Euro-Code 4 Folder: _EC4 Columns

Euro-Code 4

Columns

Concrete encasement composite column with eccentric force application:
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System:

Height h = 8,00 m

Eccentricity e = 0,15 m

Beam type = SEL ("steel/profils"; Name; ) = HEB

Nominal height NH = SEL("steel/"type; NH; ) = 340

A = TAB("steel/"type; A; NH=NH) = 171,00 cm?

hy = TAB("steel/"type; h; NH=NH) = 340,00 mm

s = TAB("steel/"type; s; NH=NH) = 12,00 mm

t= TAB("steel/"type; t; NH=NH) = 21,50 mm

b= TAB("steel/"type; b; NH=NH) = 300,00 mm

lya = TAB("steel/"type; I, ; NH=NH) = 36660,00 cm*

Wpa = 1.14*TAB("steel/"type; W, ; NH=NH) = 2462,40 cm?

Wpa = 2408,00 cm?
Materials:

Concrete = SEL("concrete/EC"; Name; ) = C30/37

Steel = SEL("steel/EC"; NameEN; ) = S235

Ecm = TAB("concrete/EC"; E,;; Name=Concrete) = 32000,00 N/mm?

fox = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?

a= 0,85

E,= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mm?

fyk = TAB("steel/EC"; fy; NameEN=Steel) = 235,00 N/mm?
Partial safety factors:

Dead load yg = 1,35

Imposed Load yq = 1,50

Concrete y; = 1,50

Construction steel y, = 1,10

Profile steel sheetingyap = 1,10

Longitudinal sheary, ¢ = 1,25

Elastic modulus y = 1,35
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Load:
9 = 450,00 kN
qy = 1000,00 kN

Calculation:
NSd = gk * VG + qk * yQ = 2107,50 kN
MSd: NSd*e = 316,13 kNm
fg= 0% Tyl Yo = 17,00 N/mm?
fyq = ! Ya = 213,64 N/mm?
Ew= Eom!Y = 23703,70 N/mm?
Ac=  (hy*b)/100-A, = 849,00 cm?
ch = (hp®*b /120000 ) - |ya = 61600,00 cm*

Local buckling of parts of the steel section:
€= \/(235/fyk) = 1,00
(b/t)/(e*44) 0,32<1

Load-bearing capacity of the column under centric pressure with buckling risk:

Nora = (Ag ™ fyg+Ac " feq) /10 = 5096,54 kN
Structural verification procudure applicable?
6= Ag "Tya /(10" Ny rg) = 0,72

= Structural verification procudure applicable.

On the effect of lateral shear:

A= (1.04*h,*s)/100 - 42,43 om?
Voird = Ay “fiq/(V(3)*10) = 523,35 kN
Vsd /! VpiRrd = 0,08 < 0,5

= The lateral shear force has no effect on the load-bearing capacity.

Cross section bearing capacity under pressure and single-axis bending:
Plastic limit moment at point D:
W = b*hy*/4000 - W, =
Mmax,Rd = ( Wpa *fyd +1/2* WpC * cd )/ 103 =
ND: 1/20*AC * cd =
Plastic limit moment in points B and C:
Npm,Rd= (AC*de)/1O =
hy = NomRd/ (0.2%b/10 * oy +2%s/M100 % (2*f4-fq))
hy/((b /2-1)/10) =
= Plastic neutral axis is in the rib!
W ., = s/10 * hy? =

pan
Woen = (b*hy?)/10-Wp,, =
MN Rg = (Wpan * fyd +1/2* Woen *foq )08 =
The plastic limit moment in points B and C is:

Mpird=  MmaxRrd - MNRd =
Ng =

Nc = 2*Np =

6262,00 cm?
567,67 kNm
721,65 kN

1443,30 kN
7,20 cm
0,56 <1

62,21 cm?
1492,99 cm?
25,98 kNm

541,69 kNm
0,00 kN
1443,30 kN
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Load-bearing capacity of a composite column under pressure and single-axis bending:

Npire = (Ag " fc+ Ag ™ a * /10 _

Effective elastic bending rigidity:

6183,45 kN

Elg = (Eq " lya + 0.8 Egq ™ 1y)/10 5 = 88667,18 kN/m?
Reference degree of slenderness:

N = ¢ * Elg / h? = 13673,57 kN
A= V( Noir / Ner) = 0,67

= Long-term behaviour (creep and shrinkage) may be disregarded.

Strut curve b:

Type = SEL("comp/buck"; Desc; ) = concrete-encased profile strong axis
line = TAB("comp/buck”; line; Desc=Type) = b

K= TAB("comp/buck”; K ; line=line; Alat=A") = 0,800

Kg=  Ngg/Nprg = 0,414
Proportion of edge moments r = 0,00

Ky = K*((1-r)/4) = 0,200
The resulting values for point C are:

KC = NC / Np|,Rd = 0,283

M = 1,00

My = (1- K/ (1-Kg) ™ He = 0,279

My = (1-Kg)/ (1-K) ™y = 0,817

The length pis:

M= Mg - M ™ (Kg - Ky) /(K = Ky) = 0,717

Structural verification of load-bearing capacity:
NSd / (K * Np|,Rd) = 0,52 <1
MSd / (09 * v * Mpl,Rd) = 0,90 <1
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Concrete-filled hollow section:
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System:
Column height h = 7,00 m
Outside pipe diameter d = 273,00 mm
Pipe thickness t = 6,30 mm
Load:
Ok = 500,00 kN
Qi = 600,00 kN
Materials:

Concrete = SEL("concrete/EC"; Name; )

Steel = SEL("steel/EC"; NameEN; )
Ecm = TAB("concrete/EC"; E,;; Name=Concrete)
fox = TAB("concrete/EC"; fck; Name=Concrete)|
E,= TAB("steel/EC"; E; NameEN=Steel)
fyk = TAB("steel/EC"; fy; NameEN=Steel)
a= 1,00
Partial safety factors:
Dead load yg = 1,35
Imposed Load yq = 1,50
Concrete y, = 1,50
Construction steel y, = 1,10
Profile steel sheeting Yap = 1,10
Longitudinal shear y,¢ = 1,25
Concrete elastic modulus y = 1,35
Calculation:
fyd - fyk / Ya
fcd - o fck / Ye
Nsg= Yo Ok *Ya" %
fyd = fyk / Ya
A= /400 * (d?-(d-2*t)?)
Iy = 11/ 640000 * (d*- (d-2*t)*)
Ecd = Ecm / Y
A.= n*(d-2*t)?/400

l, = 11/ 640000 * (d -2 *t)4

Folder: _EC4 Columns

C30/37
85355
32000,00 N/mm?

30,00 N/mm?2

210000,00 N/mm?
355,00 N/mm?

322,73 N/mm?
20,00 N/mm?
1575,00 kN
322,73 N/mm?
52,79 cm?
4695,82 cm*
23703,70 N/mm?
532,56 cm?
22570,10 cm*
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Local buckling of parts of the steel section:

€= Vv (235]/ fyk ) = 0,81
(d/t)/(90*¢€?) = 0,73 <1
Structural verification of the column's load-bearing capacity:

Np,’Rd = (A" fyd +A,*fq)/10 = 2768,81 kN
Structural verification procudure applicable?

0= A, *fyk/ya/(Np,,Rd* 10) = 0,62
0.2/8 = 0,32 <1
6/0.9 = 0,69 <1

=Structural verification procudure applicable
Npire = (Ag * fc + A * a * £ )/10 = 3471,72 kN

Effective elastic bending rigidity:

El, = (E,* I, +0,8*Eyg*1,)105 = 14141,18 kNm?
Reference degree of slenderness:

Ng = ™ *El,/h? = 2848,32 kN
A= V( Npirk / Ner) = 1,10

Ng = 08/(1-9) = 2,11
NNy = 0,52 <1

= Long-term behaviour (creep and shrinkage) may be disregarded.
Concrete-filled hollow section, therefore strut curve a

Type = SEL("comp/buck"; Desc; ) = concrete-filled hollow section

line = TAB("comp/buck"; line; Desc=Type) = a
K= TAB("comp/buck”; K ; line=line; Alat=A") = 0,596
NRd = K* Npl,Rd = 1650,21 kN

Structural verification:
Nsq / Nrg = 095<1
The ultimate load bearing capacity is almost completely exploited.
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Floors

Folder: _EC4 Floors

Composite beams - Ultimate load bearing capacity:
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System:
Beam length L = 12,00 m
Beam distance s = 3,60 m
Materials:
Beam type = SEL ("steel/profils"; Name; ) = IPE
Nominal height NH =  SEL("steel/"type; NH; ) = 450
A= TAB("steel/"type; A; NH=NH) = 98,80 cm?
h= TAB("steel/"type; h; NH=NH)/10 = 45,00 mm
ly = TAB("steel/"type; I, ; NH=NH) = 33740,00 cm4
Shear connectors O 22
hp = 100,00 mm
d= 22,00 mm
Distance of shear connectors e = 15,00 cm
Concrete = SEL("concrete/EC"; Name; ) = C25/30
Steel = SEL("steel/EC"; NameEN; ) = S355
Load:
ik = 15,28 kN/m
o = 7,74 kKN/m (after removal of temporary props)
Qi = 18,00 kN/m
L L
| Dt w
;ﬁ Ipb
Floor thickness hy = 16,00 cm
Thickness of profile steel sheeting hpb = 5,10 cm
Material properties:
Ec.n=  TAB("concrete/EC"; E,,; Name=Concrete) = 30500,00 N/mm?
E,= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mm?
Cross section load bearing capacity at full shear connection:
Befr = 2*L/8 = 3,00 m
Def = MIN(bgs ;8) = 3,00 m
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Working state analysis of composite beams:
Form factors:
Short term load at point of time t =0:

Ng = E,/Eem = 6,89

Effective component thickness:

Beam width in air u = 360,00 cm

ho = 2*hg*ul/u = 32,00 cm

Final creep value ty =14 days

according to EC2 Appendix1 ¢ = 2,70
constant continuous load Yp g = 1,10
Shrinkage Y s = 0,55
Creep under continuous load ng = ny * (1+ Wap * ¢) = 27,35
Shrinkage ng = No *(1+Was™9) = 17,12
A.= 100 * bggr * (g - hpp ) = 3270,00 cm?
lc = 100 * bggr * (hg-hpp )*/ 12 = 32375,72 cm?m?
Zso=  (A*(h2+hg)+A/ng*(hg-hpp)2)I(A+ALINg) = 11,14 cm

(I +1/ng)/10000+(A*(h/2+hg)*+Ac/ng*((hg-hpp)/2)?)/10000 = 19,90 cm*m?
((Z'sg/100)**(A+A/ng)*(-1)) =  -7,12cm’m?

lii= 12,78 cm’m?

Z'Sq) = (A*(h/2+hd)+AC/n¢*(hd-hpb)/2)/(A+Ac/n¢) = 20,40 cm
(1,+1/n$)/10000+(A*(h/2+hgP+A b na-hop)/2/)/10000 = 18,49 cmm?
((Z's¢/100)**(A+Ac/nd)*(-1)) = -9,09 cm?m?

lip= 9.40 cm’m?

Z' g = (A*(h/2+hy )+Ac/ns*(hd_hpb)/z)/(A+Ac/nS) = 16,72 cm
(Iy+1c/ng)/10000+(A*(h/2+hy)*+Ac/ng*((hy-hpp)/2)7)/10000 = 18,78 cm*m?
((Z'ss/100)**(A+A/ng)*(-1)) = -8,10 cm®m?

lis= 10,68 cm?’m?

Calculation of midspan deflection:
Release of temporary prop at point of time t =0
B= 91k ¥ 1.25*L/2
fgo = 100*B * L%/ (48 *E, /10" 1)

114,60 kN
1,54 cm

Assumption: 40% of the live load as a permanent load at point of time t =0:
Ratio= 0,40

fgo0= 100 *5/384 *(gy + Ratio” qy ) * L4 /(Ex10* ) = 1,50 cm
from imposed load (short term ratio):

Ratio2 = 1 - Ratio = 0,60
fq= 100 * 5/384 * Ratio2 * q, * L4/ (E, /10« 1;y) = 1,09 cm
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From removal of temporary prop at point of time t =co;

fB = fBO * IIO / ||¢ = 2,09 cm
From gy, * dpermanent at point of time t =co:

fgz = fgz‘o * IIO / ||¢ = 2,04 cm
From shrinkage at point of time t =co;

Final shrinkage value €.g = 325106
Nech = (A" E;/ng*gg)/ 10 =1303,61 kN
ZSCh = Z'SS - (hd'hpb)/Z = 1 1,27 cm
Mgeh = Ngen ™ Zgen / 100 = 146,92 kN
fsch = 100 * 1/8 * Mg, * L2/ (EZ/10 * lig) = 1,18 cm
Maximum deflection:

max_f=fg +fyo+fsn + 1y = 6,40cm
Recommended camber:

fo = fBO + fgz‘o = 3,04 cm
Maximum deflection in final state:

f= max_f - f, = 3,36cm

Structural verification:
f/100/(L/300) = 0,84 <1

The deflection in the working state meets the required standard!
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Composite floor in the final state:
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System:
Steel profile with lugs; values according to manufacturer's specifications (approval )
m = 166,00
k= 0,15
Sheet thickness t = 0,86 mm
e= 17,00 mm
Beam length L = 480m
Stability f,, = 350,00 N/mm?
Cross section area A, = 1562,00 N/mm?
TyRd = 280,00 kN/m
minimum width of concrete ribs b = 750,00 mm/m
Concrete:
Floor thickness h; = 14,00 cm
Concrete = SEL("concrete/EC"; Name; ) = (C25/30
fox = TAB("concrete/EC"; fck; Name=Concrete) = 25,00 N/'mm?
fetko05 = TAB("concrete/EC"; fctk05; Name=Concrete)| = 1,80 N/mm?
Influences:
Final state:
Permanent load of composite floor G, = 3,30 kN/m
Permanent load of design loads G, = 1,20 kKN/m
Imposed load Q = 5,00 kN/m
Partial safety factors:
Dead load yg = 1,35
Imposed Load yq = 1,50
Concrete y, = 1,50
Profile steel sheeting Vap = 1,10
Longitudinal shear y,¢ = 1,25
Structural verification of the composite floor in the final state:
b= 1000,00 mm
Deflection:
MSd: (yG*(G1 +G2 )+YQ*Q)*L2/8 = 39,10 kNm/m
Design resistance:
Nt = (Ap " fyp 1 ¥ap)/1000 = 497,00 kN
a= 0,85
X = 1000 * Ny / (b ™ (a * T /y;)) = 35,08
dp = 10*h; - e = 123,00 mm
MpRrda= Ngt*(d,-0.5% x)/1000 = 52,41 KNm/m

Structural verification:
Msqy/ My Rd

0,75 <1
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Longitudinal shear, m + k - method:
Design shear force at the footing point:

Vgq = ( V&' (G1#Gy)+yqg*Q)*L/2 = 32,58 kN/m
Longitudinal shear resistance:

Shear length L, = 1000 *L /4 = 1200,00 mm
Vird = (b*d, " (m*Ay/(b*Lg)+k)/y,s)1000 = 36,02 kN/m

Structural verification:

Longitudinal shear, partial shear connection ( EC4, Appendix E ):
Design value of the bond strength according to manufacturer's information:

Shear length at full shear connection n = 1,00

Ly = N/ (b/1000 * 1, rg ) = 1,77 m
Design resistance:

TRd = 0.09 * (fg)(V3) = 0,26 N/mm?
ky = 1.6 - d,, /1000 = 1,48 > 1

Ap = bo *t = 645,00 mm?
p= Ap ! (bg™dy) = 0,007
Vyrd= (bg *dy ™ Trg "k, " (1.2 +40*p))/1000 = 52,54 kN/m

Structural verification:
Vsd/VyRrd

0.62<1
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Composite beams - Ultimate load bearing capacity:
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System:
Beam length L = 12,00 m
Number of temporary props a = 1,00
Beam distance s = 3,60 m
Flange width bj = 12,60 cm
Materials:
Concrete = SEL("concrete/EC"; Name; ) =
Steel = SEL("steel/EC"; NameEN; ) =
Beam type = SEL ("steel/profils"; Name; ) =
Nominal height NH = SEL("steel/"type; NH; ) =
A= TAB("steel/"type; A; NH=NH) =
h = TAB("steel/"type; h; NH=NH)/10 =
t= TAB("steel/"type; s; NH=NH)/10 =
Iy = TAB("steel/"type; Iy; NH=NH) =
Mgy = TAB("steel/"type; M, q; NH=NH) =
M, = IF(Steel="S355"1,5;1)*"M,, =
Shear connectorsd 22
hy = 100,00 mm
d= 19,00 mm
Distance of shear connectors g = 15,00 cm
Ultimate strength f, = 450,00 N/mm?
Load:

9 = 14,50 kN/m
qy = 18,00 kN/m

Partial safety factors:

Dead load yg =

Imposed Load yq =
Concrete y, =
Construction steel y, =
Profile steel sheeting Yap =
Longitudinal shear y, ¢ =

1,35

1,50

1,50
1,10
1,10
1,25

Floor thickness hy =

Thickness of profile steel sheeting hy, =

Cross-sectional area of plate Ap =

16,00 cm
5,10 cm
15,62 kN/m

C25/30
S355
IPE
400
84,50 cm?
40,00 cm
0,86 cm
23130,00 cm*

289,00 kNm
433,50 kNm
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Material properties:

Ecm = TAB("concrete/EC"; E,,,; Name=Concrete) = 30500,00 N/mm?
fo = TAB("concrete/EC"; fck; Name=Concrete) = 25,00 N/mm?
fooos =  TAB("concrete/EC"; fctk05; Name=Concrete) = 1,80 N/mm?
foq = fo! Yo = 16,67 N/mm?
E,= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mm?
fyk = TAB("steel/EC"; fy; NameEN=Steel) = 355,00 N/mm?
fyaq = ! Ya = 322,73 N/mm?
Holorib sheeting in accordance with building regulations approval:
fyp = 280,00 N/mm?2

Conformation of fitness for purpose:
Stress resultants in ultimate state analysis of fitness for purpose:
rq= Yo F 9k * Yo" Ak = 46,58 kN/m
Mgqy= rq*L?/8 = 838,44 kNm
Vgqg= rg’L/2 = 279,48 kN
Cross section load bearing capacity with full shear connection:
Def = 2*L/8 = 3,00 m
Befr = MIN(bs ; S) = 3,00 m
A, = 1.04 *h*t = 35,78 cm?
Nplard = A*fyq/10 = 2727,07 kN
Neg = 0.85 *fog * 100 * begr * (g - hpp ) = 46334,26 kN
Og = 0,85
zy = Npiard/ (10 ag *foq ™ begr ) = 6,42 cm

= The plastic neutral axis is in the concrete chord above the profile steel sheeting.

Distance to centre of gravity:

a= h/2+hy-2zy/2 = 32,79cm
= Mpl,Rd = Npl,a,Rd *al/100 = 894,21 kNm
VoiRd = A" fy 1 (107 v(3)*y,) = 666,68kN
Structural verifications:
MSd/ Mpl,Rd = 0,94 <1
VSd / Vpl,Rd = 0,42 <1
Longitudinal shear load capacity and shear connection:
hy/d = 5,26 > 4 -> shear connectors are ductile
a= IF(hy, /d>4; 1; 0.2 * ((hy/d)+1)) = 1,00

Marginal force of a shear connector:

Prag1= (0.8*f,*m*d?/ (4" y,))/1000 = 81,66 kN
Pra2 = (0,29 * a * d** V(fy * Ecy) /Yys)/1000 = 73,13 kN
Pra = MIN( Prg1 ; Pra2) = 73,13 kN
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single-row:

N, = 1,00 (one row of shear connectors)

kiq = 0.7/ V(N;)) * (b / hop) * ((hy, 110) /' hpp- 1) =
Kip =

kt: MlN(kn ,ktz) =
Pra1= k" Prg =
double-row:

N, = 2,00 (two rows of shear connectors)

kiq = 0.7/ V(N;)) * (b / hop) * ((hy 110) /' hpp- 1) =
Kip =

kt: MlN(kn ,ktz) =

Pra2= ki *PRrg =

Possible shear connector configurations:

7 pairs of shear connectors at the end of the beam Anzp =
33 individual shear connectors in the span Anze =

aufn_V = Anze* PRCH +2* Aan * PRd2 = 2767,94 kN

Structural verification:

Npi,a,rd / aufn_V = 099<1

1,66

0,85

0,85
62,16 kN

1,17

0,70

0,70
51,19 kN

7,00

33,00

Structural verification against diagonal strut failure according to NAD for Germany:

Ay = 100 * (hy - hpp ) = 1090,00 N/m
Normal concrete n = 1,00

VRd2 = 02*A, "N fy/(y.,*10) = 363,33 KN/m
Vgq = Prq1/ (€ /100) = 414,40 kN/m
Vgq i = Vgq *1/2 = 207,20 kN/m
Vsqii/ VRd2 = 0,57<1

This calculation disregards the input from profile steel sheeting!

Cross reinforcement necessary:
NAD TRd = 0.09 * ka(1/3)

Voy = A * fuo /(Yap * 10)
VRd,3: 2'5*ACV*n*(TRd/1O)+V

pd

Structural verification of diagonal strut:

Vsdji/ VRd,3 = 044<1

Working state analysis of composite beams:
Form factors:
Short term load at point of time t =0:
Ng = E./Ecn = 6,89
Effective component thickness:
Beam width in air u = 360,00 cm
ho = 2*hy*u/u 32,00 cm

(o]

0,26 N/mm?
397,60 kN/m
468,45 kN/m
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Final creep value ty =14 days

according to EC2 Appendix1 ¢ = 2,70

Creep under continuous load ng = ng* 3 = 20,67
Shrinkage and creep ng = ng *2 = 13,78

A.= 100 * begr * (g - hpp ) = 3270,00 cm?

lc = 100 * bggr * (hy-hpp )*/ 12 = 32375,72 cm?m?
Zso=  (A*(h2+hg)+Ang*(hg-hpp)2)I(A+AINng) = 10,07 cm
(Iy+1c/ng)/10000+(A*(h/2+hy)*+A/ng*((hg-hpy,)/2)?)/10000 = 15,14 cm*m?
((Z'sg/100)**(A+A/ng)*(-1)) = -5,67 cm’m?

o= 947 cm’m?

Z'S¢ = (A*(h/2+hd)+AC/n¢*(hd-hpb)/z)/(A+AC/n¢) = 16,09 cm
(1,+1/n$)/10000+(A*(N/2 g+ A/ na-op)/27)/10000 = 13,89 cmem?
((Zs¢/100)**(A+A/nd)*(-1)) = -6,28 cm’m?

= 7.61 cm’m?

Zsg = (A*(h/2+hg )*Aing*(hg-hyp)/2)[(A+A/ng) = 13.47 cm
(Iy+1o/ng)/10000+(A*(h/2+hg)+A/ng*((hy-hpp)/2)2)/10000 = 14,20 cm?m?
((Z'sg/100**(A+A/ng)*(-1)) = -5,84 cm?m?

lis= 8,36 cm’m?

Calculation of midspan deflection:
Release of temporary prop at point of time t =0

B= gk " 1.256*L/2 = 108,75 kN
fgo = 100 *B* L3/ (48" E/10* 1) = 1,97 cm
Assumption: 40% of the live load as a permanent load at point of time t =0:
Ratio= 0,40
fgz,o = 100 * 5/384 * Ratio* qy * L4/ ( E,/10 * I,g) = 0,98 cm
fo = fBO + f92,0 = 2,95 cm

from imposed load (short term ratio):

Ratio2 = 1 - Ratio = 0,60
fq= 100 * 5/384 * Ratio2 * q, * L4/ ( E,/10 * 1i0) = 1,47 cm
From removal of temporary prop at point of time t =co:

fB = fBO * IIO / ||¢ = 2,45 cm
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From gys + dpermanent at point of time t =co:
fgz = fgz’o * ||0 / |I¢ = 1,22 cm

fd = fB + fgz = 3,67 cm

Creep under continuous load only:

fc = fa-fo = 0,72 cm
From shrinkage at point of time t =co:

Final shrinkage value g.g = 325*106

Neenh = (A" Eq/ng ™ €s)/ 10 = 1619,58 kN
Zsch = Z'ss - (hg-hpp)/2 = 8,02 cm
Msch = Ngeh * Zsen / 100 = 129,89 kN
fseh = 100 * 1/8 * Mg, * L2/ (E4/10 * Iig ) = 1,33 cm

Maximum deflection:
max_f = fg+fgo *+fsen + g = 6,47 cm

Recommended camber:
fo = fBO + ngO = 2,95 cm

Maximum deflection in final state:
f= max_f - f, = 3,52 cm

Structural verification:
f/100/(L/250) = 0,73 <1
The deflection in the working state meets the required standard!

Vibration behaviour:
w= 10* 2/ L2 *V(E, * ;g / (9 * 98.1)) = 25,63 (1/s)
f= w/(2*m) = 4,08 Hz
The natural frequency should be no less than 3 Hz.
For sports or dance halls, it should be no less than 5 Hz.
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POS.: Composite beams - Ultimate load bearing capacity:
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System:
Beam length L = 12,00 m
Number of temporary props a = 1,00
Beam distance s = 3,60 m
Flange width by = 12,60 cm

Materials:
Concrete = SEL("concrete/EC"; Name; ) = C25/30
Steel = SEL("steel/EC"; NameEN; ) = S355
Beam type = SEL ("steel/profils"; Name; ) = IPE
Nominal height NH = SEL("steel/"type; NH; ) = 450
A= TAB("steel/"type; A; NH=NH) = 98,80 cm?
h= TAB("steel/"type; h; NH=NH)/10 = 45,00 cm
t= TAB("steel/"type; s; NH=NH)/10 = 0,94 cm
ly = TAB("steel/"type; I, ; NH=NH) = 33740,00 cm4
Mgy = TAB("steel/"type; M,y ; NH=NH) = 373,00 kNm
Mp; = IF(Steel="S355"1,5;1)"Mp, 559,50 kNm
Shear connectorsd 22
hy = 100,00 mm
d= 22,00 mm
Distance of shear connectors g = 15,00 cm
Ultimate strength f, = 450,00 N/mm?

Load:
k1 = 15,28 kN/m
ko = 7,74 KN/m (after removal of temporary props)
Qi = 18,00 kN/m

Partial safety factors:

Dead load yg =

Imposed Load yq =
Concrete y; =
Construction steel y, =
Profile steel sheeting Vap =
Longitudinal shear vy, =

1,35
1,50
1,50
1,10
1,10
1,25

L
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Floor thickness hy =

Thickness of profile steel sheeting hy, =

Cross-sectional area of plate Ap =

e

16,00 cm
5,10 cm
15,62 kN/m
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Material properties:

Ecm = TAB("concrete/EC"; E,,,; Name=Concrete) = 30500,00 N/mm?
fo = TAB("concrete/EC"; fck; Name=Concrete) = 25,00 N/mm?
fooos =  TAB("concrete/EC"; fctk05; Name=Concrete) = 1,80 N/mm?
foq = fo! Yo = 16,67 N/mm?
E,= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mm?
fyk = TAB("steel/EC"; fy; NameEN=Steel) = 355,00 N/mm?
fyaq = ! Ya = 322,73 N/mm?
Holorib sheeting in accordance with building regulations approval:

fyp = 280,00 N/mm?

Conformation of fitness for purpose:
Stress resultants in ultimate state analysis of fitness for purpose:
g = Yo " (91t 9k2) + Yo * Ak = 58,08 kN/m
Mgqy= rq*L?/8 1045,44 kNm
Vgqg= rg’L/2 348,48 kN

Cross section load bearing capacity with full shear connection:

beg= 2*L/8 = 3,00 m
berr=  MIN(byg ; S) = 3,00 m

A= 1.04*h*t = 43,99 cm?

Noaga= A*fq/10 = 3188,57 kN
Ngg = 0.85 * foy * 10 * beg * (hg - hop) = 4633,43 kN
ag = 0,85

Zp = Npl,a,Rd /(10" Oc * cd ) beff) = 7,50 cm

= The plastic neutral axis is in the concrete chord above the profile steel sheeting.

Distance to centre of gravity:

a= h/2+hg-zy/2 = 34,75 cm
= Mp|,Rd = Npl,a,Rd *a/ 100 = 1108,03 kNm
Voird = Ay " Ty /(107 V(i3)*vy) = 819,65 kN
Structural verifications:
Msq/ Mpi,Rd = 094<1
Vsa/ Vol = 043<1

Longitudinal shear capacity and shear connection:
hy,/d = 4,55 > 4 -> shear connectors are ductile
a= IF(hy, /d>4; 1; 0.2 * ((hp/d)+1)) = 1,00
Marginal force of a shear connector:
Prq1 = (0.8*f,*m*d*/(4" vy, ))/1000 = 109,48 kN
Praz = (0,29 *a * d® * V( fy * Egy) /Yys)/1000 = 98,05 kN
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Number of rows of shear connectors N, = 1,00

kiy = (0.7/ V(N,))* (bg/ hop) * ((hy 110) 1 hpp- 1) = 1,66
Kip = 0,75
ki = MIN ( Kiq 5 Kio ) = 0,75
Pra= k" Prd = 73,54 kN
Required number of shear connectors for full shear connection:

erf_n = Npl,a,Rd / PRd +0.49 = 44 Dubel

vorh_n= 100*L/2/e_ +0.49 = 40 Dubel

because: erf n/vorh n = 1,10 is a partial connection
The maximum transferrable concrete compression force is:

N = vorh_n*Pgry = 2941,60 kN

Degree of shear connectionn = N;/Npy,rq = 0,92 <1

Reduced plastic bending moment, calculated with linear interpolation:
MRd = Mpl + n * ( MpI,Rd - Mp| ) = 1064,15 kNm

Structural verification:
Mgy / My = 0,98 <1

Note: No reduction in interaction, because maximum moment and maximum lateral shear
force do not occur in the same place.

Shear connector configurations permissible?
a) Cross section class 1 or2 = OK

b)erf n= 0.25+0.03*L = 0,61
erf_n/n = 0,66 <1
c)
MpI,Rd / ( 25 * Mpl ) = 0,79 < 1
All conditions a-c have to be met!
Connection of lateral concrete chord:
Lateral shear::
Relevant:
VSd,li = Vgq *11/12 = 245,13 kN/m
A, = (hq - hpb ) * 100 = 1090,00 cm?m
Normal concrete n = 1,00
VRd2 = 0.2*A,, *NnN*fy/(y,*10) = 363,33 kN/m

Structural verification against diagonal strut failure:

Vsgji/ VRd2 = 067<1
This calculation disregards the input from profile steel sheeting!

EC4 1rq1 = 0.25*f 4005/ Ye = 0,30 MN/mm?
NAD Tggp = 0.09 * f, (113) = 0,26 MN/mm?
TRd = MIN ( Trg1 5 TR42 ) = 0,26 MN/mm?
Vpd = Ap " Fyp l(Yap ™ 10) = 397,60 kN/m
VRd,3 = 25" Agy "N (TRg/10) +Vvpy = 468,45 kN/m
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Structural verification of diagonal strut:

Vsdi/ VRd,3 = 052<1

The cross reinforcement has been ignored in this calculation.

In the construction, provision should be made for 0.2% or the relevant cross section area A,
that may also be taken into account

as part of the bending reinforcement to absorb the negative moment (moment at support) of
the transversal continuous composite floor.
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