Euro-Code 2 Folder: _EC2 Beam

Euro-Code 2

Beam

Pos.: Concrete coulmn without buckling:

lN

[~

Section properties:

Column width b = 25,00 cm
Column thick h = 75,00 cm
Assumed bar size dg4 = 2,50 cm
nom_c = 3,50 cm

Design forces:
Ngg = 3000 kN

Materials and stresses:

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

Steel = SEL("reinf/Steel"; Name;) = 500 S

fox = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?
fyd= fyk/ 1,15 = 434,78 N/mm?

fog= fo/ 1,5 = 20,00 N/mm?

Es= 200,00 kN/mm?

£ -2,00 *10-3

Ys = 1,15

Oy, = Eg ™ g = -0,40 N/mm?2



Euro-Code 2 Folder: _EC2 Beam

Analysis:
A= ((-Ngg"10%(0g,/¥s))-(0,85*f.4o/ABS(ag,/Y,))*b*10?*h)/10? = -5390,62 cm?
min_As= (MAX(0,15*10°*(Ny/f,4);0,3*b*h))/10? = 10,35 cm?
req_A;= MAX(Ag;min_A,) = 10,35 cm?

| Provide six 16 mm bars |

dg = SEL("reinf/As"; ds; ) = 16 mm
As sel = SEL("reinf/As"; Name; d=dg; As2req_A,) = 6016
prov_Ag = TAB("reinf/As"; As; Name=Ag ) = 12,06 cm?
req_Ag/ prov_Ag = 0,86 <1
min_dg,,~ 6,00 mm with dg;<20mm
min_dg,~ 0,25 * dg = 4,00 mm with dg;>25mm
min_dg,,~ 5,00 mm for mesh reinforceme
max_s,,~ MIN(12*dg;b;h;30) = 25,00cm

Only closed links are recommended. The hooks are to be curtailed.



Euro-Code 2

Folder: _EC2 Beam

Pos.: Concrete column with bending moment without buckling:

A

[ o

h

Section properties:

Column width b =
Column thick h =

Assumed bar size dg4 =
nom_c =

Design forces:
Nsd =

Msd =

Materials and stresses:

Concrete =
Steel =

fck =
fyk =

Analysis:
d1 =

dy/h
Vsd =
Hsq =

From the interactive diagram
Wyt =

A

s1 =

AsZ =

f/ 1,15
fu/ 1,5

nom_c + dg4

“(Ngg* 10)/ (b * h * f )
10°* (ABS(My)) / (b * h? * f_)

Wot/2* b/ (f4/ fog)

A

s1

SEL("concrete/EC"; Name;)
SEL("reinf/Steel"; Name;)
TAB("concrete/EC"; fck; Name=Concrete)

TAB("reinf/Steel"; Bs; Name=Steel)
434,78 N/mm?

25,00 cm
75,00 cm
2,50 cm

3,50 cm

1980 kN
563 kNm

20,00 N/mm?

| Provide two 25 mm and two 20 mm bars

dgq = SEL("reinf/As"; ds; )
As,se|1 =

prov_Agy =

dgo = SEL("reinf/As"; ds; )
As,sel2 =

prov_Ag,

min_ds| = MIN(dS1 ’dSZ)
prov_A;=  prov_Ag + prov_A,,

SEL("reinf/As"; Name; ds=dg; )
TAB("reinf/As"; As; Name=A s¢1)

SEL("reinf/As"; Name; dg=dgp; As2Ags-prov_Agq)

= TAB("reinf/As"; As; Name=A

s,sel2)

0.80<1

C30/37
500 S
30,00 N/mm?2

500 MN/m?

6,00 cm
0,080 ~ 0,1
-0,528
0,200

0,30

12,94 cm?
12,94 cm?

= 20 mm
= 2020

= 6,28 cm?

= 25 mm
20 25

= 9,82 cm?
= 20,00 mm
= 16,10 cm?



Euro-Code 2 Folder: _EC2 Beam

min_dg,,~ 6,00 mm with dg;<20mm
min_dg,~ 0,25*min_dg = 5,00 mm with dg>25mm
min_dg,,~ 5,00 mm for mesh reinforceme
max_s,,= MIN(12*min_dg;b;h;30) = 25,00 cm

Only closed links are recommended. The hooks are to be curtailed.



Euro-Code 2

Pos.: Single beam:

R

RER!

Section properties:

Folder: _EC2 Beam

Centroid of tension
reinforcement

Span length L = 2,80 m
Width b = 0,24 m
Depth h = 0,58 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg4 = 0,025 m
nom_c = 0,035 m
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
TRd = TAB("concrete/EC"; Tgq; Name=Concrete) = 0,28 N/mm?
fya= fy/ 1,15 = 434,78 N/mm?
foq= fuc/ 1,5 = 20,00 N/mm?
Partial safety factors:
Yc = 1,35
Yo = 1,50
Load on span:
from dead load: b*h*25 = 3,48 kN/m
from nib: b*1,35*25 = 8,10 kN/m
from Pos. 201: 48,50 kN/m
max qg= 60,08 kN/m
live load from Pos1: 20,00 kN/m
live load from Pos2: 37,50 KN/m
max qq= 57,50 kN/m
Design Calculation:
Vg = qg " L2 = 84,11 kN
Vq = qq *L/2 = 80,50 kN
Mg = qg " L*/8 = 58,88 kNm
Mq = qq"L?/8 = 56,35 kNm
MSd = VG * MG + YQ * MQ = 164,01 kNm
d= h-nom_c-a-dg/2 = 0,512 m



Euro-Code 2

Z51=
Msd,s =
Hsd,s =

w=

req_Ag=

Folder: _EC2 Beam

d-h/2 -
ABS(My) =
Mgy s/ 10°/ (b * d? * fog) =

TAB("reinf/Ecmy"; &3 P=Hgg s)

(@'d*100*5* 100 ,)/f,

| Provide two 25 mm bars |

Bar size dg =

As,sel =
prov_Ag =

req_Ag/ prov_Ag

SEL("reinf/As"; ds; )
SEL("reinf/As"; Name; dg = dg; As=req_Ay)
TAB("reinf/As"; As; Name=Ag ()

= 0.82<1

0,22 m
164,01 KNm
0,130

0,142

8,03 cm?

25 mm
2025
9,82 cm?



Euro-Code 2 Folder: _EC2 Beam

Pos.: Single-span with right cantilever:

q 9y
H Hﬂ ﬂ ﬂﬂﬂ ﬂ ﬂ HUHUH Centroid of tension
reinforcement
_____________ - L
-
? . T
1 1 1 'y
Section properties:
Span length | = 2,80 m
Length of cantilever I, = 1,60 m
Width b = 0,24 m
Depth h = 0,58 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg4 = 0,025 m
nom_c = 0,035 m
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fox = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
TRd = TAB("concrete/EC"; Tgq; Name=Concrete) = 0,28 N/mm?
fya= fu/ 1,15 = 434,78 N/mm?
foq= fuc/ 1,5 = 20,00 N/mm?
Partial safety factors:
Yc = 1,35
Yo = 1,50
Loads on span:
from dead load: b*h*25 = 3,48 kN/m
from nib: b*1,35*25 = 8,10 kN/m
from Pos. 201: 48,50 kN/m
max qg= 60,08 kN/m
live load from Pos1: 20,00 kN/m
live load from Pos2: 74,50 KN/m

max q,= 94,50 kN/m



Euro-Code 2

Loads on cantilever:

from dead load:

from nib:

from Pos.

b*h*25
b*1,35*25
201:

live load from Pos1:
live load from Pos2:

Design Calculation:

Mgk =

Mpk =

“Qge " 1712

e * 161 2

Mgfeld = qg *12/8
Mpfeld = qp *12/8

Design calculation cantilever:

M =
d=

Z51 =
Msdk,s =
Hsdk,s =

w=

req_Ag=

Yo © Mgk+yQ* I\/lpk

h-nom_c-a-dg /2

d-h/2
ABS(Mgyy)

Mggk s/ 10/ (b ™ d?* fq)

TAB("reinf/Ecmy"; o W=Hgqk s)

Folder: _EC2 Beam

max qgc=

max qp,c=

(@'d*100*5* 100" ,)/f,

[ Provide five 25 mm bars |

Bar size dg = SEL("reinf/As"; ds; )
SEL("reinf/As"; Name; dg = dg; As2req_A)

A

s,sel —

prov_Ag =

req_Ag/ prov_Ag

TAB("reinf/As"; As; Name=A

Design calculation span:

I\/lsdf,min =
d=

Z51 =
Msdf,min,s

Mgteid * Yo ~ Msqx / 2
h-nom_c-a-dg/2
d-h/2

= ABS(Msdf,min)

uSdf,min,s = I\/lsdf,min,s/ 10°/ (b fd2r fcd)

w=

TAB("reinf/Ecmy"; & U=Uggf min s)

s,sel)

0,71 <1

3,48 kKN/m
8,10 kN/m
48,50 kN/m

60,08 kN/m

40,00 kN/m
70,50 kN/m

110,50 kN/m

-76,90 KNm
-141,44 KNm
58,88 kKNm
92,61 kKNm

-315,98 kKNm
0,512 m
0,22 m

315,98 kNm
0,251

0,309

17,47 cm?

25 mm
5025
24,54 cm?

-154,41 kKNm
0,512 m
0,22 m

154,41 kKNm
0,123
0,134



Euro-Code 2 Folder: _EC2 Beam

req_Ag= (@'d*100*5* 100" ,)/f, = 7,57 cm?

| Provide two 25 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 25 mm

As sel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 2025

prov_Ag = TAB("reinf/As"; As; Name=Aq ¢q) = 9,82 cm?

req_Ag/ prov_Ag = 0,77 <1

Msdgfmax= Y * Mgreld * Ya ™ Mpfeld * Msak / 2 = 60,41 kNm

d= h-nom_c-a-dg/2 = 0,512 m

Zgq = d-h/2 = 0,22 m

Msdf,max,s= ABS(Msdf,max) = 60,41 kNm

uSdf,max,s = Msdf,max,s/ 10°/ (b rd*r fcd) = 0,048

W= TAB("reinf/Ecmy"; &} H=Hgdf max.s) = 0,050

req_Ag= (0"d*100*b*100*fcq)/fy g = 2,83 cm?
| Provide three 12 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 12mm

Assel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 3012

prov_Ag = TAB("reinf/As"; As; Name=Aq ¢q) = 3,39 cm?

req_Ag/ prov_Ag = 0.83<1



Euro-Code 2 Folder: _EC2 Beam

Pos.: Single-span with left cantilever:

Centroid of tension

reinforcement
f ] 3
=
Ik 1 I 1 a
Section properties:
Span length | = 2,80 m
Length of cantilever I, = 1,60 m
Width b = 0,24 m
Depth h = 0,58 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg4 = 0,025 m
nom_c = 0,035 m
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fox = TAB("concrete/EC", fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
TRd = TAB("concrete/EC"; Tgq; Name=Concrete) = 0,28 N/mm?
fya= fy/ 1,15 = 434,78 N/mm?
fog= fuc/ 1,5 = 20,00 N/mm?
Partial safety factors:
Yc = 1,35
Yo = 1,50
Loads on span:
from dead load: b*h*25 = 3,48 kN/m
from nib: b*1,35*25 = 8,10 kN/m
from Pos. 201: 48,50 kN/m
max qg= 60,08 kN/m
live load from Pos1: 20,00 kN/m
live load from Pos2: 74,50 KN/m

max q,= 94,50 kN/m



Euro-Code 2

Loads on cantilever:

from dead load:

from nib:

from Pos.

b*h*25
b*1,35*25
201:

live load from Pos1:
live load from Pos2:

Design Calculation:

Mgk =
Mpk =
Mgfeld =
Mofeld =

“ge ¥ 1712
e * 161 2
qg* /8
q,* 1/ 8

Design Calculation cantilever:

M =
d=

Z51 =
Msdk,s =
Hsdk,s =

w=

req_Ag=

Yo “ Mg+ Yo * Mgk
h-nom_c-a-dg /2
d-h/2

ABS(Mgyy)

Mggk s/ 10/ (b ™ d?* fq)

TAB("reinf/Ecmy"; o W=Hgqk s)

(@'d*100*5* 100" ,)/f,

[ Provide five 25 mm bars |

Bar size dg = SEL("reinf/As"; ds; )
SEL("reinf/As"; Name; dg = dg; As2req_A)

A

s,sel —

prov_Ag =

req_Ag/ prov_Ag

TAB("reinf/As"; As; Name=A

Design calculation span:

I\/lsdf,min =
d=

Z51 =
Msdf,min,s

Mgteid * Yo ~ Msqx / 2
h-nom_c-a-dg/2
d-h/2

= ABS(Msdf,min)

uSdf,min,s = I\/lsdf,min,s/ 10°/ (b fd2r fcd)

w=

TAB("reinf/Ecmy"; & U=Uggf min s)

s,sel)

Folder: _EC2 Beam

max qgc=

max qp,c=

0,71 <1

3,48 kKN/m
8,10 kN/m
48,50 kN/m

60,08 kN/m

40,00 kN/m
70,50 kN/m

110,50 kN/m

-76,90 KNm
-141,44 KNm
58,88 kKNm
92,61 kKNm

-315,98 kKNm
0,512 m
0,22 m

315,98 kNm
0,251

0,309

17,47 cm?

25 mm
5025
24,54 cm?

-154,41 kKNm
0,512 m
0,22 m

154,41 kKNm
0,123

0,134



Euro-Code 2 Folder: _EC2 Beam

req_ A= (60'd*100*b*100*4)/f g = 7,57 cm?

| Provide two 25 mm bars |

Bar size dg = SEL("reinf/As"; ds; ) = 25 mm
As sel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 2025
prov_Ag=  TAB("reinf/As"; As; Name=Aq ¢¢)) = 9,82 cm?
req_Ag/ prov_Ag = 0,77 <1
Msdgfmax= Y * Mgreld * Ya ™ Mpfeld * Msak / 2 = 60,41 kNm
d= h-nom_c-a-dg/2 = 0,512 m
Zgq = d-h/2 = 0,22 m
Msdf,max,s= ABS(Msdf,max) = 60,41 kNm
uSdf,max,s = Msdf,max,s/ 10°/ (b rd*r fcd) = 0,048
W= TAB("reinf/Ecmy"; &} H=Hgdf max.s) = 0,050
req_Ag= (0"d*100*b*100*f )/ g = 2,83 cm?
| Provide three 12 mm bars |
Bar size dg = SEL("reinf/As"; ds; ) = 12 mm
Assel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 3012
prov_Ag =  TAB("reinf/As"; As; Name=Aq () = 3,39 cm?

req_Ag/ prov_Ag = 0.83<1



Euro-Code 2

Pos.: Single-span with

cantilever”s:

Folder: _EC2 Beam

max qq=

: N )
Centroid of tension
reinforcement
-—
=
a
Section properties:
Span length | = 2,80 m
Length of cantilever |, = 0,80 m
Length of cantilever | = 1,00 m
Width b = 0,24 m
Depth h = 0,55 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg4 = 0,025 m
nom_c = 0,035 m
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
TRd = TAB("concrete/EC"; 1g4; Name=Concrete) = 0,28 N/mm?
fya= fy/ 1,15 = 434,78 N/mm?
foq= fuc/ 1,5 = 20,00 N/mm?
Partial safety factors:
Yc = 1,35
YQ = 1 ,50
Loads on span:
from dead load: b*h*25 = 3,30 kN/m
from nib: b*1,35*25 = 8,10 kN/m
from Pos. 201: 48,50 kN/m
max qg¢= 59,90 kN/m
live load from Pos1: 20,00 kN/m
live load from Pos2: 74,50 kN/m
94,50 kN/m



Euro-Code 2

Loads on left cantilever:

from dead load:
from nib:
from Pos. 201:

live load from Pos1:
live load from Pos2:

Loads on right cantilever:

from dead load:
from nib:
from Pos. 201:

live load from Pos1:
live load from Pos2:

Design Calculation:
Mgkl = 'qgcl ¥ lcl2 /2
qul = 'qqcl ¥ lcl2 /2

I\/lgkr = “Agcr * Icr2 /2
qur = 'qqcr : Icr2 12

agi* /8
A2/ 8

Myfeld =
Myfeld =

Design calculation left cantilever:

b*h*25
b*1,35*25

b*h*25
b*1,35*25

Msaki = Yo " Mg + Yo * Mgk
d= h-nom_c-a-dgq/2

z,=  d-h/2
Msaki,s = ABS(Mgqyq)

Hsakis =  Msgws/ 10°/ (b d* " fy)

W= TAB("reinf/Ecmy"; & PH=Hg g s)

Folder: _EC2 Beam

max qge=

max Q=

max Qge,~

3,30 kN/m
8,10 kN/m
48,50 kN/m

59,90 kN/m

40,00 kN/m
70,50 kN/m

110,50 kN/m

3,30 kKN/m
8,10 kKN/m
48,50 kN/m

59,90 kN/m

40,00 kN/m
70,50 kKN/m

110,50 kN/m

-19,17 KNm
-35,36 KNm

-29,95 KNm
-55,25 kNm

58,70 kKNm
92,61 kKNm

-78,92 KNm
0,482 m
0,21 m

78,92 KNm
0,071

0,074



Euro-Code 2 Folder: _EC2 Beam

req_A.= (w*d*100*b*100*f . 4)/f, = 3,94 cm?
S cd/''yd

| Provide three 16 mm bars |

Bar size dg = SEL("reinf/As"; ds; ) = 16 mm
As sel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 3016
prov_Ag=  TAB("reinf/As"; As; Name=Aq ¢¢)) = 6,03 cm?
req_Ag/ prov_Ag = 0.65<1

Design calculation right cantilever:
Msar = Y * IVlgkr *Yo© qur = -123,31 kNm
d= h-nom_c-a-dg /2 = 0,482 m
Zgq = d-h/2 = 0,21 m
Megkrs = ABS(Mgqy,) = 123,31 KNm
uSdkr,s = Msdkr,s/ 103/ (b *d2* de) = 0;1 11
W= TAB("reinf/Ecmy"; & p=Hgqyrs) = 0,120
req_Ag= (0"d*100*b*100*fcq)/fy g = 6,39 cm?

| Provide five 14 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 14 mm
As sel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 50 14
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢q) = 7,70 cm?

req_Ag/ prov_Ag = 0,83<1



Euro-Code 2 Folder: _EC2 Beam

Design calculation span:

Msgrmin= Yo " Mgteid + (Msg + Msqr) / 2 = -21,87 kNm
d= h-nom_c-a-dg /2 = 0,482 m
Zgq = d-h/2 = 0,21 m
Msdf,min,s = ABS(Msdf,min) = 21,87 kNm
uSdf,min,s = Iv'sdf,min,s/ 10/ (b rdrr 1:cd) = 0,020
W= TAB("reinf/Ecmy"; o¥ B=Hggf min.s) = 0,020
req_Ag= (w"d*100"b*100*fc4)/f g = 1,06 cm?

| Provide two 14 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 14 mm
As sel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 20 14
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢) = 3,08 cm?
req_Ag/ prov_Ag = 0,34 <1
Msgtmax= Y Mgreld * Ya * Mgteld + (Msg + Msqr) / 2 = 117,05 kNm
d= h-nom_c-a-dg/2 = 0482m
Zgq = d-h/2 = 021m
Msgfmaxs=  ABS(Mgyt max) = 117,05 kNm
Hsdf,max,s = Msdf,max,s/ 10°/(b* d** 1:cd) = 0,105
W= TAB("reinf/Ecmy"; o¥ B=Hg4f max.s) = 0,113
req_Ag= (w"d*100"b*100*fc4)/f g = 6,01 cm?
| Provide four 16 mm bars |
Bar size dg= SEL("reinf/As"; ds; ) = 16 mm
Assel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 4016
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢) = 8,04 cm?
req_Ag/ prov_Ag = 0,75<1



Euro-Code 2 Folder: _EC2 Design Calculations
Design Calculations
Analysis for shearing:
Section properties:
Support width a; = 0,30 m
Rib width b, = 0,30 m
Slab thickness h; = 0,15 m
Rib depth d = 0,675 m
Tension reinforcement req_Aq4 = 13,23 cm?
sel. @ = 30,00 °
Loads:
dq = 12,40 kN/m
dg = 62,30 kN/m
Vg = 300,00 kN
Vq = 63,00 kN
Materials, stresses and partial safety factors:
Concrete = SEL("concrete/EC"; Name;) = C20/25
Steel = SEL("reinf/Steel"; Name;) = 500 S
fox = TAB("concrete/EC"; fck; Name=Concrete) = 20,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
TRd = TAB("concrete/EC"; 1g4; Name=Concrete) = 0,24 N/mm?
fya= fy/ 1,15 = 434,78 N/mm?
feq= fu/ 1,5 = 13,33 N/mm?
Yo= 1,35
Yo~ 1,50
Shear Analysis:
max_V = Vg*Y5+Vo*Yq = 499,50 kN
Xy = a;/2+d = 0,825 m
Effective shearing force:
Veq = max_V-(dg" Y * dq " Yo ) " Xy = 414,77 kN
41711/ TAN(©)) = 0,33<1
(1/TAN®)) /7 /4 = 0,06 <1
v= 0,7 - f/ 200 = 0,60 N/mm2> 0,5
For flanged beams:
z,= d-hs/2 = 0,60 m
For other sections:
z,= 09*d = 0,61 m
VRao = (v*feq*by*2z)/ (1/ TAN(O) + TAN(O@)) * 10°® = 633,77 kN

Vsd! VRa2

0,65 <1




Euro-Code 2 Folder: _EC2 Design Calculations

req_ag, = 10 *Vey/ (2" f,4) * (TAN(O®)) = 9,03 cm?/m

| Provide links of size 10 mm (double-shear) |

dg = SEL("reinf/AsArea"; ds; ) = 10,00 mm
ag = SEL("reinf/AsArea";Name;ds=dg;ag2req_ay,/2) = 010/e=9
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=ay) = 17,46 cm?/m
req_ag,, / prov_ag,, = 052<1
Veq! (0,67 * VRyo) = 0,98<1

Spacing for links
max_s,, = 0,3*d = 0,203 m > 0,2m
Sw= 0,125 m
s,/ max_s,, = 0,62 <1



Euro-Code 2 Folder: _EC2 Design Calculations

Concrete corbel:

ac

Zsq |
Zsa ==
Fsa

Section properties:
Shear span a; = 40,00 cm
Corbel depth h, = 65,00 cm
Thickness of bearing plate hpl = 4,00 cm
Center of reinforcement d4 = 4,00 cm
Corbel width b,, = 40,00 cm
Area of bearing plate Ap| = 45,00 cm?
generally v = 0,60

Materials, stresses and partial safety factors:

Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 420 S
fox = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 420 MN/m?
TRd = TAB("Concrete/EC"; Tgq; Name=Concrete) = 0,28 N/mm?
fya= fu/ 1,15 = 365,22 N/mm?
foq= fy /1,5 = 20,00 N/mm?
Loads:
Foq = 400,00 kN
Hgq = 45,00 kN
Design Calculation:
as/h, = 0,62 <1 otherwise design as cantilever
d= he - d4 = 61,00 cm
VRa2 = 0,05*v*f,4*b,*09*d = 1317,60 kN
Fsa/VRraz = 030<1
ZO = d* ( 1- 0’4*FSd / VRd2 ) = 53,59 cm
ZSd = FSd*aC /ZO + HSd*(hp|+d1+Zo)/Zo = 390,51 kN
AS = 10 * ZSd / fyd = 10,69 cm?
[ Provide four 20 mm bars |
dg sel = SEL("reinf/As"; ds; ) = 20 mm
As sel = SEL("reinf/As"; Name; ds=dg ¢¢; As2Ag ) = 4020
prov_Ag=  TAB("reinf/As"; As; Name=Ag ) = 12,57 cm?
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n= TAB("reinf/As"; n; Name=Ag ) = 4
Main tension reinforcement:

Ag / prov_Ag = 085<1

a;/(0,5*h;) = 1,23 >1

k= MAX( 1; (160 - d) / 100) = 1,00

p= A, /(b * d) = 0,00438

VRa1 = (Trg'k*(1,2+40%p))*b,,*d = 939,54 kN

FSd / VRCH = 0,43 <1

Vertical links:

Ay = 0,7 * Fgq / fyq = 0,77 cm?

| Provide 2 links of size 8 mm (double-shear) |

dg sel = SEL("reinf/As"; ds; ) = 8 mm

As sel = SEL("reinf/As"; Name; dg = dg ¢¢; AS2Ag,) = 208

prov_Ag, = 2 * TAB("reinf/As"; As; Name=Aq ¢¢) = 2,02 cm?

n= TAB("reinf/As"; n; Name=Ag ) = 2

Main tension reinforcement:
Agw / Prov_Ag,, = 038<1
The links are closed and to be placed vertically.

Load pressure:
(Fsq/Agi )1 (V™)

0,74 <1
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Punching shear analysis in a flat slap:

1,5*dm

r bx;by 7

Section properties:
Slap thickness h =
Effective depth d, =

Effective depth dy =
Span perimeter |, =
Span perimeter Iy =
column width b, =
column width by =

Loads:

Materials and stresses:

Concrete = SEL("concrete/EC"; Name;)
Steel = SEL("reinf/Steel"; Name;)
fo = TAB("concrete/EC"; fck; Name=Concrete)
TRd = TAB("concrete/EC"; Try; Name=Concrete)
fyk = TAB("reinf/Steel"; Bs; Name=Steel)
fya= fu /1,15
de= ka/ 1 ,5
Yc=
Yo=
Top reinforcement in slab:
Bar size dg= SEL("reinf/AsArea"; ds; )
spacing s = SEL("reinf/AsArea"; e; )

Design Calculation:

24,00 cm
21,50 cm

20,50 cm
6,00 m
6,50 m

35,00 cm

35,00 cm

7,10 kN/m?
5,25 kN/m?

A, = (dg/20 »*m*100/s

SX

dn= (dy+d,)/2

Punching shear analysis:
Shearing force for design:

Veq = (Yo *9k*Ya ™ dk)

Critical perimeter:

1 *

Xy

u= (2% (be+b,)+2*1,5%d, *m)/ 100

Shearing force per unit length along the critical perimeter:

for internal columns B =
VSd = VSd * B /u

1,15

C30/37
500 S
30,00 N/mm?

0,28 N/mm?
500 MN/m?
434,78 N/mm?

20,00 N/mm?2

1,35

1,50

20 mm
10,00 cm

31,42 cm?/m
21,00 cm

680,94 kN

3,38 m

231,68 KN/m
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Maximum bearing capacity of slab per unit length without punching shear reinforcement:

k= MAX(1,6 - d,/100;1) = 1,39

P = A/ (dy, *100) = 0,0150 > 0,0050
VRa1 = TRd*k*(1’2+4O*p1 )*dm/100 = 0,147 MN/m

= compressive reinforcement is necessary!

VRa2 = 1,6 * VRd1 = 0,235 MN/m
Maximum bearing capacity of slab per unit length with punching shear reinforcement:
VSd / 103 / VRdZ = 0,99 <1

Reinforcement for punching shear:

Inclination of links a = 45,00 °

ASW = 104 u* (VSd/1 03 - VRd1) / ( fyd * SIN(G)) = 9,30986 cm?
Minimum reinforcement:

Agit = b,*by + (2*b,+2*by) *1,5%d,, +(1,5%d,)** 1 = 8752,24 cm?
Apad = by * by = 1225,00 cm?
Py = Agy * SIN(a) / (Agrit - Aroad) = 0,00087
min_p,, = WENN(f,,<250,00007;WENN(f,<40;0,0011;0,0013)) = 0,00110
min_p,,= 0,6 * min_p,, = 0,00066
Ay = min_py, * (Agit - Aoaq) / SIN(a) = 7,026 cm?
Provide links (double-shear):

ds sel = SEL("reinf/As"; ds; ) = 8 mm
Asser=  SEL("reinf/As"; Name; ds=dg o; Ag2Ag,,/2) = 808
prov_Ag = 2* TAB("reinf/As"; As; Name=Aq ¢¢) = 8,04 cm?

Structural analysis:
A [ prov_Ag

0,87 <1
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Rectanqular section using the kh-method

Centroid of tension
reinforcement

—
=
a

Section properties:

Width b = 0,25m
Depth h = 0,75m
Concrete cover nom_c = 0,035 m
Distance between centre of tension and lowest bar a = 0,020 m
Bar size dg = SEL("reinf/As"; ds;) = 25,0 mm
Loads:
Mg= 250,00 kNm
Mq= 150,00 kNm
Ng= 1,00 kN
Ng= 0,00 kN
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
Partial safety faktors:
Ys= 1,15
Yc= 1,35
YQ= 1 ,50

Design Calculation:

fyq = EA'A 434,78 kN/cm?
Ngg = Yo *Ng +Yq *Ng 1,35 kN
Mgy = Yo Mg *+Yq * Mg 562,50 kNm
d= h-nom_c-dg/10%-a 0,670 m
Zgq = d-h/2 0,295 m
Mggs=  ABS(Mgq) - Ngg ™ Zg1 562,10 kNm
kg = d*100/V(Mgy ¢/ b) 1,41
ks =  TAB("reinf/kd"; ks1; Name=Concrete; kd=k) 2,830

= TAB("reinf/kd"; {; Name=Concrete; kd=ky) 0,813

= TAB("reinf/kd"; §; Name=Concrete; kd=ky) 0,450
€. = TAB("reinf/kd"; €;,; Name=Concrete; kd=k) -3,500%10-3
€51 = TAB("reinf/kd"; €51; Name=Concrete; kd=ky) 4,270*103
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x= &td = 0,301 m
z= ¢d = 0,545 m
req_As= Mgy /(d*100)"ks+10*Ngy/f g = 23,77 cm?

[ Provide five 25 mm bars |
Asset = SEL("reinf/As"; Name; dg = dg; As2req_A) = 50 25
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢) = 24,54 cm?

req_Ag/ prov_Ag = 097 <1
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Rectanqular section:

Section properties:
Width b =
Depth h =

Concrete cover nom_c =
Distance between centre of tension and lowest bar a =

Bar size dg

Loads:

= SEL("reinf/As"; ds;)

Folder: _EC2 Design Calculations

200,00 kNm
100,00 kNm

80,00 kN
60,00 kN

Materials and stresses:

Concrete =
Steel =

fck =
fyk =

SEL("concrete/EC"; Name;)
SEL("reinf/Steel"; Name;)

TAB("concrete/EC"; fck; Name=Concrete)
TAB("reinf/Steel"; Bs; Name=Steel)

Partial safety faktors:

Yc =
Ya=
yS =
yC=

Design Calculation:
fyd =
fcd =
Nsd =
Msd =
d=
Z51 =
Msd,s =
Hsd,s =
w:

1,35
1,50
1,15
1,50

fyk/ys

fck/yc

Yo "Ng *Y¥a “Ng

Yo "Mg * Yo " Mq
h-nom_c-dg/10%/2-a
d-h/2

ABS(Mgq) - Ngg * Zg1

Mggs/ 10%/ (b ™ d?* fq)
TAB("reinf/Ecmy"; &} B=Hgq o)

Centroid of tension
reinforcement

-
-

0,25 m
0,75 m
0,035 m
0,010 m

20,0 mm

C30/37
500 S
30,00 N/mm?

500 MN/m?

= 434,78 kN/cm?
= 20,00 kN/cm?
= 198,00 kN

= 420,00 kNm

= 0,695 m

= 0,320 m

= 356,64 kNm

= 0,148

= 0,164
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req_Ag= (@*d*104*b*fog+ Ngy/ 10°) /4 = 1311cm?

| Provide four 25 mm bars |

Assel=  SEL("reinf/As"; Name; dg = dg; As2req_Ag) = 5020
prov_Ag = TAB("reinf/As"; As; Name=Ag ) = 15,71 cm?
req_Ag/ prov_Ag = 0,83<1

n= TAB("reinf/As"; n; Name=Ag ) = 5

Section width is appropriate!
b-2*nom_c-(2*n-1)*d /10°

0,00=>0
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Rectanqular section with compression reinforcement

fe reinforcement
—_ )M - -—_TL
— AslN a
Section properties:
Width b =
Depth h =

Concrete cover nom_c =

Distance between centre of tension and lowest bar a =

Bar size dg = SEL("reinf/As"; ds;) =

Bar size dg, = SEL("reinf/As"; ds;) =
Loads:

Mg= 250,00 kNm

Mq= 240,00 kNm

Ng= -80,00 kN

Ng= -60,00 kN

Materials and stresses:
Concrete = SEL("concrete/EC"; Name;)

Steel = SEL("reinf/Steel"; Name;)

fox = TAB("concrete/EC"; fck; Name=Concrete)

fyk = TAB("reinf/Steel"; Bs; Name=Steel)
Partial safety faktors:

Yo = 1,35

Yo= 1,50

Ys = 1,15

Ye = 1,50
Design Calculation:

fyd = fyk/Vs

fcd = 1:ck/yc

Ngg = Ye *Ng * Yo *Ng

Msq = Yo "Mg * Yo " Mq

= h-nom_c-dg/2/10°-a

Zgq = d-h/2

Msd,s ABS(Msd) - Nsd * Zg1

Msqs = MIN(Mgq ¢/ 10%/ (b * d? * f.4);0,31)

= compressive reinforcement is necessary!

Z= TAB("reinf[Ecmy"; ; p=Hgq.s)

€ = TAB("reinf/Ecmy"; €.y} B=Hgg,s)

€1 = TAB("reinf/Ecmy"; €54; W=Hgy s)

|im_|V|Sd,S = IJ'Sd,S *b*d2* de *10°
AMSd,s = Msd,s - "m_Msd,s

d, = nom_c+dg,/2/10%-a
z= (*d

Centroid of tension

0,25 m
0,75 m
0,035 m

0,010 m

28,0 mm
12,0 mm

C30/37
500 S
30,00 N/mm?2

500 MN/m?

434,78 kN/cm?
20,00 kN/cm?

-198,00 kN

697,50 kNm
0,691 m
0,316 m

760,07 kNm
0,310

0,75
-3,50*103
2,33*10°8

740,10 kNm
19,97 kNm
0,031 m
0,518 m
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req_Ag = 1 /fyd *(lim_Msd,s / z+ AMgq ¢/ (d - d3) + Nggq) * 10 = 29,00 cm?
[ Provide five 28 mm bars |

As sel = SEL("reinf/As"; Name; dg = dg; As2req_Ag4) = 5028

prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢) = 30,79 cm?

req_Agq/ prov_Ag = 0,94 <1

req_ASZ = 1 /fyd * AMSd,S/ (d - d2) *10 = 0,70 cm?
[ Provide two 12 mm bars |

As sel = SEL("reinf/As"; Name; dg = dg,; As2req_Ay»,) = 2012

prov_Ag = TAB("reinf/As"; As; Name=Aq ¢q) = 2,26 cm?

req_Agp / prov_Ag = 031<1

Check tensile strain yield:

g = 2,17*103

€ = (ABS(gp) + &51) * (d-dy) / d - gg4 = 3,24*10-3

852 / eyd = 1,49 >1
= Strain yield limit achieved!
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Rectanqular section with shearing and torsional forces:

d

—L
T

VA

reinforcement

__Centroid of tension

System:
Support width a,= 0,30 m
Beam width b= 0,40 m
Beam height h= 0,60 m
Slab thickness h= 0,50 m
nom_c= 0,04 m
Distance between centre of tension and lowest bar a = 0,011 m
From live load dq= 9,41 kN/m
From dead load dg= 20,20 kN/m
Support reaction Vg= 110,00 kN
Support reaction Vq = 70,00 kN
Torsional moment T 4= 30,00 kNm
Assumed corner of stirrup © = 40,00 °
Wall thickness of t, = 0,10 m
Materials, stresses and partial safety factors:
Concrete = SEL("concrete/EC"; Name;) = C12/15
Steel = SEL("reinf/Steel"; Name;) = 420 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 12,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 420 MN/m?
TRd = TAB("concrete/EC"; 1g4; Name=Concrete) = 0,20 N/mm?
minp,, = WENN(f,,<250,00007;WENN(f,<40;0,0011;0,0013)) = 0,00110
d= h-nom_c-a = 0,549 m
fya= fy/ 1,15 = 365,22 N/mm?
fog= fy /1,5 = 8,00 N/mm?
Yc= 1,35
Yo© 1,50
Shear Analysis:
max_V = Vg*Ys*+Vq™*Yq = 253,50 kN
X, = a,/2+d = 070m
Effective shearing force:
Veq = max_V - (qg Yot dq *Ya) X, = 224,53 kN
41711/ TAN(O)) = 048<1
(1/TAN®))/7/4 = 004<1
v = 0,7 - fy /200 = 0,640>0,5
V' = 0,7*v 0,448 > 0,35
For flanged beams:
z,= d-hs/2 = 0,299 m
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z,= 0,9*d = 0494 m
VeRez= (V' *fq*b*z)/ (1/TAN(@)+TAN(®)) * 10®° = 348,72 kN
VSd / VRd2 = 0,64 <1

req_ag,v= 10*Vgy/(z.* yd) * (TAN(O®)) = 10,44 cm*m

| Provide links of size 12 mm (double-shear) |

dg =
ag =
prov_ag,~

SEL("reinf/AsArea"; ds; )
SEL("reinf/AsArea";Name;d =dg;ag2req_ag,, \/2)
2 * TAB("reinf/AsArea"; as; Name=a)

0,58 <1
0,96 <1

req_ag,, v/ prov_ag,
Veq/ (0,67 * Vgyo)

Torsional analysis:
A=
u =

b*h
2* (b + h)

t/ (A7 u)

bk = b - tk

dg = h -t

A= by * dy

Tra1 = (27 V' ™ fog ™ " AYI(TAN(O©)+(1/(TAN(9))))*10°
Tsd/ Trat = 057<1
req_aSW’T = TSd *10/ (2 * Ak * yd) * TAN(@)

Py = req_ag, 1/ 104/t

minpy / Py = 0,48 <1
ag = Teg* 10/ (2% A f,q)* (11 (TAN(O)))

o= ag/t,/10000

minp,,/p, = 0,34<1

Shearing and torsional forces:
Shearing reinforcement will be allocated to both sides:

(Tsa! Tra1)* + (Vsg/ VRa2) 074<1

req_ag, = req_ag, 1+req_ag,y /2

| Provide links of size 12 mm (double-shear) |

dg = SEL("reinf/AsArea"; ds; )
ag = SEL("reinf/AsArea";Name;d =dg;ag2req_ag,, \/2)
prov_ag,= 2*TAB("reinf/AsArea"; as; Name=a)

req_ag,, / prov_ag,, 042<1

12,00 mm
O012/e=12.5
18,10 cm?m

0,240 m?
2,00 m

0,80 <1
0,83 <1

0,30 m
0,50 m
0,15 m?

52,94 KNm

2,30 cm?/m
0,00230

3,26 cm?/m
0,00326

7,52 cm?*m

12,00 mm
O012/e=125
18,10 cm?m
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Shearing analysis for rectanqular sections:

Section properties:

Loads:

Support width a; = 0,30 m

Rib width b, = 0,30 m
Slab thickness h; = 0,15 m

Rib depth d = 0,385 m
Tension reinforcement req_Ag4 = 13,23 cm?
Without the influence of longitudinal stress g, = 0,00 N/mm?
Uniform load dq = 9,41 kKN/m

Uniform load dg = 20,20 KN/m

Support reaction Vg = 65,25 kN

Support reaction Vq = 30,39 kN

Materials, stresses and partial safety factors:

Shear Analysis:

Concrete = SEL("concrete/EC"; Name;) = C20/25

Steel = SEL("reinf/Steel"; Name;) = 500 S

fox = TAB("concrete/EC"; fck; Name=Concrete) = 20,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?2
TRd = TAB("concrete/EC"; 1g4; Name=Concrete) = 0,24 N/mm?
fya= fy/ 1,15 = 434,78 N/mm?

fog= fy /1,5 = 13,33 N/mm?

Yc= 1,35

Yo= 1,50

maX_V = VG * VG + VQ * VQ = 133,67 kN

Xy = a,/3+d = 048m
Veq = max_V-(qg*yG+qq*yQ)*xV = 113,81 kN
V= 0,7 - fy /200 = 0,60 N/mm?>0,5
For flanged beams:

z,= d-he/2 = 031m
For other sections:

z,= 09*d = 0,35m
Standard methods:

VRao = 1/2*v*fy*b,*z*10° = 419,89 kN
VSd / VRd2 = 0,27 <1

k= MAX(1,6 - d; 1) = 1,22

= req_Aq¢/ (b, * d * 10%) = 0,011<0,02
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VRa1 = (frg "k *(1,2+40*¢4) + 0,15 " 0,,) " by, *d " 10° = 55,46 kN
req_agy = (Vsq-Vrat) * 10/ (z, " fyq) = 3,83cm*m

| Provide links of size 8 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 8,00 mm
ag= SEL("reinf/AsArea";Name;d =dg;ag2req_ag,/2) = [DO8/e=25
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=a) = 4,02 cm?/m

req_ag,, / prov_ag,, = 0,95<1
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Flanged beams

Effective flange width of a cantilever beam:

Elevation:

Pettr (O w Detay ez (b wy
r-rr M rh

hIhZ@ N X X

e
w b v b
Do e T by [ obs
bi ba
Load diagram:
? I I |
1 1 I
Section properties:
Span length |, = 6,26 m
Cantilever length |, = 2,44 m
Support width a4 = 0,30 m
Support width a, = 0,30 m
Beam width b,, = 0,30 m
half slab width b, = 1,75 m
half slab width b, = 1,37 m
Cantilever beam, bottom flange:
loff = lc+ac/2 = 2,59 m
lg= 2,01, = 488 m
Befr = MIN(b,, + 5/ 5; b,, + by + b,) = 1,28 m
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Effective flange width of a single-span beam with cantilevers:

Elevation:
et (g Bermay (Pefrz (b

rr Db

hfi _ _ _

Ew b v b
I b I

1 bl b2 b 2
bi ba
Load diagram:
q« q kr
HEEEER |q |
—_— — — é ________ A —_— — —
L L L L
f—Lig L I
Section properties:
Span length |, = 6,26 m
Support width a; = 0,30 m
Support width a, = 0,30 m
Beam width b,, = 0,30 m
half slab width by = 1,75 m
half slab width b, = 1,37 m
Single-span beam, top flange:
leff1= |1+a1/2+a2/2 = 6,56m
|O = 0,7 * |eﬁ=1 = 4,59 m
Desi = MIN(b,, + 15/ 5; by, + by + by) = 1,22 m
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Eff. Flange width Single-span:

Elevation:
(berir Py bema  bema o

e
"b, [ by " " by | b,
bi ba
Load diagram:
AT T T T A
£ L {
Section properties:
Span length |, = 6,26 m
Support width a4 = 0,30 m
Support width a, = 0,30 m
Beam width b,, = 0,30 m
half slab width b, = 1,75 m
half slab width b, = 1,37 m
Single-span beam, top flange:
|eﬁ=1: |1+a1/2+32/2 = 6,56m
lg = lof1 = 6,56 m
Befr = MIN(b,, + 5/ 5; b,, + by + b,) = 1,61 m
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Eff. Flange width at an internal column:

Elevation:

Folder: _EC2 Flanged beams

(et (P g Detrzg  Perrz b w

r rr rr P
hI¢ N X X
"o b T T by [ by
bi ba
Load diagram:
q
S —— L S — 2
It 10}
12 <15 ll
Section properties:
Span length |, = 5,73 m
Span length |, = 6,26 m
Support width a; = 0,30 m
Support width a, = 0,30 m
Support width a; = 0,30 m
Beam width b, = 0,30 m
half slab width by = 1,75 m
half slab width b, = 1,37 m

Continuous flanged beam, bottom flange:

lefry =
lefro =

|O=

b

eff —

ly+aq/3+ay/2
lb+a,/2+a3/3
0,15 * (lgf1 * lofr)

MIN(by, + lg/ 5; by, + by + by)

5,98 m
6,51 m
1,87 m

0,67 m
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Effective flange width of a single-span beam:

Elevation:

|beff,1

b o betin

Perz P

b,

Load diagram:

Section properties:
Span length |, =
Support width a; =
Support width a, =
Beam width b,, =
half slab width by =
half slab width b, =

Tee beams height h =
Slab height h; =

6,26 m
0,30 m
0,30 m

1,75 m
1,37 m

Axis of bending tension reinforcement a =

Assumed bar size dg4 =
nom_c =

Single-span beam, top flange:

leff1= |1+a1/3+62/3
lp = ler1

beff= MlN(bW+ |0/5, bW+ b1 + b2)

L= lef1
b= b1+b2+bw

Centroid of tension
reinforcement

-—L
-

0,30 m

0,45 m
0,15 m

0,02 m
0,025 m

0,035 m

= 6,46 m
= 6,46 m

= 1,59 m

= 6,46
= 3,42 m
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from dead load:

(b * he+ by, * (h-hy)) * 25

req_As= Mgg /(d*100)*kq

| Provide three 25 mm bars |

Bar size dg=  SEL("reinf/As"; ds; )

As sel = SEL("reinf/As"; Name; dg = dg; As2req_A,)
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢)
req_Ag/ prov_Ag = 0.68<1
Whole compressed section is in flange:

X = &*d = 0,031 m
x/ h¢ = 0,21 <1

From dead floor load: b*1,50
max qq=
from live load: b*1,50
from partition surcharge: b*1,25
max qq=
Vg = qg " L2
Vq = qq " L/2
Mg = qg"L*/8
Mq = a4 L*/8
Bending design of retangular cross section:
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;)
Steel = SEL("reinf/Steel"; Name;)
Partial safety factors:
Yc = 1,35
Yo = 1,50
Design Calculation:
Msg= Yo "Mg*Yq“Mq
d= h-nom_c-a-dg /2
Zg1 = d-h/2
Mggs= ABS(Mgy)
Ky = d* 100/ V(Mgqy s/ bef)
ks = TAB("reinf/kd"; ks1; Name=Concrete; kd=k)
(= TAB("reinf/kd"; {; Name=Concrete; kd=ky)
&= TAB("reinf/kd"; §; Name=Concrete; kd=ky)
X = &*d
z= ¢*d
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15,07 kKN/m
5,13 kNm

20,20 kNm

5,13 kN/m
4,28 KN/m

9,41 kN/m

65,25 kN
30,39 kN
105,37 kNm
49,09 kNm

C30/37
500 S

215,88 kNm
0,383 m
0,158 m

215,88 kNm

3,29

2,374
0,969
0,082

0,031 m
0,371 m

13,38 cm?

25 mm
40 25

19,63 cm?
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Single-span beam with shearing force:

Elevation:

(Dett1 (b w Detin

Perz P

e
"b, [ by " " by | b,
bi ba
Load diagram:
AT T T T A
£ L {
Section properties:
Span length |, = 6,26 m
Support width a; = 0,30 m
Support width a, = 0,30 m
Beam width b, = 0,30 m
half slab width by = 1,75 m
half slab width b, = 1,37 m
Slab thickness h = 0,45 m
Slab height h; = 0,15 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg4 = 0,025 m
nom_c = 0,035 m
without alons stress influence o, = 0,00
Single-span beam, top flange:
|eﬁ1: |1+a1/3+a2/3 =
lp = lefr1 =
beff= MlN(bW+ |0/5, bW+ b1 + b2) =
L= lefr1 =
b= b1 + b2 + bW =
Loads:
from dead load: (b *hs+ by, * (h-hy)*25 =
From dead floor load: b*1,50 =
max qg=

from live load: b
from partition surcharge: b
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6,46 m
6,46 m

1,59 m

6,46 m
3,42 m

15,07 kN/m
5,13 kNm

20,20 kNm

5,13 kN/m
4,28 KN/m



Euro-Code 2

max qq=
Vg = gL /2 =
Vg = Gq "L /2
Mg = qg*L2/8
Mq = qq*L2/8

Bending design of retangular cross section:
Materials and stresses:

Concrete = SEL("concrete/EC"; Name;) =
Steel = SEL("reinf/Steel"; Name;) =
fox = TAB("concrete/EC"; fck; Name=Concrete) =
fyk = TAB("reinf/Steel"; Bs; Name=Steel) =
TRd = TAB("concrete/EC"; Tgy; Name=Concrete) =
fya= fy/ 1,15 = 434,78 N/mm?
fog= fy /1,5 = 13,33 N/mm?

Partial safety factors:
Y =
Yo =

1,35
1,50

Design Calculation:

Mgq = Yo "Mg * Yo "Mq

d= h-nom_c-a-dg/2

Zgq = d-h/2

Msd,s ABS(Mgq)

kg = d*100/V(Mgy ¢/ b)

kg = TAB("reinf/kd"; ks1; Name=Concrete; kd=k)

= TAB("reinf/kd"; {; Name=Concrete; kd=ky)

= TAB("reinf/kd"; §; Name=Concrete; kd=ky)

TAB("reinf/kd"; €.,; Name=Concrete; kd=k)
(

€2 =

€1 = TAB("reinf/kd"; €51; Name=Concrete; kd=ky)
X = &E*d

z= (*d

req_Ag= Mgq,¢/(d*100)*kg

| Provide three 25 mm bars |

Bar size dg= SEL("reinf/As"; ds; )
Assel = SEL("reinf/As"; Name; dg = dg; As2req_A,)
prov_A; =  TAB("reinf/As"; As; Name=A

s,sel)

req_Ag/ prov_Ag 090<1

Whole compressed section is in flange:
X/ hg

0,17 <1

Shear Analysis:

max_V= Vg*'Ys+Vq™ Yo
X, = a,/3+d
Veq = max_V-(dg"Ye *dq " Yo ) " Xy

Folder: _EC2 Flanged beams

9,41 kN/m
65,25 kN
30,39 kN

105,37 kNm
49,09 kNm

C20/25
500 S
20,00 N/mm?2

500 MN/m?
0,24 N/mm?

= 215,88 kNm
= 0,383 m
= 0,16 m

= 215,88 kNm

= 4,82
= 2,357
= 0,976
= 0,065
= -1,740%10-3
= 25,000%10-3

= 0,025 m
= 0,374 m

= 13,29 cm?

= 25 mm
= 3025
= 14,73 cm?

133,67 kN
0,48 m
113,81 kN



Euro-Code 2 Folder: _EC2 Flanged beams

v = 0,7 - fy /200 = 0,60 N/mm2>0,5
For flanged beams:
z,= d-hg/2 = 0,31m
For other sections:
z,= 0,9*d = 0,34m
Standard methods:
VRa2 = 1/2*v*fy*by,*z*10° = 407,90 kN
VSd / VRd2 = 0,28 <1
k= MAX(1,6 - d; 1) = 1,22
o= req_A,/ (b, * d * 10%) = 0,012<0,02
VRa1 = (trg "k *(1,2+40*¢4) + 0,15 " 0,) " by, *d " 10° = 56,52 kN
req_agy = (VSd - VRd1) *10/ (ZI’ * fyd) = 3,88 cm?/m

| Provide links of siye 8 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 8,00 mm
ag= SEL("reinf/AsArea";Name;d =dg;ag2req_ag,/2) = [DO8/e=25
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=a) = 4,02 cm?/m

req_ag,, / prov_ag,, = 097 <1



Euro-Code 2 Folder: _EC2 Flanged beams

Single-span flanged beam:

Elevation:
(berir Py bema  bema o

hl " 0 z z

Load diagram:

Centroid of tension

reinforcement

? _________ A —_

- -
t : a

Section properties:
Span length |, = 6,26 m
Support width a; = 0,30 m
Support width a, = 0,30 m
Beam width b,, = 0,30 m
half slab width b, = 1,75 m
half slab width b, = 1,37 m
Slab thickness h = 0,45m
Slab height h; = 0,15 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg4 = 0,025 m
nom_c = 0,035 m
Single-span beam, top flange:

lefi1 = l4+ay/3+ay/3 = 6,46 m
lg= lof1 = 6,46 m
Desi = MIN(b,, + 15/ 5; by, + by + by) = 1,59 m
L= lof1 = 6,46 m

b= by + by + by, = 3,42m



Euro-Code 2 Folder: _EC2 Flanged beams

from dead load: (b *he+ by, * (h-hg))* 25 = 15,07 kN/m
From dead floor load: b*1,50 = 5,13 kNm
max qg= 20,20 kNm

from live load: b*1,50 = 5,13 kN/m
from partition surcharge: b*1,25 = 4,28 kKN/m
max qq,= 9,41 kN/m
Vg = qg " L2 = 65,25 kN
Vq = qq " L/2 = 30,39 kN
Mg = qg"L*/8 = 105,37 kNm
Mq = a4 L*/8 = 49,09 kNm
Bending design of retangular cross section:
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fox = TAB("concrete/EC", fck; Name=Concrete) = 30,00 N/mm?
fyk = TAB("reinf/Steel"; Bs; Name=Steel) = 500 MN/m?
TRd = TAB("concrete/EC"; Tgq; Name=Concrete) = 0,28 N/mm?
fya= fy/ 1,15 = 434,78 N/mm?
fog= fy /1,5 = 20,00 N/mm?
Partial safety factors:
VG = 1 ,35
Yo = 1,50
Design Calculation:

MSd = VG * MG + VQ * MQ = 215,88 kNm
d= h-nom_c-a-dg/2 = 0,383 m
Zg1 = d-h/2 = 0,16 m
Mgy s = ABS(Mgy) = 215,88 kNm
Msg,s = Mggs/ 10%/ (b ™ d?* fq) = 0,022
w= TAB("reinf/Ecmy"; &} B=Hgq o) = 0,022

= TAB("reinf/Ecmy"; {; p=Hgq s) = 0,980

= TAB("reinf/Ecmy"; & U=Hgq s) = 0,056
req_A = (w*d*10%*b*fey)/fy = 13,26 cm?

| Provide three 25 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 25 mm
As sel = SEL("reinf/As"; Name; dg = dg; As2req_A;) = 4025
prov_Ag =  TAB("reinf/As"; As; Name=Ag ¢¢)) = 19,63 cm?
req_Ag/ prov_Ag = 0,68 <1
Whole compressed section is in flange:
X= & d = 0,021 m
x/hg = 014<1



Euro-Code 2 Folder: _EC2 Reinforcement

Reinforcement

General anchorage-bond lenqgth:

h>25 cm
d h<25cm d Wand in
lower half

Bond area I Bond area I
ds J4>30 cm
60cm A5 Ih
Bond area I Bond area I
Section properties: -
prov_Ag = 42,400 cm?
req_Ag= 20,20 cm?
Bar size dg= SEL("reinf/AsArea"; ds; ) = 25 mm
Concrete = SEL("reinf/al"; Name; ) = C35/45
Bonding depth Aa = SEL("reinf/al"; AL;) = 1
lp = TAB("reinf/al"; Ib; AL=Aa; Name=Concrete; ds=d,) = 80,0 cm
lomin = MAX(10 * dg; 100) = 250,00 mm
ap= 1,00 For staggerded tension rei
Op= req_Ag/prov_Ag = 0,48
Typ = SEL("reinf/ATyps"; Typ; ) = straight bar at support end
a, = TAB("reinf/ATyps"; aa; Typ=Typ) = 1,00
lprett = Op* 05" Iy = 38,400 m
lb,net2 = 0,3 * lb = 24,000 m
lb,netS = lb,min/ 1000 = 0,250 m
Ib,net = MAX(lb,neH ; Ib,net2 ; Ib,net3) = 38,400 m

For restrained support ends:
I'b,net = 2/3* Ib,net = 25,600 m
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