * 10°
€s=Ecgt €a=1.93*10*+25*10°=2.18 * 10*

Sgrensen (5.5)
Serensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement klasse S)
(Sement Kklasse S)

Sgrensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Serensen (5.26)
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Svinnkrumning:

Ks=€es *n * ASI—*e Sgrensen (5.135)
ad=2=2 _ﬂ = 150

e = d-ad =270.5-150 =120.5
b+h3 n\2
| = +b*h*<ad—5) + n* Ag* e?

1000*3003
12

Ks=2.18* 10" * 23.6*

+ 1000 * 300 * (150 _ ﬂ) +23.6 %929 * 120.52 = 25.68 *10°mm*

929%120.5
i =2.24* 107 mm
25.68 x108

KL% 2.24%1077%40002
Ss = 5 =0.45mm

Gsvinn =

6tota| = 6|ang + 65\/inn = 1.67 + 0.45 = 2-01 mm

L 4000
Omaks = 250 = 250 =16mm > Siotal > Ok EC2-7.4.1 (4)

_(7.5%1.2+1.5%q)*4000*

Max nyttelast : 16 = 384+8.1+1012

+0.45 — q=119.9 kN/m

Rissviddekontroll:

kc = Cnom/Cmin,dur = 10/60 :01667

Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm Sgrensen (tabell 5.2)
20.25%42
M= 0 =27 KNm
— * 64(1— *

05 = s * M0 = 200000 * ZIUZRIDET0S -1 21MPa Srensen (5.55)

= 0.4 (langvarig last)
fct eff = femt = 2.2MPa EC2-Tabell 3.1
h,ert = min {2.5(h-d);(*==); 2} = min {2.5(300-270.5);(**—=2"272%); 222 = 70,25

As 929  _

Pp.eff = Ac]eff = 000035 0.013 Sgrensen (5.153)

_ Es _ 200000 _
n= E 30000 6.667

=kt * *(1+7)Pp eff)
€sm -Eem = Pre E > 0.6 * E— Sarensen (5.59)
121- 04* *(1+6 667%0.013) —4 4
Esm -Eem = = 2.37 %10 = 0.6 * =3.63*10
200000 200000

Cnom =10mm
5*(Cnom+§): 5*(10+12—3) = 82.5 < senteravstand =300
Srmax = 1.3*(h-ad) = 1.3*(300-0.33*270.5) = 274 Sgrensen (5.61)
Wi = Srmax * (Esm -Ecm) = 274 * 3.63*%10* = 0.10 Sgrensen (5.58)

Wk > Wmax = 0.05 (Rissviddekrav ikke oppfylt)
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Max nyttelast :
0.6 * —=—*275=0.05 — o5 = 60.6
200000

*106%(1— *
200000 * M=*10°x(1 0313;) 270.5
8.1%10

* * * 2
1.2 7.512.5 Q*4* _ 13.5 - q=0.75

=60.6 > M =13.5
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Snitt 6:

Sikkerhets faktor
Yec= 1.5

Ys= 1.15
ace=0.85
y6=1.2
yo=15

Last:

p =7.5KkN/m?*1m= 7.5 kN/m
91=0

g2=25kN/m?® *0,3m*1m = 7.5 kN/m

Qed =Yc*g+ye*p=12*75+15*%7.5=20.25kN/m

Geometri:
h =300 mm
b =1000 mm

d=300—10—12—3:283.5mm
c=10+12—3=16.5mm
h=h-—2x*c=267

L =4000 mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accfyc—f =11.3 N/mm

fcm =28 1\]/7’717’712
fctm: 2.2 N/mm2
Een= 30000 N/mm?

Standard armering:
fyk=400 N/mm?2

Fra= = 347.8 N/mm?

ys

Es= 200000 N/mm?

EC2-Tabell 2.1N

EC2-Tabell 2.1N
EC2- NA.3.1.6(1)
EC - Tabell NA.A1.2(A)
EC - Tabell NA.A1.2(A)

(EC1-Tabell 6.4)

(betongelementboka s304)

EC2-Tabell 3.1
EC2-Tabell 3.1
EC2-Tabell 3.1

V413 Tabell 2.1.2-2

EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(3)°%)= 0.458
fcm(g) = ﬁcc(S) fcm= 12.8 N/mmz
fek(3) = fem(3) —8 MPa = 4.8 N/mm?2

fck(3)
yc

fcd(?)) = cc =272 N/mmz

Minimums armering: (EC2-9.2.1.1)
Asmin=max {0.26—— bt d; 0.0013 b¢ d} =

fctm
fyk

max {0.26% *1000*283.5; 0.0013*1000*283.5} = 405.4 mm?

Antall jern = 22JeTm — 11.35
3.7m

As=m(2)? * 11.35 =1506 mm?
As1= As* == 502 mm?
As2=As *==1004 mm?

WINW]|F

Minste overdekning: (EC2-4.4.1.2 og NA)
cminh = 13 mm

Cmin.dur = 60 mm

Acdury =10

Acdur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

EC2-3.1.2

EC2-3.1.6

EC2-Tabell NA.4.4N

Cmin = maX{Cmin,b; Cmin,dur + ACdur,y - ACdur,st - ACdur,add; 10mm} =60mm

Nominell overdekning:

Cnom = Cmin + Acdev= 60 + 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm

(EC2-4.4.1.1(2))
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Kapasitetskontroll (M-N diagram)

_ __Es 200000 _ ) _
N Eomidaer | 8483 23.6 (fra Langtidsnedbgynig)

od = Ac*0.5h+n*Agxd _300000%0.5¥300+23.6%(1004—502)%283.5
A+ Ag 300000+23.6+(1004—502)

g2 = d-ad = 283.5-155 =128.5 (avstand A til T.A)
e1 = h'-e; = 267-128.5 = 138.5 (avstand Aq til T.A)

=155 — 145

Punkt 1: Rent trykk

=& =0.00175

fyd _ 347.8
Eyd=——=———

= = 0.00174 < &3 — armeringen flyter
Es 200000

Tc=f.q*b+h=113*1000 * 300 = 3390000 N = 3390 kN

S = % % Agy = fyq * Agy =347.8 %502 =175 kN

Sz = fyik * Agp = fya * Asp = 347.8* 1004 = 349 kN

Aksiell likevekt: Ny =T¢ +S1 +S2 =3390 + 175 + 349 = 3914 kN
Momentlikevekt : M1 =T¢ *( ad -0.5h)+S2*e2 - Si1*e1

= 3390*(145-300/2)+349*128.5 -175*138.5 =37 KNm

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
gcu= 0.0035

&1=c*eu /h=16.5%0.0035/300 =0,00019 < eya — ikke flyting

osd =Es * €s1 = 200000 * 0,00019 = 38 N/mm?

Te=fca®*b*0.8h =11.3*1000*0.8*300 = 271200 N = 2712 kN

S1=0s1* As1 =38 * 502 =18914.5 N = 19 kN

S2="fya * A2 = 347.8 *1493.25 = 519352 N = 349 kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+19+349 = 3080 kN

Momentlikevekt: M2 =T * (ad -0,4h)+S2*ez2 - S1*e1 =

2712*(145-0.4*300)+349*128.5 - 19*138.5 = 110 kNm

EC2-Tabell 3.1

EC2-Table 3.1
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad2=0.668 * 283.5 =189.4 mm

g2 =22 ¢, =% % 0.0035 = 0.0032 (flyter)

ad

Tc=faa*b* 0.8* ad2=11.3*1000*0.8*189.4=1712176 N=1712 kN
S1="fya* As1 = 347.8*502 =174596 N =175 kN
S2=fya* As2 = 347.8*1004 = 349191.2 N = 349 kN

Aksiell likevekt : N3 =T+ S, —S;=1712 +349 - 175 = 1886 kN

Momentlikevekt : M3 =T, * (ad—0.4 ad2) + S1 *e1 + S2*e2 =
1712 * (145-0.4*189.4) + 175 * 138.5 + 349 * 128.5 =188 kNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec=&cu3 0g €s1 = 2eyk

scu= 0.0035 EC2-Table 3.1

fyk 400
gk= 2= =——=10.002
Es 200000

q=—"2e = 0008 _ 467 Sgrensen (4.22)
€ cu + 28y 0.0035+2%0.002
ad>= 0.467 * 283.5 =132.4 mm
d- 132.4-16.5
£s2 =~ % £y =% 0.0035 = 0.003 (flyter)

Te=fca*b* 0.8* ad2=11.3*1000*0.8*132.4 =1196896 N = 1196.9 kN
S1="fya* As1 = 347.8*502 =174596 N =175 kN
S2=1fya* As2 = 347.8*1004 = 349191.2 N = 349 kN

Aksiell likevekt : Na=T.+S;—S1=1196.9 +349-175=1371 kN
Momentlikevekt : Ms =T * (ad — 0.4 ad2) + S1*e1+ S2*e2 =
1196.9* (145-0.4 * 132.4) + 175 * 138.54+349*128.5 =179 kNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: &c=&cu3 0g &s1 = 0.015

ecu=0.0035 EC2-Table 3.1
= 2= 20 _ 002

Es 200000
g=—"to - 085 _gqg9 Sgrensen (4.22)

T £, +0.015  0.0035+0.015

adz=0.189 * 283.5 =53.6 mm

d— 53.6—16.5
g2 = =% £¢y = * 0.0035 = 0.0024 (flyter)

Te=faa*b* 0.8* ad2=11.3*1000 * 0.8 * 53.6 = 484544 N = 485 kN

S1="fya* As1 = 347.8*502 =174596 N =175 kN

S2=1fya* As2 = 347.8* 1004 = 349191.2 N = 349 kN

Aksiell likevekt : Ns =Tc + S, —S; =484 + 349 - 175 = 658 kN

Momentlikevekt : Ms =T, * (ad—0.4 ad2) + S1 *e1+ S2*e2 =

485* (145-0.4*53.6) + 175*138.5 + 349 *128.5 =129 kNm

eo = max {h/30, 20mm} =20mm EC2-6.1 (4)

Resulterende interaksjonsdiagram:

N (kN)
4000 En

3500

3000

2500

2000

1500 Fire
1000

500

' M (kKNm)
0 20 40 60 80 100 120 140 160 180 200
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = 20'225*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)

71000%283.5
K2 =0.15 EC2-NA.6.2.2 (1)
Yc - E
1
VRdc=0.1*1.84* (100 = 0.00177 * 20)3 * 1000 * 283.5 =79500.9 N = 79.5 kN
VRd,c > VEd

Max nyttelast; Z222+PrL5) -4

=79.5 — p =20.5kN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq
v=06*(1-1%) =06+ (1-20) =055 Serensen (4.51)
VRdmax = 0.5 * 1000*283.5*%0.552*11.3 = 884179.8 N = 884 kN

VRd,max > VEd

Max nyttelast : Z2rt2+PeL5) -4

=884 — p =288 kN/m
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Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 _qgag Sgrensen (4.20)
EcutEyq  0.0035+0.00174

2=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp = * % *D*d*ay=0.8*1.0% —--*1000*283.5*0.668=4922 mm? Serensen (4.21)

vd -

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ Syaras  _ 347.8%1509 _
T Asnk feqrbrd  0.8%1.0%11.3x1000%283.5 0.205

£5= = * g0y = 2% 0.0035 = 0.014

— & < &,d=0.03 EC2- Tabell NA.3.5 (901)

Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

= 0.8*1.0*0.205*(1-0.5*0,8*0.205) * 11.3*1000*283.5?

=136732293.7 Nmm = 136.7 KNm

M., = [1.2(91+92)+1.5-p]*L? _ (1.2%7.5+1.5%7.5)*4?
Ed — 12 - 12

Mpra> MEga OK.
(7.5%1.24p*1.5) %42

=27 kNm

Max nyttelast :

~136.7— p = 62 kKN/m

Aksialkraftkapasitet:

A. = b*h = 1000*300 = 300000 mm?

Nra = fed (Ac — As) +yg * As Sgrensen (4.5)
=11.3 * (300000- 1506) + 347.8 * 1506 = 4059971.5 N = 3898 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

Ag 1506
=—=————=0.005
P = bed ~ T000+2835

np =6.667 * 0.005 = 0.033

o= m — np =v0.0332 + 2% 0.033 — 0.033 =0.23

ls=As* (1—(1)*(1—%) * 02 = 1506 * (1-0.23) * (1— %) * 283.52 = 8.6%10’‘mm*
El = Es * Is = 200000%8.6*10" = 1.72 * 10'* Nmm?

g =15 KkN/m

Nedbgyning (bruksgrensetilstand) : & = ﬁ

L 0 L*  15x4000*

= =0.58 mm
EI ~ 384x1.72%1013

Langtidsnedbgyning:

permanent last:

g=75*1.2=9kN/m

p=7.5%*15=1125KkN/m (antar 100% permanent)
lasttilfelle 1: g =9 kN/m , ¢(e°, 3)

lasttilfelle 2 : p=11.25 kN/m , ¢(e=, 28)

2A 2%¥300%1000
hp====——"—""=231mm
u 2%(300+4+1000)

Kryptall : utendgrsforhold
@(t, to) = o * P(t.to)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _80
Pru =1+ 0.1*13\(}(;1_0 =l 3102031 =133
_ 168 _ 168 _

B(fen) = 722 =122 =317

1
Blto) = Greeom

1
B3)= (0.1+30-20) =0.74

p— 1 —

¢3=1.33*3.17*0.74=3.12
(@28 =1.33*3.17 * 0.49 = 2.07

— (t-to) 703
Bt = [, - i)

B(e=,3)— 1
B(oe, 28) — 1

@(s°, 3) =4.96 * 1=3.12
@(s°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Sgrensen (5.11)
Sgrensen (5.12)

EC2-Tillegg B
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Ecm

B = o)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L2 9) %42
My = 25 = O - 15 kNm
12 12
L2 11.25)*42
M, = LE = Q12947 _ 45 \m
12 12

Mi+M. 12415
Ec,middle:Mlll MZZ SV i 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =236
Ec,middel 8483
Ag 1506
= =——=0.005
p bxd 1000%283.5

np = 23.6 * 0.005 = 0.118
o=+ (Mp)2+2np — np=v0.1182 + 2 x0.118 — 0.118 = 0.38
le = 0.5%02*(1-5)*b*d = 0.5%0.38%*(1— =) *1000*283 5° = 1.44 * 10°mm*

El = Ecmiddel * lc = 8483*1.44*10° = 1.2 * 10" Nmm?

Nedbgyning midt pa bjelken:
1 g+L* _ 20.25+4000*

Btang = 382" Bl 38arizeion 1.13 mm
Nedbgyning pga svinn:
—@gsa*fem
€ca0 = 0.85 [(220+110 * ager)*e’ Jemo ] 10 * Bryy
fcmO =10 MPa
Ods1 = 3
ods2 = 0.13
= J(RH 37 (8037 —
Bru = 1.55[1 (RHO) ]=1.55[1 (100) 1=0.76

—0.13

*28.
€0 = 0.85 [(220+110 * 3)*e 10 )] 10 * 0.76 = 2.47 * 10

€ed(t) = Pas (t,ts) * Kn * Ecapo

Bus (1) = — 50— it 0 > pee=1
(t—t)+0.4 /hOS
kh = 0.78

ea(00) = 1% 0.78 * 2.47 * 10 = 1.93 * 10"
Eea(00) = 2.5 (fac— 10) * 100 = 2.5 (20 — 10) * 10 = 2.5 * 10
€es= Eea+ €= 1.93 * 10 + 2.5 * 10° = 2.18 * 10

Sgrensen (5.5)
Sgrensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement klasse S)
(Sement klasse S)

Serensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Sgrensen (5.26)
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Svinnkrumning:

Agxe
Ks= € * 1 * ST Sgrensen (s.135)
A +#0.5h+n*xAgxd _300000%0.5%¥300+23.6%(1004—502)*283.5
od = Aer@ShtnAsd _300000-0.5+ i 02835 _ 155 — 145
A+ Ag 300000+23.6+(1004—502)

g2 = d-ad = 283.5-155 =128.5 (avstand A, til T.A)
e1=h-e; = 267-128.5 = 138.5 (avstand A til T.A)

b+h3 n\?

| = +b*h*(ad——)+n*A * e?
12 2

_ 1000%3003 300

o T 1000 * 300 * (145 - —) + 23.6 * 1004 = 128.5% + 23.6 * 502 * 138.52
=28.7 *108mm*
Ks=2.18* 10* * 23.6*

Kg*L? 3.56*10_7*40002
8 8

1004%128.5+502%138.5
28.7 108

=0.71mm

=356 *107 mm

6SVII’]I’] -

6tota| = 6|ang + Gsvinn = 1.13 + 0.71 = 1-84 mm

L 4-000
Omaks = 350 250 - =16mm > Storal > Ok EC2-7.4.1 (4)

16 = _(7.5%1.2+1.5%q)*4000*
384%1.2x1013

Max nyttelast : +0.71 — q=177 kN/m

Rissviddekontroll:

kc - Cnom/Cmm dur — 10/60 0 1667

Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm Sgrensen (tabell 5.2)
20.25*42

M=—"—=27 KNm
05 = Es * M4 = 50000 » 1010302835 7g)1pq Sgrensen (5.55)

= 0.4 (langvarig last)
fct eff = fcmt = 2.2MPa ECZ'Tabe” 3.1
h,err=min {2.5(h-d);(*=); 2} = min {2.5(300-283.5);(**—2"2%2%). 220 = 41 25

As _ 1506

Pp.eff = Aver; 100014125 =0.037 Sgrensen (5.153)

_ Eg 200000
N _a_ 30000 =6.667

O'S_kt*C,Ct eff*(l"'npp,eff)
Eom -Eem = pef ’; >06% Sarensen (5.59)
79— 04-* *(1+6 667+%0.037) 4 4
Esm -Ecm = =246*107" = 0.6 * =2.37*10
200000 200000

Cnom =10mm
5*(Cnom+§): 5*(10+12—3) = 82.5 < senteravstand =300
Stmax = 1.3*(h-ad) = 1.3*(300-0.38*283.5) = 250 Sarensen (5.61)
Wk = Sr,max * (Ssm 'Ecm) = 250 * 2.46*10_4 = 006 Sﬂl’ensen (558)

Wk > Wmax = 0.05 (Rissviddekrav ikke oppfylt)
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Max nyttelast:

Mpa — 0.4 * % * (1+6.667 *0.037)
- 200000 * 250 =0.05 - Mpa = 69.6
M#10°%(1—0.38)%283.5
200000 * (1-038)2835 — 69.6 — M = 23.7
1.2%10
1.2#7.5+q*1.5)%42
( @1 937 >q=5.8

12
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Vedlegg D.7: Snitt 7
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Snitt 7:
7 I

Sikkerhets faktor

ye=15 EC2-Tabell 2.1N
ys= 1.15 EC2-Tabell 2.1N
acc=0.85 EC2- NA.3.1.6(1)
ve=1.2 EC - Tabell NA.A1.2(A)

vo=15 EC - Tabell NA.A1.2(A)

Last:

p = 7.5 KN/m? *1m= 7.5 kN/m (EC1-Tabell 6.4)
g91=0

g2=25kN/m?® *0,3m*1m = 7.5 kN/m

Qea=7G*g+yo*p=12*7.5+157.5=20.25knjm (Petongelementboka s304)

Geometri:
h =300 mm
b =1000 mm

d:300—10—12—0:285mm
c=10+170=15mm
hh=h—-2xc=270

L =1800 mm
e=2—(h—d)=135mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accfyc—f =11.3 N/mm

fem= 28 N/mm? EC2-Tabell 3.1
fetm= 2.2 N/mm?2 EC2-Tabell 3.1
Eecm= 30000 N/mm?2 EC2-Tabell 3.1
Standard armering

fyk=400 N/mm? V413 Tabell 2.1.2-2

fya= bk~ 347.8 N/mm?

ys

Es= 200000 N/mm? EC2-3.2.7(4)
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Betong styrke ved: t= 3 dager EC2-3.1.2
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(3)°%)= 0.458
fcm(g) = ﬁcc(S) fcm= 12.8 N/mmz
fek(3) = fem(3) —8 MPa = 4.8 N/mm?2

fck(3)
yc

fed(3) = ace = 2.72 N/mm?2 EC2-3.1.6

Minimums armering: (EC2-9.2.1.1)
Asmin=max {0.26—— bt d; 0.0013 b¢ d} =

fctm
fyk

max {0.26% *1000*285; 0.0013*1000*285} = 407.6 mm?
Antall jern = 30jern _ 75
As =7T(%)2 * 7.5 =589 mm?2

As1= As/2= 294.5 mm?
As2= As/2=294.5 mm?

Minste overdekning: (EC2-4.4.1.2 0og NA)

cminh = 13 mm

Cmindur = 60 mm EC2-Tabell NA.4.4N
Acdury=10

Acaur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

Cmin = maX{Cmin,b; cmin,dur + Acdur,y — Acdur,st — Acdur,add; 10mm} =60 mm

Nominell overdekning: (EC2-4.4.1.1(2))

Cnom = Cmin+ AcCdev= 60+ 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm
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Kapasitetskontroll (M-N diagram)

Punkt 1: Rent trykk

ec= &3 =0.00175 EC2-Tabell 3.1

fya _ 347.8
Eyd=—=——

= = 0.00174 < &3 — armeringen flyter
Eg 200000

Te=f.q*b*h=113%1000*300 =3390000 N = 3390 kN
S1= fYL" % Agy = fyq * A1 = 347.8* 294.5 =102427.1 N = 102 kN
S2 =51

Aksiell likevekt: N1 =T¢ +S1 +S2=3390 + 102 +102 = 3594 kN
Momentlikevekt: M1 =0

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter

gcw=0.0035 EC2-Table 3.1
&1=c* e /h=15%0.0035/300 = 0,00018 < gya — ikke flyting

osd =Es * €51 = 200000 * 0,00018 = 36 N/mm?

Tc = fea * b *0.8%h = 11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1=0s * As1 =36 * 294.5 =10602 N = 10.6 kN

So="fya * A2 = 347.8 % 294.5 = 102427.1 N = 102 kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+10.6+102 = 2824.6 kN

Momentlikevekt: M2 =Tc * (0.5h-0,4h)+S2*h"/2 - S1*h* /2 =

2712*(0.5*0.300-0.4*0.300)+102*0.270/2 - 10.6*0.270/2 = 94 kNm
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1

€ 0.0035
a= — = =0.668
Ecuteyqg  0.0035+0.00174

ad =0.668 * 285 =190.4 mm

g2 =22 ¢, =191°;);15 % 0.0035 = 0.0032 (flyter)

ad

Te=fa*b* 0.8*ad =11.3*1000*0.8*190.4=1721216 N=1721 kN
S1=fya* As1 = 347.8*294.5 =102427.1 N =102 kN
S2=5;

Aksiell likevekt : N3 =T +S,—S:=1721 + 102 - 102 =1721 kN
Momentlikevekt : M3 =T, * (0.5h—-0.4 ad) + S1*h" =
1721* (0.5*300 - 0.4 * 190.4) + 102 * 270 =155 kNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec = €cu3 0g &s1 = 2eyk

scu= 0.0035 EC2-Table 3.1

fyk 400
gk= 2= =———=10.002
Es 200000
0.0035

a=—"% = = 0.467 Sgrensen (4.22)
Ecut28y  0.0035+2%0.002

ad = 0.467 * 285 =133 mm

d-— 133-15
“adc * £oy ==+ 0.0035 = 0.0031 (flyter)

Es2 =

Te=fca*b* 0.8*ad =11.3*1000*0.8* 133 =1202320 N = 1020 kN
S1=1fyd* As1 = 347.8*294.5 =102427.1 N =102 kN
$=5;

Aksiell likevekt : Ng = Tc + S — S1=1020 + 102 — 102 = 1020 kN
Momentlikevekt : Ma =T, * (0.5h—0.4 ad) + S1*h" =
1020 * (0.5*300 - 0.4 * 133) + 102 *270 =126 kNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: &c=&cu3 0g &s1 = 0.015

ecu=0.0035 EC2-Table 3.1
= 2= 20 _ 002

Es 200000
q=—"to - 085 _gqg9 Sgrensen (4.22)

€oy +0.015  0.0035+0.015

ad = 0.189 * 285 =53.9 mm
ad-c =339"15 , 0.0035 = 0.0025 (flyter)

s ad cu 53.9

Tc=fa*b* 0.8*ad =11.3*1000 *0.8*53.9 =487256 N =487 kN
S1=1fya* As1 = 347.8*294.5 =102427.1 N =102 kN
S2=5;

Aksiell likevekt : Ns =T + S, —S; =487 + 102 — 102 = 487 kN
Momentlikevekt : Ms =T, * (0.5h-0.4ad) + S1*h /2 + S2*h' /2 =
487 * (0.5*300- 0.4 *53.9) + 102 *270/2 + 102 *270/2 =90 kNm

eo = max {h/30, 20mm} =20mm EC2-6.1
(4)

Resulterende interaksjonsdiagram:

N (kN)
4000

En

3500

3000

2500

2000

1500

1000

500 o

M (kNm)

Q: 20 40 60 80 100 120 140 160
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Skjeerkapasitet:
Dimensjonerende skjerkraft: Veq = qE;*L = 20'2;*1'8 =18.2 kN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)

=1+ /@ =1.84
285

A
PL=—%L < 0.02
by *d
_ 2945

= =0.00103
1000%285
K,=0.15 EC2-NA.6.2.2 (1)

Crd,c :z = ?: 0.1

1
VRdc=0.1*1.84* (100 * 0.00103 * 20)3 * 1000 * 285 =66724.5 N =66.7 KN
VRd,c > VEd

Max nyttelast:

(7.5¥1.24+p*1.5) *1.8 _

66.7 — p =43 KN/m

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq

v=06*(1-1%)=06+(1-20) =055 Serensen (4.51)

VRrdmax = 0.5 * 1000*285*0.552*11.3 = 888858 N = 889 kN
VRd,max > VEd

Max nyttelast : Z222+PL5) 18

889 — p = 652 kN
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Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 _qgag Sgrensen (4.20)
EcutEyq  0.0035+0.00174

2=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp = * % *D*d*a=0.8*1.0% ——=*1000*285*0.668=4948 mm? Sarensen (4.21)

yd :

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ Syaras  _ 347.8%589 — 0.08
T Aenk feqrbrd  0.8%1.0%11.3x1000%285

£5 = —= % £oy = =2 % 00035 = 0.040

— &> gud = 0.03 ikke ok EC2- Tabell NA.3.5 (901)

Mgg = Ana * (1-0.5* La) * feq *b * d? Sgrensen (4.14)

=0.8*1.0*0.08*(1-0.5*0,8*0.08) * 11.3*1000*2852

=56862179 Nmm = 56.8 KNm

Mo, = [1.2(g1+92)+1.5p]*L? _ (1.2%7.5+1.5%7.5)+1.82
Ed — 12 - 12

Mpra> MEea OK.
(7.5%1.24+p*1.5) %1.82

=55kNm

Max nyttelast :

~56.8 — p = 134 KN/m

Aksialkraftkapasitet:

A: = b*h = 1000*300 = 300000 mm?

Nra = fed (Ac — As) +yg * As Sgrensen (4.5)
=11.3 * (300000- 589) + 347.8 * 589 = 3588198.5 N = 3588 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

Ag 589
= = =0.002
P = bed ~ Tooowz8s

np = 6.667 * 0.002 = 0.013

o=y/(Mp)%+2np — np=v0.0132 + 2+ 0.013 — 0.013 = 0.15
Iy = As* (L-a)*(1-3) * o = 589 * (1-0.15) * (1— ) * 285 = 3.86*10'mm*
El = Es * Is = 200000%3.86*10" = 0.77 * 10'* Nmm?
g =15 kN/m
1  gxL* _ 15x1800*

Nedbgyning (bruksgrensetilstand) : &, = TRy ———

=0.05 mm

Langtidsnedbgyning:
permanent last:

g=75*1.2=9KkN/m
p=7.5%*15=1125KkN/m (antar 100% permanent)
lasttilfelle 1: g=9 kN/m , @(ee, 3)

lasttilfelle 2 : p=11.25 kN/m , ¢(e=, 28)

2A 2%¥300%1000
hp====——"—""=231mm
u 2%(300+4+1000)

Kryptall : utendgrsforhold
@(t, to) = o * P(t.to)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

RH 80

1- 1-
rH=1+ 100 -1 + 100 =133
¢ 0.1+ 3k, 0.1+ 3231

_ 168 _ 168 _
Blfir) = 7= =75 = 3.07

1
Blto) = Grreeom

1
B(3) = m =0.74

p— 1 —
B(28) = (0.1+28020) — 0.49
03=1.33*3.17*0.74=3.12

(28 =1.33*3.17 * 0.49 = 2.07

— (t-to) 703
Bt = [, - i)

B(e=,3)— 1
B(eo, 28) — 1

@(o°, 3)=4.96 * 1 =3.12
o(e°, 28)=4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Sgrensen (5.11)
Sgrensen (5.12)

EC2-Tillegg B
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Ecm

B = o)
1 =22000 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L2 9) %42
My = ZE = O 15 kNm
12 12
L2 11.25)*42
Mz:q* =( ) =15 KNm
12 12

Mi+M. 12415
Ec,middle:Mlll MZZ SV i 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =236
Ec,middel 8483
Ag 589
= = =0.002
p bxd 1000%285

np = 23.6 * 0.002 = 0.065
a=+/Mp)2 +21np — np =Vv0.0652 + 2 * 0.065 — 0.065 = 0.30

le= O.S*az*(l-g)*b*d3 = 0.5*0.32*(1— %*1000*2853 =9.38 * 10°mm*
El = Ecmiggel * |c = 8483*9.38*108 = 7.96 * 102 Nmm?

Nedbgyning midt pa bjelken:
1 g+L* _ 20.25+x1800*

6Lang = ﬁ * EI  384%7.96+1012 =0.07 mm
Nedbgyning pga svinn:
—@gs2*fem

€ca0 = 0.85 [(220+110 * ager)*e’ Jemo ] 10 * Bryy
fcmO =10 MPa
Ods1 = 3
ogs2 = 0.13

RH 80
Brr = 1.55[1-(z)°] = 1.55[1-(7:)*] = 0.76

—0.13

*28.
€0 = 0.85 [(220+110 * 3)*e 10 )] 10 * 0.76 = 2.47 * 10

€ed(t) = Pas (t,ts) * Kn * Ecapo

Bos (1) = — =) it 00 3 Bg=1
(t—t)+0.4 /hOS
kh =0.78

ea(00) = 1% 0.78 * 2.47 * 10 = 1.93 * 10"
Eea(00) = 2.5 (fac— 10) * 100 = 2.5 (20 — 10) * 10 = 2.5 * 10
€es= Eea+ €= 1.93 * 10 + 2.5 * 10° = 2.18 * 10

Sgrensen (5.5)
Sgrensen (5.9)
Sgrensen (5.10)

Sgrensen (5.27)

(Sement klasse S)
(Sement klasse S)

Serensen (5.28)

Sgrensen (5.29)

EC2-Tabell 3.3

Sgrensen (5.31)
Serensen (5.26)
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Svinnkrumning:

Ks=&Ecs *n * ASI—*e Sgrensen (s.135)
ad=2=32 =150
2 2

e = d-ad = 285-150 =135

bxh3 h\?
|=——+Dbxhx (ad—E) + nx Ag* e?

_1000%3003

2
+ 1000 * 300 * (150 _ 32ﬂ) +23.6 % 589 * 1352 = 25.03 *108mm?*

12
Ks=2.18 * 10" * 23.6* —12%_ = 1 63 * 107 mm.
25.03 ¥10
x2 *10~7 % 2
Gsvinn - Ks*L =1.63 10 1800 = 0.07mm

8 8

6tota| = 6|ang + 65\/inn = 0.07 + 0.07 = 0-14 mm

Smas = 5= = 22 = 7.2mm > Sioia > 0k EC2-7.4.1 (4)
* *q)* 4
Max nyttelast ; 7.2 =Z3*12+15: 18007 | ) o7, o —1378 kKN/m

384%7.96%1012

Rissviddekontroll:

kc = Cnom/Cmin,dur = 10/60 :01667

Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm Sgrensen (tabell 5.2)
M = 222518 = 5.6 kNm
- * 6* — *
os=Es™* MA—a)d _ 540000 * 38 107 921001'23 1285 —)8MPa Sarensen (5.55)
ki = 0.4 (langvarig last)
fct,eff = fcmt = 2.2MPa EC2-Tabe|| 3.1
h,erf = min {2.5(h-d);(*==); 2} = min {2.5(300-285);(**—2%); 2%} = 37.5
_ As  _ 589 _
Pp.eff = Auer; 10001375 0.016 Sgrensen (s.153)
— i — 200000 = 6.667
Ecn 30000
Us_kt*};Ct'eff*(l+77Pp,eff) o
Eom -Eom = 2L >06% 2 Sarensen (5.59)
€u Eom = 28—0.4*0zi6*(1+6.667*0.016) — 16%10~* > 06+ 28 _ g gx105
200000 200000
Cnom =10mm
5*(Cnom+§)= 5*(10+12—3) = 82.5 < senteravstand =300
Stmax = 1.3*(h-ad) = 1.3*(300-0.3*285) = 279 Sarensen (5.61)
Wi = Srmax * (€sm -Eem) = 279 * 8.4*10° = 0.02 Sgrensen (5.58)

Wk > Wmax = 0.05 (Rissviddekrav oppfylt)
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Max nyttelast:

()
6 200800*279 =0.05 - g, = 59.7
200000 * X102 59 7, i—11.9
7.96%10
* *( ) * 2
(12%7.5+1.5+q)*1.8% _ 11.9 - q =233

12
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Vedlegg D.8: Snitt 8

103



Snitt 8:
7 |

Sikkerhets faktor
Yec= 1.5

Ys= 1.15
ace=0.85
y6=1.2
yo=15

Last:

p =7.5KkN/m?*1m= 7.5 kN/m

91=0

g2=25kN/m?® *0,3m*1m = 7.5 kN/m

Qed = Y6 * g +yo*p=1.2* 7.5+ 1.5*7.5 = 20.25 KN/m

Geometri:
h =300 mm
b =1000 mm

d:300—10—12—°:285mm
c=10+§=15mm
h=h—-2xc=270

L =2800 mm

Betong: B300
fek=20 N/mm?

(V413 tabell 2.1.2-1)

fea= accfyc—f =11.3 N/mm

fcm =28 N/TTLTTL2
fctm =2.2 ]V/”)’I’L’I’I’L2
Ecm= 30000 N/mm?

Standard armering
fyk=400 N/mm?2

__fyk

fyd = 347.8 N/mm?2

ys

Es= 200000 N/mm?

EC2-Tabell 2.1N
EC2-Tabell 2.1N
EC2- NA.3.1.6(1)
EC - Tabell NA.A1.2(A)
EC - Tabell NA.A1.2(A)

(EC1-Tabell 6.4)

(betongelementboka s304)

EC2-Tabell 3.1
EC2-Tabell 3.1
EC2-Tabell 3.1

V413 Tabell 2.1.2-2

EC2-3.2.7(4)



Betong styrke ved: t= 3 dager EC2-3.1.2
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(3)°%)= 0.458
fcm(g) = ﬁcc(S) fcm= 12.8 N/mmz
fek(3) = fem(3) —8 MPa = 4.8 N/mm?2

fck(3)
yc

fed(3) = ace = 2.72 N/mm?2 EC2-3.1.6

Minimums armering: (EC2-9.2.1.1)
Asmin=max {0.26—— bt d; 0.0013 b¢ d} =

fctm

fyk
max {0.26% *1000*285; 0.0013*1000*285} = 407.6 mm?
Antall jern = SJET _ 3 57
1.4m

As=m(3)? * 3.57 =280mm?
As1=As =280 mm?
As2=0=0mm?2

Minste overdekning: (EC2-4.4.1.2 0og NA)

cminh = 13 mm

Cmindur = 60 mm EC2-Tabell NA.4.4N
Acdury=10

Acaur,st = ikke gjeldende

Acdur,aad = ikke gjeldende

Cmin = maX{Cmin,b; cmin,dur + Acdur,y — Acdur,st — Acdur,add; 10mm} =60 mm

Nominell overdekning: (EC2-4.4.1.1(2))

Cnom = Cmin+ AcCdev= 60+ 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm
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Kapasitetskontroll (M-N diagram)

Es _ _ 200000 _ . _
Ecmiddel 8483 23.6 (fra langtidsnedbgyning)

od = Ag#0.5h+n*Agxd _300000+0.5¥300+23.6%280%285 _ 153
Ac4n* Ag 300000+23.6%280
e = d-ad = 285-153 =132

Punkt 1: Rent trykk

gc=¢&c3 =0.00175

fyd _ 347.8

=== = 0.00174 < &3 — armeringen flyter
Es 200000

Te=fq*b*h=11.3*1000*300 =3390000 N = 3390 kN

Sy = % ¥ Ay = foq % Agy = 347.8*280 =97384 N = 97 kN

S2=0

Aksiell likevekt: N1 =Tc +S1 +S2=3390 + 97 = 3487 kN
Momentlikevekt : My = T¢ * (ad — 0.5h) - Sy * e
3390*(153-150)- 97* 132 =-26.34

Punkt 2: Trykkbrudd i betong

Betong svikter samtidig som stal gir etter
gcu=0.0035

&1 =C*¢&cu /h=15%0.0035/300 = 0,00018 < &ya — ikke flyting

osd =Es * €51 = 200000 * 0,00018 = 36 N/mm?

Tc = feca * b *0.8%h = 11.3*1000*0.8*300 = 2712000 N = 2712 kN

S1 =051 * As1 =36 * 280 =10080 N = 10 kN

S2=fyy*A2=3478*0=0N=0kN

Aksiell likevekt: N2 = Tc + S1 +S2 =2712+10= 2722 kN

Momentlikevekt: M2 =Tc * (ad -0,4h) - S1*e =

2712*(153-0.4*300) - 10*132 = 88 kNm

EC2-Tabell 3.1

EC2-Table 3.1
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Punkt 3: Trykkbrudd | betong samtidig med flytning i armering

Bruddkriterium: ec=&cu3 0g €s = &yd

gcu=0.0035 EC2-Table 3.1
o= Feu _ 0.0035 —0.668
€cu+Eyd 0.0035+0.00174
ad2=0.668 * 285 = 190.4 mm
d-— 190.4—-15
g2 =~ * £y =—_——*0.0035 = 0.0032 (flyter)

Te=fa*b* 0.8*ad2=11.3*%1000*0.8*190.4 =1721216 N=1721 kN
S1=fya* As1 =347.8*280 =97384 N =97.4 kN
Sz=0

Aksiell likevekt : N3 =T+ S, —S:=1721-97.4 =1623.6 kN
Momentlikevekt : M3 =T, * (ad — 0.4 ad2) + S1 * e =
1721* (153- 0.4 *190.4) + 97.5 * 132 =144 kNm

Punkt 4: Trykkbrudd i betong og dobbel flytetgyning i strekkarmering

Bruddkriterium: ec = €cu3 0g &s1 = 2eyk

gcu=0.0035 EC2-Tabell 3.1

fyk 400
gk= 2= =———=10.002
Es 200000

q=—Lta = 9008 _ 447 Sgrensen (4.22)
Ecut2eyk  0.0035+2+0.002
adz = 0.467 * 285 =133 mm
ad-c 133-15
£s2= """ % £y =% 0.0035 = 0.0031 (flyter)

Te=fa*b* 0.8*ad2=11.3*%1000*0.8* 133 =1202320 N =1020 kN
S1=fya* As1 =347.8*280=97384 N =97.4 kN
52: 0

Aksiell likevekt : Ng = Tc + S — S1=1020 + 102 — 102 = 1020 kN
Momentlikevekt : Ms =T, * (ad — 0.4 adz) + S1* e =
1020 * (153 -0.4*133) + 97.4* 132 =115 kNm
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Punkt 5: Trykkbrudd i betong og stor armeringstgyning

Bruddkriterium: &c=&cu3 0g &s1 = 0.015

scu= 0.0035

fyk 400
eyk= == =——=10.002
Es 200000
0.0035

a=—-0 = =0.189

€cu+0.015  0.0035+0.015

ad> = 0.189 * 285 =53.9 mm
d-c =339"15 , 0.0035 = 0.0025 (flyter)

04
s ad cu 53.9

Te=faa*b* 0.8* ad2=11.3*1000 *0.8*53.9 =487256 N =487 kN
S1=fya* As1=347.8*280=97384 N =97.4 kN
Sz= 0

Aksiell likevekt : N5 =T + S, —S; =487 —97.4 = 389.6 kN
Momentlikevekt : Ms =T * (ad — 0.4 ad2) + S1 * e=
487 * (153 -0.4*53.9) + 97.4 * 132 =76.9 kNm

eo = max {h/30, 20mm} =20mm

Resulterende interaksjonsdiagram:

EC2-Table 3.1

Sdrensen (4.22)

EC2-6.1 (4)

N (kN)
4000
En
3000
2000
1000
Fem
o
i M (kNm)
-20 [ 20 40 60 80 100 120 140 160

108



Skjeerkapasitet:
Dimensjonerende skjerkraft: Veq = qE;*L = 20'2;*2'8 =28.4 kN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sgrensen (4.43)

=1+ /@ =1.84
285

A
PL=—%L < 0.02
by *d
280

= =0.00098
1000+285

K,=0.15 EC2-NA.6.2.2 (1)

K. 0.15
Cric=—=2 = —=0.1
Ye 1.5

1
VRdc=0.1*1.84* (100 * 0.00098 * 20)3 * 1000 * 285 =65950.2 N = 65.0 kN
VRd,c > VEd

Max nyttelast: (7'5*1'“2*1'5) 28 65 —p=24.9kN

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq

v=06*(1- %) =06x*(1— %) =0.552 Sgrensen (4.51)

VRrdmax = 0.5 * 1000*285*0.552*11.3 = 888858 N = 889 kN
VRd,max > VEd

Max nyttelast ; Z222+015) 28

889 — p =417 kN
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Momentkapasitet:

ga=124= 275 2 0,00174

ap=— = 0085 _qgag Sgrensen (4.20)
EcutEyq  0.0035+0.00174

2=0.8 EC2-3.1.7 (3)

n=1.0 EC2-3.1.7 (3)

Asp = * % *D*d*a=0.8*1.0% ——=*1000*285*0.668=4948 mm? Sarensen (4.21)

yd :

— As< As,b

Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
_ fyaxas  _ 347.8+280 _
T Aenk feqrbrd  0.8%1.0%11.3%1000%285 0.04

£5= = * £oy = % 0.0035 = 0.084

— &> gud = 0.03 ikke ok EC2- Tabell NA.3.5 (901)

Mgg = Ana * (1-0.5* La) * feq *b * d? Sarensen (4.14)

=0.8*1.0*0.04*(1-0.5*0,8*0.04) * 11.3*1000*2852

= 28901025 Nmm = 28.9 KNm

Mo, = [1.2(g1+92)+1.5p]*L? _ (1.2%7.5+1.5%7.5)+2.82
Ed — 12 - 12

Mpra> MEea OK.
(7.5%1.24p*1.5) %2.82

=13.2kNm

Max nyttelast :

=28.9 — p =23 kN/m

Aksialkraftkapasitet:

A: = b*h = 1000*300 = 300000 mm?

NRrg = fed (Ac — As) +Hya * As Sgrensen (4.5)
=11.3 * (300000- 280) + 347.8 * 280 = 3484220 N = 3484 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

_ A, _ 280 _
P=p+d ~ T000+285 0.00098

np = 6.667 * 0.00098 = 0.0065
a=+/(Mp)2 + 2np — np =+0.00652 + 2 * 0.0065 — 0.0065 = 0.11

ls=As* (1-(1)*(1-%) *d2=1280* (2-0.11) * (12— %) * 2852 = 1.95*10’‘mm*
El = Es * s = 200000*1.95%10" = 0.39 * 10'®* Nmm?
g =15 kN/m

1 gxL* _ 15x2800*

Nedbgyning (bruksgrensetilstand) : &, = 01 Bl " 3810300100

=0.62 mm

Langtidsnedbgyning:
permanent last:

g=75*1.2=9kN/m
p=7.5*15=11.25kN/m (antar 100% permanent)
lasttilfelle 1: g=9 kN/m , @(ee, 3)

lasttilfelle 2 : p=11.25 kN/m , ¢(e=, 28)

24 2%300%1000
hp=—<=———"=231mm
u  2%(300+1000)

Kryptall : utendgrsforhold
(P(tl tO) = (PO * B(tato)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _380
Prr =1+ 0.1*13\(}(;1—0 =1+ 0.1+ 3102031 =133
B(fem) = JlfL_fn = %_: =3.17
B = vy
B3) = foyaems; = 074
B(28) = ————=0.49

(0.1+280:20)
¢3=1.33*3.17*0.74=3.12
(28 =1.33*3.17 * 0.49 = 2.07

— (t-to) 703
Pt = [, - i)

B(e=,3) — 1
B(eo, 28) — 1

@(e°, 3) =4.96 * 1 =3.12
©(o°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sgrensen (5.5)
Serensen (5.11)
Sarensen (5.12)

EC2-Tillegg B
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Ecm

Ber = 1+ o(t,to)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L% 9)x42
My = T = O 15 kNm
12 12
L% 11.25)%42
M, = LE = Q12947 _ 45 \m
12 12

My+M 12415
Ec,middle:Mlll MZZ SV i 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =23.6
Ec,middel 8483
_As _ 280 _
P=+d ~ T000+285 0.00098

np = 23.6 * 0.00098 = 0.023

o=y/Mp)% + 2np — np =v0.0232 + 2 * 0.023 — 0.023 = 0.19 Serensen (5.5)
Ic= 0.5*(12*(1-%)*b*d3 =0.5%0.19%*(1— %)*1000*2853 =3.91 * 10°mm* Serensen (5.9)
El = Ecmidgel * 1c = 8483*3.91*108 = 3.32 * 10'> Nmm? Sgrensen (5.10)

Nedbgyning midt pa bjelken:
1, gxL* _ 20.25%2800*

Blane = 32 * 51 = 3garsazeion - 0-38mm
Nedbgyning pga svinn:
—ags2*fem

€cq0 = 0.85 [(220+110 * ager)*e femo ] 10 * Pro Sgrensen (5.27)
meO = 10 Mpa
Ods1 = 3 (Sement klasse S)
ags2 = 0.13 (Sement Kklasse S)
Brr = 1.55[1-(-1)3] = 1.55[1-(~2)3] = 0.76 Sarensen (5.28)

RH, 100

—0.13%28
a0 = 0.85 [(220+110 * 3)*¢ 10 )] 10° * 0.76 = 2.47 * 10**

€cd(t) = Bus (t,ts) *kn * €0 Sgrensen (529)
Bds (t,ts) =¢ t—o oo Bds: 1

(t—ts)+0.4 \/}1073
kn=10.78 EC2-Tabell
3.3
€ai(e°) =1%0.78 * 2.47 * 10* =1.93 * 10*
€ca(o0) = 2.5 (fx— 10) * 10°=2.5 (20 — 10) * 10° =2.5* 10" Sgrensen (5.31)
€= Egt €a=1.93*10%+25*10°=2.18 * 10* Sarensen (5.26)
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Svinnkrumning:

Agxe
KS = SCS % s
(ld _ Acx0.5h+n*Ag*xd _300000%0.5%¥300+23.6%280%285 _ 153
Act+n* Ag 300000+23.6%x280

e = d-ad = 285-153 =132
. 2
| = bn +b*h*<ad—ﬁ) + n* Ag* e?

_ 1000*300 300

12
Ks=2.18 * 10 * 23.6* — 122~ 9 g0 * 107 mm.
xL2 0 80*10—7*282036628 10
65vinn = Kk = =0.08mm

8

6tota| = 6|ang + 65\/inn = 0.98 + 0.08 = 1-06 mm

_L 2800

Omaks = 250 2— =11.2 mm > &total = Ok

1.2 = _(7.5%1.2+1.5%q)*2800*

Max nyttelast : o135 3001012

+0.08 — q=147.7 kN/m

Rissviddekontroll:

kc - Cnom/Cmm dur — 10/60 0 1667
Winax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm

M = 22228 = 13 kNm
05 = Es * XD - 500000 * 221012019285 ) g1 pipg

3.32x1012

= 0.4 (langvarig last)
fct eff = fomt = 2.2MPa

heerr = min {2.5(h-0);("—2); 2} = min {2.5(300-285); (2 —=2%); 20
Ag 280 _

Poeft =7 Aceff = Tooowars - 0-0075

— B _ 200000 o o0l

Eem 30000
fet

e —kex p:ff*(1+77ppeff) S 06 &

sm ~Ccm = Es 6 * E_S

181-0.4*———+(1+6.667+0.0075

Ssm 'Scm - 0.00 2505000 ) =2.9x% 10—4 > 0.6 e
Chom = 10mm

5*(Cnom+§)= 5*(10+12—3) = 82.5 < senteravstand =300
Srmax = 1.3*(h-ad) = 1.3*(300-0.19*285) = 320

Wk = Srmax * (€sm -Eem) = 320 * 5.43*10* =0.17

Wk > Wmax = 0.05 (Rissviddekrav ikke oppfylt)

Sgrensen (s.135)

+ 1000 * 300 * (153 _ T) +23.6 % 280 * 1322 = 23.68 *108mm?*

EC2-7.4.1 (4)

Sgrensen (tabell 5.2)

Sarensen (5.55)

EC2-Tabell 3.1

); 22} =375

Sgrensen (s.153)

Sarensen (5.59)

=5.43*10*

Serensen (5.61)
Sgrensen (5.58)
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Max nyttelast:

M*106*(1—0-19)*285

200000+ 12
320 (06" ———Gurit=—) = 0.05 — M =3.74
(1.2*7.5+;12*1-5)*2-82 =375—>q=-217
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Vedlegg D.9: Snitt 9 (snitt 2 med redusert armeringstverrsnitt)
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Snitt 9: Snitt 2 med redusert armeringstverrsnitt (¢13 til g12)

7 |

Sikkerhets faktor
Ye= 1.5

Ys = 1.15
acc=0.85
y6=1.2
yo=15

Last:

p=1715 KN/m? *1m= 7.5 kN/m
91=0

g2=25kN/m?® *0,3m*1m = 7.5 kN/m

Qed =Yc*g+ye*p=12*75+15*%7.5=20.25KkN/m

Geometri:
h =300 mm
b =1000 mm

d:300—10—12—2:284mm
c=10+12—2=16mm
h"=h—-—2x%c=268

L =4000 mm

Betong: B300 (V413 tabell 2.1.2-1)
fek=20 N/mm?

fea= accf;—f =11.3 N/mm:

fcm =28 N/TTLTTL2
fctm: 2.2 N/mm2
Ecm= 30000 N/mm?

Standard armering:
fyk=400 N/mm?2

fra= f;—i‘ = 347.8 N/mm?

Es= 200000 N/mm?

EC2-Tabell 2.1N
EC2-Tabell 2.1N
EC2- NA.3.1.6(1)
EC - Tabell NA.A1.2(A)
EC - Tabell NA.A1.2(A)

(EC1-Tabell 6.4)

(betongelementboka s304)

EC2-Tabell 3.1
EC2-Tabell 3.1
EC2-Tabell 3.1

V413 Tabell 2.1.2-2

EC2- 3.2.7(4)
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Betong styrke ved: t= 3 dager EC2-3.1.2
s=0.38 For sement klasse S

Bee(3) = exp(s(1-(3)°%)= 0.458
fcm(g) = ﬁcc(S) fcm= 12.8 N/mmz
fek(3) = fem(3) —8 MPa = 4.8 N/mm?2

fck(3)
yc

fed(3) = ace = 2.72 N/mm?2 EC2-3.1.6

Minimums armering: (EC2-9.2.1.1)
Asmin=max {0.26—— bt d; 0.0013 b¢ d} =

fctm
fyk

max {0.26% *1000*284; 0.0013*1000*284} = 406.1 mm?

Antall jern = e _ 75
3.7m

As=m(2)? » 7.5 =848.2 mm?

Asl = As= 848.2 mm?
As2= 0= 0mm?2

Minste overdekning: (EC2-4.4.1.2 0og NA)

cminh = 13 mm

Cmindur = 60 mm EC2-Tabell NA.4.4N
Acdury=10

Acdur,st = ikke gjeldende

Acdur,adad = ikke gjeldende

Cmin = maX{Cmin,b; cmin,dur + Acdur,y — Acdur,st — Acdur,add; 10mm} =60 mm

Nominell overdekning: (EC2-4.4.1.1(2))

Cnom = Cmin+ AcCdev= 60+ 10 =70 mm
Faktisk overdekning = 10mm
Cnom=10mm
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Skjeerkapasitet:

Dimensjonerende skjeerkraft: Veq = % = %5*4 =40.5 kKN

1
Skjeerstrekkapasitet: Vrac = Crac * K* (100 * Py * f)3 * by, *x d Sarensen (4.43)
K=1+ Zdﬁ < 20

PL= < 0.02
by *d
— 848.2 — 0003
1000%284
K.=0.15 EC2-NA.6.2.2 (1)
_K, _ 015 _
CRd,c - z - E - 01

1
VRde=0.1*1.84* (100 * 0.003 * 20)3 * 1000 * 284 =94955.5 N =95.0 kN
VRdc > VEed (0k)

(7.5%1.24p*1.5) x4

95 — p = 25.6kN/m

Max nyttelast:

Skjeertrykkapasitet: Vrdmax = 0.5 * by *d *v * fcq
v=06*(1- %) =06x*(1-— %) =0.552 Sgrensen (4.51)
VRdmax = 0.5 * 1000*284*0.552*11.3 = 885739.2 N = 885 kN

VRd,max > VEd

Max nyttelast ; Z222+PL5) -4

—885 — p = 289 kN/m
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Momentkapasitet:
ga= 24 = 3478 — 000174

Eg 200000

Eou 0.0035

ap = = =0.668 Sgrensen (4.20)

gcyteyq  0.0035+0.00174
2=0.8 EC2-3.1.7 (3)
n=1.0 EC2-3.1.7 (3)
Asp=n* ;ﬂ *b*d*a,=0.8*1.0* %*1000*284*0.668:4931 mm? Sgrensen (4.21)

yd -
— As< As,b
Mn*fa*b*d*a—fyga*As=0 Sgrensen (4.19)
—a= fyaras  _ 347.8+848.2 - 0.115
Asnx fogxbxd  0.8%1.0%11.3x1000%284

£s= %% g, = 221224 0.0035 = 0.0269

a 0.115
— &< &= 0.03 EC2- Tabell NA.3.5 (901)
Mgg = Ana * (1-0.5% La) * feq *b * d? Sgrensen (4.14)

= 0.8*1.0*0.115*(1-0.5*0,8*0.115) * 11.3*1000*2842

= 80557200.5 Nmm = 80.5 KNm

M., = [1.2(91+92)+1.5-p]*L? _ (1.2%7.5+1.5%7.5)*4?
Ea — 24 - 24

Mpra> MEga OK.
(7.5%1.24p*1.5) %42

=13.5kNm

Max nyttelast : =80.5 - p=74.5kN/m

Aksialkraftkapasitet:

A = b*h = 1000*300 = 300000 mm?

Nrg = fed (Ac — As) +Hya * As Sgrensen (4.5)
=11.3 * (300000- 848.2) + 347.8 * 848.2 =3675419.3 N = 3675 kN
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Nedbgyning:
Ecm = 30000 N/mm?
Es = 200000 N/mm?

Es _ 200000
n=—"2= =6.667
Eem 30000

Ag 848.2
=—= =0.003
P = hed ~ T000+284

np = 6.667 * 0.003 = 0.020
a=+/(Mp)2+ 2np — np =+0.022 + 2 * 0.02 — 0.02 = 0.18

lk=As* (1-(1)*(1-%) * 2 =848.2 * (1-0.18) * (1— %) * 2842 = 5.27*10'mm*
El = Es * Is = 200000*5.27*%10" = 1.05 * 10'®* Nmm?
g =15 kN/m

1  gxL* _ 15x4000*

Nedbgyning (bruksgrensetilstand) : &, = TRk

=0.95 mm

Langtidsnedbgyning:
permanent last:

g=75*1.2=9kN/m
p=7.5*15=11.25kN/m (antar 100% permanent)
lasttilfelle 1: g=9 kN/m , @(ee, 3)

lasttilfelle 2 : p=11.25 kN/m , ¢(e=, 28)

24 2%300%1000
hp=—<=———"=231mm
u  2%(300+1000)

Kryptall : utendersforhold
(P(tl tO) = (PO * B(tato)

@0 = @rH * P(fem) * P(to)
RH = 80 (utendgrsforhold)

_RH _80
Pru=1+ 0.1*13\7;1—0 =l o 1
B(fem) = }fL_i = %_: =3.17
B = vy
B3) = Gyyyzemy = 074

p— 1 —
B(28) = (0.1+28020) — 0.49

¢3=1.33*3.17*0.74=3.12
(28 =1.33*3.17 * 0.49 = 2.07

- (t—to) 103
Pltto) = [ v o)

B(oe,3) — 1
B(eo, 28) — 1

@(e°, 3) =4.96 * 1 =3.12
©(o°, 28) = 4.71* 1=2.07

EC2-Tabell 3.1

Sarensen (5.5)
Serensen (5.11)
Sarensen (5.12)

EC2-Tillegg B
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Ecm

Ber = 1+ o(t,to)
1 =200 _ 2582 MPa
1+3.12
Ecr = 22290 _ 9772 MPa
1+2.07
L% 9)x42
My = T — O _ 5y Nm
24 24
L% 11.25)%42
M, = L = 12947 _ 7 5y Nm
24 24

Mi+M. 6+7.5
Ec,middle:Mlll MZZ = ——z = 8483 MPa

Eci Ec2 7282 ' 9772

Es  _ 200000

n= = =23.6
Ec,middel 8483
Ag 848.2
=—=—7"—=0.0030
p bxd 1000%284

np = 23.6 * 0.003 = 0.071

0=yMp)%+2np — np =v0.0712 + 2 0.071 — 0.071 =0.31 Serensen (5.5)
Ic= 0.5*(12*(1-%)*b*d3 =0.5%0.31%*(1— %)*1000*2843 =0.99 * 10°mm* Serensen (5.9)
El = Ecmiggel * lc = 8483*0.99*10° = 8.4 * 10'> Nmm? Sgrensen (5.10)

Nedbgyning midt pa bjelken:
1, gxL* _ 20.25x4000*

Blane = 32 * 51 = 3pareario - 1-61mm
Nedbgyning pga svinn:

—ags2*fem
€cq0 = 0.85 [(220+110 * ager)*e femo ] 10 * Pro Sgrensen (5.27)
meO = 10 Mpa
Ods1 = 3 (Sement klasse S)
ags2 = 0.13 (Sement Kklasse S)
Brr = 1.55[1-(-1)3] = 1.55[1-(~2)3] = 0.76 Serensen (5.28)

RH, 100

—0.13%28
a0 = 0.85 [(220+110 * 3)*¢ 10 )] 10° * 0.76 = 2.47 * 10**

€cd(t) = Bds (t,ts) *kn * €0 Sgrensen (529)
Bas (tt) = — =8 {00 S Bg=1

(t—t5)+0.4\/hoi3
kn=10.78 EC2-Tabell 3.3
€ai(e°) =1%0.78 * 2.47 * 10* =1.93 * 10*
€ca(o0) = 2.5 (fx— 10) * 10°=2.5 (20 — 10) * 10° =2.5* 10" Sgrensen (5.31)
€= Egt €a=1.93*10%+25*10°=2.18 * 10* Sarensen (5.26)
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Svinnkrumning:

Agxe
Ks = gcs ¥ _SI
o = Act0-Sh+n+As+d _300000+05+300+23.6+848.2+284 _ 4o 4
Ac+n* Ag 300000+23.6+848.2 :

e = d-ad = 284-158.4 =125.6
b+h3 n\2
| = +b*h*<ad—5) + n* Ag* e?

1000*300

300

Ks = 2.18 * 107 * 23,6% 221250 - 5 19 % 107 mmt
25.87 x10
<] 2 «10-7 x 2
Gsvinn - K58L =2.12 108 4000 = 0.42mm

Ototal = 6Iang + Osvinn = 1.61 + 0.42 = 2.03 mm

L _ 4000
= —=16mm > k
6maks 250 250 6 6tota| 9 (0]

16 = _(7.5%1.2+1.5%q)*4000*

Max nyttelast : TYRYWTSY

+0.42 - q=124.8 kN/m

Rissviddekontroll:

kc = Cnom/Cmin,dur = 10/60 :01667
Wmax = 0,3 * ke = 0.3 * 0.1667 = 0.05 mm
20.25%42

M= =13.5kNm
* 6* - *
s = Es M(l a)d = 200000 * 13.5%10°(1 (1.231) 284 =63MPa
8.4x10
= 0.4 (langvarig last)
fct eff = fcmt = 2.2MPa

h—ad, h 300—0.31%284

Ne.eff = min {2.5(h-d); ( ); —} min {2.5(300-284);(

As _ 8482

Pp.eff = Aceff  1000%40 0'021
Eg 200000
== =6.667
M=%, ~ 30000
f
Us_kt*pCt eff*(l'”)pp,eff) o
Esm -Ecm = peff > 0.6 % =
Es Eg
63— 04* *(1+6 667%0.021) _s
Ssm 'Scm - 200000 = 761 * 10 2 06 *
Cnom =10mm

5*(Cnom+§)= 5*(10+12—3) = 82.5 < senteravstand =300

Srmax = 1.3*(h-ad) = 1.3*(300-0.31*284) = 275.5
Wk = Sr,max * (Ssm 'Ecm) = 2755 * 1.89*10_4 = 0052
Wk > Wmax = 0.05 (Rissviddekrav ikke oppfylt)

Sgrensen (5.135)

+ 1000 * 300 * (158 4— —) +23.6 % 848.2 * 125.62 = 25.87 *108mm’*

EC2-7.4.1 (4)

Sgrensen (tabell 5.2)

Sarensen (5.55)

EC2-Tabell 3.1

); 255} =40

Sgrensen (s5.153)

Sarensen (5.59)

=1.89*10%

Sarensen (5.61)
Sarensen (5.58)
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Max nyttelast:

0.6 * 20(‘)’300 *275.5=0.05 — o5 = 60.4
200000 * M0 U-03D=284 _ 0 4 N1— 129

8.4x1012

(1.2%7.5+1.5%q) *42
24

=129 —>q=69
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Vedlegg D.10: Toveisplate (plate 1-4)
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Toveisplate beregning

Plate: 1-4 Serensen (tabell 2.1.10g 2.1.2)
Ly/Lx = 4m/4m =1

a=27.2

=272

v =0.0485

6x =2.96

By =2.96

dx =283.5mm

dy =283.5 - 13 =270.5mm
Asx = 995.5mm?

Asy = 929mm?

Moment: (bruddgrense)

L9, 202542
My =qLx"/a = s 11.9 kNm/m Serensen (tabell 2.1.1)
L 9o 20.25x42
My =qLy"/B = i 11.9 kNm/m Serensen (tabell 2.1.1)
ga=222= 278 - 00174
ap=—toe=__20085 _ _g6eg Serensen (4.20)
€cutEyq  0.0035+0.00174
A=0.8 EC2-3.1.7 (3)
n=1.0 EC2-3.1.7 (3)
Aspx = M * ]f—‘; *10%*ch*@=0.8*1.0% —>*1000%283.5*0.668=4922 mm?  Sgrensen (4.21)
Y .
— As < Aspx
A * g *103 * dy * @ — fya * A =0 Serensen (4.19)
—a= fydx Asy - 347.8¥995.5 - 0.135
Asnx foq*103%dy,  0.8%1.0%11.3¥1000%283.5
£ = * g0y = 2"+ 0.0035 = 0.0224
— &< eud=0.03 EC2- Tabell NA.3.5 (901)
Mgax = Ana * (1-0.5% da) * feg *10° * dy? Sgrensen
(4.14)

= 0.8*1.0*0.135*(1-0.5*0,8*0.135) * 11.3*1000*283.52
= 92789634 Nmm/m = 92.7 kNm/m
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11.3

Aspy=An * ;Ld *10%*dy*,=0.8*1.0* ——*1000*270.5*0.668=4696 mm?  Sgrensen (4.21)
yd

347.8
— As< As,b,y
)\.*T] * fcd *103*dy* af—fyd*Asy: 0

fyax asy _ 347.8+929

—a= = =0.132
Asmx fcd*103*dy 0.8%¥1.0%¥11.3¥1000%270.5
1-a 1-0.132
E=—% e = * 0.0035 =0.0230
o 0.132

— &< &= 0.03

Mgay = Ana * (1-0.5% Aa) * feg *10° * d,?

= 0.8*1.0%0.132*(1-0.5*0,8*0.132) * 11.3*1000*270.5°
=82702490.9 Nmm/m = 82.7 kNm/m

M <Mrg (0k)

(7.5%1.24p*1.5) %42

Max nyttelast :
27.2

=82.7 — p = 87.7 KN/m?

Nedbeyning: (bruddgrense)

Ec middel = 8483 MPa
Asx = 9955mm2/m

dx = 283.5mm
_ Agx 9955
Px=T03va, 10%:2835 =0.0035
___Es 200000 ¢

Ecmiddel 8483

npx = 0.0035 * 23.6 =0.083

Sgrensen (4.19)

EC2- Tabell NA.3.5 (901)

Sgrensen (4.14)

(vedlegg D.1)
(vedlegg D.1)

(vedlegg D.1)

Serensen (2.1.8)

Serensen (2.1.9)

ox =/ (MPx)% + 2 * NPy — NPy = V0.0832 + 2 % 0.083 — 0.083 = 0.33 Serensen (2.1.10)

ch=%*a§*(1—%)*103* d3

1y 0332+ (1 — E) «103 * 283.53 =1.1*10°
2 3

3 [12+], 3 [12%1.1%x10°
hesr = \/ e \/ =236.3

103

Eh3 = Ec,middel * heff3

__y*qL% _ 0.0485%20.25%10"3x4000%

=2.25mm
Eh3 8483%236.33
L 4000
6 =—=——=16mm >w - ok
maks = 550 ~ 250 =

0.0485%(7.51.2+p*1.5)*10~3x4000%

Max nyttelast:
8483%236.33

Serensen (2.1.11)

Serensen (2.1.13)

Serensen (tabell 2.1.1)

=16 — p = 90.1 KN/m?
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Skjeerkapasitet: (bruddgrense)
Dimensjonerende skjaerkraft:

Vx = q;l" = 2(;2956*4 =27.36 kN Sgrensen (Tabell 2.1.2)
- qxly _ 20.25x4

0y 2.96

Vy = 27.36 KN Sgrensen (Tabell 2.1.2)

Skjeerstrekkapasitet:
1
VRdex = Crae * Kx * (100 * Py, * for)3 * 103 x d,, Sgrensen (4.43)

Ky=1+ /zdﬁ < 20

7 1000%283.5

K,=0.15 EC2-NA.6.2.2 (1)

K; 0.15
Cric=— = —=0.1
Ye 1.5

1
VRdex =0.1*1.84* (100 * 0.00176 = 20)3 * 1000 * 283.5 =79350.9 N = 79.3 kN

1
VRdcy = Cric * Ky * (100 * Py, * fr )3 * 103 % d,, Sgrensen (4.43)
Ky=1+ |22 < 20
dy
=1+ 22 =186
270.5

_ AsLy
PL,y - —103 *dy S 0.02
=—2%5 - 0,00172

1000%270.5
Kz =0.15 EC2-NA.6.2.2 (1)
K _ 015_

CRd,c - e - 15 0.1

1
VRdcy =0.1*1.86* (100 * 0.00172 % 20)3 * 1000 * 270.5 =75950.92 N =75.9 kN
VRdc >V

Max nyttelast; Z222+PrL5) -4

=75.9 — p = 31.4 KN/m?
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Skjeertrykkapasitet:

VRdmaxx = 0.5 * 103 *dy *v * feq
v=06* (1—L%) = 0.6+ (1—21) =0552
Vrdmaxx = 0.5 * 1000%283.5%0.552*11.3 = 884179.8 N = 884 kN

VRd,max >V

VRd,max,y =05* 103 *dy *y * fcd
v=06*(1—L%) = 0.6+ (1—21) =0552

VRdmax = 0.5 * 1000*270.5*0.552*11.3 = 843635.4 N = 843.6 kKN
VRd,max >V

(7.5%1.24+p=1.5) 4

=843.6 — p = 410 kN/m?

Max nyttelast:

Sgrensen (4.51)

Serensen (4.51)
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