EN 1992-1-1:2004 Folder : Beam

Pos.: Concrete column with bending moment without buckling:
to EN 1992-1-1:2004

T T
007777
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Section properties:

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

Design values:
Ngq = -1980 kN

Mgq = 563 kNm

Materials and characteristic strengths:

Concrete =  SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mmg2
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2
acc = 1,00
fck* Acc
feq = = 20,00 N/mm?
1,5
fya = S = 434,78 N/mm?2
1,15
Analysis:
d; = nom_c + dg; = 6,00 cm
d;/ h = 0,080 ~ 0,1
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EN 1992-1-1:2004 Folder : Beam

Ngg4* 10
Vieg = _— = -0,528
= b*h*f
3
abs (Mgq )* 10
Med = > = 0,200
b*h *fy
From the interactive diagram
Wiot = 0,33
fcd
Agiot = Wi ¥ *h*— = 28,46 cm?
il fyd
Ag1 = As tot /2 = 14,23 cm?
Agr = Ag ot 12 = 14,23 cm?

IProvide five 20 mm and five 20 mm bars |
Longitudinal bars should have a diameter of not less than 4 dg m;, . The recommended value is:

ds min = 8,00 mm
dg1 = SEL("reinf/As"; ds; d® dg min) = 20 mm
Agsell = SEL("reinf/As"; Name; ds=dg;;AS3 Agp ) = 5/ 20
prov_Ag = TAB("reinf/As"; As; Name=Ag gc|1) = 15,71 cm?
dsp = SEL("reinf/As"; ds; ) = 20 mm
Agsel2 = SEL("reinf/As"; Name; d=dg,; As3 Aq) = 5/ 20
prov_Ay = TAB('reinf/As"; As; Name=Ag ga|p) = 15,71 cm?
prov_Ag& prov_Ag + prov_Ag, = 31,42 cm?
As,tot/ prov_As = 091<1

constuctive transverse reinforcement

min_dg = MIN(dg; ;dsp) = 20,00 mm
min_dg,~ 6,00 mm
min_dg,=  0,25*min_dgq = 5,00 mm
min_dg,= 5,00 mm for mesh reinforceme

The spacing of the transverse reinforcement along the column should not exceed max_s,,

max_s,,~ MIN(20*min_dsl ; 400; MIN(b;h)*10 )*10-1 = 25cm
dgy = SEL("reinf/AsArea"; ds; ) = 10,00 mm
ag = SEL("reinf/AsArea";Name;d-=dg,;e £max_s,, ) = A10/e=20

prov_ag,= 2 * TAB("reinf/AsArea”; as; Name=ay) 7,86 cm?/m

Only closed links are recommended. Hooks are to be staggered.
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EN 1992-1-1:2004

Folder : Beam

Pos.: Concrete column without buckling:
to EN 1992-1-1:2004

N Y
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Section properties:
Column width b =
Column thick h =
Assumed bar size dq; =
nom_c =
Concrete cross-sectional area A; =

b*h

Design forces:
NEgg =

Materials and characteristic strengths:

Concrete = SEL("concrete/EC"; Name;)
Steel = SEL("reinf/Steel"; Name;)
fok = TAB("concrete/EC"; fck; Name=Concrete)
fok = TAB("reinf/Steel"; bs; Name=Steel)
fyd: fyk/ 1,15
fii cal =
Eg=
gS =
acc =
¢ fck* Acc
cd 15

ftk,cal
ftd,cal =

s

0,25 m
0,75 m
2,50 cm
3,50 cm
0,188 m2

-2800 kN

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

500 MN/m2
434,78 N/mm?
525,00 N/mm?2

200000 N/mm?

1,15
1,00

13,33 N/mm?

456,52 N/mm?2
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EN 1992-1-1:2004 Folder : Beam

Analysis:

Value of stress sy of the bar with e = e,

€= -2,00 *10-3
f d
€d = = = 2,174*10-3
Es
€su = 25,00*10-3
€. € d
Ssd = fyd+ = *(ftd,cal 'fyd) = 430,80 N/mm?
€su " €yd
3
Neg*10 *+ A" foq 4
As ot = *10 *(-1) = 6,82 cm?
Ssd
-3
0,1*abs (Ngq)* 10 4
Asmin = MAX( *10 ;0,002 * A, *104) = 6,44 cm?
fyd
Asmin /As tot = 094£1
As MAX(As tot; Asmin) = 6,82 cm?

IProvide 4 /20 mm bars |

Longitudinal bars should have a diameter of not less than 4 dg i, . The recommended value is:

dsl,min = 8,00 mm
ds= SEL("reinf/As"; ds; ds® dg| min) = 20 mm
Aggel = SEL("reinf/As"; Name; d=dg; As® Ay = 4 /E 20
prov_Ag= TAB("reinf/As"; As; Name=Aq ¢¢)) = 12,57 cm?
Ag/ prov_Ag = 0,54<1

min_dg,~ 6,00 mm

min_dg,~ 0,25 * dg = 5,00 mm

min_dg,~ 5,00 mm f. mesh reinforcement

The spacing of the transverse reinforcement along the column should not exceed max_s,,

max_s,~ MIN(20*dg min ; 400; (MIN(b;h))*103 )*10-1 = 16 cm

dgy = SEL("reinf/AsArea”; ds; ) = 10,00 mm
as = SEL("reinf/AsArea";Name;ds=dg,;e £max_s,, ) = A10/e=16
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=ay) = 9,82 cm?/m

Only closed links are recommended. The hooks are to be curtailed.
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EN 1992-1-1:2004

Folder : Beam

Pos.: Single-span with cantilever”®s:

to EN 1992-1-1:2004

Centoid of Tension

j[‘_rei nforcement
-

! k |
— [ [ il
Section properties:
Span | = 2,80 m
Length of cantilever I, = 0,80 m
Length of cantilever I, = 1,00 m
Width b = 0,24 m
Depth h = 0,55 m
Centroid of tension reinforcement a = 0,02 m
Assumed bar size dq; = 0,025 m
nom_c = 0,035 m
Materials and characteristic strengths:
Concrete = SEL("concrete/EC"; Name;f, £ 50) =
Steel = SEL("reinf/Steel"; Name;) =
fok = TAB("concrete/EC"; fck; Name=Concrete) =
fok = TAB("reinf/Steel"; bs; Name=Steel) =
fyd: fyk/ 1,15 =
acc =
. fck* acc _
cd 1,5
Partial safety factors:
O = 1,35
9o = 1,50
Actions on span:
from dead load: b*h*25 =
from nib: b*1,35*25 =
from Pos. 201:
max gy =
live load from Pos1:
live load from Pos2:
max g =

C30/37

500 S
30,00 N/mm?

500 MN/m2
434,78 N/mmz?
1,00

20,00 N/mm?

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

59,90 kN/m

20,00 kN/m
74,50 kN/m

94,50 kKN/m
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EN 1992-1-1:2004 Folder : Beam
Actions on left cantilever:
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 Qge = 59,90 kN/m
live load from Pos1: 40,00 KN/m
live load from Pos2: 70,50 kKN/m
max Q¢ = 110,50 kN/m
Actions on right cantilever:
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 kKN/m
max Og¢ = 59,90 kN/m
live load from Pos1: 40,00 KN/m
live load from Pos2: 70,50 KN/m
max g, = 110,50 kN/m
Design values and analysis:
2
'qgcl * IC|
Mgcl = > = -19,17 kNm
2
'qqcl * IC|
Mgcl = T = -35,36 KNm
2
_ngI’ * ICI'
Mger = > = -29,95 kNm
2
'qqcr * ICI’
Mger = > = -55,25 KNm
2
qgf *I
Mgfield = 2 = 58,70 kNm
2
qqf |
quield = s = 92,61 KNm
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EN 1992-1-1:2004 Folder : Beam

Design values and analysis left cantilever:

Medcl = 96 * Mgcl + Gg * Mgql = -78,92 kNm
d= h-nom_c-a-ds/2 = 0,482 m
Zg1 = d-h/2 = 0,21 m
Mege s = ABS(Mggcl) = 78,92 kNm
-3
MEdc,s* 10
Medel,s = - 5, = 0,0708
b*d *f
w = TAB("reinf/Ecmy"; w; mMFMeqe) o) = 0,075
wrd*b*f, 4
req_Ags& —*10 = 3,99 cm?
fy

[ Provide three 16 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 16 mm
Agcel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 3/&£16
prov_Ag = TAB("reinf/As"; As; Name=Ag s¢|) = 6,03 cm?
req_Ag/ prov_Aq = 0.66<1

Design values and analysis right cantilever:

Meger = gc * Mger + 9o * Mger = -123,31 kNm
d= h-nom_ c-a-ds/2 = 0,482 m
Zg1 = d-h/2 = 0,21 m
MEders = ABS(Mggc) = 123,31 kKNm
-3

M Edcr,s *10

Meder,s = f = 0,111
b*d *f

w = TAB("reinf/Ecmy"; w; mFMeqer o) = 0,118

wrd*b*fy 4

req_Ags& 10 = 6,28 cm?
IProvide five 14 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 14 mm

Ag sel = SEL("reinf/As"; Name; ds = dg; As3req_Ay) = 5/ 14

prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢|) = 7,70 cm?

req_Ag/ prov_Aq = 0.82<1
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EN 1992-1-1:2004 Folder : Beam

Design values and analysis span:

M Edcl +M Edcr

MEdf, min = Mgfie|d + > = -42,41 KNm
d= h-nom_ c-a-ds/2 = 0,482 m
Zg1 = d-h/2 = 0,21 m
MEdf,min,s = ABS(Mggf,min) = 42,41 KNm
-3

Iv'Edf,min,s* 10

MEdf,min,s = > = 0,038
b*d *f

w = TAB("reinf/Ecmy"; W; MFMEgt min <) = 0,039

w*d*b* de 4
req A= ——+10 = 2,08 cm?
® f
yd

IProvide two 14 mm bars |

Bar size d;= SEL("reinf/As"; ds; ) = 14 mm
Aggel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 2/F£14
prov_Ag = TAB("reinf/As"; As; Name=Aq s¢|) = 3,08 cm?
req_As/ prov_As = 068<1
. . IVlgcl + Mgcr
d= h-nom c-a-dy/2 = 0,482 m
Z5 = d-h/2 = 0,21m
MEedf max,s = ABS(MEdf,max) = 193,60 kNm
-3
M Edf,max,s* 10
Medf,max,s = 5 = 0,174
b*d *fy
w = TAB("reinf/Ecmy"; w; MFMEgt max.s) = 0,193
wrd*b*f, 4
req_As —*10 = 10,27 cm?
fy
IProvide four 20 mm bars |
Bar size dg= SEL("reinf/As"; ds; ) = 20 mm
Agsel = SEL("reinf/As"; Name; ds = dg; As3req_Ay) = 4 /E 20
prov_Ag = TAB("reinf/As"; As; Name=Ag ) = 12,57 cm?
req_Ag/ prov_Aq = 0.82<1
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EN 1992-1-1:2004

Folder : Beam

Pos.: Single-span with left cantilever:

to EN 1992-1-1:2004

A

Ll

Yy V_N ) V. y \ 4

Centroid of Tension
; reinforcement

a
I S _
I | I
Section properties:
Span | = 2,80 m
Length of cantilever I. = 1,00 m
Width b = 0,25 m
Depth h = 0,55 m
Centroid of tension reinforcement a = 0,02 m
Assumed bar size dq; = 0,025 m
nom_c = 0,035 m
Materials and characteristic strengths:
Concrete =  SEL("concrete/EC"; Name;f, £ 50) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2
fya= fuc/ 1,15 = 434,78 N/mm?2
acc = 1,00
fck* Acc
feq = = 20,00 N/mm?2
15
Partial safety factors:
Og = 1,35
Oo = 1,50
Actions on span:
from dead load: b*h*25 = 3,44 kKN/m
from nib: b*135*25 = 8,44 kKN/m
from Pos. 201: 48,50 kKN/m
max gg = 60,38 kKN/m
live load from Pos1.: 20,00 kN/m
live load from Pos2: 74,50 kN/m
max q, = 94,50 kN/m

Pdf-Overview: Templates for Structural Engineering




EN 1992-1-1:2004

Folder : Beam

Actions on cantilever:

from dead load: b*h*25 =
from nib: b*1,35*25 =
from Pos. 201:
max ggc =
live load from Pos1:
live load from Pos2:
max gpc =
Design values and analysis:
2
ng * lC
Mgcl = 5 =
| 2
qpc * C
MpC| = 5 =
* | 2
Ag
Mgfield = g =
ap ™|
Ilefield = 3 =

Design values and analysis cantilever:

Mggc = 9 * Mgcl + G * Ml
d= h-nom_c-a-dg/2
Zgy = d-h/2
MEdC,S = ABS(MEdC)
-3

MEdc,s* 10

Mede,s = 2
b*d * fcd

W= TAB("reinf/Ecmy"; w; MFMeqc o)

wrd*b*f, 4
req_Ags& - . *10

[ Provide four 25 mm bars |

Bar size d;= SEL("reinf/As"; ds; )
Agcel = SEL("reinf/As"; Name; ds = dg; As® req_Ay)
prov_Ag = TAB("reinf/As"; As; Name=Ag ¢¢|)

req_Ag/ prov_Aq

0,32<1

3,44 KN/m
8,44 KN/m
48,50 kN/m

60,38 KN/m

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

110,50 kKN/m

-30,19 KNm

-55,25 kNm

59,17 KNm

92,61 KNm

-123,63 kNm
0,482 m
0,21 m

123,63 kNm

0,1064

0,113

6,26 cm?2

25 mm
4 £ 25
19,63 cm?
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EN 1992-1-1:2004 Folder : Beam

Design values and analysis span:

MEdc
Medf,min = Mgfielg * > = -2,65 kNm
d= h-nom_ c-a-ds/2 = 0,482 m
Zg1 = d-h/2 = 0,21 m
Medt,mins = ABS(Mggf,min) = 2,65 kNm
-3

M Edf,min,s *10

MEdf,min,s = 5 = 0,0023
b*d *f

w = TAB("reinf/Ecmy”; w; "FMEgt min.s) = 0,002

w*d*b* de 4
req_Ags ——*10 = 0,11 cm2

fyd

IProvide two 16 mm bars |

Bar size d;= SEL("reinf/As"; ds; ) = 16 mm
Aggel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 2 £ 16
prov_Ag = TAB("reinf/As"; As; Name=Aq s¢|) = 4,02 cm?
req_Ag/ prov_Aq = 0.03<1
—_— * * Mgc' —_—
d= h-nom_ c-a-dg/2 = 0,482 m
Z5 = d-h/2 = 0,21 m
MEdtf max,s = ABS(Mggf,max) = 203,70 kNm
-3
M Edf,max,s* 10
Medf,max,s = 2 = 0,175
b*d *fy
w = TAB("reinf/Ecmy"; W; MFMegt max.s) = 0,194
wrd*b*f, 4
req_As —*10 = 10,75 cm?
fy
IProvide four 20 mm bars |
Bar size dg= SEL("reinf/As"; ds; ) = 20 mm
Agsel = SEL("reinf/As"; Name; ds = dg; As3req_Ay) = 4 /E 20
prov_Ag = TAB("reinf/As"; As; Name=Ag ) = 12,57 cm?
req_As/ prov_As = 086<1
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Pos.: Single-span with right cantilever:

to EN 1992-1-1:2004

l l l l l l J‘ Centroid of Tension
F YV VYVYVYY AR ® ' reinforcement
\Q{- N - oo ed| ]
| =\ |
1.k
= | =
Section properties:
Span | = 2,80 m
Length of cantilever I. = 1,60 m
Width b = 0,30 m
Depth h = 0,55 m
Centroid of tension reinforcement a = 0,02 m
Assumed bar size dq; = 0,025 m
nom_c = 0,035 m
Materials and characteristic strengths:
Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fok = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?2
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2
fyd: fyk/ 1,15 = 434,78 N/mmz?
acc = 1,00
fck* acc
foq = = 20,00 N/mm?2
1,5
Partial safety factors:
O = 1,35
9o = 1,50
Actions on span:
from dead load: b*h*25 = 4,13 KN/m
from nib: b*1,35*25 = 10,13 kN/m
from Pos. 201: 48,50 KN/m
max g4 = 62,76 kN/m
live load from Pos1: 20,00 kN/m
live load from Pos2: 74,50 KN/m
max g, = 94,50 kKN/m

Pdf-Overview: Templates for Structural Engineering




EN 1992-1-1:2004

Folder : Beam

Actions on cantilever:

from dead load: b*h*25
from nib: b*1,35*25
from Pos. 201:

max ggc =
live load from Posl:
live load from Pos2:
max gpc =
Design values and analysis:
2
-q gc * lC
|\/|gcr = 5 =
| 2
'qpc * C
* | 2
g
Mgfield = g =
* | 2
Ap
Ilefield = 3 =
Design values and analysis cantilever:
Megc = O * Mger + 0o * Mper =
d= h-nom_c-a-ds/2 =
Zsl = d - h / 2 =
Megc,s = ABS(Mgqc) =
3
M Edc,s *10
Medc,s = 5 =
b*d *f
w = TAB("reinf/Ecmy"; w; mFMeqe o) =
4
w*d*b*10 *f4
req_Ags& =
[ Provide four 25 mm bars |
Bar size d;= SEL("reinf/As"; ds; ) =
Agcel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) =
prov_Ag = TAB("reinf/As"; As; Name=Ag s¢|) =
req_Ag/ prov_Aq = 0,90<1

4,13 kKN/m
10,13 kN/m
48,50 kN/m

62,76 KN/m

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

110,50 kKN/m

-80,33 kNm

-141,44 KNm

61,50 KNm

92,61 KNm

-320,61 kNm
0,482 m
0,21 m

320,61 kNm

0,230

0,267

17,76 cm?2

25 mm
4 £ 25
19,63 cm?
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EN 1992-1-1:2004 Folder : Beam

Design values and analysis span:

MEdc
MEdf, min = Mgfie|d + T = -98,81 kNm
d= h-nom_ c-a-ds/2 = 0,482 m
Zg1 = d-h/2 = 0,21 m
MEdf,min,s = ABS(Mggf,min) = 98,81 kNm
3

Iv'Edf,min,s* 10

MEdf,min,s = > = 0,071
b*d *f
w = TAB("reinf/Ecmy"”; w; "FMEgt min.s) = 0,075
4

w*d*b*10 *f

req_Ags& = 4,99 cm?
fyd

IProvide two 25 mm bars |

Bar size d;=  SEL("reinf/As"; ds; ) = 25 mm
Ag sel = SEL("reinf/As"; Name; ds = dg; As3 req_Ay) = 2 FE25
prov_Ag = TAB("reinf/As"; As; Name=Aq s¢|) = 9,82 cm?
req_Ag/ prov_Aq = 051<1
* * Mgcr
MEdf, max = 9 Mgfield * 0o Mpfield + T = 181,78 KNm
d= h-nom_c-a-dg/?2 = 0,482 m
Z5 = d-h/2 = 0,21 m
MEdf,max,s = ABS(MEdf,max) = 181,78 kKNm
-3
M Edf,max,s* 10
Medf,max,s = 2 = 0,130
b*d *fy
w = TAB("reinf/Ecmy"; w; MFMEgt max.s) = 0,140
4
w*d*b*10 *f 4
req_As = 9,31 cm?
fyd

IProvide four 20 mm bars |

Bar size dg= SEL("reinf/As"; ds; ) = 20 mm
Agsel = SEL("reinf/As"; Name; ds = dg; As3req_Ay) = 4 /E 20
prov_Ag = TAB("reinf/As"; As; Name=Ag ) = 12,57 cm?
req_Ag/ prov_Ag = 074<1
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Folder : Beam

Pos.: Single-beam
to EN 1992-1-1:2004

q

WAL

Centroid of Tension

i reinforcement
_l_a
” I
- =]
I I
Section properties:
Span L = 2,80 m
Width b = 0,24 m
Depth h = 0,58 m
Centroid of tension reinforcement a = 0,02 m
Assumed bar size dg; = 0,025 m
nom_c = 0,035 m
Materials and characteristic strengths:
Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mmg?
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m?2
fya= fi/ 1,15 = 434,78 N/mm?
acc = 1,00
fck* acc
feq = = 20,00 N/mmg?
1,5
Partial safety factors:
O = 1,35
Oo = 1,50
Actions on span:
from dead load: b*h*25 = 3,48 KN/m
from nib: b*1,35*25 = 8,10 kKN/m
from Pos. 201: 48,50 KN/m
max qg = 60,08 kKN/m
live load from Pos1: 20,00 kN/m
live load from Pos2: 37,50 kN/m
max q, = 57,50 kN/m

Pdf-Overview: Templates for Structural Engineering




EN 1992-1-1:2004 Folder : Beam

Design values and analysis:

2

dg*L
Mg = 5 = 58,88 kNm

2

agq*L
Mg = 5 = 56,35 kNm
Mgq = dc * Mg + g * Mg = 164,01 kNm

= h-nom_c-a-ds/2 = 0,512 m
zZg1 = d-h/2 = 0,22 m
Mggs = ABS(Mgq) = 164,01 kNm
-3
Mgqs* 10
Med,s = - 5 = 0,130
b*d *f
w = TAB("reinf/Ecmy"”; w; mFMq o) = 0,140
4

w*d*b*10 *f4

req A= = 7,91 cm?
[ Provide four 16 mm bars |

Bar size ds= SEL("reinf/As"; ds; ) = 16 mm
Agcel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 4 /16
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢|) = 8,04 cm?
req_Ag/ prov_Aq = 0,98<1
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EN 1992-1-1:2004

Folder : Design Calculations

Analysis for shearing without transverse reinforcement:

to EN 1992-1-1:2004

.dI

-

Section properties:

Loads:

thickness t =

Rib width b, =

height h=

effective depth of tension reinforcement
depth d =

Tension reinforcement Ag; =

length of span | =

g=
gq-=

VG: g*|/2
Vo = q* 12

Materials, stresses and partial safety factors:

Shear Analysis:

-l

0,30 m
0,30 m

0,42 m

0,375 m
13,23 cm?2

3,00 m

20,20 kN/m
9,41 KN/m

30,30 kN
14,12 kN

Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C20/25

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

fo = TAB("concrete/EC"; fck; Name=Concrete) = 20,00 N/mmg?

fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2

fya= fuc/ 1,15 = 434,78 N/mm?

acc = 1,00

fck* Acc
foq = = 13,33 N/mm?2
15

0= 1,35

%= 1,50

Oc= 1,50

max_V = Ve * 0t Vo™ G = 62,09 kN

a = MIN(1/2*h ;1/2*t) = 0,15 m

Effective shearing force:

VEg = max_V-(g*gsz +q*gg) * (g +d) = 40,36 kN
=~ 200

k = MIN(1+ O 3 1 2) = 1,73

d*10
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Asl
ry= M'N(—4 ; 0,02 ) = 0,012
b,,*d* 10
kl = 0,15
Crac = 0,18/, = 0,12

Acceptance:
Concrete compressive stress at the centroidal axis due to axial loading and/or presstressing s cp=0i

Sep = 0,00 N/mm?
S 3
VrRae=  (Crac*k*30100%r  *fy+ ky*s.,)* b, *d*10 = 67,37 kN
Upnin = 0,035* () % * Oty = 0,36 N/mm2
VRd.c.min = (Upin + kg * Scp ) * by, * d*103 = 40,50 kN
VRd,c = MAX(VRd,c » VRd.c,min ) = 67,37 kN
VEd /VRd,C = 0,60 £1
Shear reinforcement is not necessary, if proof is £ 1.
Constructive shearing reinforcement__
Ofck
I w,min = 0,08 * = 0,72*103
St max = MIN(0,75*d; 0,60 ) = 0,28 m
a =90,00°
Agw min = ' w,min * 104 * b, * SIN(90) = 2,16 cm?/m
|Provide links of size 8 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 8,00 mm
ag = SEL("reinf/AsArea";Name;ds=dg a4 asy, min/2) = /E8/e=20
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=ay) = 5,02 cm3/m

Asw,min / Prov_agy = 043<1
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Concrete corbel, design with the strut and tie system:
to EN 1992-1-1:2004

-2
aC
- - - Fd
Hy
: Y
H T
d |h,
AR
Section properties:
Shear span a; = 20,00 cm
Depth of corbel h, = 60,00 cm
Thickness of bearing plate hy = 4,00 cm
Center of reinforcement d; = 4,00 cm
Width of corbel b, = 50,00 cm
dimensions bearing in x direction b, = 120,00 mm
dimensions bearing in y direction by, = 350,00 mm
Materials, stresses and partial safety factors:
Concrete =  SEL("concrete/EC"; Name;) = C50/60
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 50,00 N/mmg?
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m?
fya= fuc/ 1,15 = 434,78 N/mm?2
feq= fuc! 1,5 = 33,33 N/mm?
Age = 1,00
Design values:
Fq = 250,00 kN
Hq = 45,00 kN
Design values and analysis:
Distance ay = hpi + dp = 8,00 cm
Hq = MAX(0,2*F ; Hyg) = 50,00 kN
d= he - dy = 56,00 cm
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f
v= 0.6%[1-—= = 0,48
250
. fck
Safe bearing stress sy, = 0,48*|1 - 50 *fok = 19,20 N/mm?2
3
Fq*10
Actual bearing stress s, = ———— = 5,95 N/mm?
b, *by
Check the bearing stress
Sab
— = 0,31 £1
Ssb
Concrete strut
effective depth d = he - dy = 56,00 cm
Distance a' = (. +0,2*ay) = 21,60 cm
a
Therefore e; = E = 0,4
The design stress for the concrete strut
feg = vy /1,5 = 16,00 N/mm?

Angle of inclination :
Feq a

———=[1-—*tan(Q) |*sin(2* Q)

de *dx bw ( d Q ) Q

This equation cannot be solved directly for Q but following table, which has been developed directly

from ecuation can be used.

3
Fq*10
Value f; = 5 = 0,056
fog*d*b,*10
Q= TAB("concrete/InclC"; Theta; e e, ;f=1f) = 39,00 °
Zg = (ac + 0,2 *ay )* TAN(Q) = 17,49 cm
a./zg = 1,14 <1 otherwise design as cantilever
Corbels (a. < zg ) may be designed using strut-and-tie models
Main tension steel
The force in the main tension steel is
1
Fig = Fq* +0,2 = 358,72 kN
td d (tan (Q) )
3
F'iq*10
As main = * 1072 = 8,25 cm?
Provide two loops H20 mm bars
ds el = SEL("reinf/As"; ds; ) = 20 mm
Ag sel = SEL("reinf/As"; Name; ds = dg gef; AS® Ag main/2) = 2 /E20
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Prov_Ag main =  2*TAB("reinf/As"; As; Name=Aq ¢¢))

n=

TAB('reinf/As"; n; Name=Aq g¢|)

12,56 cm?
2

If a. £0,5 * h; closed horizontal or inclined links with Ag jin 3 Ky * Ag main Should be provided in
addition to the main tension reinforcement.

ac

0,5%h,

= 0,67 £1

Horizontal links (S Ag nk ® As,main)

SAs Ini=

As,main

IProvide four H12 links |

EN 1992-1-1 J.3.(2)

ki =
req_Ag ink =
dslnk,sel =
Aslnk,sel =
prov_Agink =
n=

Ky * As,main

SEL("reinf/As"; ds; Ag® 0,5 * req_Ag nk; N=1)
SEL("reinf/As"; Name; ds = dgjnk seli AS® SAg 1nd2)
2* TAB("reinf/As"; As; Name=Agy sel)
TAB("reinf/As"; n; Name=Agnk sel)

8,25 cm?

0,25
2,06 cm?
12 mm
4 12
9,04 cm?
4

horizontal link
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Shear design of arectangular section:
to EN 1992-1-1:2004

— ——

Section properties:

thickness t = 0,30 m

Beam width b, = 0,30 m

height h= 0,42 m

effective depth d = 0,375 m
Actions:

Uniform load g4 = 9,41 kN/m

Uniform load g = 20,20 kKN/m

Support reaction Vg = 65,25 kN

Support reaction Vg = 30,39 kN
Materials, stresses and partial safety factors:

Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C20/25

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

fo = TAB("concrete/EC"; fck; Name=Concrete) = 20,00 N/mm?

fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2

fya= fuc/ 1,15 = 434,78 N/mm?2

acc = 1,00

fck* Acc
feq = = 13,33 N/mm?
15

Oc= 1,35

%= 1,50
Shear design:

max_V = Ve*0e+ Vo™ do = 133,67 kN

a = MIN(1/2*h ;1/2*t) = 0,15m

Effective design shear force:

VEg = max_V - (dg*de + Aq* 9o ) * (@ + d) = 111,94 kN

fex
v = 0,6*|1-— = 0,55
250

z= 0,9*d = 0,34 m

Limits EC2for Q: 1 =cot Q =2,5(21,8°£ Q £ 45°)

provide cot Q x = 1,50

Consideration of the compressive strength of the diagonal concrete strut and its angle Q

Pdf-Overview: Templates for Structural Engineering




EN 1992-1-1:2004

Folder : Design Calculations

Q:

1
atan|—
X

33,69 °

Is a coefficient taking account of the state of the stress in the compression chord.

For non-prestressed structures.

agy = 1,00
The angle of the shearing reinforcement is a = 90°
acw*bw*z*fcd*vl 3
VRd.max = 1 *10 = 345,14 kN
+tan(Q)
an(Q) )
max_V/ VR4 max = 0,39<1
fywa = fya = 434,78 N/mm?2
3
Veg* 10
req_ag, = 1 *104 = 5,05 cm#m
z*f g *
Wl tan (Q)
Constructive shearing reinforcement
maximal spacing for links
St max = MIN(0,75*d; 0,60 ) = 0,28 m
C“)fck
' w,min = 0,08 * = 0,72*103
a =90,00°
Agw min = I w,min *10%* b, * SIN(90) = 2,16 cm?/m
req_agy = MAX(req_asy ; asw.min ) = 5,05 cm?/m
| Provide links of size 8 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 8,00 mm
ag = SEL("reinf/AsArea”;Name;ds=ds,a ° req_ag,/2) = /E8/e=15
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=ay) = 6,70 cm?/m

req_ag, / prov_ag,

075<1
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Flexural design of arectangular section with compression reinforcement using the

reinforcement ratio method

to EN 1992-1-1:2004

Section properties:

Actions:

Width b =

Depth h =

Concrete cover Chom =
Nominal axis distance a =

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

Materials and characteristic strengths:

Centroid of Tension

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

0,010 m

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

Concrete =  SEL("concrete/EC"; Name; f; £ 50)
Steel = SEL("reinf/Steel"; Name;)

fok =

fok = TAB("reinf/Steel"; bs; Name=Steel)
fik cal =

Modulus of elasticity Steel Eg =

Partial safety faktors:

gG:
gQ:
gS:
gC:

(e ——
_|_{_reinforcement
ess s +€

28,0 mm
20,0 mm

250,00 kNm
240,00 kKNm
-80,00 kN
-60,00 kN

C30/37

500 S
30,00 N/mm?

500 MN/m?
525,00 N/mm?
200000 N/mm?

1,35
1,50
1,15
1,50
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Design values and analysis:

fya = fc/ Os = 434,78 N/mm?2
fya
e = = = 2,174*103
S
ey = 25,00*10-3
acc = 1,00
fck* acc
fog = = 20,00 N/mm?
1,5
NEd = Jc * NG + gQ * NQ = '198,00 kN
Mgq = g * Mg + g * Mg = 697,50 kNm
dS
d= h-Chom - ;2 = 0,691 m
2*10
Zg5 = d-h/2 = 0,316 m
Mgy s = ABS(Mgq) - Neq * 29 = 760,07 kNm
-3
M Ed,s *10
MEd,s = - 5 = 0,318
b*d *f
for C50/60 Mgy s jim = 0,296
rT-Ed,s
el = 1,074 >1.0
MEd,s,lim
P compressive reinforcement is necessary!
z= TAB("reinf/Ecmy"; z; MFEMey ¢ jim) = 0,813
€ = TAB("reinf/Ecmy"; ep; MFMEq o*10-3 = -3,560*10-3
€1 = TAB("reinf/Ecmy"; eg; MFMeq o*10-3 = 3,58*10-3
lim_Mgqs = Med s jim * 0 * 02 * foq * 10° = 706,67 kNm
DMEd,S = MEd,S - |im_MEd’5 = 53,40 kNm
ds
d; = Chom ™t 3 = 0,045 m
2*10
z= z*d = 0,562 m
req_Ag = L, (A Mee Pueas, .o = 26,27 cm?
0_As1 fyd 2 d- d2 Ed !
[ Provide five 28 mm bars |
As prov = SEL("reinf/As"; Name; dq = dg; As®req_Ag) = 5/ 28
prov_As=  TAB("reinf/As"; As; Name=Ag yoy) = 30,79 cm?
req_Ag; / prov_Ag = 085<1
req_Ag, = ! *DMEd’S* 1,90 cm?
_As2 = PR = ,
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IProvide two 12 mm bars |

Asprov=  SEL("reinf/As"; Name; dg = dgp; As® req_Ag) = 2A&2
prov_As=  TAB('reinf/As"; As; Name=As 5ov) = 6,28 cm?
req_Ag / prov_Ag = 0,30<1

Check yield strength of tension reinforcement:

€d = 2,17*103
€52 = (ABS(ecp) + €51) *(d - dp) /d - ey = 3,04*103
€s2/ €y = 1,40>1

P The maximum yield strength was achieved!

Pdf-Overview: Templates for Structural Engineering




EN 1992-1-1:2004

Folder : Design Calculations

Flexural design of a rectanqular section, K-method

to ENV 1992-1-1 !l

Centroid of tension

L — .
reinforcement

EL 3
d a
Section properties:
Width b = 0,25 m
Depth h = 0,75 m
Concrete cover nom_c = 0,035 m
Nominal axis distance a = 0,020 m
Bar size dg = SEL("reinf/As"; ds;) = 25,0 mm
Actions:
Mg= 250,00 kKNm
Mqg= 150,00 kNm
Ng= 1,00 kN
No= 0,00 kN
Materials and characteristic strengths:
Concrete =  SEL("concrete/EC"; Name;) = C30/37
Steel = SEL("reinf/Steel"; Name;) 500 S
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2

Partial safety faktors:

Os= 1,15
9= 1,35
Oo= 1,50
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Design values and analysis:

fya = fuc/ Os = 434,78 kN/cm?
Ngg = Oc * N *+ 9o * Ng = 1,35 kN
Mgq = 9 " Mg + g * Mg = 562,50 kNm
d= h-nom_c-dJ/103- a = 0,670 m
Zg1 = d-h/2 = 0,295 m
Mgys = ABS(Mgy) - Ngg * Zs1 = 562,10 kNm
kq= d* 100 / QMgys/ b) = 1,41
ks=  TAB("reinf/kd"; ks1; Name=Concrete; kd=kg) = 2,830

= TAB("reinf/kd"; z; Name=Concrete; kd=kg) = 0,813
X = TAB("reinf/kd"; x; Name=Concrete; kd=kg) = 0,450
€., = TAB('reinf/kd"; e;2; Name=Concrete; kd=kg) = -3,500*10-3
€1 = TAB('reinf/kd"; e5;; Name=Concrete; kd=kg) = 4,270*103
X= xd = 0,301 m
z= zd = 0,545 m
re_As=  Mgq d/(d*100)*ks+10*Ngy/fyq = 23,77 cm?

IProvide five 25 mm bars |

Aggel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 5/ 25
prov_Ag= TAB("reinf/As"; As; Name=Ag s¢)) = 24,54 cm?

req_Ag/ prov_Aq = 097£1
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Flexural design of a rectangular section
to EN 1992-1-1:2004

—] Ast

Section properties:

Centroid of tension
b reinforcement

Width b = 0,30 m
Depth h = 0,75 m
Concrete cover Cnom = 0,035 m
Nominal axis distance a = 0,020 m
Bar size dg = SEL("reinf/As"; ds;) = 25,0 mm
Actions:
Mg= 250,00 kNm
Mqg= 150,00 kNm
Ng= -80,00 kN
No= -60,00 kN
Materials and characteristic strengths:
Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m?2
Partial safety factors:
Og = 1,35
Oo = 1,50
Os= 1,15
Oc = 1,50
Design values and analysis:
fya = fuc/ Os = 434,78 N/mm?
acc = 1,00
fck* Acc
foq = = 20,00 N/mmg?
15
Ngg = gs *Ng + 9o * Ng =  -198,00 kN
Mgq = Oc * Mg + do * Mg = 562,50 kKNm
dS
d= h-chom - ;2 = 0,683 m
2*10
Zg1 = d-h/2 = 0,308 m
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Mggs = ABS(Mgq) - Ngg * 29 = 623,48 kKNm
-3
Mggs *10
Med,s = - 5 = 0,223
b*d *f
z= TAB("reinf/Ecmy"; z; mFMey o) = 0,868
z= z*d = 0,593 m
1 M Ed,s
req_ Agg= —* + Ngq |710 = 19,63 cm?
fyd z
[ Provide five 25 mm bars |
Ag sel = SEL("reinf/As"; Name; ds = dg; As®req_Ag;) = 5 /E 25
prov_Ag=  TAB("reinf/As"; As; Name=A () = 24,54 cmz
req_Ag; / prov_Ag = 080<1
n= TAB("reinf/As"; n; Name=Ag ) = 5
Section width is appropriate!
CHECK = b-2*C,,om - (n*dg + MAX(d ; 20)*(n-1))*10-3 = 0,003 0
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Punching shear analysis in a flat slap without punching shear reinforcement :

to EN 1992-1-1:2004

[ ] ® [ ] ;' [ ] L ] [
S 7 dIh

—
Section properties:

Slap thickness h = 24,00 cm
Effective depth d, = 19,00 cm
Effective depth d, = 19,00 cm
column width b, = 45,00 cm
column width by, = 45,00 cm

d,*+d,
deff = 5 = 19,00 cm

radial spacing of perimeters of shear reinforcement
Sy = Ov75*deff = 14,25 mm

St = 1,5*defs = 28,50 cm

Loads:
Shearing force for design:
Vgg = 600 kN

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?
fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2
fya= fuc/ 1,15 = 434,78 N/mm?
acc = 1,00

Oc= 1,50

fck* Acc
feq = = 20,00 N/mmg?
%
9= 1,35
%= 1,50
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Top reinforcement in slab:

reinf, =  SEL("reinf/AsArea"; Name; ) = A£20/e=85
ag = TAB("reinf/AsArea"; a5, Name=reinfy) = 36,96 cm?/m
reinfy =  SEL("reinf/AsArea”; Name; ) = AE20/e=85
agy = TAB("reinf/AsArea”; a;; Name=reinfy) = 36,96 cm2/m
Design Calculation:
Punching shear analysis:
Critical perimeter:
2*(bx+ by+ p*z*deff)
up = = 4,19 m
100
2
uy -(byt by)*2*10
distance = = 0,38 m
2*p
Shearing force per unit length along the critical perimeter:
for internal columns b = 1,15
3
b*Vgy*10
Ngg = E— = 0,867 MN/m?2

2
Up *degs * 10

Maximum bearing capacity of slab per unit length without punching shear reinforcement:

A 200
k= MIN(1 + —:2,0) = 2,0000
eff 10
aSX
M= = 0,0432
bX * dX
a
Fly = - = 0,0432
by ¥ dy
ry= MIN(Qr 1 *1 1, :0,02) = 0,0200
0,18
Crd,c = q = 0,12
C
Nmin = 0.035*C, 2 *Ofy = 0,54
Ky = 0,10

Acceptance:
Concrete compressive stress at the centroidal axis due to axial loading and/or presstressing s cp=0i

Sep = 0,00 N/mm?

NRac=  Crac*k*2O(100* 1 *fy )+ ky *s¢, = 0,940 MN/m?
NRd,c,min = Nmin + K1 * S¢p = 0,540 MN/m2
NRd,c = MAX(NRg,c ; NRd,c,min ) = 0,940 MN/m?
Ned / NRd,c = 092<1l
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P compressive reinforcement is not necessary, if ngq / ngq . £ 1,0

n is a stregth reduction factor for concrete in shear
n= 0,6 * (1- f, /250) = 0,528 MN/m?

for internal columns
Up= 2%(by + by ) * 10

1800 mm2

3
b*Vegy* 10

Nego = — = 2,0175 N/mm?
Ug " defr * 10

The maximum permissible shear force based on the face of the loaded area is given by the maximum
shear resistance
NRd,max = 05*n*fq = 5,280 N/mm2

NEd,0 / NRd max = 0,38 £1
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Punching shear analysis in a flat slap:
to EN 1992-1-1:2004

|
e » g . ; | T
™~
- -
2d
—
Section properties:
Slap thickness h = 24,00 cm
Effective depth d, = 19,00 cm
Effective depth d, = 19,00 cm
column width b, = 45,00 cm
column width by, = 45,00 cm
d,*+d,
deff = 5 = 19,00 cm

radial spacing of perimeters of shear reinforcement

Sy = Ov75*deff = 14,25 mm
St = 1,5*defs = 28,50 cm

Loads:
Shearing force for design:
Vgg = 809 kN

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?
fy = TAB("reinf/Steel"; bs; Name=Steel) 500 MN/m2
fya= fuc/ 1,15 = 434,78 N/mm?
acc = 1,00

Oc= 1,50

fck* Acc
feq = = 20,00 N/mmg?
%
9= 1,35
%= 1,50
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Top reinforcement in slab:

Ag = SEL("reinf/AsArea"; Name; ) = /A£20/e=85
ag = TAB("reinf/AsArea”; ag; Name=Ay) = 36,96 cm?/m
A = SEL("reinf/AsArea"; Name; ) = AE20/e=85
agy = TAB("reinf/AsArea”; a5, Name=Ag)) = 36,96 cm2/m
Design Calculation:
deff = (dy+dy)/2 = 19,00 cm
Punching shear analysis:
Critical perimeter:
2*(bx+ by+ p* 2*deff)
up = = 4,19 m
100
2
uy -(bx+ by)*2*10
distance = = 0,38 m
2*p
Shearing force per unit length along the critical perimeter:
for internal columns b = 1,15
3
b*Vegy*10
Ngq = —_— = 1,169 MN/m?2

-2
Up *degy * 10
Maximum bearing capacity of slab per unit length without punching shear reinforcement:

200
k= MIN(1 + O— -2.0) - 2,0000
degs * 10

SX
My = = 0,0432
b, *d,
a
[y = > = 0,0432
b, *d,
ry= MIN(OF 1 * 11, :0,02) = 0,0200
c 018 0,12
Rd,c = = ,
%
Nemin = 0,035*C,  *Ofy = 0,54
Ky = 0,10

Acceptance:
Concrete compressive stress at the centroidal axis due to axial loading and/or presstressing scp:O;

Scp = 0,00 N/mm2

NRac=  Crac*k*3Q(100*1  *fo )+ ky *sg, = 0,940 MN/m?
NRd,c,min = Nmin + K1 * S¢p = 0,540 MN/m?
NRd,c = MAX(NRd.c s NRd.cmin ) = 0,940 MN/m?
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Ned / NRd,c =
P compressive reinforcement is necessary!
n= 0,6 * (1- fy /250)

for internal columns
Up= 2*(by + by ) * 10
3
b*Vgq*10

n = _—
Ed,0 * *
Ug ™ degs * 10

124>11

= 0,528 MN/m?

= 1800 mm2

= 2,7203 N/mm?2

The maximum permissible shear force based on the face of the loaded area is given by the maximum

shear resistance
NRd.max = 0,5*n *fy

nEd,O/ an,max -

Reinforcement for punching shear:

= 5,280 N/mm?2

052 £1

297,50 N/mm2

fywdyef = 250 + 0,25 * dgts * 10
A B
<kd
i
|
>0,3(d
| f f —t—
£0,75d

perimeter, at which reinforcement is required.

@ outer perimeter uout,ef at which reinforcement is not required.
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T

s, radial distance link of punching shear reinforcement

S, = 0,75*degs *10 = 142,50 mm
s; tangential distance link of punching shear reinforcement
St = 1,5%des * 10 = 285,00 mm
first row:
distance a; = 0,5*dgf = 9,50cm
2
Ucont,1 = ((bx+ by)*2+ p*al*Z)*lo = 240m
3
b*Vgy*10
Ngq1 = > = 2,04 N/mm?2
ucont,l * deff *10
Ngg1 ~0.75" NRg ¢
Agwi = * 102 = 17,86 cm?
dog * 10 1
L5* | = |*fowdet* 3 *sin(90)
Sy u; 10 *dg4*10

A check must also be made the calculated reinforcement satisfies the minimum requirement that:

The angle of the Punching shear reinforcement is a = 90°

0,08 *
fyk 4
Asw,min = *10 = 2,00 cm?
' (1,5*sin(90)+ cos(90))/( 1 3. )
! Sy 0 u(:ont,l
Asw,l = MAX(Asw,l ; Asw,min ) = 17,86 cm?
. ucont,l
Number of link-legs n; = +0,5 = 9

-2
1,5% dog * 10
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ds sel = SEL("reinf/As"; ds; ) = 14 mm
Ag= SEL("reinf/As"; Name; ds=0; s¢;;"® N1;AE Agy 1) = 12 E 14
prov_Agy1 = TAB("reinf/As"; As; Name=Ay) = 18,47 cm?
secand row:
distance a, = 0,75*defs = 14,25 cm
2
Ucont,2 = ((bx+ by)*2+p*(a1+a2)*2)*10 = 3,29 m
-3
b*Vgy*10
NEd,2 = > = 1,49 N/mm?
ucont,Z * deff *10
Neg2 ~0,75 % Nry e
Agw2 = * 102 = 10,50 cm?
degr * 10 1
1,5* - *nyd,ef* 3 *SIH(QO)
Sy u; *10 *d4*10

A check must also be made the calculated reinforcement satisfies the minimum requirement that:
The angle of the Punching shear reinforcement is a = 90°

Ofck
0,08 *
fyk 4

Asw,min = 3 *10 = 2,74 cm?

(1,5*sin(90)+ cos (90))/(3r* 10 * ucont,z)
Agy 2 = MAX(ASW,Z y Asw.min ) = 10,50 cm?

. ucont,z
Number of link-legs n, = —+ 05 = 12

-2
1,5% dog * 10

ds sel = SEL("reinf/As"; ds; ) = 14 mm
Ag= SEL("reinf/As"; Name; ds=d; se; A Agy 2 ;1% Ny) = 12 £ 14
prov_Agy 2 = TAB('reinf/As"; As; Name=Ay) = 18,47 cm?
check

Agw1 /! prov_Agy1 = 097<1

Agw2 [ prov_Agy o = 057<1

outer perimeter Uy, o at which reinforcement is not required.

-3
b*Vgy*10
Uout,ef = P = 521 m
NRy,c * deft * 10
* * _2
) Uout,ef '(bx+ by) 2*10
Distanceyt ef = 2% = 0,54 m
p
Factor k = 1,50
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kd = k*deff = 28,50 cm
remained distance = Distancey; ¢f -kd/100-(a; + a,)/100 = 0,02 cm
-3
b*Vegq*10
NEda = > = 0,94 N/mm?
uout,ef * deff *10
nEd,a /anYC = 1,00 <1
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Rectanqgular section with shear and torsion:
to EN 1992-1-1:2004

T centroid of
— reinforcement

. b

System:
thickness t =
Beam width b=
Beam height h=
nom_c=
distance e =
From live load dq=
From dead load q4=
Support reaction Vg=
Support reaction Vg =
Torsional moment Tg4=
Area A = h*b
perimeter u = 2*(h+b)
effective wall thickness te 1 = Alu
from flexural design prov_Ag y =

Materials, stresses and partial safety factors:
Concrete =  SEL("concrete/EC"; Name;f. £ 50)

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

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

fi = TAB("reinf/Steel"; bs; Name=Steel)

fotm = TAB("concrete/EC"; fctm; Name=Concrete)

fot = TAB("concrete/EC"; fctk05; Name=Concrete)
= h-nom_c-e

fyd: fyk/ 1,15

act =

acc =

oo fctk* Acc

ctd 15

¢ fck* acc

cd 1,5

gG:

gQ:

gC:

0,30 m
0,40 m
0,60 m
0,042 m
0,032 m
9,41 KN/m

20,20 kN/m
150,00 kN
89,00 kN

45,00 kNm
0,24 m?
2,00 m
0,12m

12,50 cm?2

C25/30

500 S
25,00 N/mm?2

500 MN/m?2
2,60 N/mm 2
1,80 N/mm?2

0,526 m
434,78 N/mm?

1,00
1,00

1,20 N/mm?2

16,67 N/mm?

1,35
1,50
1,50
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Shear design:

d= h-nom_c - e = 0,526 m
max_V = Ve*de+ Vo™ do = 336 kN

a = MIN(1/2*h ;1/2*t) = 0,15 m
malRgebende Querkraft:

VEg = max_V-(dg*de +0q*do) * (@ +d) = 308,02 kN
zZ= 09*d = 0,47 m
Limits EC2for Q : 1 = cot Q = 2,5 (21,8°£ Q £ 45°)

provide cot Q x = 1,00

Consideration of the compressive strength of the diagonal concrete strut and its angle Q

Q= atan (1;) = 45,00 °
smallest beam width b, = b = 0,40 m
bk = b'tef,l = 0,28 m
hk = h'tef,l = 0,48 m
Ay Area enclosed by the centre lines of the connecting walls including the inner hollow areas
Ak = hk *bk = 0,13 m2
Uy = 2%(by + hy) = 1,52 m

)
Normal Concrete v; = 0,6*|1- = 0,54
250
-~ 200
k = MIN(1+ O 3 2) = 1,62
d*10
prov_Ag v
rq= MIN(—4 ; 0,02) = 0,006
b, *d*10

recommened Value
ki = 0,15
Crdc = 0,18/g, = 0,12

Acceptance:
Concrete compressive stress at the centroidal axis due to axial loading and/or presstressing scpzo;

Scp = 0,00 N/mm?
S 3
Vrae=  (Crac*k*30100%r  *fy+ ky*s.,)*b,*d*10 = 100,87 kN
for retangle (13 t)
| = MAX(bk,hk) = 0,480 m
t= MIN(by ;hy ) = 0,280 m
I/t = 1,714 m
hr = TAB("concrete/RFactor”; h; e=I/t) = 0,210
ar = TAB("concrete/RFactor”; a; e=I/t) = 4,219
I = hg*1*13 = 2,213*103 m4
2
I *t

Wy = = 8,920*10-3 m3

ar
Trdc = fog * Wy * 103 = 10,70 kN/m?
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It is only the minimum of reininforcement necessary, if the following proof are sucessfully

TEd VEd
+

= 7,26 <1
TRd,c VRd,c

Is a coefficient taking account of the state of the stress in the compression chord.
For non-prestressed structures.
acy = 1,00

The angle of the shearing reinforcement is a = 90°

acw*bw*z*fcd*vl* 3
VRd,max = 1 10 = 846,17 kN
+tan(Q)
an(Q) Q)
max_V/ Vrd max = 040<1
fowd = fya = 434,78 N/mm?2
VEd
req_asw,v= *10 = 15,07 cm?/m

* * i ( )*( 1 ' 1 )
2" fywg * Sin {90 tan(Q)l tan(90)

Minimum shear reinforcement ratio

Of

k
Iw,min = 0,08 * = = 0,80*10-3
fyk
maximal spacing for links
St max = MIN(0,75*d; 0,60 ) = 0,39 m
Agw min = M wmin * 104 * b, * SIN(90) = 3,20 cm2/m
req_asyy = MAX(red_agy,v ; asw,min ) = 15,07 cm?/m
Design for torsion:
V= 1 = 0,54
Trdmax = V¥acw *foqg * 2 * Ac* ter 1 * SIN(Q) * COS(Q)*108 = 140,43 kN
Ted / TRdmax = 0,32<1
tension reinforcement as a result of torsion
Tey*10
req aq T = = 3,98 cm?/m
4-8siT 2% A g *tan(Q)
links as a result of torsion
Teq*10*tan(Q)
req_a. = = 3,98 cm2/m
Q_ sw, T Z*Ak*fyd
Tea/ Trd,max + VEd / VRd max = 068<1
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reinforcement links:
req_agy = 2* req_agy 1+ req_agyyv

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

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

ag = SEL("reinf/AsArea”;Name;ds=ds, a3 req_ag,/2)
prov_ag,= 2*TAB("reinf/AsArea"; as; Name=ay)

req_ag, / prov_agy = 097<1

torsion reinforcement longitudinal bars:

req_Ag) prov_Ag y +req_ag T * U /3

Ag sel = SEL("reinf/As"; Name; As® req_Ag))

prov_Ag=  TAB('reinf/As"; As; Name=Ag ¢¢))
Iprovide five bars 20 mm |

at the side:

req_Ag; T = req_agr * Uc/3

Aggel = SEL("reinf/As"; Name; As® req_Ag 1)
prov_Ag = TAB('reinf/As"; As;, Name=Aq ¢¢))

[ provide two bars 14 mm |

side of compression

req_Ag; T = req_agr * Uc/3
Agsel = SEL("reinf/As"; Name; As® req_Ag) 1)
prov_Ag = TAB("reinf/As"; As; Name=Ag ¢|)

[ provide two bars 14 mm |

minimum reinforcement longitudinal bars :
fet
Asimin= MAX(0,26 *——*b*d*104; 0,0013 * b * d * 104 )
yk
ASl,min

L. = 0,47 £1
req_agq v Uy

23.03 cm?/m

12,00 mm
AE12/e=95
23,80 cm?/m

14,52 cm?2
520
15,71 cm?

2,02 cm?
2/E14
3,08 cm?2

2,02 cm?2
2/ 14
3,08 cm2

2,84 cm?
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Rectanqgular section using the kh-method
to ENV 1992-1-1 111

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;) =
Loads:

Mg= 250,00 kNm

Mqg= 150,00 kNm

Ng= 1,00 kN

No= 0,00 kN

Materials and stresses:

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

Partial safety faktors:

Centroid of tension
L— .
reinforcement

0,25m
0,75 m
0,085 m
0,020 m

25,0 mm

C30/37
500 S
500 MN/m?

9= 1,15
Oc= 1,35
Oo= 1,50

Design Calculation:
fya = fc/ Os = 434,78 kN/cm?
Ngg = gc*Ng + 9o * Ng = 1,35 kN
Mgq = g * Mg + gg * Mg = 562,50 kNm
d= h-nom_c - dJ/103- a = 0,670 m
Zg = d-h/2 = 0,295 m
Mggs = ABS(Mgy) - Ngg * Zg1 = 562,10 kNm
kg = d* 100/ QMgys/ b) = 141
ks=  TAB("reinf/kd"; ks1; Name=Concrete; kd=kg) = 2,830
z= TAB("reinf/kd"; z; Name=Concrete; kd=kg) = 0,813
X= TAB("reinf/kd"; x; Name=Concrete; kd=kg) = 0,450
€., = TAB("reinf/kd"; e;»; Name=Concrete; kd=ky) = -3,500*10-3
e,1 = TAB('reinf/kd"; e5;; Name=Concrete; kd=kg) = 4,270*103
X= xd = 0,301 m
z= zd = 0,545 m
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reg_ A=  Mgqd(d*100)*ks+10*Ngy/fyq = 23,77 cmz

[ Provide five 25 mm bars |

Assel =  SEL('reinf/As"; Name; d; = dg; As®req_Ay)
prov_Ag= TAB("reinf/As"; As; Name=Aq ¢¢))

525
24,54 cm?2

req_Ag/ prov_Aq = 097 £1
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Rectangular section with the Omega-method:
to EN 1992-1-1:2004

Centroid of tension
b reinforcement

—] Ast

Section properties:
Width b =
Depth h =
Concrete cover Cnom =
Distance between centre of tension and lowest bar a =
Bar size dg = SEL("reinf/As"; ds;)

Loads:
Mg= 250,00 kNm
Mqg= 150,00 kNm
Ng= -80,00 kN
No= -60,00 kN

Materials and stresses:
Concrete =  SEL("concrete/EC"; Name;fy £ 50)

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

fo = TAB("concrete/EC"; fck; Name=Concrete)
fc= TAB("reinf/Steel"; bs; Name=Steel)

acc =

Partial safety faktors:

U= 1,35
Oo = 1,50
Os= 1,15
Q= 1,50
Design Calculation:

fyd = fyk/ Os

fck*acc
feq =

Y
NEgg = Oc *Ng + do * Nog
Meq = 9 * Mg + gg * Mg
-3
d,*10

d= h-Chom T a
Zg = d-h/2
Mggs=  ABS(Mgq) - Neq * z1

0,30 m
0,75 m
0,035 m

0,020 m
25,0 mm

C30/37

500 S
30,00 N/mm?2

500 MN/m?
1,00

434,78 kN/cm?

20,00 N/mm?2

= -198,00 kN
= 562,50 KNm

= 0,683 m

0,308 m

= 623,48 kKNm
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-3
Mggs *10
MEd,s = - 5, = 0,223
b*d *f
w = TAB("reinf/Ecmy"; w; mFMeq o) = 0,257
-3
wrd*b*f  + Ngy*10 4
req_Ag= *10 = 19,67 cm?
Agsel = SEL("reinf/As"; Name; ds = dg; As3 req_Ay) = 5/&25
prov_Ag= TAB("reinf/As"; As; Name=Aq gq|) = 24,54 cm?
req_Ag/ prov_Aq = 0,80<1
n= TAB("reinf/As"; n; Name=Ag ¢¢)) = 5
the width of the retangular is enough (add the legs of links, if exist)
CHECK = b-2*Cp,om - (n*dg + MAX(d ; 20)*(n-1))*10-3 = 0,002 0
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Rectangular section with compression reinforcement (omega-method)
to EN 1992-1-1:2004

ASZ

_’N ) M
Centroid of tension

b reinforcement

—_A JLEETjRS
sl
Section properties:
Width b = 0,25 m
Depth h = 0,75m
Concrete cover Chom = 0,035 m
Distance between centre of tension and lowest bar a = 0,010 m
Bar size dg = SEL("reinf/As"; ds;) = 28,0 mm
Bar size dg, = SEL("reinf/As"; ds;) = 20,0 mm
Loads:
Mg= 250,00 kNm
Mqg= 240,00 kKNm
Ng= -80,00 kN
No= -60,00 kN
Materials and stresses:
Concrete = SEL("concrete/EC"; Name;f, £ 50) = C30/37
Steel = SEL("reinf/Steel"; Name;) = 500 S
fok = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2
Modulus of elasticity Steel Eg = 200000 N/mm?
Partial safety faktors:
G = 1,35
Oo = 1,50
Os= 1,15
Oc = 1,50
Design Calculation:
fya = fuc/ Os = 434,78 N/mm?2
fyd
€d = = = 2,174%103
ES
acc = 1,00
fck* Acc
foq = = 20,00 N/mmg?
15
NEd = Jc * NG + gQ * NQ = '198,00 kN
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MEd = Jc * MG + gQ * MQ = 697,50 kNm
dS
d= h-Chom - ;2 = 0,691 m
2*10
Zg1 = d-h/2 = 0,316 m
Mggs = ABS(Mgq) - Ngq * 29 = 760,07 kNm
for C50/60 Mgy s jim = 0,296
-3
Mggs *10
MEd,s = - 5, = 0,318
b*d *f
rT-Ed,s
E— = 107 £1
MEd,s,lim
P compressive reinforcement is necessary!
d; = Chom ™t 3 = 0,045 m
2*10
Difference my = Meq s - Med s lim = 0,022
z= TAB("reinf/Ecmy"; z; mFMey ¢ jim) = 0,813
€ = TAB("reinf/Ecmy"”; e.p; MFMEq ¢)*10-3 = -3,50*10-3
€1 = TAB("reinf/Ecmy"; eg; MFMeq o*10-3 = 3,58*10-3
Med,s,lim
W1 lim = - _ = 0,364
z
Mp
Wy = = 0,024
d,
1 - —
d
-3
(W jim* Wp)*d*b*foq+ Ngg * 10 4
req_Aq = *10 = 26,28 cm?
IProvide five 28 mm bars |
Ag el = SEL("reinf/As"; Name; ds = dg; As®req_Ag) = 5/ 28
prov_Ag=  TAB("reinf/As"; As; Name=Ag () = 30,79 cm?

req_Ag; / prov_Ag =

085<1
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IProvide two 12 mm bars |

W2 = WD
w, *d*b*f, 4
re_ Ao = ———*10
Ag el = SEL("reinf/As"; Name; ds = dsp; As® req_Ag))
prov_Ag=  TAB("reinf/As"; As; Name=Ag ()
req_Ag, / prov_Ag = 0,30<1
Check tensile strain yield:
&d =
€52 = (ABS(ecp) + €51) *(d - dp) /d - ey
&2/ €yq = 140>1

b Strain yield limit achieved!

= 0,024

= 1,91 cm?

= 2 /£20
= 6,28 cm?

2,17%10-3
= 3,04*10-3
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Rectanqgular section with shear and torsion:

to EN 1992-1-1:2004

— centroid of
- — reinforcement
i € ____
™ o
h - A ——
e ® 9
1
5
System:
thickness t = 0,30 m
Beam width b= 0,40 m
Beam height h= 0,60 m
nom_c= 0,042 m
distance e = 0,032 m
From live load dq= 9,41 kKN/m
From dead load q4= 20,20 kN/m
Support reaction Vg= 150,00 kN
Support reaction Vg = 89,00 kN
Torsional moment Tg4= 45,00 kNm
Area A = h*b = 0,24 m?2
perimeter u = 2*(h+b) = 2,00 m
effective wall thickness te 1 = Alu = 0,12 m
from flexural design prov_Ag y = 12,50 cm?
Materials, stresses and partial safety factors:
Concrete =  SEL("concrete/EC"; Name;f. £ 50) = C25/30
Steel = SEL("reinf/Steel"; Name;) = 500 S
fok = TAB("concrete/EC"; fck; Name=Concrete) = 25,00 N/mmg2
fok = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m?
fotm = TAB("concrete/EC"; fctm; Name=Concrete) = 2,60 N/mm 2
fo = TAB("concrete/EC"; fctkO5; Name=Concrete) = 1,80 N/mm?
d= h-nom_c-e = 0,526 m
fyo= fu/ 1,15 = 434,78 N/mm2
act = 1,00
acc = 1,00

Is a coefficient taking account of the state of the stress in the compression chord.

For non-prestressed structures.

= 1,00

f feu” e 1,20 N/mm?
= _— = , mm

ctd 1,5
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fck* cc
feq = = 16,67 N/mm?
15
9= 1,35
%= 1,50
0= 1,50
Shear design:
d= h-nom _c - e = 0,526 m
max_V = Ve*0s+ Vo* o = 336 kN
a = MIN(1/2*h ;1/2*t) = 0,15 m
malgebende Querkraft:
VEg = max_V-(dg*dc + dq* o) * (@ +d) = 308,02 kN
z= 0,9*d = 0,47 m
Limits EC2for Q: 1 =cot Q =2,5(21,8°£ Q £ 45°)
provide cot Q x = 1,00

Consideration of the compressive strength of the diagonal concrete strut and its angle Q

Q= atan (1;) = 45,00 °
smallest beam width b, = b = 0,40 m
b, = b-tef 1 = 0,28 m
h,= h-tef 1 = 0,48 m
Ay Area enclosed by the centre lines of the connecting walls including the inner hollow areas
Ay = hy *by = 0,13 mz
Uy = 2%(by + hy) = 1,52 m

_ ( fck ) _
Normal Concrete v; = 0,6*|1- = 0,54
250
-~ 200
k = MIN(1+ O 3 1 2) = 1,62
d*10
prov_Ag u
rq= MIN(—4 ;0,02) = 0,006
b,*d*10

recommened Value
ki = 0,15
Crdc = 0,18/g. = 0,12

Acceptance:
Concrete compressive stress at the centroidal axis due to axial loading and/or presstressing s cp=0i

Scp = 0,00 N/mm2

T 3
VrRae=  (Crac*k*30100%r  *fy+ ky*s.,)*b,*d*10 100,87 kN
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for retangle (13 t)

| = MAX(bk vhk) = 0,480 m
t= MIN(by ;hy ) = 0,280 m
I/t = 1,714
hr = TAB("concrete/RFactor”; h; e=I/t) = 0,210
ar = TAB("concrete/RFactor”; a; e=I/t) = 4,219
I = hg*1*13 = 2,213*103 m4
2
I *t
Wy = = 8,920*10-3 m3
ar
Trdc = fog * Wy * 103 = 10,70 kN/m?

It is only the minimum of reininforcement necessary, if the following proof are sucessfully

Tea Ved

+ = 7,26 <1
TRd,c VRd,c
The angle of the shearing reinforcement is a = 90°

acw*bw*z*fcd*vl 3
VRd,max = 1 *10 = 846,17 kN
+tan(Q)
mn(Q) O )
max_V/ VR4 max = 040<1
fowd = fya = 434,78 N/mm?2
VEd

req_agsy,v= *10 = 15,07 cm?/m

* f * Qi ( )*( 1 } 1 )
2"ty "IN 190 tan(Q)l tan (90)

Minimum shear reinforcement ratio

Ofck
r wmin = 0,08 * = 0,80*10-3
maximal spacing for links
St max = MIN(0,75*d; 0,60 ) = 0,39 m
Agw min = M w,min * 104 * b, * SIN(90) = 3,20 cm?/m
req_agyy = MAX(req_agy v ; 8sw,min ) = 15,07 cm?/m
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Design for torsion:

V= 1 = 0,54
Trdmax = V*¥acw *fog * 2 * Ac* ter 1 * SIN(Q) * COS(Q)*108 = 140,43 kN
TEd / TRd,max = 0,32<1
tension reinforcement as a result of torsion
Tegq 10
req_ag T = = 3,98 cm?/m
Bl 2% A g *tan(Q)
links as a result of torsion
Teq ¥ 10*tan(Q)
req_a, = = 3,98 cm?/m
0_Qsw,T Z*Ak*fyd
Teq! Trd,max + VEd / VRdmax = 068<1
reinforcement links:
req_agy = 2* req_agy 1+ req_agyv = 23,03 cm?m
| Provide links of size 12 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 12,00 mm
ag = SEL("reinf/AsArea”;Name;ds=ds a3 req_ag,/2) = E12/e=95
prov_ag,= 2*TAB("reinf/AsArea"; as; Name=ay) = 23,80 cm?/m
req_ag, / prov_ag, = 097<1
torsion reinforcement longitudinal bars:
req_ Ag)= prov_Ag +req_ag T * U /3 = 14,52 cmz
Ag sel = SEL("reinf/As"; Name; As® req_Ag)) = 5/ 20
prov_Ag=  TAB('reinf/As"; As; Name=Ag ¢¢)) = 15,71 cm?
Iprovide five bars 20 mm |
at the side:
req_Agi T = req_agr * uc/3 = 2,02 cm?
Aggel = SEL("reinf/As"; Name; As® req_Ag) 1) = 2/F14
prov_Ag = TAB('reinf/As"; As;, Name=Aq ¢¢)) = 3,08 cm?
[ provide two bars 14 mm |
side of compression
req_Ag; T = req_agr * uc/3 = 2,02 cm?
Agsel = SEL("reinf/As"; Name; As® req_Ag) 1) = 2/F14
prov_Ag = TAB("reinf/As"; As; Name=Ag ) = 3,08 cm?
Iprovide two bars 14 mm |
minimum reinforcement longitudinal bars :
fet
Asimin= MAX(0,26*——*b*d*104;0,0013*b*d*104) = 2,84 cm?

yk

_Dstmin_ = 047 £1
req_agq v Uy
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Effective flange width of a single-span beam with cantilevers:
to EN 1992-1-1:2004
Elevation:
[ £=0’85 * LﬁL|io’15(Lﬁ1+ lﬁ)l Io:O’7 * leff2‘|“ |§0’15*Lﬁ2+ Ieffs,\|
i | | =
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Section properties:
I, is the clear distance between the faces of supports

length I, = 6,26 m
bearing width t; = 0,30 m
bearing width t, = 0,30 m
height h= 0,50 m
a; and a, are the end distance at either end of the element.

a; = MIN(1/2*h ;1/2*t;) = 0,15 m
a, = MIN(1/2*h ;1/2*t,) = 0,15 m
Beam width b, = 0,30 m
half slab width b, = 1,75m
half slab width b, = 1,37 m
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EN 1992-1-1:2004

Folder : Flanged beams

Single-span beam, top flange:

lefr1= In+tas+ay
lo= 0,7 * letrr
b = bl + b2 + bW

Pefir = MIN( 0,2 * by + 0,1 *ly; 0,2 * ly; by )
beriz = MIN(0,2 % by + 0,1 % I5; 0,2 *Io; by )
Deft = MIN(bgsry + befio + by 1 b)

= 6,56 m
= 459 m
= 3,42 m
= 0,81 m
= 0,73 m
= 1,84 m
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EN 1992-1-1:2004 Folder : Flanged beams

Effective flange width at an internal column:
to EN 1992-1-1:2004

Elevation:

u [=0,85* LﬁLllio’ls(leﬁl-l- (laisz h=0.7" leff2»|“ 15015 ], F Ieffs,\I
< I | =
Il- leffl | leffz [ leff3 ,‘I
] beff .
by D
eff,l, | eff2
7 2B % A 7777277777770

bl b1 Dy bz b2
b

Section properties:

I, is the clear distance between the faces of supports

length 1,,1= 6,26 m
length I,,o= 7,00 m
bearing width t; = 0,30 m
bearing width t, = 0,30 m
bearing width t3 = 0,40 m
height h= 0,50 m
a; and a, are the end distance at either end of the element.

a; = MIN(1/2*h ;1/2*t;) = 0,15 m
a = MIN(1/2*h ;1/2*,) = 0,15 m
az = MIN(1/2*h ;1/2*t3) = 0,20 m
Beam width by, = 0,30 m
half slab width b, = 1,75m
half slab width b, = 1,37 m

Continuous flanged beam, bottom flange:

lett1= lhi+tas+ay = 6,56 m
lefr2= Inataxtag = 7,35m
Innenstiitze Iy = 0,15 * (lgfry + lefr2 ) = 2,09 m
b= by + by + b, = 3,42'm
bery =  MIN(0,2 * by + 0,1 * Ip: 0,2 * Io; by ) = 0,42 m
beriz = MIN(0,2 * by + 0,1 * Iy; 0,2 * lo: by ) = 0,42 m
betr = MIN(Dgfry + Detrp + by 5 b) = L14m
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EN 1992-1-1:2004 Folder : Flanged beams

Effective flange width of a cantilever beam:
to EN 1992-1-1:2004

Elevation:

L [=0,85* LﬁL|iO’15(|eﬁl+ l) |0:0’7 * |eff2»|“ |§0’15 ) leﬁ2+ Ieffs,\|
| | -
|

[ leffl | eff2 | eff3

— | | >I
beff-
bi b
effl}‘tﬁg|
7 AEV % AEV 7 7z

bl b1 Dy bz b2
b

Section properties:
The length of the cantilever |3 should be less than half the adjacent span and the ratio of adjacent

spans should lie between 2/3 and 1,5.

length 1,,,= 6,26 m
length I,,3= 2,80m
bearing width t, = 0,30 m
bearing width t3 = 0,30 m
height h= 0,50 m
a; and a, are the end distance at either end of the element.

a, = MIN(1/2*h ;1/2*t,) = 0,15 m
ag = MIN(1/2*h ;1/2*t3) = 0,15 m
Beam width by, = 0,30 m
half slab width b; = 1,75 m
half slab width b, = 1,37 m

Cantilever beam, bottom flange:

lefro= lnatax+ag = 6,56 m
leffa= lns+ag = 2,95m
lp = 0,155 + I3 = 3,74 m
b= by + by + by, = 3,42m
betry = MIN(0,2*by + 0,1 *lg; 0,2 *lp: by ) = 0,72 m
bery = MIN(0,2 * b, + 0,1 *Ip; 0,2 * Ig; b, ) = 0,65 m
Deft = MIN(beffy + Defr2 + by 5 D) = 1,67 m
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EN 1992-1-1:2004 Folder : Flanged beams

Single-span beam with shearing force:
to EN 1992-1-1:2004

Elevation:

L [=0,85* LﬁL|iO’15(|eﬁl+ l) |0:0’7 * |eff2§|“ |§0’15 ) leﬁ2+ Ieffs,\|
| | -
|

Ieffl | eff2 | eff3

) beff .

beff 1 }Eﬁg'

N
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Load diagram:

Section properties:
the depth of the stress block lies within the flange (s £ hy)

I, is the clear distance between the faces of supports

length Iy, = 6,26 m
bearing width t;= 0,30 m
bearing width t,= 0,30 m
Beam width b, = 0,30 m
half slab width by = 1,75m
half slab width b, = 1,37 m
height h = 0,45 m
Slab thickness hs = 0,15 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg; = 0,025 m
nom_c = 0,035 m
without alons stress influence s, = 0,00

a; and a, are the end distance at either end of the element.

a; = MIN(1/2*h ;1/2*t,) = 0,15 m
ap = MIN(1/2*h ;1/2*t,) = 0,15 m
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EN 1992-1-1:2004

Folder : Flanged beams

Single-span beam, top flange:

leff1= lni+ast+ay = 6,56 m

|0: Ieffl = 6,56 m

b= b1+b2+bw = 3,42m

beffl = M'N( 0,2 * bl + 0,1 * |0, 0,2 * |0, bl ) = 1,01 m

beffZ = M'N( 0,2* bz +0,1* |0; 0,2 * |0; b2 ) = 0,93 m

et = MIN(Dgfry + betrz + by ;b)) = 2,24m

L= Ieffl = 6,56 m

Loads:

from dead load: (b *he+ by * (h-hy))*25 = 15,07 kKN/m

From dead floor load: b* 1,50 = 5,13 KNm
max gg = 20,20 KkNm

from live load: b*1,50 = 5,13 kN/m

from partition surcharge: b*1,25 = 4,28 KN/m
max qg, = 9,41 KN/m

Vg = qg *L/2 = 66,26 kN

Vg = dq *L/2 = 30,86 kN

Mg = dg *L?/8 = 108,66 kNm

Mg = dq*L?/8 = 50,62 kNm

Bending design of retangular cross section:

Materials and stresses:

Concrete =  SEL("concrete/EC"; Name; fy £ 50) = (C20/25

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

fo = TAB("concrete/EC"; fck; Name=Concrete) = 20,00 N/mm2

fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m?2

fya= fuc/ 1,15 = 434,78 N/mmz?

acc = 1,00

fck* Acc
feq = = 13,33 N/mm?
1,5

Partial safety factors:

Oc = 1,35

Oo = 1,50
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EN 1992-1-1:2004 Folder : Flanged beams

Design Calculation:

MEd = Jc * MG + gQ * MQ = 222,62 kNm
d= h-nom c-a-ds/2 = 0,383 m
Mgy s = ABS(Mgq) = 222,62 kNm
-3
Mgqs * 10
MEd,s = - 5 = 0,051
beff *d o* fcd
w = TAB("reinf/Ecmy"; w; mEMey o) = 0,053
z= TAB("reinf/Ecmy”; z; mFMeq o) = 0,971
X = TAB("reinf/[Ecmy"; Xx; m:mEdyS) = 0,077
X = x*d = 0,029 m

w*d* b * g 4
req_As= ———*10 = 13,94 cm?
f

yd

IProvide three 25 mm bars |

Bar size d= SEL("reinf/As"; ds; ) = 25 mm
Ag sel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 3/E25
prov_Ag= TAB("reinf/As"; As; Name=Aq ) = 14,73 cm?
req_Ag/ prov_Aq = 095£1
Whole compressed section is in flange:
x | hg = 019<1
Shear Analysis:
max_V = Ve *0s*+ Vo™ do = 135,74 kN
Effective design shear force:
VEg = max_V - (dg* 9gc + dq * 9o ) * (@1 + d) = 113,68 kN
fex
v, = 0,6%|1-— = 0,55
250
For flanged beams:
z= d-h/2 = 0,31 m
Limits EC2for Q : 1 =cot Q = 2,5 (21,8°€ Q £ 45°)
provide cot Q x = 1,50
Consideration of the compressive strength of the diagonal concrete strut and its angle Q
1
Q= atan (—) = 33,69 °
X

Is a coefficient taking account of the state of the stress in the compression chord.
For non-prestressed structures.
acw = 1,00

The angle of the shearing reinforcement is a = 90°

* * * *
Ao bw z fcd Vl* 3

1 10
(tan(Q)+ tan(Q))

VRd max = 314,69 kN
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EN 1992-1-1:2004

Folder : Flanged beams

max_V/ VR4 max = 043<1
fowd = fyd = 434,78 N/mm2
3
Vg *10
req_ag, = *104 = 5,62 cm?/m
* f d * 1
" tan(Q)
Constructive shearing reinforcement
maximal spacing for links
Stmax = MIN(0,75*d; 0,60 ) = 0,29 m
c")fck
r w,min = 0,08 * = 0,72*103
a =90,00°
Agw min = rw,min ¥ 104 * by, * SIN(90) = 2,16 cm?/m
req_agy = MAX(req_asy ; asw.min ) = 5,62 cm?/m
| Provide links of size 8 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 8,00 mm
ag = SEL("reinf/AsArea";Name;ds=dga 3 req_ag,/2) = /A8/e=15
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=ay) = 6,70 cm?/m

req_ag,/ prov_ag, = 0.84<1
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EN 1992-1-1:2004 Folder : Flanged beams

Design of a single-span flanged beam with the reinforcement omega method:
to EN 1992-1-1:2004

Elevation:

L [=0,85* LﬁL|iO’15(|eﬁl+ l) |0:0’7 * |eff2§|“ |§0’15 ) leﬁ2+ Ieffs,\|
| | -
|

leffl | eff2 | effd |

) beff .

beff 1 }Eﬁg'

N
AN

Y, A ]

Load diagram:

Section properties:
I, is the clear distance between the faces of supports

length I, = 6,26 m
bearing width t;= 0,30 m
bearing width t,= 0,30 m
Beam width by, = 0,30 m
half slab width b; = 1,75 m
half slab width b, = 1,37 m
flanged beam height h = 0,50 m
Flange thickness h; = 0,15 m
Centroid of tension reinforcement a = 0,02 m
Assumed bar size dq; = 0,025 m
nom_c = 0,035 m
a; and a, are the end distance at either end of the element.

ag = MIN(L/2*h ;1/2*t;) = 0,15m
a = MIN(1/2*h ;1/2*ty) = 0,15 m
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EN 1992-1-1:2004

Folder : Flanged beams

Single-span beam, top flange:

leff1= lni+ast+ay = 6,56 m

|0: Ieffl = 6,56 m

b= b1+b2+bw = 3,42m

beffl = M'N( 0,2 * bl + 0,1 * |0, 0,2 * |0, bl ) = 1,01 m

beffZ = M'N( 0,2* bz +0,1* |0; 0,2 * |0; b2 ) = 0,93 m

et = MIN(Dgfry + betrz + by ;b)) = 2,24m

= Ieffl = 6,56 m
Loads:

from dead load: (b *he+ by * (h-hy))*25 = 15,45 kN/m

From dead floor load: b*1,50 = 5,13 kNm
max gg = 20,58 kNm

from live load: b* 1,50 = 5,13 kN/m

from partition surcharge: b*1,25 = 4,28 KN/m
max qg, = 9,41 kN/m

Vg = qg *L/2 = 67,50 kKN

Vg = dq *L/2 = 30,86 kN

Mg = dg *L?/8 = 110,70 kNm

Mg = dq*L?/8 = 50,62 kNm

Flexural design of the rectangular section:

Materials and characteristic strengths:

Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C30/37

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

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

fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2

fya= fuc/ 1,15 = 434,78 N/mm?2

acc = 1,00

0. = 1,50

fck* Acc
feq = = 20,00 N/mmg2
%

Partial safety factors:
gG =
gQ =

1,35
1,50
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EN 1992-1-1:2004 Folder : Flanged beams

Design values and analysis:

MEd = Jc * MG + gQ * MQ = 225,38 kNm
d= h-nom c-a-ds/2 = 0,433 m
Mggs = ABS(Mgq) = 22538 kNm
-3
Mgqs * 10
Megs = -, = 0,027
beff *d o* fcd
w = TAB("reinf/Ecmy"; w; mEMey o) = 0,028
z= TAB("reinf/Ecmy”; z; mFMeq o) = 0,982
X = TAB("reinf/[Ecmy"; X; m:mEdyS) = 0,052
X = x*d = 0,023 m

WX d*beg * fog 4
req_Ag= ———*10 = 12,49 cm?
f

yd

IProvide five 20 mm bars |

Bar size d= SEL("reinf/As"; ds;) = 20 mm

Ag sel = SEL("reinf/As"; Name; ds = dg; As3req_Ay) = 5 /& 20
prov_Ag = TAB('reinf/As"; As; Name=Aq ¢¢)) = 15,71 cm?
req_Ag/ prov_Aq = 080£1

Whole compressed section is in flange:

x | hg = 015<1
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EN 1992-1-1:2004

Folder : Flanged beams

Effective flange width of a single-span beam:
to ENV 1992-1-1 111

Elevation:

i3
Y

T

&

Load diagram:

A T T T T T — A
1 L { -

Section properties:

Span length |} = 6,26 m
Support width a; = 0,30 m
Support width a, = 0,30 m
Beam width by, =

half slab width b; = 1,75 m
half slab width b, = 1,37 m
Tee beams height h =

Slab height h =

Axis of bending tension reinforcement a =
Assumed bar size dq; =

nom_c =

Single-span beam, top flange:

lef1= h+a/3+ay/3

|o = Ieffl

ber=  MIN(b,, + g/ 5; by, + by + by)
L= leff1

b= bl + b2 + bW

> _d

.
i

Centroid of tension

" reinforcement

0,30 m

0,45 m
0,15 m

0,02m
0,025 m

0,035 m

6,46 m
6,46 m

1,59 m

6,46
3,42 m

Pdf-Overview: Templates for Structural Engineering




EN 1992-1-1:2004

Folder : Flanged beams

from dead load: (b *he+ by, * (h-hy)) *25 = 15,07 kKN/m

From dead floor load: b* 1,50 = 5,13 kNm
max qg4 = 20,20 KNm

from live load: b*1,50 = 5,13 kKN/m

from partition surcharge: b*1,25 = 4,28 kKN/m
max qq = 9,41 KN/m

Vg = dg * L/2 = 65,25 kN

Vg = qq * L2 = 30,39 kN

Mg = qg*L?/8 = 105,37 kNm

Mg = dqg*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

Partial safety factors:

O = 1,35

Oo = 1,50

Design Calculation:

Mgq = g * Mg + do *Mg = 215,88 kNm

d= h-nom_ c-a-ds/2 = 0,383 m

Z5 = d-h/2 = 0,158 m

Mgys=  ABS(Mgy) = 215,88 kNm

kd = d*100/ ("XMSd,S/ beff) = 3,29

ks = TAB("reinf/kd"; ks1; Name=Concrete; kd=Kky) = 2,374

z= TAB("reinf/kd"; z; Name=Concrete; kd=kg) = 0,969

X = TAB("reinf/kd"; x; Name=Concrete; kd=kg) = 0,082
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EN 1992-1-1:2004 Folder : Flanged beams

X = x*d = 0,031 m
zZ= z*d = 0,371 m
req_As= Mgq J/(d*100)*Kkg = 13,38 cm?

[ Provide three 25 mm bars |

Bar size d=  SEL("reinf/As"; ds; ) = 25 mm
Agcel = SEL("reinf/As"; Name; ds = dg; As®req_Ay) = 4 £ 25
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢|) = 19,63 cm?
req_Ag/ prov_Aq = 068£1

Whole compressed section is in flange:

X = x* d = 0,031 m

X/ hf = 0,21 <1
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EN 1992-1-1:2004

Folder : Flanged beams

Eff. Flange width Single-span:

to EN 1992-1-1:2004

Elevation:

A7

A

1 iy
|

A

[=0,85* L 6=0.15(Lt Ly,) L=0.7* leff2‘|“

— *
|60’15 leﬁ2+ Ieffs,\|
1

Ieffl | eff2

[ | effd |
= | 1 =1
beff .
bi b
eff,1 }‘tﬁ,;?'
[IlZ 7Y 7R/ 7 |

Load diagram:

Section properties

I, is the clear distance between the faces of supports

length I, = 6,26 m
bearing width t;= 0,30 m
bearing width t,= 0,30 m
Beam width by, = 0,30 m
half slab width b; = 1,75 m
half slab width b, = 1,37 m
height h = 0,50 m
a; and a, are the end distance at either end of the element.

a; = MIN(1/2*h ;1/2*t;) = 0,15 m
a, = MIN(1/2*h ;1/2*t,) = 0,15 m

Single-span beam, top flange:

leff1=  Initagtap = 6,56 m
lo= letf1 = 6,56 m
b= b, + b, + by, = 342 m
Pett1 = MIN(O0,2*by + 0,1 *g; 0,2 *ly; by ) = 1,01 m
betto =  MIN(0,2 * by, + 0,1 * Ig; 0,2 * Iy; by ) = 0,93 m
betr = MIN(Dgfry + Detrp + by 5 b) = 2,24 m
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EN 1992-1-1:2004 Folder : Flanged beams

Single-span beam with shearing forces without transverse reinforcement:

to EN 1992-1-1:2004

Elevation:

L [=0,85* LﬁL|iO’15(|eﬁl+ l) |0:0’7 * |eff2§|“ |§0’15 ) leﬁ2+ Ieffs,\|
| | -
|

Ieffl | eff2 | eff3

) beff .

beff 1 }Eﬁg'

N
AN

Y, A ]

Load diagram:

Section properties:
the depth of the stress block lies within the flange (s £ hy)

I, is the clear distance between the faces of supports

length Iy, = 3,00 m
bearing width t;= 0,30 m
bearing width t,= 0,30 m
Beam width b, = 0,30 m
half slab width by = 1,30 m
half slab width b, = 1,05m
height h = 0,30 m
Slab thickness hs = 0,15 m
Axis of bending tension reinforcement a = 0,02 m
Assumed bar size dg; = 0,025 m
nom_c = 0,035 m
a; and a, are the end distance at either end of the element.

a; = MIN(1/2*h ;1/2*t;) = 0,15 m
a = MIN(1/2*h ;1/2*t,) = 0,15 m

Single-span beam, top flange:
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EN 1992-1-1:2004 Folder : Flanged beams

|eff1: |n1+al+a2 = 3,30 m
lo= lefry = 3,30 m
b= b1+b2+bw = 2,65m
beffl = M'N( 0,2 * bl + 0,1 * |0, 0,2 * |0, bl ) = 0,59 m
betto = MIN( 0,2 *by, + 0,1 *ly; 0,2 * Iy; by ) = 0,54 m
et = MIN(Dgfry + betrz + by ;b)) = 1,43 m
L= Ieffl = 3,30 m
Loads:
from dead load: (b *he+ by * (h-hy))*25 = 11,06 kKN/m
From dead floor load: b*1,50 = 3,98 kNm
max gg = 15,04 KNm
from live load: b*1,50 = 3,98 KN/m
from partition surcharge: b*1,25 = 3,31 kKN/m
max qg, = 7,29 kN/m
Vg = qg *L/2 = 24,82 kN
Vg = dq *L/2 = 12,03 kN
Mg = dg *L?/8 = 20,47 kNm
Mg = dq*L?/8 = 9,92 KNm

Bending design of retangular cross section:
Materials and stresses:

Concrete =  SEL("concrete/EC"; Name; fy £ 50) = (C20/25
Steel = SEL("reinf/Steel"; Name;) = 500 S
fo = TAB("concrete/EC"; fck; Name=Concrete) = 20,00 N/mm?
fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m?2
fya= fuc/ 1,15 = 434,78 N/mmz?
acc = 1,00
fck* Acc
feq = = 13,33 N/mm?
15
Partial safety factors:
Og = 1,35
Oo = 1,50
Oc= 1,50
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EN 1992-1-1:2004 Folder : Flanged beams

Design Calculation:

Mgq = Oc * Mg + do * Mg = 42,51 kNm
d= h-nom_c-a-dy/2 = 0,233 m
Mggs = ABS(Mgyq) = 42,51 kNm
-3
MEd,s *10
rr]Ed,S = > = 0,041
beg*d *fey
w = TAB("reinf/Ecmy"; w; mEMey o) = 0,042
z= TAB("reinf/Ecmy"; z; mFmey o) = 0,976
X = TAB("reinf/Ecmy"; X; mFmey o) = 0,067
X = x*d = 0,016 m
wrd*bey*feqg 4
req_Ag= —*10 = 4,29 cm?
IProvide three 25 mm bars |
Bar size d&= SEL("reinf/As"; ds; ) = 25 mm
Ag el = SEL("reinf/As"; Name; ds = dg; As®req_Agy = 3A25
prov_Ag = TAB("reinf/As"; As; Name=Aq ¢¢|) = 14,73 cm?
req_Ag/ prov_Aq = 029£1
Whole compressed section is in flange:
x I hg = 011<1
Shear Analysis:
max_V = Ve * st Vo™ G = 51,55 kN
Effective shearing force:
VEg = max_V - (dg* gc + dq * 9o ) * (a1 + d) = 39,59 kN
200
k = MIN(1 + O 35 2) = 1,93
d*10
prov_Aq
rq= MIN(—4 ;0,02) = 0,020
b, *d*10
ki = 0,15
Crdc = 0,18/g, = 0,12

Acceptance:
Concrete compressive stress at the centroidal axis due to axial loading and/or presstressing s cp=0i

Scp = 0,00 N/mm?2

Vege=  (Craok*3O10071 *fotk; *s¢))*b,*d*10° = 5537 kN
Upnin = 0,035*('fk_3* Of = 0,42 NImm?
VRd,cmin =  (Umin + K1 * S¢p ) * by, * d*103 = 29,36 kN
VRde = MAX(VRe ¢ ; VRd.c.min ) = 55,37 kN
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EN 1992-1-1:2004

Folder : Flanged beams

Ved /VRd,c

072 £1

Shear reinforcement is not necessary, if proof is £ 1.

Constructive shearing reinforcement

Ofck

r wmin = 0,08 * = 0,72*103
St max = MIN(0,75*d; 0,60 ) = 0,17m
a =90,00°
Agw min = rw,min *10% * b, * SIN(90) = 2,16 cm¥m

| Provide links of size 8 mm (double-shear) |
ds = SEL("reinf/AsArea"; ds; ) = 8,00 mm
ag = SEL("reinf/AsArea";Name;ds=dg a4 agy, min/2) E & e=17
prov_ag,= 2 * TAB("reinf/AsArea"; as; Name=ay) = 5,92 cm?/m

Agw,min / Prov_ag, =

0,36 <1
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EN 1992-1-1:2004 Folder : Flanged beams

Design of a single-span flanged beam with the reinforcement ratio method:
to EN 1992-1-1:2004

Elevation:

L [=0,85* LﬁL|iO’15(|eﬁl+ l) |0:0’7 * |eff2§|“ |§0’15 ) leﬁ2+ Ieffs,\|
| | -
|

leffl | eff2 | effd |

) beff .

beff 1 }Eﬁg'

N
AN

Y, A ]

Load diagram:

Section properties:
the depth of the stress block lies within the flange (s £ hy)

I, is the clear distance between the faces of supports

length Iy, = 6,26 m
bearing width t;= 0,30 m
bearing width t,= 0,30 m
Beam width b, = 0,30 m
half slab width by = 1,75m
half slab width b, = 1,37 m
flanged beam height h = 0,50 m
Flange thickness hs = 0,15 m
Centroid of tension reinforcement a = 0,02 m
Assumed bar size dg; = 0,025 m
nom_c = 0,035 m
a; and a, are the end distance at either end of the element.

a; = MIN(1/2*h ;1/2*t;) = 0,15 m
a = MIN(1/2*h ;1/2*t,) = 0,15 m
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EN 1992-1-1:2004

Folder : Flanged beams

Single-span beam, top flange:

leff1= lni+ast+ay = 6,56 m

|0: Ieffl = 6,56 m

b= b1+b2+bw = 3,42m

beffl = M'N( 0,2 * bl + 0,1 * |0, 0,2 * |0, bl ) = 1,01 m

beffZ = M'N( 0,2* bz +0,1* |0; 0,2 * |0; b2 ) = 0,93 m

et = MIN(Dgfry + betrz + by ;b)) = 2,24m

= Ieffl = 6,56 m
Loads:

from dead load: (b *he+ by * (h-hy))*25 = 15,45 kN/m

From dead floor load: b*1,50 = 5,13 kNm
max gg = 20,58 kNm

from live load: b* 1,50 = 5,13 kN/m

from partition surcharge: b*1,25 = 4,28 KN/m
max qg, = 9,41 kN/m

Vg = qg *L/2 = 67,50 kKN

Vg = dq *L/2 = 30,86 kN

Mg = dg *L?/8 = 110,70 kNm

Mg = dq*L?/8 = 50,62 kNm

Flexural design of the rectangular section:

Materials and characteristic strengths:

Concrete =  SEL("concrete/EC"; Name; f. £ 50) = C30/37

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

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

fy = TAB("reinf/Steel"; bs; Name=Steel) = 500 MN/m2

fya= fuc/ 1,15 = 434,78 N/mm?2

acc = 1,00

0. = 1,50

fck* Acc
feq = = 20,00 N/mmg2
%

Partial safety factors:
gG =
gQ =

1,35
1,50
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Folder : Flanged beams

Design values and analysis:

MEd = Jc * MG + gQ * MQ = 225,38 kNm
d= h-nom c-a-ds/2 = 0,433 m
Mggs = ABS(Mgq) = 22538 kNm
-3
Mgqs * 10
MEd,s = - 5 = 0,027
beff *d o* fcd
z= TAB("reinf/Ecmy"; z; mFmey o) = 0,982
X = TAB("reinf/Ecmy”; X; mFMeq o) = 0,052
X = x*d = 0,023 m
zZ= z*d = 0,425 m
1 IVlEd,s
req_As= o hy |*10 = 14,48 cm?
d \d-T—
Y 2
[ Provide five 20 mm bars |
Bar size d= SEL("reinf/As"; ds;) = 20 mm
Agcel = SEL("reinf/As"; Name; ds = d;; As®req_Ay) = 5/ 20
prov_Ag = TAB('reinf/As"; As; Name=Aq ¢¢)) = 15,71 cm?
req_Ag/ prov_Aq = 092£1
Whole compressed section is in flange:
x I by = 0,15<1
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EN 1992-1-1:2004 Folder : Flanged beams

Effective flange width of a single-span with a cantilever beam or endfield:
to EN 1992-1-1:2004

Elevation:
(/'/__“—\\\\\
! [ 1=0,85" Ly ||° 0'15(|e'\,” e|ﬁ2|) L=0,7~1,, | 170,15 |+ |eff3»|
\= | / | | | | =]
I lefiy { eff2 | effd |
= Vi _ | =
TSt - beff :
b b
eff,l| eff!g1
I / A 1 v 2R/ 7 7 |
7. Y
bl [ b]_ bW b2 ' b2
i b i

Section properties:
I, is the clear distance between the faces of supports

length 1,,1= 6,26 m
bearing width t; = 0,30 m
bearing width t, = 0,30 m
height h= 0,50 m
a; and a, are the end distance at either end of the element.

aj = MIN(1/2*h ;1/2*t;) = 0,15 m
a, = MIN(1/2*h ;1/2*t,) = 0,15 m
Beam width b, = 0,30 m
half slab width b, = 1,75m
half slab width b, = 1,37 m

Continuous flanged beam,. bottom flange:

leff1= Initagtap = 6,56 m
Innenstutze |y = 0,85 * laff1 = 5,58 m
b= by + b, + by, = 3,42m
etz =  MIN( 0,2 * by + 0,1 *lp; 0,2 * Io; by ) = 0,91 m
beffZ = M|N( 0,2 * bz +0,1* |0, 0,2* |0, b2 ) = 0,83 m
et = MIN(Dgfr1 + besr2 + by ;b)) = 2,04m
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EN 1992-1-1:2004 Folder : Reinforcement

General anchorage-bond length:
to EN 1992-1-1:2004

v I
a) %J% C) m a)450£a£90°
(64
| C 250 b) h £ 250 mm
IE IE ¢) h>250 mm
y !
| : AN d) h > 600 mm
R o
b) = <lh ) i

A - direction of concreting

a) and b) Good bond conditions for all bars
¢) and d) Good bond conditions in unhatched zone. Poor bond conditions in hatched zone.

Section properties:
Transformed Value of moment in the level of tension reinforcement. Mgy s =ZABS(Mgq )- Ngg

Mggs = 0,308 MN
Ngq = 0,100 MN
z= 0,552 m
prov_Aq = 25,00 cm?
available condition AC= SEL("reinf/aTyps";AC;) = poor
When bond conditions are poor then the specified ultimate bond stress should be reduced by a factor
of 0,7
factor h, = IF(AC="good";1,0;0,7) = 0,70
o
c i e o C1 H i L —
- c

a) Straight bars b) Bent or hooked bars ~ ©) Looped bars

c,= min(a/2, c, cl) ¢, =min(a/2, cl) C,=cC

concrete cover coefficent cq = 30 mm
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Values of K for beams and slabs

(E“A:S ft,Ast -Aés ?/I,Ast /As ﬁAst

_‘7
K=0,1 K= 0,05 K=0
Value of K = 0,10
transverse pressure p= 0,00 N/mm?2

Value of a (1 to 5)
Type of anchorange

VA = SEL("reinf/aTyps";Typ;) =  other than straight
fi = TAB("reinf/aTyps";Val;Typ=VA) = 2
Construct CS = SEL("reinf/aTyps"; CS;) = beams
Material
Bar size d&= SEL("reinf/AsArea"; ds; ) = 20 mm
Concrete = SEL("reinf/al"; Name; ) = C35/45
Area of a single anchored bar with maximum bar diameter
Area Ag= TAB("Bewehrung/As"; As ;n=1;ds=ds) = 3,14 cm?
Bar Size transverse reinforcement along the design anchorage length
AEd = SEL("reinf/AsArea"; ds; ) = 10,00 mm
guantity of transverse reinforcement along the design anchorage length
ne = 4
the cross-sectional area of the transverse reinforcement along the design anchorage length
SA4 = TAB("reinf/As"; As ;n=n; ;ds=d) = 3,14 cm?
fe 0,05 =  TAB("concrete/EC";fctk05; Name=Concrete) = 2,20 N/mm?
agt = 1,00
Oc = 1,50
fok = 500,0 N/mm?
Os= 1,15
E-Modul Eg= 200000 N/mm?2
Berechnung
fetk 0,05
fotd = ag” o = 1,47 N/mm?
C

The design value of the ultimate bond stress is also dependent on the bar size. For all sizes A&
greater than 32 mm the bond stress should additionally be multiplied by a faktor.

hy= IF(ds £ 32; 1,0; (132-dg)/100) = 1,00
Design values of bond stresses f,4
foq = 2,25*h* hy * fy = 2,32 N/mm?

Value of stress where the anchorange of the bar be calculated.
1 . IVIEds

Ssd =

 Ngg = 263 N/mm?2

wan
prov_Ag *10

basic reqgiured anchorage length to prevent pull out
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Folder : Reinforcement

| = E*SSd = 567 mm
b,rqd 4 fbd
the cross-sectional area of the minimum transverse reinforcement
SAst min = IF(CS ="beams"; 0,25*Aq; 0) = 0,79 cm?
anchorage-bond length for tension
a, for the effect of: The shape of the bars
a;= IF(f, =1;1;1F(c4>3*ds;0,7;1,0)) = 1,00
a, =for the effect of. Concrete cover to the reinforcement
(Cd 'ds)
az;= 1-0,15*——— = 0,93
S
azy = IF(a; 1 <0,7,0,7;IF(az 1 > 1,0; 1,0;a5 1)) = 0,93
(Cd - ds* 3)
azo= 1-0,15* = 1,23
S
apy = IF(a;, <0,7,0,7;IF(az» > 1,0; 1,0;a5 »)) = 1,00
a,= IF(fy =1;a51;822) = 1,00
o = IF(fl :1, azyl X a2’2 ) = 1,00

a4 =for the effect of: Confinement of transverse reinforcement not welded to the main reinforcement

| = (SAg - SAgt min )/As = 0,75
as = 1-K*| = 0,93
az = IF(a3 <0,7; 0,7,WENN(a3 > 1,0; 1,0;a3)) = 0,93

a, =for the effect of: Confinement of transverse reinforcement welded to the main reinforcement

ag = 0,70
ag =for the effect of: Confinement by transverse pressure

as = 1-0,04*p = 1,00
ag = IF(as <0,7;0,7; IF(as > 1,0; 1,0; a5)) = 1,00

Design value of bond stresses I, with transverse reinforcement but not welded transverse

reinforcement to the main reinforcement.
lbg = ay*az*az*as * lyqd

= 527,31 mm

Design value of bond stresses I, with welded transverse reinforcement to the main

reinforcement.
lbg = ay*ap *az*as *lyqd

= 396,90 mm

Design value of bond stresses I, without transverse reinforcement and not welded
transverse reinforcement to the main reinforcement.

lba = a;*a *as* lprqd

567,00 mm

Design value of bond stresses I, with all factors of a

lbg = ap*az*az*az*as* lprqd

369,12 mm

This minimum design length must not be less than:

for tension bars:
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Iy min.t = MAX(0,3*p rqa ; 10 * ds; 100 ) = 200,00 mm

Anchorage-bond length for compression

Design value of bond stresses I, with welded transverse reinforcement to the main
reinforcement.

Ibd = ay * |b,rqd = 396,90 mm
Design value of bond stresses I, not welded transverse reinforcement to the main
reinforcement.

Ibd = Ib,rqd = 567,00 mm
This minimum design length must not be less than:

for compression bars:

Ib,min,d = MAX(O,G*lb’rqd y 10 * ds, 100 ) = 340,20 mm
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Eurocode 3

Folder : Bolted connections

Bolted angilar connection:

d Ea h Eq
a’-
_\RT e
] 2 ol —F
h
— S e i
QA
S‘Ed
Dimensions of connection:
Plate thickness d = 15,00 mm
Bolt spacing e = 35,00 mm
Spacing of bolts e, = 30,00 mm
Spacing of bolts b = 70,00 mm
Spacing of bolts h = 220,00 mm
Angle of tension force b = 45,00 °
Bolts:
Bolt = SEL("steel/bolt"; BS; ) = M 20
SC = SEL("steel/bolt"; SC; ) = 8.8
fup = TAB("steel/bolt"; fubk; SC=SC) = 800,00 N/mm?2
Hole diameter d= TAB("steel/bolt"; d; BS=Bolt) = 20,00 mm
Shaft diameter d;= d+2 = 22,00 mm
Cross-section areas A= TAB("steel/bolt"; Asp; BS=Bolt) = 2,45 cm2
Plate:
steel = SEL("steel/EC"; Name; ) = Fe 510
fy= TAB("steel/EC"; fy; Name=steel) = 355,00 N/mm?
fu = TAB("steel/EC"; fu; Name=steel) = 510,00 N/mm?
Ovio= 1,10
Ovb= 125
Loads:
Sked = 424,26 kN
Ngg = COS(b) * Sgyq = 300,00 kN
VEg = SIN(b) * Sgq = 300,00 kN
Force per bolt:
Ed
Fieq= — = 75,00 kN
’ 4
VEd
FuEd= e = 75,00 kN
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Folder :

Bolted connections

Limit tension force of bolts:

Ftrd =

FtEd

FtRrd

Check limit shear force for bolts:

Fvrd=

Fv,Ed

Fv,Rd
Check combined:

Fied Fv,Ed

1,4*Frq

Fv,Rd

2

fu,b* p* dI
L
4000 * gy,

0,6

Analysis of bearing strength:

asin6.5.1.3:
asin 6.5.1.3:
asin 6.5.1.2(1):
as in 6.5.1.2(3):

Tab.6.5.3 Fbl,Rd =

655(10) FbZ,Rd =

Fp,Rrd =

Fv,Ed

Fo,rd

80/ d||
eO/ d||
e/ d,
b/ dy

b
; — - 0,25;

MIN

fU
25%a*d*d* -

dwvp * 10

3 * Fp1,Rrd

Fo2,rd * (Fp1,Rd = Fo2,Rd) *

0,53<1

0,62<1

100£1

f

u

fun )
f )

u

0,3

046<1

141,12 kN

120,64 kN

1,36 > 1
1,36 <1,5
1,59>1,2
3,18 >3

= 0,53

162,18 kN

108,12 kN

162,18 kN
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Eurocode 3 Folder : Bolted connections

Bolted connection subject to bending

[ I I [
o O
oo || |k i
o0 g
I
[ I
| ! E R
Dimensions of connection:
a= 80,00 mm
a; = 45,00 mm
= 80,00 mm
e = 45,00 mm
e, = 50,00 mm
e;= 90,00 mm
d; = 20,00 mm
d, = 8,00 mm
b, = 160,00 mm
h, = 2*(es+ €3) = 280,00 mm
Flange-Bolts:
Bolt; = SEL("steel/bolt"; BS; )
SCl= SEL("steel/bolt"; SC; )
fubo = TAB("steel/bolt"; fubk; SC=SC1)
Hole diameter dig = TAB("steel/bolt"; d; BS=Bolts)
Shaft diameter d, = do+ 2
Number of rows n, =
Steg-Bolts:
Boltg = SEL("steel/bolt"; BS; )
SC2 = SEL("steel/bolt"; SC;)
fups = TAB("steel/bolt"; fubk; SC=SC2)
Hole diameter dig = TAB("steel/bolt"; d; BS=Boltg)
Shaft diameter dj;4 = ds+ 2

Number of rows ng=
Number of columns mg=

M 20

4.6
400,00 N/mm?

20,00 mm
22,00 mm
3

M 16

4.6
400,00 N/mm?

16,00 mm
18,00 mm
3
2
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Eurocode 3 Folder : Bolted connections
Profil:
Profil Typ = SEL("steel/Profils"; Name; ) = IPE
Selected Profil = SEL("steel/"Typ; Name; ) = IPE 240
Column height h = TAB("steel/"Typ; h; Name=Profil) = 240,00 mm
Web thickness s = TAB("steel/"Typ; s; Name=Profil) = 6,20 mm
Flange thickness t = TAB("steel/"Typ; t; Name=Profil) = 9,80 mm
Cross-sectional area A = TAB("steel/"Typ; A; Name=Profil) = 39,10 cm?
Moment of resistance Wy, = TAB("steel/"Typ; Wy; Name=Profil) = 324,00 cm?
Moment of resistance W, = 1,14 * W, = 369,36 cm?
Material and Partial safety factors:
steel = SEL("steel/EC"; Name; ) = Fe 360
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mmz2
fu= TAB("steel/EC"; fu; Name=steel) = 360,00 N/mmz2
Ovo = 1,10
Ov2 = 1,25
Loads:
Mgq = 157,95 kNm
VEd = 60,75 kN
Check beam-web strength without holes:
W, * f,
M¢ Rrd = . = 78,91 kNm
9vo * 10
Mgq
= 200<1
Mc,Rd
*
A= 1,04 * = 15,48 cm?
100
fy
Vpi,Rd = A= = 190,93 kN
> " G3*gyo*10
VEg
= 032<1
VoI,Rd
Check beam-web strength with holes:
A, = 05*A = 19,55 cm?
ng-1
2*dllo’k“— 2 *dlls*s
A = A = 14,12 cm?
z,net z 100
f_y 9u2
fu 9wo
= 114£1
Az,net
0,9*
A
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Folder : Bolted connections

Woinet= Wpi-2*dyo* *%

Wpl,net *fy
Merdc= — 5

Omo 10

Meqg _
M¢ Rd.c )
* * S

Aynet= Ay-nNg dizs R
b, M _
fU AV,net B

P Area of holes will be neglected.

Analysis of bolts in flange:

2*d,*h ’
Lo 2dthe
W 4
12*10
2
h+d,;
2
If— 2*b1*dl* 4
10
IW
M,, = M
w Ed |W+|f
If
M: = Mgq *
f Ed |W+If

Effective tension force in flange:

My
h+d,

Neg = * 108

Limit shear force

p 2
fu.bo *Z* di

Fyrda= No*2*0,6* .
10 *9we
Limit bearing force:
a; a f

- - - 0,25;
3 dIlo 3 dIlo

u,bo

f

a= MIN( 1 1)

u

Fb,Rd: 2*n0*2,5*a*d|0*t*

NEd NEd
MAX( : ) =
FV,Rd I:b,Rd

= 319,73 cm3

= 68,31 kNm
231<1

= 12,13 cm?
0.83<1

= 2926,93 cm#

= 10816,00 cm4

= 33,64 kNm

= 124,31 KNm

= 478,12 kN

= 361,91 kN

= 0,682

= 577,46 kN
1.32<1
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Folder : Bolted connections

Analysis of bolts in web:

n.-1
Ngy = > + 0,49 = 1
nSZ: nsl* 2 = 2
mg-1
Mgy = 5 + 0,49 = 1
Mgp = Mgy * 2 = 2
2 2
mg-1 ng-1
ns*msz* *e +n52*ms *e3
2
lp = = 420,00 cm2
100
Veq* €3
Mgy = wt . = 39,11 kNm
10
n 2
* * -
Req = C(lo Mew es) +( Vg C 10*M m 1*E) = 96,27 kN
Ew
I mg* ng Iy
2
p dIs
Fyrd= mMg*0,6 *fps*— . = 77,21 kN
Owm2 * 10
€1 e fu,bo
a= MIN( - - - 0,25; ;1) = 0,833
3 dIls 3 dIls u
fU
Fora= 25*a*dg*s* 3 = 59,50 kN
Ouo ¥ 10
Req  Reqd
MAX( ; = 162<1
Furd Ford
Analysis of cover plates:
dl* bl
A= = 32,00 cm?
100
2*dj*dy
Apet = A-—m——— = 23,20 cm?
100
Limit tension force:
fy f,
N = MINA*——; 0,9 * Aot * = 601,34 kN
t,Rd ( 9|\/|0 *10 net 1o £ 10
Ngg
= 0.80<1
Nt Rrd
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Connection subject to moment load:

& o o o
":37L @ ol o
éf;t ® @

i e~ e'e;

Dimensions of connection:
Bolt spacing e =
Edge distance el =
Bolt spacing e3 =
Plate thickness t =
Number of bolts n =

Bolts:
Boltl =
SC1 =

fup1 =
Hole diameter dj; =

Bolt2 =

SC2 =

fub2 =

Hole diameter dg, =
Shaft diameter d,=

steel =

fu2 =
Ovb =

Loads:

50,00 mm
35,00 mm

70,00 mm

6,00 mm
8

SEL("steel/bolt"; BS; ) M 30
SEL("steel/bolt"; SC; ) = 5.6
TAB("steel/bolt"; fubk; SC=SC1) 500,00 N/mm2

TAB("steel/bolt"; d; BS=Bolt1) 30,00 mm

SEL("steel/bolt"; BS; ) = M 12
SEL("steel/bolt"; SC; ) = 5.6
TAB("steel/bolt"; fubk; SC=SC2) = 500,00 N/mmz2

TAB("steel/bolt"; d; BS=Bolt2) = 12,00 mm
dopt+1 = 13,00 mm
SEL("steel/lEC"; Name; ) = Fe 360

TAB("steel/EC"; fu; Name=steel) = 360,00 N/mmz2
1,25

1,25

58,70 kN
910,00 kNcm
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Analysis of the right bolt:
Check limit shear force

q 2
016 *B* 1
4 \10
Fv,Rd

Limit bearing strength

Fvrd=

VEg

Fb,Rd: 1,5* d|1*t*

=

Fo,rd

Check bolts on left:

6*(92*'932)
| = v =8/

fu,bl

10 * gmo

P 100

Maximum horizontal force in bolt due to moment:
€3

F = Mgy *

h Ed 1+ 10
Maximum vertical force:
- e VEq

= M * + —

v fr10

Resulting force
_ N 2 2
Rr= Cr,“+F,
p
Furd= 0,6 *fpp* dp?* 3
4*gyp ¥ 10

Rr
Fv,Rd
Analysis of bearing strength

€ e
a= MIN( 1 2* - 0,25;
fu2
Fb,Rd: 2,5*a*d|2*t* 3
Ovp ¥ 10

Fn

Fo,rd

u2

= 169,65 kN
0.35<1

= 77,76 KN
0,75<1

= 444,00 cm?

= 14,35 kN

= 17,59 kN

= 22,70 kN

= 31,86 kN
0,71 <1

= 0,90

= 50,54 kN
0,28<1
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Bolted shear joint:

- ==
“1 o ofHF o
az
an -] {:} o <
a) o oo
as [ [
[
o
=7 / \
bt ’
A |
Dimensions of connection:
Spacing of bolts a = 45,00 mm
Spacing of bolts ag = 35,00 mm
Spacing of bolts a; = 30,00 mm
Spacing of bolts a, = 50,00 mm
Spacing of bolts az = 90,00 mm
Depth of cope a4 = 30,00 mm
Plate projection ag= 20,00 mm
Lever-arm x = 45,00 mm

Bolts:

Number of bolts n =

M16 4.6

Bolt =

SC =

fu,b =

Hole diameter d=
Shaft diameter dy=

Angle section P =
Angle thickness t =

3

SEL("steel/bolt"; BS; ) =
SEL("steel/bolt"; SC; ) =
TAB("steel/bolt"; fubk; SC=SC) =

TAB("steel/bolt"; d; BS=Bolt) =
d|+2 =

SEL("steel/WG"; Name; )
TAB("steel/WG"; s; Name=P)

Factor for group bolts as in 6.5.2..2(3):

Profil Typ =
Selected Profil =
Column height h =
Web thickness s =

Owvib = 1,25
oz = 1,25
gMO = 1,10

0,5 for 1 group bolts; =2,5 for 2 rows

SEL("steel/EC"; Name; )
TAB("steel/EC"; fy; Name=steel)

TAB("steel/EC"; fu; Name=steel)

SEL("steel/Profils"; Name; )
SEL("steel/"Typ; Name; )
TAB("steel/"Typ; h; Name=Profil)
TAB("steel/"Typ; s; Name=Profil) =

M 16
4.6
400,00 N/mm?2
16,00 mm
18,00 mm

L 80x8
8,00 mm

Fe 360
235,00 N/mm?

360,00 N/mm?2

IPE

IPE 270
270,00 mm
6,60 mm
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Loads:
VEg = 60,00 kN

Check bolt spacing as in 6.5.1:

1,2*dy/ ag = 0,72<1
a; / MAX(12 * t; 150) = 0,20<1
1,5*dy/ ag = 0,77<1
ag / MAX(12 * t; 150) = 0,23<1
2,2*dy/ ay = 0,79<1
a, / MIN(12 * s; 200) = 063<1

Check bolts strength:

VEed
Bolts in web of main beam F, g4 = > = 10,00 kN
n
X
Bolts in web of connecting beam Mgy = —O* Veg = 270,00 kNcm
1
. Megg
Horizontal force due to Mgy Fp, gq = = 27,00 kN
ap
(n-1)*—
10
L . VEed
Distributed shearing force on bolts F, g4 = — = 20,00 kN
n
Maximum bolt strength Fgq = - 2 2 = 33,60 kN
gin Feg OFh’Ed +Fy Eq
Limit strength and analysis of bolts:
Bolts in web of main beam:
2
d
Plain in the shear plane F, rg= 0,6 *f, ,*p* |—3 = 38,60 kN
4* gyp * 10
Limit bearing strength
a; ap fup
a= MIN( — T 0,25;—; 1) = 0,556
3*d, 3*d, f,
fu
Fo,Rd = 25*a*d *t* — = 51,24 kN
Ovo 10
Analysis:
Fed
= 066<1
FbRrd
Bolts in web of connecting beam:
2
d,
Fyrd= 2*0,6*f,p* p*—3 = 77,21 kN
4* gyp ¥ 10
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Eurocode 3 Folder : Bolted connections

Limit bearing strength

a a, fu.b
a= MIN( ; -0,25;—; 1) = 0,556
3*d, 3*d, f,
fLI
Fo,rd = 25*a*d *s* 3 = 42,27 kN
Ou2 ¥ 10
Analysis:
Feq
= 0,79<1
Fo,rd
Check angle section strength
Design loads:
Ved
VEdw = S = 30,00 kN
Mgq
Mggw = T = 135,00 kNm
t
A= 2 a+2% ) * = 6,40 cm?
2*a 1) 200
d t
Apet = 2*a+2*%*a;-n* * = 4,24 cm?
net 2*a 1 b) 200
f_y vz
fu 9vo
= 124>1
Anet
0,9*
A
P Subtract bottom bolt holes.
A= A*2 = 12,80 cm?
Anet = Apet* 2 = 8,48 cm?
fy A
—x = 0.99<1
fu Anet
P Bolt holes should not be subtracted
2
(2*a,*+2*a;)
t* -dg*t*a
4 0 2
Wy, = = 44,00 cm3
1000
fy
Mpi,Rd = W, * = 940,00 kNcm
P . Omo * 10
Mgqy
= 029<1
Mpird
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Eurocode 3 Folder : Bolted connections
1Ey
Vpi,Rd = Ar———— = 157,88 kN
Ovo *O3* 10
VEg
= 0.38<1
Vol,Rd
Also:
=
- = 0,76 <1
VpI,Rd
2
P No interaction.
Check shear failure:
L, = n-1)*a = 100,00 mm
L, = a, = 50,00 mm
Ly
= 056 <1
5 * do
fy
L2: (a.- k*dO)*f_ = 55,15 mm
y
L3 = LV +a,+ ag = 240,00 mm
Lyeff = L,+ L+ L, = 205,15 mm
Ly eff
= 0,85<1
L3
Ls
= 0184 <1
fu
(Lytaytag-n*dy)*—
f
y
Effective shear area:
Av,eff = Lv,eff *t/100 = 16,41 cm?
fy
Veft,Rd = A —_— = 202,41 kN
eff,R v,eff gMo *03 x10
VEg
= 0,30<1
Vet Rd
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Eurocode 3

Folder : Bolted connections

Double shear joint with bolts:

MNpg
2 1
< l & Mm
l [ >
<[ |
MNes
2
201
, |
o o I
] = 3 ]:I
b o o
; Ej
T
Bl E BB
Dimensions of connection:
Plate thickness d; = 6,00 mm
Number of plates n; = 2
Plate thickness d, = 7,10 mm
Number of plates n, = 1
Plate width b = 210,00 mm
Bolt spacing e = 40,00 mm
Edge distance el = 60,00 mm
Edge distance e2 = 40,00 mm
Bolt spacing e3 = 65,00 mm
Bolts:
Bolt = SEL("steel/bolt"; BS; )
SC = SEL("steel/bolt"; SC;)
fup= TAB("steel/bolt"; fubk; SC=SC)
Hole diameter d= TAB("steel/bolt"; d; BS=Bolt)
Cross-section areas A=  TAB("steel/bolt"; Asp; BS=Bolt)
Number of bolts n=
Plate :
steel = SEL("steel/EC"; Name; )
fy= TAB("steel/EC"; fy; Name=steel)
fu= TAB("steel/EC"; fu; Name=steel)
9vo = 1,10
Ov2 = 1,25
Loads:
Ngg = 100,00 kN

M 20
10.9
1000,00 N/mm?

20,00 mm
2,45 cmz?
5

Fe 360
235,00 N/mm?2

360,00 N/mm?
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Eurocode 3

Folder : Bolted connections

Joint with tension and shear:
Limit tension force of plate links

N,
A= b * dl *
100
d= d| + 2
Cross-section area 1:
ny
A = A-2*d*d;*
net,1 1 100

Cross-section area 2:

n, n
A = A-3*d*d,* +2*e2/(4%3) *dy *
net,2 1 100 ( 3) 1 100
Anet = MlN(Anet,l; Anet,2)
fy fu
N'[,Rdl = MlN( A* ; 0,9 * Anet *_)/10
9vo Iv2
Limit tension force of plate rechts
n,
A= b*d,*
100
d= d|+ 2
n;
A = A-2*d*d,*
net,1 2 100
n n

2
Anet2 = A-3*d*d2*100+2*ezl(4*e3)*d2*

Anet = MlN(Anet,l; Anet,2)

f, f,
Nirg2 = MIN(A*——; 0,9 * A *—)/10
9vo Ivi2
Ntrd = MIN(NgRg2; NiRrd1)
Limit tension force of boltsn:
2
d
p*\—
10
Ag= T
Thread in the shearing plane:
fu,b* As
FV,Rd: 0,6 *n* (nl + n2 - 1) *
10 * gup
Limit bearing strength
€ € fu,b
a= MIN( ;2% -0,25;,—; 1)
3*d 3*d f

u

f

u
Fb,Rd1: nl*n*2,5*a*d|*d1* 3

Ouo * 10

= 25,20 cm?

= 22,00 mm

= 19,92 cm?2

= 18,76 cm?

= 18,76 cm?

486,26 kN

= 14,91 cm?
= 22,00 mm

= 11,79 cm?

= 11,10 cm?2

100

= 11,10 cm?2

287,71 kN

287,71 kN

= 3,14 cm?

1507,20 kN

= 0,91

786,24 kN
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Eurocode 3 Folder : Bolted connections
el e f
a= MIN( 12 -0,25;,—; 1) = 0,91
3*d 3*d u
fu
Ford2= N2*n*25%*a *d*dy* 3 = 465,19 kN
Ovo 10
Fo,rd= MIN(Fp rd1; FbRrd2) = 465,19 kN
Maximum allowed force:
Ni,rd= MIN(N;Rrg; Fyrd: Fo,rd) = 287,71 kN
Analysis:
Neq / Nirg = 035<1
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Eurocode 3 Folder : Bolted connections

High strength friction-grip bolt connection:

N i
<] | & Ve
| i —»
' 2| 1
e b —"*E:‘
E s |
’ o H 2 £,
[
By E & B
Dimensions of connection:
Plate thickness 1 d; = 10,00 mm
Plate thickness 2 d, = 8,00 mm
Bolt spacing e = 65,00 mm
Edge distance el = 55,00 mm
Edge distance e2 = 50,00 mm
Bolt spacing e3 = 70,00 mm
Plate width b= 240,00 mm
Bolts:
Bolt = SEL("steel/bolt"; BS; ) = M 22
SC = SEL("steel/bolt"; SC; ) = 10.9
fup = TAB("steel/bolt"; fubk; SC=SC) = 1000,00 N/mm?
Hole diameter d= TAB("steel/bolt"; d; BS=Bolt) = 22,00 mm
Cross-section areas A=  TAB("steel/bolt"; Asp; BS=Bolt) = 3,03 cm?
Number of bolts n= 5
normal holes with tolerance as Kq= 1,00
Number of slip joints as in 6.5.8.1 (1) h = 1,00
coefficient of friction as in 6.5.8.3 m= 0,40
asin6.5.8.1(3) gus = 1,25
Plate:
steel = SEL("steel/EC"; Name; ) = Fe 360
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
fu= TAB("steel/EC"; fu; Name=steel) = 360,00 N/mm?
Ovio = 1,10
Ov2 = 1,25
Loads:
Tension force Ngq = 100,00 kN
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Eurocode 3 Folder : Bolted connections

Limit tension force of plate:

b
A= MIN(dy; do) * = 19,20 cm?
(dg; do) 100
asin752d= d +2 = 24,00 mm
Cross-section area 1:
d
A = A -2 *MIN(dy; dy) * = 15,36 cm?
net,1 (dy; dp) 100
Cross-section area 2:
q 2
A = A-3* * MIN(dq;dy) + * *MIN(d;d = 15,85 cm?
net,2 100 ( 1 2) 4*83 ( 1 2)
Anet = MIN(Anet,l; Anet,z) = 15,36 cm?
Friction-grip connection:
Plate
fy
NnetRd = Apet * = 328,15 kN
9vo * 10
Limit tension force of bolts
fU
Limit shank tension Fj, .q = 0,7 *——* Ag = 212,10 kN
’ 10
.. . . Fp,cd
Limit slip resistance force Fsrq= n*Kg*h *m* = 339,36 kN
vis
Limit bearing force:
€, e fu,b
a= MIN—; 2 * -0,25;—; 1) = 0,76
3*d 3*d f,
fU
Fp.rd = n*25*a *d *MIN(dq; dy) *—3 = 481,54 kN
Ov2 * 10
Maximum allowed force:
Ng Rrd = MIN(Npet,rd; Fb,rd; FsRrd) =  328,15kN
Analysis:
NEgg
= 0.30<1
Ng,Rd
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Eurocode 3

Folder : Bolted connections

Joint with tension and shear:

N d
< | h Ve
[ [ —>»
' 2| 1
e b | gl ;
s )
' o H REE
Ly
BB OBETE)
Dimensions of connection:
Plate thickness d; = 10,00 mm
Plate thickness d, = 8,00 mm
Bolt spacing e = 65,00 mm
Edge distance el = 55,00 mm
Edge distance e2 = 50,00 mm
Bolt spacing e3 = 70,00 mm
Plate width b = 240,00 mm
Bolts:
Bolt = SEL("steel/bolt"; BS; )
SC = SEL("steel/bolt"; SC;)
fup = TAB("steel/bolt"; fubk; SC=SC)
Hole diameter d, = TAB("steel/bolt"; d; BS=Bolt)
Cross-section areas A=  TAB("steel/bolt"; Asp; BS=Bolt)
Number of bolts n =
Plate:
steel = SEL("steel/EC"; Name; )
fy= TAB("steel/EC"; fy; Name=steel)
fu= TAB("steel/EC"; fu; Name=steel)
Ovo = 1,10
Ou2 = 1,25
Loads:
Ned = 100,00 kN

Joint with tension and shear:

Limit tension force of plate:

A= MIN(dq; d5) «
(dy; dy) 100

d = d|+ 2
Cross-section area 1:

Apet1= A-2*MIN(dy; dp) * 100

Cross-section area 2:

M 22
4.6
400,00 N/mm?2

22,00 mm
3,03 cm?
5

Fe 360
235,00 N/mm?

360,00 N/mm?

19,20 cm?2

24,00 mm

15,36 cm?
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Eurocode 3 Folder : Bolted connections

d
A = A-3* * MIN(dq;d5) + * *MIN(d4;d = 15,85 cmz?
net,2 100 (d1;dp) 100 4%e, (d1;dp)
Apet = MIN(Anet 15 Anet,2) = 15,36 cm?
f f
Nerg= MIN(A*——; 0,9 % A *—)/10 = 39813 kN
Imvo Iv2
Limit tension force of boltsn:
2
d
* | —
P 10
Ag= _— = 4,52 cm?
4
Thread in the shearing plane:
fu,b* As
Fyra= 06*n* = 433,92 kN
10 * gy
Limit bearing strength
€, e fu,b
a= MIN( ;2% -0,25;—; 1) = 0,76
3*d 3*d f,
fu
Fpra= n*25*a*d*MiIN(d,; dy) *—3 = 525,31 kN
Ov2 * 10
Maximum allowed force:
Nl,Rd = MIN(Nt,Rd; FV,Rd; Fb,Rd) = 398,13 kN
Analysis:
NEd/ Nl,Rd = 0,25 <1
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Eurocode 3

Folder : Bolted connections

Check shear failure:

‘o B

a3
a3

a3

OO0 O
|
|

a3

I

Dimensions of connection:

Bolts:

Loads:

Spacing of bolts a =
Spacing of bolts a; =
Spacing of bolts a, =
Spacing of bolts az =
Number of bolts n =

Bolt = SEL("steel/bolt"; BS; )
SC = SEL("steel/bolt"; SC;)
fup = TAB("steel/bolt"; fubk; SC=SC)

Hole diameter d=  TAB("steel/bolt"; d; BS=Bolt)
Shaft diameter d,= d|+2

k= 0,5 for 1 group bolts; =2,5 for 2 rows
steel = SEL("steel/EC"; Name; )

fy= TAB("steel/EC"; fy; Name=steel)

fu= TAB("steel/EC"; fu; Name=steel)

Profil Typ = SEL("steel/Profils"; Name; )

Selected Profil =
Column height h =
Web thickness s =

SEL("steel/"Typ; Name; )
TAB("steel/"Typ; h; Name=Profil)
TAB("steel/"Typ; s; Name=Profil)

Ovb = 1,25
Ovio = 1,10
Viq = 58,70 kN

Limit shear force of section:

h*s

A, = 1,04 *
100

" 03 % gwo*10

50,00 mm

43,00 mm

70,00 mm

75,00 mm
4
= M 20
= 5.6
= 500,00 N/mm2
= 20,00 mm
= 22,00 mm
= Fe 360

= 235,00 N/mm?2
= 360,00 N/mm?2

= IPE
= IPE 360
= 360,00 mm
= 8,00 mm

29,95 cm?

369,41 kN
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Eurocode 3 Folder : Bolted connections

n*s*d
A = A -——m—— = 22,91
v,net \Y 100
f, A
2L = 085<1
fu Av,net
P Holes can be neglected.
Joint with shear failure as in Bild 6.5.5:
L,= n-1)*a = 210,00 mm
L, = ay = 43,00 mm
Ly
= 0,39<1
5*d|2
fu
L, = (a-k*dp)* f— = 59,74 mm
y
L3 = LV +a;+ ag = 328,00 mm
Ly eff = L,+ L+ L, = 312,74 mm
Ly eff
= 095<1
Ls
L3
= 095<1
L,2ta;taz-ntdp
Effective shear area:
S
A eff = Lyefi*— = 25,02 cm?
v, eff v, eff 100
fy
Vpi,Rd = Avett "™ = - = 308,60 kN
pl, v,eff G * (3 * 10
Maximum design force for shear:
VrRa=  MIN(Vpi rdp: Vpird) = 308,60 kN
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Folder : Columns

Column subject to compression force:

Ng

\J
<l %

- H
i

Column heigth H =

y

I,

Materials and stresses:
steel =

fy=
E =

e=

Profil:
Profil Typ =
Selected Profil =
Cross-sectional area A =
Column height h =
Depth of web h; =

Web thickness s =

Flange width b =
Flange thickness t =
Radius of gyration iy, =

Radius of gyration i,=

7,50 m
H/2 = 3,75m
H/3 = 2,50 m
SEL("steel/lEC"; Name; ) = Fe 430
TAB("steel/EC"; fy; Name=steel) = 275,00 N/mmg2
TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
~235
= 0,92
fy
SEL("steel/Profils"; Name; ) = IPE
SEL("steel/"Typ; Name; ) = IPE 300
TAB("steel/"Typ; A; Name=Profil) = 53,80 cm?
TAB("steel/"Typ; h; Name=Profil) = 300,00 mm
TAB("steel/"Typ; hl; Name=Profil) = 248,00 mm
TAB("steel/"Typ; s; Name=Profil) = 7,10 mm
TAB("steel/"Typ; b; Name=Profil) = 150,00 mm
TAB("steel/"Typ; t; Name=Profil) = 10,70 mm
TAB("steel/"Typ; iy; Name=Profil) = 12,50 cm
TAB("steel/"Typ; iz; Name=Profil) = 3,35 cm

Section classification As in Table 5.3.1:

Web:
hy

s*33*e

h 1
s*38*e
Section class 2.

1,15<1

1,00<1
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Eurocode 3 Folder : Columns
Flange:
b
- = 0,76 <1
2*t*10*e

Section class 1.
Section will be classified as class 2.

Analysis:

nach 5.5.1.1 (1) b=
nach 5.1.1 (2) Ov1=
Check buckling In Y-Y Axis:

h/b = 2,00>1,2
t /10 = 1,07 cm < 4 cm
as in Tab 5.5.3:

100
ly= ly *

i

y
|, = 939*e

I

| trans,y = *ObA

Iy
Apply strut curve a
Asin Table 5.5.1 a =

1
c= =
+
J CJ - transy
fy
Nb, ,Rd: C*bA*A*—
Y 10 * gwa
Check buckling In Z-Z Axis:
h/b
t/ 10
asin Tab 5.5.3:
l,= l,*100 /1,
I z Y
| trans,z = _*ObA
1
Apply strut curve b
Asin Table 5.5.1 a =
j = 05*(1+ax*( trans,z =
1
c= =
+
i CJ - trans,z
fy
Nb, ,Rd: C*bA*A*
‘ 10 * gwa
max_Ng = MIN(Np y rd; Nb,zRd)

05*(Q+a*( trans,y ~

1,00 Cross-section class 2
1,10 Cross-section class 2

30,00

86,39

0,347

0,21

0,576

0,2) +1 trans,yz)

0,9655

1298,60 kN

2,00>1,2
1,07 cm < 4cm

74,63

0,864

0,34

0,2) + 1 rans /%) 0,986

0,6844

920,52 kN

920,52 kN
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Folder : Columns

Column of section class 4:

*N

el

7

Zﬁ; +
I

Load diagram:
Column heigth H =

Flange width b =
Depth of web h =
Web thickness tq =

Flange thickness t, =

Materials and stresses:

steel = SEL("steel/EC"; Name; ) =

fy= TAB("steel/EC"; fy; Name=steel) =
E= TAB("steel/EC"; E; Name=steel) =
~235
e= —_— =
fy
1= 93,90 * e =

Partial safety factors:
Ov =

Section classification As in Table 5.3.1:

b
t,*14*e
Section class 4
h
t, *33*e
Section class 1

4,00 kN
20,00 cm
30,00 cm

1,20 cm

1,20 cm

700,00 kN

Fe 360
235,00 N/mm?2
210000,00 N/mmz?

1,00

93,90

1,10

1,19>1

0,76 >1
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Eurocode 3 Folder : Columns

Effective web area:

Flangee:
As in Table 5.3.3:
y = 1,00
kS = 0,43
as in 5.3.5(3)
b
| trans,p = — = 0,89 >0,673
t, *28,4 *e*Okq
I trans,p 0,22
r = = 0,846
2
I trans,p
beff = r*b = 16,92 cm
At = 2% (bef* ty) + (h+2*1y) * tg = 79,49 cm2
Location of shear centre:
Dot + tp
Dot * 2%ty * >
Ys,eff = = 4,628 cm
Actt
b b+ t 3
eff eff ™ t 2
| = *Q*g + x|l ——- +(h+ 2%t )41, « = 2604 cm4
z,eff 12 2 t2 beﬁ 2 t2 ( 2 ys,eff) ( 2) 12 + t1 ys,eff
Iz,eff
W eff = " = 201,99 cm3
1
(beff+ ty ) “Yseff TS
2
Gross area:
A= b*2*ty, +(h+2*ty)) *tg = 86,88 cm2
Location of center of gravity:
b * 2 * t2 * 2
Ys= A = 5,856 cm
3
| RPN Ak +(h+27t))* L ? 4018 cm4
= - L * = cm
z 12 2 2 2 yS 2 12 + t1 yS
eNz = Ys - ¥s,eff = 1,228 cm
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Folder : Columns

Check buckling:

2 E Iz
N¢r = p *—*
2
10 (H*100)
- At
A A
e fy
| trans,z= ba*A*
10 * N,
Apply strut curve ¢ As in Table 5.5.3
a =
j = 05* (1 +a*(ans,z- 02 *yans,z)
1
°= <. 2
] CJ - trans,z
M _ N, * eNz
2d 4 100
y =
byy = 18-07*y
m, = ltrans,z * (2 *bpy -4)
rTAz* Nd
K,q = 1-
z1 fy
C *A k| ——
eff 10
k22 =
k,= MIN(K;1; Kz2)
Nd Mz,d
F100*k,*————— = 0.823<1
y y
C *A kS — W b
eff oy *10 z,eff O *10

5204,85 kN

0,915

0,599

0,49
0,777

0,786

8,60 KNm

1,00
1,10

-1,078 < 0,9

1514~15

1,500
1,500
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Eurocode 3 Folder : Columns

Column with compression and moment:

f

—
=
T o

/Z; *

Load diagram:

Column heigth H = 5,00 m
Loads:

Ng = 200,00 kN

My g = 10,00 kN

Materials and stresses:

steel = SEL("steel/EC"; Name; )

fy= TAB("steel/EC"; fy; Name=steel)
E= TAB("steel/EC"; E; Name=steel)
G= TAB("steel/EC"; G; Name=steel)
e= 235/ fy)

Partial safety factors:

Om = 1,10

O = 1,35

platischer Formbeiwert a ), = 1,14

platischer Formbeiwert a, = 1,25

Fe 360
235,00 N/mm?2

210000,00 N/mm?2
81000,00 N/mm?
1,00
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Eurocode 3 Folder : Columns

Profil:
Profil Typ = SEL("steel/Profils"; Name; ) = HEA
Selected Profil = SEL("steel/"Typ; Name; ) = HEA 160
Cross-sectional area A = TAB("steel/"Typ; A; Name=Profil) = 38,80 cm?
Column height h = TAB("steel/"Typ; h; Name=Profil) = 152,00 mm
Depth of web h; = TAB("steel/"Typ; hl; Name=Profil) = 104,00 mm
Web thickness s = TAB("steel/"Typ; s; Name=Profil) = 6,00 mm
Flange width b = TAB("steel/"Typ; b; Name=Profil) = 160,00 mm
Flange thickness t = TAB("steel/"Typ; t; Name=Profil) = 9,00 mm
Radius of gyration i, = TAB("steel/"Typ; iy; Name=Profil) = 6,57 cm
Radius of gyration i,= TAB("steel/"Typ; iz; Name=Profil) = 3,98 cm
Weiy= TAB("steel/"Typ; Wy; Name=Profil) = 220,00 cm?
Wply = ap|y * We|y = 250,80 cm?3
W = TAB("steel/"Typ; Wz; Name=Profil) = 76,90 cm3
Wp|Z = ap|z * Welz = 96,13 cm?3
Section classification As in Table5.3.1:
Web will be assumed as pressed in
hy
—_— = 0,53<1
s*33*e
Section class 1.
Flange:
b
—_— = 0,89<1
2*t*10*e
Section class 1.
Check bending and buckling:
asin551.1(1) ba= 1,00 Cross-section class 1
asin5.1.1 (2) gyy = 1,10 Cross-section class 1
100
ly= H*— = 76,10
ly
1= 939*e = 93,90
I y e
l trans,y = I_*ObA = 0,810
1
100
|, = H*— = 125,63
IZ
I z
[ trans,z = . = 1,34
. E
p L
fy
As in Table 5.5.3
h/b = 0,95<1,2
t/10 = 0,90 cm < 10cm
As in Table:5.5.1
Strut curve b for Y-Y axis
a= 0,34
j = 05*(@+a* (Ilyransy - 0.2) + | transy?) = 0,932
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Folder : Columns

1
cy= — = 0,7179
+
j CJ - transy
Apply strut curve c for z-Achse
a= 0,49
j = 05*(1+a*( trans,z ~ 0,2) +1 trans,zz) = 1,677
1
c,= == = 0,3724
+
i CJ -1 trans,z
y = 0,00
bmy = 1,8-0,7*y = 1,80
Wy - Weyy
m, = I trans,y* 2* bMy -4) + = -0,184 < 0,9
Wely
ITy * Nd
kyZ 1-7 = 1,006 < 1,5
Cy A fy
c= MIN(cy; c,) = 0,372
Ny My g
+k,*100* 2 = 0,836 < 1
C * A * I p|y * y
gw *10 guw *10
Check torsional-flexural buckling:
b,, = 1,00 Cross-section class 1
As in Table: F.1.1
y = 0,00
k = 1,00
C. = 1,879
H
[ 1= 90 * X = 59,208
(] 2
4 H
L 100 *—
i, &c, * Te
20 h
t
I LT * N
| trans,LT = | Obw = 0,631
1
For rolled sections strut curve a
a= 0,21
j = 05*(1+a*( trans,LT = 0,2) +1 trans,LTz) = 0,74
1
CLT= < = 0,89
i +C: 2
] C:J -1 trans,LT
byir= 18-0,7*y = 1,80

Pdf-Overview: Templates for Structural Engineering




Eurocode 3 Folder : Columns

I yA e

| quer,z = I_*ObA = 1,338
1
ms= 0,15 * | quer,z * bM,LT - 0,15 = 0,211 < 0,9
h/b = 0,95<1,2
t/ 10 = 0,90 cm < 10cm
Z-Z axis Strut curve ¢
a= 0,49
j = 05*@A+ax*( trans,z ~ 0,2) +1 trans,zz) = 1,677
1

c,= e = 0,3724

i+C. 2

] CJ - trans,z

it * Ny
kit = 1- TR = 0,988< 1,5
c,*A fy
Ny M, 4

—+ ki *100* > f = 0,855 <1

y y
C * * C *W *

z O *10 LT ply I *10
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Eurocode 3

Folder : Columns

Column subject to compression force:

|

<sl<]| L
|
I
I
I
|

Column base is pinned.
For buckling, column head is pinned about the Y-Y axis, and fixed about the Z-Z axis .

Load diagram:

Profil:

Column heigth H = 8,00 m

Loads:

Ng = 2000,00 kN

Materials and stresses:

steel = SEL("steel/EC"; Name; ) =

fy= TAB("steel/EC"; fy; Name=steel) =

E= TAB("steel/EC"; E; Name=steel) =
~235

e= —_— =

fy

Effective length factor:

ky = 1,00 For simply supported ends

k,= 0,70 fixed ends

Profil Typ =

Selected Profil =
Cross-sectional area A =
Column height h =
Depth of web h; =

Web thickness s =

Flange width b =
Flange thickness t =
Moment of inertia | =
Radius of gyration iy =

Radius of gyration i,=

SEL("steel/Profils"; Name; )
SEL("steel/"Typ; Name; )
TAB("steel/"Typ; A; Name=Profil)
TAB("steel/"Typ; h; Name=Profil)
TAB("steel/"Typ; hl; Name=Profil)
TAB("steel/"Typ; s; Name=Profil)
TAB("steel/"Typ; b; Name=Profil)
TAB("steel/"Typ; t; Name=Profil)
TAB("steel/"Typ; ly; Name=Profil)
TAB("steel/"Typ; iy; Name=Profil)
TAB("steel/"Typ; iz; Name=Profil)

Fe 360
235,00 N/mm?2

210000,00 N/mm?

1,00

HEB

HEB 300
149,00 cm?
300,00 mm
208,00 mm

11,00 mm

300,00 mm
19,00 mm

25170,00 cm#4
13,00 cm

7,58 cm
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Eurocode 3

Folder : Columns

Section classification:

Web:

hy
—_— = 0,57>1
s*33*e
Flange:

b
—_— = 0,79>1
2*t*10*e
Section class 1.
Analysis:

ba= 1,00 Cross-section class 1
o1 = 1,10 Cross-section class 1

Check buckling In Y-Y Axis:

h/b
t/10
100
ly: ky*H* i
y
1= 93,9 *e
i ly —
|trans,y— —*Cba

Iy
Apply strut curve b
Asin Table 5.5.1 a =

j = 05*(1+a*( trans,y ~ 0,2) + 1 trans,yz)

1
Cc= ———
. +C 2 2
] ] -1 trans,y
fy
N - C*hpy*A*——
b,Rd A 107 gys
Ng
Np,Rd

1,00<1,2
= 1,90 cm < 10cm

61,54

93,90

= 0,655

0,34

0,792

= 0,8083

2572,966 kN

0,78<1
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Eurocode 3 Folder : Columns
Check buckling In Z-Z Axis:
h/b = 1,00<1,2
t/ 10 = 1,90 cm < 10cm
100
l,= K, * H*— = 73,88 m
IZ

I z e

| trans,z = I—*Ob A = 0,787
1
Apply strut curve ¢
As in Table 5.5.1 a = 0,49
j = 05*(1+a*( trans,z - 0,2) +1 trans,zz) = 0,953
1

c= — = 0,6709

i+C. 2

] CJ - trans,z

fy
Np rd = C*bp*A*———— = 2135,60 kN
' 10* g1
Ng
= 094<1

Ny rd
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Eurocode 3 Folder : Columns

Column of channel section with compression and transverse loads:

e

1% F b
| fe——=
- |! |
a —
| !
q, | | b y
| =t1j—--——-"
d — | H i h
: |
> I i
| :I
| i Z
|
|
> ||
ESI S
Load diagram:
Column height H = 4,00 m
Beam width b = 9,50 cm
Depth of web h = 29,40 cm
Web thickness t; = 1,00 cm
Flange width t, = 0,60 cm
Loads:
Oq = 15,00 kN/m
Ng = 90,00 kN
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 360
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
E= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mma2
~235
e= = 1,00
fy
1= 93,90 * e = 93,90
Partial safety factors:
Ov = 1,10
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Eurocode 3 Folder : Columns
Section classification:
As in Table 5.3.1
b
- = 1,13>1
t,*14*e
Section class 4
As in Table 5.3.2
h
- = 0,89 >1
t, *33%e
Section class 1
A= b*2*t,+(h+2*t) *t; = 42,00 cm?
Location of center of gravity:
b+t
b * 2 *tz *
Ys= A = 1,425 cm
3 2
b+t, . f 3 )
I, = *2FLtb*2%t ¢ - +(h+t 2%t ) 21—, « = 317,21 cm#
z 12 2 2 9 Ys ( 2) 12+t1 Ys
3 3 h+ 2
ly= *t,+2*b* t2_+t * t = 4683,02 cm#4
12 2
12 2
IZ
We,z = . = 36,99 cm3
1
b+?' Ys
Iy
Wey = T = 308,09 cm?
' h+t,
2
Effective web area:
Flangee:
As in Table 5.3.3:
y = 1,00
ks = 0,43
as in 5.3.5(3)
| b 0,85 >0,673
trans,p — — = ,00 >0,
e t,*28,4 *e* Ok,
I trans,p ~ 0,22
r = = 0,872
2
| trans,p
Defr = r*b = 8,28 cm
Aetf = 2% (begs*tr)) +(h+2*t) *ty = 40,54 cm?
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Eurocode 3 Folder : Columns

Location of shear centre:

Pt to
Defs * 2%ty *
Ys,eff = = 1,088 cm
Aett
eNnz = Ys- Ys,eff = 0,337 cm
Aeff

ba= = 0,965

A
Slenderness and reductions:
In Z-Z Axis:

2 Iz
Ner, = p *E *—2 = 4109,09 kN

(H*100)

n fy

| trans,z— CbA *A* = 1,52
NCI’,Z
Apply strut curve ¢
a= 0,49
j = 05*1+a*( trans,z ~ 0,2) +1 trans,zz) = 1,979
1

€= —_— = 0,308

I CJ - trans,z

In Y-Y Axis:
2 ly
Nery = p *E* 5 = 60663,06 kN
(H*100)
nn fy
| trans,y— ObA *A* = 0,40
Ncr,y
Apply strut curve c
a= 0,49
i = 05*(@+a*(Ilyransy - 0.2) + | trans,y?) = 0,629
1
Cy= —_— = 0,897
+
J CJ - trans,y
c= MIN(c; cy) = 0,3080
f
NpRa= € Agy*— = 2667,53 kN
Im
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Eurocode 3

Folder : Columns

Limit bending moment about the Y-Y axis:
Cross-section class 4

Do ¥t *

2 2

h+t, ty h+t,
+ b+_ *tz*
2

At

(h+1,)

5 *toH(h+ty)*t, * 2z

2
h+t, t, h+t,
b *t * +Z| + b+_ *t * -
eff 2 ( 2 s) ( 2) 2 ( 2

_ eff,y
Weff,y - h+t
2

+ 7
2 s

Me Ry = Y
c,Rdy = Werty *—
M

Limit bending moment about the Z-Z axis:
Cross-section class 4 Tab 5.3.3

—_ _ys
y = 5
b+;'ys
ke = 0,57-0,21*y +0,07 *y?
t
b+—
t,*21*e* Ok,

As in Table:5.3.5 (3)

t
b+—
2
I = —
TSP, v 28,4 % e* Ok,
I trans,p ~ 0,22
r= -
l trans,p
t
b+—
2
Det = r* 1oy
t
b= -1*|b ey Y
2) 1-y
Ceff = Dest + by

= 0,382 cm

= 2261,46 cm4

2457,57 cm#4

4719,03 cm*

= 306,79 cm?3

= 65541,50 KNm

= -0,17

= 0,61

= 1,02>1

= 0,75 >0,673

= 0,942

= 8,05 cm

= 1,45 cm

= 9,50 cm
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Eurocode 3

Folder

Aetf = (h+t) ¥ty +2%Cef ™ 1y =
' 2 to
y = 2% Cef * =
2% Aett
3
Coeff Coeff
letf,z = (h+t))*t*y2+2* : *t2+2*Ceff*t2*(%
Ieﬁ‘,z
Wes , = =
Ceft
2
B fy _
MC,Rd,Z - Weff,z — -
v
Check buckling:
Ngg = Ng =
2
M * H
= q =
y,Ed d 3
Mogg=  Ng*—s =
z,Ed d 100
bMy =
= I'trans,y * (2 * by - 4) =
my *Ngg
ky= 1= A *f -
Cy eff 'y
y =
byy = 1,8-07*y =
m = I trans,z * @* bMy - 4) =
I, * NEd
Kzq = 1-————— =
C * Aef *fy
Kzo =
kK, = MIN(K,1; Kz2) =
Neg M, eq M, eq
+ k, * 100 *————+ k, * 100 *——
fy fy
y
C*Agt*— Weff,y — Wt 2
Om Om M

: Columns
41,40 cm?
1,31 cm
2
- y') = 272,12 cm#
79,10 cm?3

16898,64 kKNm

90,00 kN

30,00 kNm

0,30 kKNm

1,30
-0,560 < 0,9

1,006 <1,5
1,000
1,10<1,55
-2,736 < 0,9
1,082
1,500

1,082

0081<1
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Eurocode 3

Folder : Columns

Laced column made up of channel and angle sections:

Hsd N'dl

- -

VA

N\

N

Loads:
Nd =
Hd =

Plan and elevation values:
Span length |, =
Column height | =
Width b =
Winkel j 1 =

U-Profil U =

Winkel W =
Angle thickness Ap =

Angle thickness i, =

steel =
fy =
E=

e=
|1:

Partial safety factors:
Ov =

%
)

10%,/100

SEL("steel/U"; Name; )

TAB("steel/U"; A; Name=U)
TAB("steel/U"; ez, Name=U)
TAB("steel/U"; iz; Name=U)

SEL("steel/WG"; Name; )
TAB("steel/WG"; A; Name=W)

TAB("steel/WG"; iz, Name=W)

SEL("steel/EC"; Name; )
TAB("steel/EC"; fy; Name=steel)

TAB("steel/EC"; E; Name=steel)
~235

fy
93,90 * e

300,00 kN

45,00 kN

69,20 cm
6,92 m

40,00 cm

45,00 °
= U 300
= 58,80 cm?2
= 2,70 cm
= 2,90 cm
= L 50x5
= 4,80 cm?
= 0,98 cm
= Fe 360

= 235,00 N/mm?2
= 210000,00 N/mm?2

= 1,00
= 93,90

1,10
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Eurocode 3

Folder : Columns

Maximal tension force in chord:

Effective length ratio k = 2,00
Imperfection:
2*]
W, = -
Effective moment of inertia:
hy = b-2*e,
left = 0,5 * hy? * A¢
Shear strength:
H 2
E 0
S, = 2 —*Ap* |, *
\ 10 D y 2 [l 2
2x Lo
I~ °
1
N¢r = 5
(100*1) 1
E S,
P et
10
Nd Wo
max_Mg= Hg*I+ *
Ny 100
1 - —
Ncr
max_Mg
Nt gg = 0,5* Ny + 100 * ————

Analysis of channels:

| trans =

| %e

Apply strut curve ¢

a =

j = 05*(1+a*(Iyans-

1

c= —
i +C. 2 2
] CJ -1 trans

fy
N = c*A*
b,Rd f o * 10
Nf Ed
Np Rd

[o]

012) + I transz)

= 2,77 cm

= 34,60 cm
= 35196,50 cm#

= 71276,36 kN

= 3615,26 kN

= 320,46 kNm

= 1076,18 kN

= 23,86

= 0,254

0,49
= 0,545

= 0,9735

= 1222,89 kN

0,880<1
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Eurocode 3 Folder : Columns
Analysis of lacing angles:
Ny p
max_Vg= Hg+ W, * = 47,06 kN
Ny 200 *1
1 - —
Ncr
Design force for a diagonal:
max_V g
Ngg = . = 33,28 kN
2*cos(jq1)
..—2
Cz+n,
= EEE— = 49,93
IZ
I
| trans = |, *e = 0,532
Apply strut curve ¢
a= 0,49
j = 05*(@+a*(Ians-0.2) + | yrans?) = 0,723
1
c= T = 0,8247
i+(C: 2
J CJ | trans
fy
Np rd = c*Ap* = 84,57 kN
’ gy *10
NEgg
= 039<1
Np Rrd
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Eurocode 3 Folder : Columns

Column of section class 4:

<;<]| N
|
| |__L._|
[}
[}
[}
| A B
|
| f
|
! h 2
|
: : h
! 1
|
|
, 1
| C D
5T
fu
Load diagram:
Column height H = 6,50 m
Beam width b = 50,00 cm
Column height h = 100,00 cm
Web thickness t; = 1,00 cm
Flange thickness t, = 1,00 cm
Loads:
Ng = 3500,00 kN
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 360
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
E= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
~235
e= L T = 1,00
fy
Partial safety factors:
Ov = 1,10
O = 1,35
Section classification:
As in Table 5.3.1
b' = b-2*t = 48,00 cm
bl
- = 1,14>1
t,*42*e
Section class 4
h' = h-2*t, = 98,00 cm
hl
- = 2,33>1
t,*42%e

Section class 4
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Eurocode 3 Folder : Columns
Effective web area:
Part A-B; C-D As in Table 5.3.2:
y = 1,00
ks = 4,00
as in 5.3.5(3)
bl
I = — = 0,85 >0,673
WPt v 28 4% e* Ok,
| -0,22
= _duerp T = 0,872
2
l quer,p
beff = r *bp' = 41,86 cm
Part A-C; B-D As in Table 5.3.2:
y = 1,00 cm
kS = 4,00
as in 5.3.5(3)
hl
| quer,p = — = 1,73 >0,673
t; *28,4*e*Okg
| -0,22
[ = _duerp " = 0,505
2
l quer,p
hefs = r *h = 49,49 cm
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Eurocode 3

Folder : Columns

Check buckling:

Aett= 2% (het*tp + D * o) + 4% 11 * 1)
A= b*h-(b-2*t)*(h-2*ty)

~ Aef
ba= A

beh’ -(b-2*t1)*(h-2*t2)3
12

3
b°*h-(b-2%t,)" *(h-2*1,)
12

| = MIN(; 1)
2 E*I
K e

2 5
H™ *10

L} ] fy
| transv = ObA*A*lO*N
cr

Apply strut curve b

a =
i = 05*(1+a*( transv ~ 0,2) + 1 transvz)
1
C = —_—
_— C 2 2
) | | transv
fy
N - C * b * A*
b,Rd A o * 10
Ng
Np Rd

= 186,70 cm?

= 296,00 cm?

= 0,631

= 401898,67 cm4

= 138498,67 cm#
= 138498,67 cm4

= 67941,82 kN

= 0,25

0,34
= 0,540

= 0,9817

= 3917,19 kN

0,893<1
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Eurocode 3

Folder : Continuous Beam

Purlin / Strut with biaxial bending and torsional-flexural buckling:

/

qd LQd

(

)

2 L S
S N N C

Plan and elevation values:

Span length I= 720,00 cm
Angle of slope j = 10,00 °
Spacing of purlin I'= 4,00 m
platischer Formbeiwert a ), = 1,14
platischer Formbeiwert a, = 1,25
Loads:
From dead load g= 0,20 kN/mz?
From snow load s= 0,40 kN/m?

Section classification for: IPE 200

Profil Typ = SEL("steel/Profils"; Name; ) = IPE
Selected Profil = SEL("steel/"Typ; Name; ) = IPE 200
Column height h = TAB("steel/"Typ; h; Name=Profil) = 200,00 mm
Flange width b = TAB("steel/"Typ; b; Name=Profil) = 100,00 mm
Flange thickness tt=  TAB("steel/"Typ; t; Name=Profil) = 8,50 mm
Flange thickness t, = TAB("steel/"Typ; s; Name=Profil) = 5,60 mm
Moment of inertia |, = TAB("steel/"Typ; ly; Name=Profil) = 1940,00 cm4
Moment of inertia |, =  TAB("steel/"Typ; 1z; Name=Profil) = 142,00 cm#4
Moment of inertia |, = TAB("steel/"Typ; IT; Name=Profil) = 6,98 cm4
Ly = tr * b2 * (h - t;)2 / (24*106) = 12988,09 cm6
i, = TAB("steel/"Typ; iz; Name=Profil) = 2,24 cm
Wey= TAB("steel/"Typ; Wy; Name=Profil) 194,00 cm?3
Wply = ap|y * Wely = 221,16 cm?3
We = TAB("steel/"Typ; Wz; Name=Profil) = 28,50 cm?
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 360
Eg= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mma?
G= TAB("steel/EC"; G; Name=steel) = 81000,00 N/mm2
fy= TAB("steel/EC"; fy; Name=steel) 235,00 N/mm?2
~235
e= — = 1,00
fy
Partial safety factors:
Ov = 1,10
Y = 1,35
O = 1,50

Pdf-Overview: Templates for Structural Engineering




P No reduction in moment strength necessary due to shear.

Mpiy,Rd =

About Z-Z axis
A, =
Vpl,y,Rd =

Voyed

Vpl,y,Rd
Voyed

Vpl,y,Rd

Wiy *fy

gu* 10

2% by* t; / 102

fy

" C3*gy*10

A —

0,01<1

0,01 <0,5

P No reduction in moment strength necessary due to shear

Mpi,z,Rd =

15*

Welz * fy

g * 10

Eurocode 3 Folder : Continuous Beam
Design calculations:
Factored load pq = 9 *g+g*s 0,87 kN/m2
Effective load q4 = pg* 4 3,48 KN/m
Vertical load component g,q = Oq * COS( ) 3,43 kKN/m
Horizontal load component g4 = dq * SING ) 0,60 kN/m
Forces at 2nd support:
I
M = 0,105 * * 18,67 kNm
byEd Uzd (100
| k
M = 0,105 * * 3,27 kNm
bzEd Oyd 100
I
\ = 0,606 * * 14,97 kN
bzEd Ozd 100
I
Y = 0,606 * g,q * 2,62 kN
byEd Oyd 100
Check biaxial bending strength:
About Y-Y axis
A, = 1,04 * h *t, /102 11,65 cm?
fy
Vpl,z,Rd = Af =—— 143,69 kN
Phe " B3*gy*10
VbzEd
= 0,10<1
Vpl,z,Rd
VizEd
= 0,10<0,5
Vpl,z,Rd

4724,78 kNecm

17,00 cm?2

209,68 kN

913,30 kNcm
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Eurocode 3 Folder : Continuous Beam

Analysis:
as in 5.35: for I- and H- sections:
a= 2,00
b= 1,00
Orelse: 5.4.8.1 (11)
* 2 : * 2 b
abs | [ Mbyea * 10 + [ Mbzea ™ 10 = 0514 < 1
Moty Rd Mpi,z Rd
Check flexural-torsional buckling strength:
_ 4oy, * 1,
iLT= > = 2,48 cm
Wply
Load is applied in top flange.
Z,= 10,00 cm
Zg= 0,00 cm
zg= Z,- Zg = 10,00 cm
As in Table F.1.2, interpolated.
C = 1,00
C, = 0,80
Cs= 0,70
For simply supported ends — fixed ends k = 0,70
No measures taken toward bending k, = 1,00
h - tf
hs: T = 19,15 cm
5.5.2; Section class 1+2 b, = 1,00
' IE_s
1= p*C— = 93,91
fy
k*I/i, ¢
L= it 2
L
2 k*I / iLT 2 2*C,*
L _ LT xC * ¥z
Ac, * LS I b L2127 %) - —
kW 20 t_ s s
f
1 L
| trans,LT — | Obw = 1,841
1
Apply strut curve a:
Asin Table 5.5.1a = 0,21
j = 05*(1+a*( trans,LT'O’z) +1 trans,LTZ) = 2,37
1
CLT= = = 0,26
el
] CJ -1 trans,LT
No longitudinal forces k, = 1,00
No longitudinal forces k 1 = 1,00
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Eurocode 3 Folder : Continuous Beam

Mpyed Myzed
Kur* Hk,* = 188<1
Mpl,y,Rd Mpl,z,Rd
C *
T 100 100
Section is not adequate: Restrain section in quarterly points:
| = I/ 4 = 180,00 cm
k*1/i
| LT = = 85,08
11 g 2
2 k*I/ iLT 2 2*C,*
o k 1 _— 2*C,*z 2" %g
oC,* (_) * h S22 79 h—
kW 20 — hS s
t;
I —
| trans,LT = | Obw = 0,906
1
Apply strut curve a:
j = 05*(1+ax*( trans,LT'Oiz) +1 trans,LT2) = 0,98
1
CLt= - = 0,74
Ce . 2 2
J CJ - trans,LT
Mpyed Myzed
kT * Fk,* = 0.89<1
Mpl,y,Rd Mpl,z,Rd
Cur*
100 100
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Eurocode 3 Folder : foot and support

Concentrated point load of a beam in another beam:

Sy
————— . i
o)
Design loads and properties
Pq = 68,00 kN
MEdl: 70,00 kNm
Mggo= -22,00 kNm
Top beam (IPE180)
Profil TypO = SEL("steel/Profils"; Name; )
Selected ProfilO = SEL("steel/"TypO; Name; )
Web thickness s, = TAB("steel/"TypO; s; Name=ProfilO)
Flange thickness t, = TAB("steel/"TypO; t; Name=ProfilO)
Radius r, = TAB("steel/"TypO; r; Name=ProfilO)
Flange width b, = TAB("steel/"TypO; b; Name=ProfilO)
Web depth hy= TAB("steel/"TypO; h; Name=ProfilO)
Web depth hy o= TAB("steel/"TypO; h1; Name=ProfilO)
Weio = TAB("steel/"TypO; W,; Name=ProfilO)
Wyio = 1,14 * Wg o
lyo= TAB("steel/"TypO; ly; Name=ProfilO)
Bottom beam (HEA200)
Profil TypO = SEL("steel/Profils"; Name; )
Selected ProfilO = SEL("steel/"TypO; Name; )

Web thickness of beam s, = TAB("steel/"TypO; s; Name=ProfilO)

Flange thickness t, = TAB("steel/"TypO; t; Name=ProfilO)
Radius r, = TAB("steel/"TypO; r; Name=ProfilO)
Flange width bu = TAB("steel/"TypO; b; Name=ProfilO)
Web depth hy= TAB("steel/"TypO; h; Name=ProfilO)
Web depth hy = TAB("steel/"TypO; hl; Name=ProfilO)
Wey = TAB("steel/"TypO; W,; Name=ProfilO)
Wplu = 1,14 * Wy,

I TAB("steel/"TypO; ly; Name=ProfilO)

yu=

IPE
IPE 180

5,30 mm
8,00 mm
9,00 mm
91,00 mm
180,00 mm
146,00 mm
146,00 cm3
166,44 cm3
1320,00 cm#

HEA

HEA 200

6,50 mm
10,00 mm
18,00 mm

200,00 mm
190,00 mm

134,00 mm
389,00 cm3
443,46 cm3
3690,00 cm#
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Eurocode 3

Folder : foot and support

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 360

Eg= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?2
= TAB("steel/EC"; G; Name=steel) = 81000,00 N/mm?2

fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mmz2

e= 235/ fy) = 1,00

Ov = 1,10

1= 93,90 * e = 93,90

fya= fy/om = 213,64 kN/cm?

Limit plastic bearing:
Stiff bearing length of top, bottom beam:

G2
S¢p = so+2*t0+4*r0*(1-7) =  31,84mm
Meq1
StEd1 = 100 * = 17,99 kN/cm?
VVelu
bfy = ty* 25 = 250,00 mm
bf = MIN(b¢q; by) = 200,00 mm
n bu n . . lo 2
Sy1 = 2%, * C— * Cl ) = 59,83 mm
Su fy
fya
Ry,Rd1 = (Ss1t Sy1) *sy* = 127,30 kN
10
Pq
= 0,53<1
Ry,Rdl
Stiff bearing length of bottom beam:
G2
Sep = su+2*tu+4*ru*(1-7) = 47,59 mm
Meg2
StEd2 = 100 * = -15,07 kN/cm?
Welo
b = to* 25 = 200,00 mm
b, = MIN(bs; bg) = 91,00 mm
s bo n N . 10 2
Syo= 2 * t,* C— . Cl Y = 46,99 mm
So fy
* * fyd
Ry,Rd2 = (Ss2t Sy2) * So . = 107,09 kN
10
Pq
= 0.63<1
Ry Rd2
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Folder : foot and support

Check web crushing:

Bottom beam:

mq =

M¢ Rd1 =

Megd1

M¢ Rd1

Top beam:

mq =

M¢ Rd2 =

abs (Mgqgz )

Mc rd2

Ssl
hl

u

MIN(my; m,)

ty Sy
‘ :_+ 3 F—*rm
t u
2 Su u

0,5*Ss, *CES*fy *

3
ou* 10
= 031<1
f
* yd
plu 3
10
= 0.74<1
S
hlo
MIN(my; m3)

to So
‘ :_+ 3*—*m
t o]
2 So (o}

0,5*s, *C"]Es*fy *

3
gy * 10
= 047<1
f
yd
Wplo * 3
10
= 0,62<1

0,238

0,200
0,200

219,95 kN

94,74 KNm

0,326

0,200
0,200

145,85 kN

35,56 kKNm
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Eurocode 3

: foot and support

Check web buckling for whole web:
Bottom beam:

Effective web width by, = A, 2 2
eff2 Ch,“+sgy
SU
Effective web area A, = beatr *
2 eff2 100
3
D eto . i
10 10
Moment of inertia I, = _
12
. o - o
Radius of gyration i, = C_
Ay
hu
Effective slenderness | = _—
trans2 i2*| 1*10
Apply strut curve c:
a =
i = 05* (1 +a*(lans2- 0:2) + 1 yrans2?)
1
Cor= —_—
+
J CJ -1 trans2
R = Co* A *fy—d
b,Rd2 2" A2 10
Pq
= 051<1
Ry, rd2
Top beam:
Effective web width by, = A, 2 2
effl Oh0 +Sg
S0
Effective web area A; = betr *
1 effl 100
3
D ety . i
10 10
Moment of inertia I} = _
12
) ) ) [N Il
Radius of gyration iy = C_
Al
hO
Effective slenderness | = _—
transl il*| 1*10
Apply strut curve c:
a=
j = 0'5 * (1 +a* (l transl ~ 0!2) +1 translz)
1
Cq,=

I CJ -1 frans1

192,65 mm

12,52 cm?

0,441 cm#4

0,188 cm

1,076

0,49

1,294

0,4968

132,88 kN

182,79 mm

9,69 cm?

0,227 cm#4

0,153 cm

1,253

0,49

1,543

0,4093
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Eurocode 3 Folder : foot and support
fyd
Rb Rd1 = Cl*Al*_ = 84,73 kN
' 10
Pq
= 080<1
Ry Ra1

Check web yield at load points:
Bottom beam:

hy
B

Sy,Ed2 = Mggq* 102 *
yu

3
10 *P,

(Ssl+ 2*tu)*su

SzEd2 =

2 2

(S x,EdZ) N (S z,Edz) S x,Ed2 . S 2 Ed2
fyd fyd fyd fyd
Top beam:
ho
— -,
Sy EdL = -Mggp* 102 *
yo
3 *
10 *Py

Sz,EdL ™ (552+2*t0)*so

2 2

(Sx,Edl) +(Sz,Ed1) SX,Edl*Sz,Edl
fyd fyd fyd fyd

161,25 kN/cm?

201,80 kN/cm?

0,75<1

136,67 kN/cm?2

201,76 kN/cm?

070<1
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Eurocode 3

Folder : foot and support

Column base subject to compression und bending:

—~ Mgq
l N,
I |
‘I |_Ld
i
4
elﬁ o o I
P
ei%: O _ 0 i
el

Plan and elevation values:
Distance to edge of baseplate e =
Distance to edge of baseplate e; =

Spacing of bolts p =
Width of baseplate b =
Length of baseplate a =
Plate thickness d =
Projection of plate | =
Weld thickness &, =

Projection of pad footing a, =

Depth of pad footing h =
as in L.3 (idR) Bearing plane factor b]- = 23 =

Profil Typ =
Selected Profil =
Moment of inertia |, =

SEL("steel/"Typ; Name; )

Flange width by =
Flange thickness t; =
Column height h; =

45,00 mm
100,00 mm

300,00 mm
500,00 mm
500,00 mm
30,00 mm
100,00 mm
10,00 mm

1000,00 mm

1400,00 mm
0,67

SEL("steel/Profils"; Name; )

TAB("steel/"Typ; ly; Name=Profil)

TAB("steel/"Typ; b; Name=Profil)
TAB("steel/"Typ; t; Name=Profil)
TAB("steel/"Typ; h; Name=Profil)

Mpiy,Rd = TAB("steel/"Typ; Mplyd; Name=Profil)

Npird = TAB("steel/"Typ; Npld; Name=Profil)
Loads:

Ngg = 1000,00 kN

Mgq = 221,75 kNm

HEB
HEB 300
25170,00 cm4

300,00 mm
19,00 mm
300,00 mm

418,00 kNm
3250,00 kN
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Folder

: foot and support

Materials and stresses:

Design:

steel =
Eg=

fy =
Concrete =
fok =

SC =

Bolt =

fu =

Ag=

letf =

SEL("steel/EC"; Name; )
TAB("steel/EC"; E; Name=steel)

TAB("steel/EC"; fy; Name=steel)
SEL("Concrete/EC"; Name; )
TAB("Concrete/EC"; f; Name=Concrete)

SEL("steel/bolt"; SC; )
SEL("steel/bolt"; BS; )
TAB("steel/bolt"; fubk; SC=SC)

TAB("steel/bolt"; Asp; BS=Bolt)

1,25
1,50
1,10

l-e-08*a,* (2
MIN(4*m+1,25*e;2*m + 0,625 * e + e)
MIN(2 * m + 0,625 *e +0,5*p; e +0,5* p; b /2)
MIN(lef1a: leff1b)

MIN(p* 2 *m; p*m + 2 * eq)

MIN(p*m + p; p + 2 * eq)

MIN(efr2a: lefrob: leff1)

Beanspruchbarkeit der Lagerplatte auf der Seite der Zugstangen:

Mpi1,Rd =

n=
n

1,25*m

Btrd =

Full flange vyield:

FrRrd1 =

2

1 d fy
_*I ff* —_— kS A
4 *" \10/ gyo*10

e

AS

0'9 * fu *—*
Owp * 10

4% Mpl,l,Rd
m

Bolt failure with flange yielding:

FrRd2 =

2*Mpy1ra T N*2% By gy

m+n

Bolt failure without flange yielding:

FrRrd3 =

Frrd =

2 Bt,Rd

MIN(Fr rd1; F1,Rd2; FT,Rd3)

Fe 430
210000,00 N/mm?2

275,00 N/mm?2

C30/37
30,00 N/mm?2

4.6
M 24
400,00 N/mm?2

3,53 cm?

43,69 mm
215,51 mm
250,00 mm
215,51 mm
274,51 mm
437,26 mm
215,51 mm

12,12*103 kNmm

45,00 mm

0,82<1

101,66 kN

1109,64 kN

376,47 kN

203,32 kN

203,32 kN

Pdf-Overview: Templates for Structural Engineering




Eurocode 3

Folder : foot and support

Effective compression area:
Limit pressure in the base plate:

a; = MIN(a+2*a;5*a;a+h) = 1900,00 mm
e 2
kj = 21 = 3,80
a*b
fck
fi= by * kj * — = 50,92 N/mm?
9c
Neg* Frrd
Aeff = 10* - = 236,32 cm?
j
= fy*10
c= d*C — = 121,36 mm
3 fj Ovo
Aeff
Xo = 100 * = 43,54 mm
2*Cc+b;
Xo
- = 017<1
t;+2*c
Limit moment at column base:
hy Xo
re = —+tcCc-— = 249,59 mm
2 2
3 ht
Frra*10 * ?+ 100 - e |+ Agg * 100 * %1,
Mgg = . = 342,02 kNm
10
Check permissible strength of column to bending and compression.:
Neg
Mny,rd = 1,1 * My yrd * (2 ) = 318,32 kNm
NpI,Rd
Analysis:
Megg  Mgg
MAX( ;) = 0.70<1
Myyrd Mgg
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Folder : Frames

Sway frame with bracing out of plane of frame, plastic theory:

Beam:

Profil Typl =
Selected Profill=
Column height h; =

Web thickness s; =

Moment of inertia Iy, =
Cross-sectional area A=
Moment of resistance W, ;=
Moment of resistance Wply,=

Column section:
Profil Typ2 =

Selected Profil2 =
Flange width b, =

Column height h, =

Web thickness s, =
Moment of inertia |, =
Moment of inertia I, =
Moment of inertia |, =
Moment of inertia |, =
Cross-sectional area A,=

y
iy =

Moment of resistance Wy, =
Moment of resistance Wy, =

9
Hy O3
—_ X
B D
h
|
A ci
A7 A
| L
7 A
Plan and elevation values:
Frame width | = 8,00 m
Frame depth h = 6,00 m
Number of column n; = 2
Number of storeys ng= 1

SEL("steel/Profils"; Name; )
SEL("steel/"Typl1; Name; )
TAB("steel/"Typ1; h; Name=Profil1)

TAB("steel/"Typ1l; s; Name=Profil1)
TAB("steel/"Typl; ly; Name=Profill)
TAB("steel/"Typl; A; Name=Profill)
TAB("steel/"Typl; Wy; Name=Profill)
1,14 * Wy,

SEL("steel/Profils”; Name; )
SEL("steel/"Typ2; Name; )
TAB("steel/"Typ2; b; Name=Profil2)
TAB("steel/"Typ2; h; Name=Profil2)
TAB("steel/"Typ2; s; Name=Profil2)
TAB("steel/"Typ2; ly; Name=Profil2)
TAB("steel/"Typ2; 1z; Name=Profil2)
TAB("steel/"Typ2; IT, Name=Profil2)

103*TAB("steel/"Typ2; lw; Name=Profil2)

TAB("steel/"Typ2; A; Name=Profil2)

TAB("steel/"Typ2; iy; Name=Profil2)

TAB("steel/"Typ2; iz; Name=Profil2)

TAB("steel/"Typ2;Wy; Name=Profil2)
1,25 * Weyyo

IPE
IPE 240
240,00 mm

6,20 mm
3890,00 cm4
39,10 cm?
324,00 cm?
369,36 cm3

HEB
HEB 240
240,00 mm

240,00 mm
10,00 mm
11260,00 cm4
3920,00 cm4
103,00 cm#4
486900,00 cmé
106,000 cm2
10,30 cm
6,08 cm
938,00 cm3
1172,50 cm3
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Eurocode 3 Folder : Frames
Loads:
Hy = 9,00 kN
dq = 9,00 kN/m
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 360
Eg= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mmgz
= TAB("steel/EC"; G; Name=steel) =  81000,00 N/mm?2
fy= TAB("steel/EC"; fy; Name=steel) 235,00 N/mm?
e= 235/ f) = 1,00
Ov = 1,10
1= 93,90 * e = 93,90
Frame classification as in 5.2.5.2.:
Frame sways
Iyl h
k = *—_ = 0,259
Deflection at top of frame due to horizontal load:
H= 1,00 kN
3
(100*h) *10 2*k+1
d= P * - = 0,446 cm
12 *Eq Iy2 k*H
Sumtotal of vertical loads:
V= ag ! = 72,00 kN
Bracing is restrained out of plane of frame
d \%
*— = 0,054<0,1
h*100 H
P Sway frame, plastic theory, restrained from moving out of plane.
Design with plastic theory
Imperfection:
L 0,00
| A= B — = , 5
Lo 200
L} 1
ke = MIN(OO,5+—; 1) = 1,00
nC
LI} 1
ks= MIN(OO,2+—; 1) = 1,00
nS
j = Jo* ko™ Ks = 0,0050
DHq = i *V = 0,36 kN
Heq = Hg + DHyg = 9,36 kN
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Folder : Frames

Design calculations:

Reactions at column bases:

Analysis of column
Ngg =
Veg =
Mp =
Mc =

o2
qq ™|

4*h*(2*k+3)

V,+V,
Hy + Hy
Mg, - Mg>

Buckling in the plane of frame as in section E:

lyo
h*100
lyq
[*100

15*

k

C

ket kytk,

Slenderness ratio as in Fig. E.2.1.:

| trans,y =

h,

b,

3,2*h
I
100 *—

Apply strut curve b:

a=
bp =

0,5~ (1 +a* (I trans,y ~ 012) +1 trans,yz)
1

_ S, 2
+ .
] CJ - trans,y

= 6,82 kN

= 36,00 kN

= -40,92 kNm
= 4,68 kN

= 7,02 kN

= 28,08 kNm

= 43,02 kN

= 11,50 kN

= -69,00 KNm
0,00 kNm

= 18,77 cm?3

= 7,29 cm3

0,0
1 (Hinge)

= 0,72

= 19,20 m

= 186,41

= 1,99

= 1,00<1,2

0,34
1,000

= 2,784

= 0,2114
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Folder : Frames

Buckling outside the plane of frame

z

| trans,z—

Apply strut curve c:

a =
bA:
j =

C,=

Cmin =

Check bending and buckling:

y =
bMy:

n’y:

05*(+a*(ans,z 0.2+ yans,z)

. ~ 2 2
+ .
] CJ - trans,z

1,8-0,7*y

. . Wply2 - VVely2
I trans,y 2 bMy -4) +

*
Cmin

Check torsional-flexural buckling:

C].:

M =

y:

=

| trans,LT —

Apply strut curve a

a=
j:

+100*k, *

0,37 <1

2
* *
p Es I22

(h*lOO)Z*G*I
t2

2
(h*100) *10
As in Table: F.1.1

05*(L+a* (I yans,t1- 0,2) + I yrans L. T9

2
* *
p Es I22

98,68

1,05

0,49
1,000

1,260

0,5111

0,2114

0,00
1,80

-0,546 < 0,9

1,004 <15

1,879

94241,31 KNm

0,00
1,00

1,00

50,78

0,541

0,21
0,682
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Eurocode 3 Folder : Frames
1
CLt= "—2 = 0,911
i+ 2
J CJ - trans,LT
b= 18-07*y = 1,80
mr= 0,15 * | yrans.z * by L7 - 0,15 = 0,134 <0,9
Mt * Neg
kit = 1_T = 1,000< 1,5
CLt ™A, fy
Ngg abs(Mp)
+100 %k, 1 * . = 0.340<1
y y
C * * C *W b A
z 2 Y *10 LT ply2 O *10
Section analysis at D:
Column:
A, = 1,04 * hy, * s, [ 102 = 24,96 cm2
fy
Vplrd= A= = 307,86 kN
P Y O3 *gy* 10
VEg
= 0,037 <05
VoiRd
No interaction
f
y
N = A, * = 2264,55 kN
pl,Rd 2 O *10
Ngg
n= = 0,02
Npi,Rd
fy
Moy rd= Wy * . = 250,49 kNm
gy *10
Mnyrd=  1,11%Mpiyra* (1-N) = 272,48 kNm
abs(Mp) abs(Mp)
MAX( ; = 0,28<1

Mpl,y,Rd Iv'Ny,Rd
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Beam:
A, = 1,04 * hy * s, / 102 = 15,48 cm?
fy
Vplrd= A = = 190,93 kN
O3 *gy* 10
NEg
= 0,225 <05
VoI,Rd

No interaction

Npira=  Ar*f,/10/gy = 835,32 kN
n= VEd/ NpI,Rd = 0,014
fy
Mol,y,Rd = Wplyl * 3 = 78,91 kNm
gv *10
Mny,rd= 1,11 * Mpyrd* (1 -N) = 86,36 kNm
abs(Mp) abs(Mp)

MAX( : ) = 087<1

Mpl,y,Rd MNy,Rd
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Folder : Frames

Frame, plastic with magnifying factor

P P
d d
v e
Hy 033333 bi11dl
— — “x
B D!
| |h
| |
! A c! |
L L

7

Plan and elevation values:
Frame width I=
Frame depth h=
Number of column n.=

Number of storeys ns=

Beam:

Profil Typl =
Selected Profill=
Column height h; =

Flange thickness s; =
Moment of inertia Iy, =
Cross-sectional area A=
Moment of resistance W=
Moment of resistance Wply;=

Column section:
Profil Typ2 =

Selected Profil2 =
Flange width b, =

Column height h, =
Flange thickness s, =
Moment of inertia |, =
Moment of inertia I, =
Moment of inertia |, =
Moment of inertia |, =
Cross-sectional area A,=

iy =
iy =

Moment of resistance Wy, =
Moment of resistance W,» =

8,00 m
6,00 m

SEL("steel/Profils”; Name; )
SEL("steel/"Typl; Name; )
TAB("steel/"Typ1; h; Name=Profil1)

TAB("steel/"Typl; s; Name=Profill)
TAB("steel/"Typ1; ly; Name=Profil1)
TAB("steel/"Typl; A; Name=Profill)
TAB("steel/"Typl; Wy; Name=Profill)
1,14 * Wy,

SEL("steel/Profils”; Name; )
SEL("steel/"Typ2; Name; )
TAB("steel/"Typ2; b; Name=Profil2)
TAB("steel/"Typ2; h; Name=Profil2)
TAB("steel/"Typ2; s; Name=Profil2)
TAB("steel/"Typ2; ly; Name=Profil2)
TAB("steel/"Typ2; 1z; Name=Profil2)
TAB("steel/"Typ2; IT; Name=Profil2)

103*TAB("steel/"Typ2; lw; Name=Profil2)

TAB("steel/"Typ2; A; Name=Profil2)

TAB("steel/"Typ2; iy; Name=Profil2)

TAB("steel/"Typ2; iz; Name=Profil2)

TAB("steel/"Typ2;Wy; Name=Profil2)
1,25 * Weyyo

IPE
IPE 240
240,00 mm

6,20 mm
3890,00 cm4
39,10 cm?
324,00 cmz
369,36 cm?

HEB
HEB 240
240,00 mm

240,00 mm
10,00 mm
11260,00 cm4
3920,00 cm#4
103,00 cm#
486900,00 cmé
106,000 cm?
10,30 cm
6,08 cm
938,00 cm?
1172,50 cm?3
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Eurocode 3 Folder : Frames
Loads:
Hq = 9,00 kN
Oq = 8,00 kKN/m
P4= 100,00 kN

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

E = TAB("steel/EC"; E; Name=steel)
G= TAB("steel/EC"; G; Name=steel)
fy= TAB("steel/EC"; fy; Name=steel)

~235
e= |

fy

Ov =
1= 93,90 * e

Frame classification as in 5.2.5.2.:
Frame sways
Classification of stiffness:

|
k = yl *E
Deflection at top of frame due to horizontal load:

H=
3
(100*h) *10*2*k+ 1
12*E* Iy2 k*H
Sumtotal of vertical loads:

V= Pd*2+Qd*|
d \%
f J—
h*100 H

= Fe 360
210000,00 N/mm?

81000,00 N/mmz2
235,00 N/mm?2

= 1,00

1,10
93,90

= 0,259

1,00 kN

= 0,446 cm

= 264,00 kN

= 0,1962 < 0,1

P Frame, laterally unrestrained!;restrained from moving out of plane. mit VergrofRerungsfaktor!

Design with plastic theory and magnifying factor

Imperfection:
Jo= 200
L} 1
ke = MIN(OO,5+—; 1)
nC
LI} 1
k= MIN(OO,2+—; 1)
nS
j = J o™ ke* ks
DHq = i *V
HEd = Hd + DHd

= 0,005

= 1,00

= 1,00

= 0,0050
1,32 kN
10,32 kN
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Eurocode 3 Folder : Frames

Design calculations:
Reactions at column bases:

2
dq ™|

H| =
4*h*(2*k+3)
I
V, = * —
[ Ad >
Mg = -H*h
H, = Heq/ 2
h
Vo, = Heq *I_
Analysis of column
Dischinger factor:
1
D=
d \
- f J—
h*100 H
Mp = Mg - D * Mg;
Ned = Vi+D*Vy+ Py
VEd = H+D*H,
Buckling in the plane of frame:
ly
ko= .
h*100
lyg
kl = Y
[*100
k2 =
h2 =
kC
h,= —_—
ket kgt Ky
Slenderness ratio as in Fig. E.2.1.:
I = 0,92 *h
|
ly= 100 *i—
y
| trans,y — | . *a
h,
b,
Apply strut curve b:
a=
ba-

] = 05* (1 ta * (I trans,y ~ 012) + 1 trans,yz)

6,06 kN

32,00 kN

-36,36 kKNm
5,16 kN

7,74 kN

30,96 kNm

1,244

-74,87 kNm
141,63 kN
12,48 kN

18,77 cm?3

4,86 cm?3

0,0
1 (Hinge)

0,79

552 m

53,59

0,57

1,00<1,2

0,34
1,000
0,725
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Eurocode 3

Folder :

Frames

Cy: ————————
i+C

- transy
Buckling outside the plane of frame

h
| 7= 100 *_—
IZ
I,
| trans,z— I, e
Apply strut curve c:
a =
ba-
j = 05*(1+a*( trans,z = 0,2) +1 trans,zz)
1
c,= ———
+
J CJ -1 trans,z
Cmin = MIN(Cy;
Check bending and buckling:
y =
bMy: 18-0,7*y
W -W
ply2 ely2
m, = Itrans,y*(Z*bMy'Af)+—
Wely2
ITy* NEd
= S TNTS
Cy Az ly
Neg abs (Mp)
+100* ky e
Co *AL* Y W *f—y
min 2 o 10 ply2 O * 10

Check torsional-flexural buckling:
Cl =

2 LI 2
PR *OIW*(h*lOO) *G*l,
cr— 1 2 ' )
(h*100) *10 N2z =g x|,

As in Table: F.1.1

y =
b, =
k =
L C 2 Es Wiy
LT P 10 M,
I LT* N
| trans,LT = Obw

Iy
Apply strut curve a
a =

= 0,8525

= 98,68

= 1,05

0,49
1,000

= 1,260

= 0,5111

= 0,5111

0,00

= 1,80

= 0,022<0,9

= 1,000<1,5

= 042<1

1,879

= 94241,31 kNm

0,00
1,00

1,00

= 50,78

= 0,541

0,21
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Eurocode 3 Folder : Frames
j = 05*(1+a*( trans,LT ~ 0,2) +1 trans,LTZ) = 0,682
1
CLt~= "—2 = 0,911
S 2
] CJ -1 trans,LT
byt = 18-0,7*y = 1,80
ms= 0,15 * | yans,z * bym,L7- 0,15 = 0,134 <0,9
it *Negg
kit = 1- STUTE = 0,999<15
cLr *A YT
Neg abs (Mp)
+100*k +* : = 0450<1
y y
C *A * C *W b A
z 2 iy *10 LT ply2 iy *10
Section analysis at D:
Column:
A, = 1,04 * h, * s, / 102 = 24,96 cm2
fy
VoI,Rd = A= = 307,86 kN
O3 *gy* 10
=
= 0,041 <0,5
VoI,Rd
No interaction
f
y
N = A, * = 2264,55 kN
pl,Rd 2 O *10
Ngg
n = = 0,063
NpI,Rd
fy
Mpl.y.Rd = W2 * . = 250,49 kNm
gy *10
MNy,Rd = 1,11 * Mpl,y,Rd *(1-n) = 260,53 KNm
abs(Mp) abs(Mp)
MAX( ; ) = 0,30<1
ply,Rd Iley,Rd
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Eurocode 3 Folder : Frames

Beam:
A, = 1,04 * hy * s; / 102 = 15,48 cm?
fy

Vpi,Rd = A F———— = 190,93 kN

O3 *gy* 10

NEg
= 0,742 <0,5
VoI,Rd
No interaction
Npi,Rd = AL * 1,/ 10/ gy = 835,32 kN
n= VEd/ NpI,Rd = 0,015
fy
— * —
Mpiy.Rd = Woly1 . = 78,91 kNm
gu *10
Mny,Rd = 1,11 * Mpjy,rd * (1 - n) = 86,28 kNm
abs(Mp) abs(Mp)
MAX( ; ) = 095<1
Mpl,y,Rd MNy,Rd
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Eurocode 3

Folder : Frames

Sway frame with bracing out of plane of frame, plastic theory:

9
Hy O3 ITTY
—_— -
B D
h
A C
7577 o
| L
2 2
Plan and elevation values:
Frame width I= 8,00 m
Frame depth h= 6,00 m
Number of column n.= 2
Number of storeys ns= 1

Beam:

Profil Typl =
Selected Profill=
Column height h; =

Web thickness s; =

Moment of inertia |, =
Cross-sectional area A=
Moment of resistance W,;=
Moment of resistance Wply;=

Column section:
Profil Typ2 =

Selected Profil2 =
Flange width b, =
Column height h, =
Web thickness s, =
Moment of inertia Iy, =
Moment of inertia I, =
Moment of inertia |, =
Moment of inertia I, =
Cross-sectional area A,=

y
i, =

Moment of resistance Wy, =
Moment of resistance W,» =

SEL("steel/Profils"; Name; )
SEL("steel/"Typl; Name; )
TAB("steel/"Typ1; h; Name=Profil1)
TAB("steel/"Typl; s; Name=Profil1)
TAB("steel/"Typ1; ly; Name=Profill)
TAB("steel/"Typ1; A; Name=Profil1)
TAB("steel/"Typl; Wy; Name=Profill)
1,14 * Wy

SEL("steel/Profils"; Name; )
SEL("steel/"Typ2; Name; )
TAB("steel/"Typ2; b; Name=Profil2)
TAB("steel/"Typ2; h; Name=Profil2)
TAB("steel/"Typ2; s; Name=Profil2)
TAB("steel/"Typ2; ly; Name=Profil2)
TAB("steel/"Typ2; 1z; Name=Profil2)
TAB("steel/"Typ2; IT; Name=Profil2)

103*TAB("steel/"Typ2; lw; Name=Profil2)

TAB("steel/"Typ2; A; Name=Profil2)

TAB("steel/"Typ2; iy; Name=Profil2)

TAB("steel/"Typ2; iz; Name=Profil2)

TAB("steel/"Typ2;Wy; Name=Profil2)
1,25 * Weyyo

IPE
IPE 240
240,00 mm

6,20 mm
3890,00 cm#4
39,10 cm?
324,00 cm2
369,36 cm?

HEB
HEB 240
240,00 mm

240,00 mm
10,00 mm
11260,00 cm4
3920,00 cm#4
103,00 cm#4
486900,00 cm6
106,000 cm?
10,30 cm
6,08 cm
938,00 cm3
1172,50 cm3
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Eurocode 3 Folder : Frames
Loads:
Hq = 9,00 kN
Oq = 9,00 KN/m
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 360
Es= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
G= TAB("steel/EC"; G; Name=steel) =  81000,00 N/mmz?
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
~235
e= — = 1,00
fy
Ov = 1,10
1= 93,90 * e = 93,90
Frame classification as in 5.2.5.2.:
Frame sways
Iyl h
Kk = r— = 0,259
Deflection at top of frame due to horizontal load:
H= 1,00 kN
3
(100*h) *10 2*k+1
d= — * - = 0,446 cm
12*Eg*l,  k*H
Sumtotal of vertical loads:
V= gq * | = 72,00 kN
Bracing is restrained out of plane of frame
d Vv
*— = 0.0535<0.1
h*100 H
b Sway frame, plastic theory;restrained from moving out of plane.
Design with plastic theory and magnifying factor
Imperfection:
' ! 0,005
Jo= 200 B ’
e l
ke = MIN(OO,5+—; 1) = 1,00
I’]C
e 1
ks= MIN(OO,2+—; 1) = 1,00
nS
j = Jo*Ke*Ks = 0,0050
DHq4 = j *Vv = 0,36 kN
HEd = Hd + DHd = 9,36 kN
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Eurocode 3

Folder : Frames

Design calculations:
Reactions at column bases:

2
Qg *|
H, =
! 4*h*(2%k+3)
I
V, = * —
[ Ud 5
Mg, = -H * h
H, = Heq!/ 2
h
Vo, = Heq * n
Analysis of column
Ngg = Vi+V,
VEd = H| + H2
Dischingerfaktor:
1
D=
d V
- f J—
h*100 H
Mp = Mg - D * Mg>
Buckling in the plane of frame:
ly2
ke = 4
h*100
I
yl
k —
! 1*100
k2 =
h2 =
I(C
h,= —_—
ket kgt k,
Slenderness ratio as in Fig. E.2.1.:
| = 0,92 *h
I
ly= 100 *i—
y
oy
trans,y | e
h,
b,
Apply strut curve b:
a=
ba -
j= 0,5%(1+a*(l trans,y'o-2)+| trans,yz)
1
Cy=

. ~ 2 2
+ .
] CJ - trans,y

6,82 kN

36,00 kN

-40,92 kNm
4,68 kN

7,02 kN

28,08 kNm

43,02 kN
11,50 kN

1,057

-70,60 KNm

18,77 cm?3

= 4,86 cm?3

0,0
1 (Hinge)

= 0,79

552 m

= 53,59

= 0,57

= 1,00<1,2

0,34
1,000
= 0,725

= 0,8525
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Eurocode 3 Folder : Frames

Buckling outside the plane of frame

h
| = 100 *— = 98,68
IZ
I z
| = = 1,05
trans,z | ] *ea
Apply strut curve c:
a= 0,49
ba= 1,000
j = 05*@A+ax*( trans,z ~ 0,2) +1 trans,zz) = 1,260
1
c,= e = 0,5111
i+C. 2
] CJ - trans,z
Cmin = MIN(cy; c,) = 0,5111
Check bending and buckling:
y = 0,00
by = 1,8-0,7*y = 1,80
Wply2 ) VVely2
m,= I trans,y* 2* bMy -4) + = 0,022 <0,9
ely2
rry* Neg
ky: 1-7 = 1,000< 1,5
cy*A,*f,
NEeg abs (Mp)
= 100*ky*—f = 0,32<1
y y
C.. *A,* W *
min 2 O *10 ply2 O *10
Check torsional-flexural buckling:
C = 1,879
2 [ ] 2
p *Es*lp lw (h*100) *G*ly
Mg = cpr——— = - = 94241,31 kNm
(h*100) *10 NSz p rE *1,
As in Table: F.1.1
y = 0,00
by, = 1,00
k = 1,00
L) E W
2 [
| r= Cp xSy P2 = 50,78
10 M
Iy —
| trans,LT — | *Obw = 0,541
1
Apply strut curve a
a = 0,21
i = 05*(@+a* (Iyans,L1-0.2) * 1 trans, .79 = 0,682
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Eurocode 3 Folder : Frames

1
CLT= <, 2 = 0,911
S
J CJ -1 trans,LT
byir= 18-0,7*y = 1,80
mr= 0,15 * | trans,z * bM,LT - 0,15 = 0,134 < 0,9
M1 * Negg
ket = 1-—/ = 1,000< 1,5
CLTrA, *fy
Neg abs (Mp)
¢ t 100*k|_-|-* : = 0347<1
y y
C *A * C *W Koo
z 2 O *10 LT ply2 Oy *10
Section analysis at D:
Column:
A, = 1,04 * hy * s, / 102 = 24,96 cm?
f
Volrd= Ay —— = 307,86 kN
O3 *gy* 10
=
= 0,037 <05
Vol,Rd
No interaction
Npra= Ax* b = 2264,55 kN
’ gy * 10
Ngg
n= = 0,02
Npi,rd
M = Wy y = 250,49 kNm
ply,Rd ~ ply2 3 = )
gv *10
Mnyrd= 1,11*Mpyra*(1-N) = 272,48 kNm
abs(Mp) abs(Mp)
MAX( : ) = 028<1

Mpl,y,Rd Iv'Ny,Rd
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Eurocode 3 Folder : Frames
Beam:
A, = 1,04 * hy *s; /102 = 15,48 cm?
f
Volrd= Ay —— = 190,93 kN
O3 *gy* 10
Ngg
= 0,225 <05
VoI,Rd
No interaction
Npira=  Ar*fy/10/ gy = 835,32 kN
n= VEd/ NpI,Rd = 0,014
fy
Mplyrd= Wpy1 ™ 3 = 78,91 kNm
gy * 10
Mny,rd= 1,11 * Mpyrd™* (1 -N) = 86,36 kNm
abs(Mp) abs(Mp)

MAX( ; ) = 0.89<1

Mpl,y,Rd Iv'Ny,Rd
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Eurocode 3 Folder : Single-span beam

Pos.: Flexural-torsional buckling of a single-span beam:

End supports are laterally fixed.

q

—
FERTTRRRTY o
— S
is 2 h
L L N {
= = / S
I |
tU
- . -
u

Load diagram:

Span length | = 24,00 m

top width by= 40,00 cm

bottom width b= 50,00 cm

Depth of web h= 100,00 cm

top Flange thickness t,= 3,50 cm

bottom Flange thickness t,= 3,50 cm

Web thickness s= 2,00 cm

Weld thickness t&= 1,00 cm
Loads:

q= 4,04 KN/m

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

Es~ TAB("steel/EC"; E; Name=steel) =

G= TAB("steel/EC"; G; Name=steel) =

fy= TAB("steel/EC"; fy; Name=steel) =
~235

e= —_— =

fy

Partial safety factors:

Ov= 1,10

9= 1,35

Section classification as in Table 5.3.1:
A= (bp*tog+ b, *t,+h*s) =
Plastic neutral axis:

A *
E_bo t,
X = =
S
Xg = h - x =

Fe 510
210000,00 N/mma2
81000,00 N/mma2
355,00 N/mm2

0,81

515,00 cm?2

58,75 cm

41,25 cm
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Eurocode 3

Folder

: Single-span beam

Flange:

9*e
b Section class 1
Web:

$*396 *—
13*a -1

b Section class 2

Check bending moment strength:

2
q*l
Mgg = *
Ed Y 3
Critical torsional-buckling moment:
3 3
b b
= ty *—t t,

° 12 Y 12
As in Table: F.1.2(2)

k=
As in Table: F.1.1(4)
Ky=
As in Table: F.1.2
Ci=
C,=
Cy=
Location of center of gravity:
h+ to)
bu*tu*(h+to)+h*3* 2

A

5,02 cm

0,69<1

0,59 cm

0,90<1

1,04>1

392,69 kNm

55125,00 cm4

1,00
1,00

1,132
0,459
0,525

55,27 cm
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Eurocode 3

Folder : Single-span beam

Location of shear centre:

3
t +t b
Ss= (h+0 u)* -
2 3 3
b, +b,
z&=  ~(ss-€)
= 5yt B Tt h e s)
Z,=
Zg=  ZaZg
asinF 1.4:
b 3
bf: °
3 3
b, +b,
t +t

Zj: (2*bf-1)*

68,45 cm

= -13,18 cm
= 1552,92 cm4

0,00 cm
= 13,18 cm

= 0,339<0,5

= -16,66 cm

t,tt
= be*(L-bg)** (h + 2 > u) = 132,32*106 cm6é
2
p * ES* IZ
Pi= C; *—2 = 22453,85
(k*1*100)
L] 2 2
k Iy (k*1*100) *G*I, 2
Py= o) T > +(Cy*z4-C3*z) = 94,66
v " p *Eg*l,
P3= Cy*zy4-C3*z = 14,80
P2 - P3
Me= Py ——; = 1793,16 kNm
10
t, s t, s
Wy = by *ty* Xg+— )+ XE*—+ by *tp* (X +—)+x2*— = 21148,13 cm?3
2 2 2 2
Section class 2 b= 1,00
n
fy
[ trans,LT— ObW * WP' " 3 = 2,046
10 * Mg,
As in Table 5.5.1a= 0,49
j= 05*(1+a*( trans,LT'OvZ) +1 trans,LTZ) = 3,05
1
CLt= "—2 = 0,1883
Y o )
] CJ -1 trans,LT
f
Mp,rd= by * Cur* Wy *—— : " =  1168,33 kNm
gv *10
Meggq
= 034<1
My rd
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Eurocode 3

Folder : Single-span beam

Pos.: Single-span beam with biaxial bending:

Y YYYVYVY T YYVYY

qd qu

i S A Nt,d
L
] ty
Span length | = 5,80 m
Angle of slope j = 8,53 °
Loads:
dq= 7,00 KN/m
Nt g= 100,00 kN
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 360
Es~ TAB("steel/EC"; E; Name=steel) = 210000,00 N/mma2
f,= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?
~235
e= — = 1,00
fy
platischer Formbeiwert a ), = 1,14
platischer Formbeiwert a, = 1,25
Ou= 1,10
Profil Typ = SEL("steel/Profils"; Name; ) = HEA
Selected Profil = SEL("steel/"Typ; Name; ) = HEA 140
Section classification:
Column height h = TAB("steel/"Typ; h; Name=Profil) = 133,00 mm
Depth of web hy = TAB("steel/"Typ; h1l; Name=Profil) = 92,00 mm
Web thickness s = TAB("steel/"Typ; s; Name=Profil) = 5,50 mm
Flange width b = TAB("steel/"Typ; b; Name=Profil) = 140,00 mm
Flange thickness t = TAB("steel/"Typ; t; Name=Profil) = 8,50 mm
Moment of inertia | = TAB("steel/"Typ; ly; Name=Profil) = 1030,00 cm4
Cross-sectional area A= TAB("steel/"Typ; A; Name=Profil) 31,40 cm?
Weiy= TAB("steel/"Typ; Wy; Name=Profil) = 155,00 cm3
Wiy = aply * Weyy 176,70 cm?
W= TAB("steel/"Typ; Wz; Name=Profil) = 55,60 cm3
Wp, = apiz * Wey, = 69,50 cm?
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Eurocode 3

Folder : Single-span beam

Design loads:
Plastic limit force:

Npi Rd=

fy

* —

ov * 10

Limit force that plasticizes the web

f

y
Npi,w,Rd= (h-2*9*s*—— =
v * 10
N, g N; g
MAX( " ; " ) = 147>1
0'5 Npl,w,Rd 0'25 I\IpI,Rd
P Reduce plastic limit force as in 5.4.8.1:
A-2*b*
100
a = =
A
Ny g
h = =
NpiRd
fy 1-h
MNy Rd= Wply* * =
, 3 _ N
gy * 10 1-0,5*a
h
- =
fy
P MygzRrd= VVplz* 3 =
ov* 10
Design momente:
Qdy = dq¢ * COS( ) =
Qdz = g * SING ) =
2
M —_ * I —
y.Ed = Uay 3 =
2
IVIz,Ed = Qdz ? =
Check section strength:
for I-Profile gilt a=
bl_ 5*h =
b,=
b= MAX(b;b5) =
a b
My,Ed Mz,Ed
+ = 093<1
Iley,Rd I\/lNz,Rd

670,82 kN

136,30 kN

0,242<0,5

0,149

36,55 kNm

0,62<1

14,85 kNm

6,92 kKN/m
1,04 kKN/m

29,10 kNm

4,37 kKNm

2,00

0,75<1
1,00
1,00
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Eurocode 3

Folder : Single-span beam

Pos.: flexural-torsional buckling:

End supports are laterally fixed, load is applied in the middle of the bottom flange.

qd ' t
btvvivyivyd s
F 2 h
!‘ l ‘! /ts
| I
Tt
Load diagram:
Span length | = 8,00 m
Beam width b= 20,00 cm
Column height h= 50,00 cm
Flange thickness t= 2,50 cm
Web thickness s= 1,20 cm
Weld thickness tg= 0,50 cm
Loads:
dq = 50,00 KN/m
Materials and stresses:
steel = SEL("steel/EC"; Name; ) = Fe 510
Es~ TAB("steel/EC"; E; Name=steel) = 210000,00 N/mma2
G= TAB("steel/EC"; G; Name=steel) = 81000,00 N/mmgz
fy= TAB("steel/EC"; fy; Name=steel) = 355,00 N/mm?2
~235
e= — = 0,81
fy
Partial safety factors:
Ov= 1,10
Section classification:
Flange:
b —
5 ts*C2
c= = 3,72 cm
t
c
= 0,51<1
9*e
b Section class 1
Web: _
d= h-2*t,*Q2 = 48,59 cm
d
S = 0,69<1
s*72%*e

b Section class 1
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Eurocode 3

Folder : Single-span beam

Check bending moment strength:

h+t h h
W, = b*t* +t—=*gF—|*2 = 3375,00 cm?3
2 2 4
Wp| * fy
McRrd = " = 1089,20 kNm
ov* 10
0q ¥l
Mgq = 3 = 400,00 kNm
Meqg
= 037<1
Mc,Rd
Check shear strength:
A= h*s = 60,00 cm2
fy
Vord= A= = 1117,96 kN
Pl \ A3 * Y *10
[
VEd= g *E = 200,00 kN
Veq
= 0,18<1
VpI,Rd
Check torsional buckling strength:
3
I, = 2%t* = 3333,33 cm#
12
2
(h+t)
ly = I, *T = 2,297*106 cm6
1
Iy = 5*(2*b*t3+h*s3) = 237,13 cm#
As in Table F.1.2(2) k= 1,00
As in Table F.1.1(4) k= 1,00
As in Table F.1.2 C= 1,13
As in Table F.1.2 C2: 0,46
As in Table F.1.2 C3: 0,53
Load is applied in centroid of section z_= -27,50 cm
Centroid of section and shear centre are identical z4= 0,00 cm
Section is symmetrical Zj= 0,00 cm
zg: Z52g = -27,50 cm

Pdf-Overview: Templates for Structural Engineering




Eurocode 3 Folder : Single-span beam

Critical torsional-buckling moment

2
p * ES* IZ
Pi= Cjr—— = 12198,18
(k*1*100)
i 2 2
k l, (k*I*100) *G*I, 2
P,= k_ *—t > +(C2*zg- C3*Z]-) = 51,27
w IZ p * ES* IZ
Ps= Cy*z4-C3*z = 1265
P,-P,
Me= Py*——— = 779,71 kNm
10
Cross-section class 1 b= 1,00
n f
| trans,LT— Obw* Wy, * 3 = 1,240
10 * Mg
Apply strut curve c:
a = 0,49
jut= 0,5*(1+a r*( trans,LT'Ovz)"'I trans,LTz) = 1,524
1
CLt~— o = 0,415
LA 2 2
it CJ Lt | trans,Lt
f
y
MoRa= by *cpLp*Wp *——— = 452,02 kNm
gu ¥10
Megq
= 088<1
Mp,rd
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Eurocode 3 Folder : Single-span beam

Pos.: Flexural-torsional buckling of a single-span beam:
End supports are laterally fixed, Load is applied in centroid of section.

| b |
N -
qd — {

Load diagram:

Span length | = 8,00 m
Beam width b= 20,00 cm
Column height h= 50,00 cm
Flange thickness t= 2,50 cm
Web thickness s= 1,20 cm
Weld thickness tg= 0,50 cm
Loads:
gq = 45,00 kN/m

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 510
E~ TAB("steel/EC"; E; Name=steel) = 210000,00 N/mma2
= TAB("steel/EC"; G; Name=steel) = 81000,00 N/mm?2
fy= TAB("steel/EC"; fy; Name=steel) = 355,00 N/mm?2
~235
e= — = 0,81

fy

Partial safety factors:
ov~= 1,10
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Eurocode 3 Folder : Single-span beam

Section classification As in Table 5.3.1:

Flange:
b —
2 O
c= f = 3,72 cm
c
= 0,51<1
9*e
Section class 1
Web:
d= h-2%t,*(2 = 48,59 cm
d
- = 0,69<1
s*72%e
Section class 1
Check bending moment strength:
h+t h h
Wp| = b*t* +—*g*—|*2 = 3375,00 cm3
2 2 4
M¢Rd = . = 1089,20 kNm
gv* 10
Qg *!
Mgq = 3 = 360,00 kNm
Meqg
= 0,33<1
Mc,Rd
Check shear strength:
A, = h*s = 60,00 cm2
fy
Voird= AV ————— = 1117,96 kN
PIRAT TV 8 gy ¥ 10
[
VEg = dq *E = 180,00 kN
Veq
= 0,16 <1
VpI,Rd
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Eurocode 3 Folder

: Single-span beam

Check torsional buckling strength:

3

I, = 2*t*b
2" 12
2
(h+t)
Iy = |, ———
4
1
| = 5*(2*b*t3+h*s3)

As in Table F.1.2(2) k=
As in Table F.1.1(4) k=

As in Table F.1.2 C4=
As in Table F.1.2 Cy=
As in Table F.1.2 Cg=
Load in centroid z=

Centroid of section and shear centre are identical zg=
Section is symmetrical z;=

J
Critical torsional-buckling moment

[ B} 2

2 2 * *
( :(k) Ly (k*l*10) G*ly
— *_+
2 k 2
p *Es*lz " IZ p *Es*lz

M = C* *
cr 1 2 3

(k*l*102) 10

Cross-section class 1 b, =

y
| trans,LT = ObW * Wy * 3
M., * 10

Apply strut curve c:

arT
jir= 0,5*(+a 1 trans,LT'onZ)+I trans,LTz)
1
CLt= ¥
. 2 2
+(.
Jur CJ LT -~ I trans,LT
fy
Mb,Rd: bw*CLT*\NpI’k 3
gu* 10
MEd
= 0,95<1
Mb,Rd

3333,33 cm#

2,297*106 cm®

237,13 cm4

1,00
1,00

1,13
0,46
0,53
0,00 cm
0,00 cm
0,00 cm

606,05 KNm

1,00

1,406

0,49

1,784

0,347

377,95 KNm
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Eurocode 3 Folder : Single-span beam

Pos.: Flexural-torsional buckling of a single-span beam:
End supports are laterally fixed, Load is applied in centroid of section.

| b |
N -
qd — {

Load diagram:

Span length | = 8,00 m
Beam width b= 20,00 cm
Column height h= 50,00 cm
Flange thickness t= 2,50 cm
Web thickness s= 1,20 cm
Weld thickness tg= 0,50 cm
Loads:
Qa = 36,00 kN/m

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 510

E~ TAB("steel/EC"; E; Name=steel) = 210000,00 N/mma2
G= TAB("steel/EC"; G; Name=steel) = 81000,00 N/mm?2
fy= TAB("steel/EC"; fy; Name=steel) = 355,00 N/mm?2

~235
e= — = 0,81
fy
Partial safety factors:
Ou= 1,10
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Eurocode 3 Folder

: Single-span beam

Section classification As in Table 5.3.1:

Flange:
b —
2 O
C = _— =
t
c
9*e -
Section class 1
Web:
&= h-2rt G2 -
d
s*72%e -

Section class 1

Check bending moment strength:

2 2 4
W, *f
pl 'y
Mc,Rd = 3 =
gv* 10
Qg *!
Mgy = =
Ed 3
Meqg
= 0,26 <1
Mc,Rd
Check shear strength:
A= h*s
f
y
Vord= A=
Pl \ a3 * Y *10
[
Ve = *—
Ed A4 5
VEg
= 0,13<1
VoI,Rd

3,72 cm

0,51<1

48,59 cm

0,69<1

3375,00 cm3

1089,20 kKNm

288,00 KNm

60,00 cm?

1117,96 kN

144,00 kN
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Eurocode 3

Folder : Single-span beam

Check torsional buckling strength:

3
L= 2*t* = 3333,33cm4
12
2
(h+1t)
=1, *T = 2,297*106 cm®6
1
| = g*(2*b*t3+h*53) = 237,13 cm4
As in Table F.1.2(2) k= 1,00
As in Table F.1.1(4) k= 1,00
As in Table F.1.2 C1: 1,13
As in Table F.1.2 Cy= 0,46
As in Table F.1.2 C3: 0,53
Load in centroid Z5= 27,50 cm
Centroid of section and shear centre are identical z4= 0,00 cm
Section is symmetrical Z= 0,00 cm
zg: ZyZg = 27,50 cm
Critical torsional-buckling moment
2
p * ES* IZ
P,= C.* 5 = 12198,18
(k*1*100)
L] ] 2 2
k Iy (k*1*100) *G*l, 2
p— —_— 1 * - * p—
P2_ K *I—+ > T (C2 Zg C3 ZJ ) = 51127
w zZ p * Es* IZ
P3— CZ*Zg'Cg*ZJ‘ = 12,65
P, -P;
M= Py 3 = 471,09 KNm
10
Cross-section class 1 bW: 1,00
[ f
b *W *—y
| trans,LT— w pl 3 = 1,595
10 *M,,
Apply strut curve c:
a t= 0,49
jut= 0,5*(1+a t*(l trans,LT'ovz)"'I trans,LTz) = 2,114
1
C T= = 0,286
LT . + C 2 2
bt J it | ransT
f
y
Mbde: bW*CLT *Wp| * 3 = 311,51 kNm
gy *10
Meqg
= 092<1
Mb,Rd
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Eurocode 3 Folder : Single-span beam

Pos.: Single-span beam subject to flexural-torsional buckling with uniform load and

compression:
End supports are laterally fixed.

A,

Y

Yy Yo rvy Yyvyy

Y Nt,d
l
- =
Load diagram:
Span length | = 24,00 m
top Flange width b,= 40,00 cm
bottom Flange width b,= 50,00 cm
Depth of web h= 100,00 cm
top Flange thickness t,= 3,50 cm
bottom Flange thickness t,= 3,50 cm
Web thickness s= 2,00 cm
Weld thickness t&= 1,00 cm
Loads:
Oq = 18,00 kN/m
N; g= 500,00 kN

Materials and stresses:

steel = SEL("steel/lEC"; Name; ) = Fe 510
Es& TAB("steel/EC"; E; Name=steel) =  210000,00 N/mm?
G= TAB("steel/EC"; G; Name=steel) = 81000,00 N/mm2
f,= TAB("steel/EC"; fy; Name=steel) = 355,00 N/mmz2
~235
e= — = 0,81
fy

Partial safety factors:
Ou= 1,10
O9= 1,35
A= (bg*ty + b, *t, + h*s) = 515,00 cm?
Location of center of gravity:

(h+t,)

b, *t, *(n*+ o)+ h*s =
e= = 55,27 cm
A
Location of shear centre:
t,tt b °
se= h+— | *—— = 68,45 cm
2y *+p,’

(0] u
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Eurocode 3 Folder : Single-span beam

Plastic neutral axis:

2 (bo*t,)
2 (o] (o]
X = = 58,75 cm
S
Section classification As in Table 5.3.1:
Flange:
b,-s —
;T2
c= _— = 5,02 cm
t0
c
= 0,69<1
9*e
Section class 1
Web:
X
a= — = 0,59 cm
h
h
= 0,90<1
S*456 *——
13*a -1
h
= 1,04>1
s$*396 *—
13*a -1
Section class 2
Check bending moment strength:
2
Qg *|
Mgq = p = 1296,00 kKNm
3 3
bO bu
l,= ty* i, * = 55125,00 cm4
12 12
ly= bo*ty*e2+b,*t, *(h+t,-e)2+s*h3/12+h*s*(e-(h/2+1,/2))? = 1003886,210 cm4
h h t,
ly= bo*to*e2+b,*t, *(h+t,-e)2+s*——+h*s*| e - | —+ — = 1003886,210 cm4
12 2 2
Weom = I/ (e+1t,/2) = 17605,86 cm?3
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Eurocode 3 Folder : Single-span beam

Effective bending moment:

2
qqg ™|
Mgq = 3 = 1296,00 kNm
Assumption as in 5.5.3 y g = 0,80
Mgq4* 100 N; 4
Scom,Ed = " Yvec = 6,58 kN/cm?
Wcom A
Meft £d = Heom ” Scomees = 1158,47 kNm
eff,Ed 100 ;
As in TableF.1.2(2) k = 1,00
As in TableF.1.1(4) k,, = 1,00
As in Table: F.1.2
C,= 1,132
C,= 0,459
Cy= 0,525
Zs=  ~(Ss-€) = -13,18 cm
1
= 3 * (b, * t,2 + by * 1,3 + h * s9) = 1552,92 cm#
Z,= 0,00 cm
Zg= Za-1Zs = 13,18 cm
3
bO
b= = 0,339<0,5
3 3
b, +b,
t,*tt
h+ o u
2
z= (2%bs-1)* =  -16,66 cm

to i,
W= b (b |

132,32*106 cm6

2

p * ES* IZ
P,= C, *—2 = 22453,85

(k*1*100)
i 2 2

k Iy (k*1*100) *G*I, 2
P,= = *|_+ - +(Cy*z4-C3*7) = 94,66

w z p * ES* |z
P3: C2 * Zg - C3 * Zj = 14,80

P2 - P3

Me= Py * = 1793,16 kNm

10

t, s to s
W= by "ty * (X+ =) + X% —+ by * to * (h-x + — ) + (h-x)> * — = 21760,63 cm?
2 2 2 2
Section class 2 b= 1,00
n f
y
I trans,LT= Obw*Wpl * 3 = 2,076
10 * Mg,
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Eurocode 3 Folder : Single-span beam

As in Table 5.5.1a= 0,49
i= 0,5%(1+a*(l trans,LT'O!Z)"'I trans,LTz) = 3,11
1
CLt= ._—2 = 0,1843
P 2
] CJ - trans,LT
f
y
Mp,rd= by * CLr* Wy *— - =  1176,63 kNm
gv *10
Mett,Ed
= 098<1
Mp Rd
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Eurocode 3 Folder : Single-span beam

Pos.: Single-span beam with cantilever, asymmetric section:

Span length | = 10,50 m
Cantilever length |,= 5,00 m
top Flange width b, = 50,00 cm
bottom Flange width b, = 30,00 cm
top Flange thickness t, = 2,00 cm
bottom Flange thickness , = 2,00 cm
Depth of web h = 60,00 cm
Web thickness s = 1,50 cm
Weld thickness tg = 0,80 cm
Loads:

Dead weight g = 26,00 KN/m
Live load q = 37,70 KN/m
Snow load sq = 7,00 KN/m

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 360

Es& TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
f,= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2

~235
e= — = 1,00
fy

Partial safety factors:

Org= 1,35

Oq= 1,50

y= 0,90

o= 1,10
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Eurocode 3 Folder : Single-span beam

Design loads:
Od1= Og* 9+ %q*d = 91,65 kN/m
Qd2= g *g+Y *Gq*(d+So) = 95,44 kN/m
qg= MAX(dg1; dd2) = 95,44 kN/m
2
Iy
Meqk= -qd*z = -1193,00 kNm
2
(It1) aq
B,= T*T = 1091,88 kN
Bi= da * Ik = 477,20 kN
B= B, - B, = 614,68 kN
A= (I+1) *dq- By = 387,44 kN
AV
Megfiolq= A * = 786,41 KNm
Edfield v qd *9
Plastic neutral axis:
A= (bg*to+ b, *t,+h*s) = 250,00 cm?
A *
E_ bo t,
X = I = 16,67 cm
S
t t,
Wy = (bo*to*(x+;)+0,5*s*x2+bu*tu*(5+(h-x))+0,5*s*(h-x)2) = 6043,33 cm?
fy
Mp| = Wi * = 1420,18 kNm
3
10

Section classification Kragarm As in Table 5.3.1:
Bottom Flange:

b,-s —
c= 5 ts* 02 = 13,12 cm
C
= 0,73<1
9*t,*e
Web
h-x
a= E— = 0,72
h
h-2*t,*Q2
S
= 0,81<1

e
396 *———
13*a -1

b Section class 1.
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Eurocode 3

Folder : Single-span beam

Check shear strength:
AV = h *s
Ay *fy
10 *¢33 * gy
Veq =  MAX(Bj; B;:A)
Veg
Vp',Rd * 0,5
P Mpl, reduced.

Voi,Rd =

Check bending moment strength:

Meak
abs ( )
MV,Rd

Section classification Feld As in Table 5.3.1:

top Flange: o
c= 0,5*(by-5s)-ts* O2
cl/ty/(10*¢)
c
t,*10*e
c
t,*14*e
b Section class 3.
Web:

a= —
h

h-2*t,*Q2
S
e
396 *———
( lS*a-l)

b Section class 1.

Check section strength:

abs (Megfield )
Mp|

v

= 90,00 cm?

= 1110,09 kN

= 614,68 kN
1,11>1

= 0,012

= 1275,58 kKNm
094<1

= 23,12 cm

= 1,16 >1

= 1,16 >1

= 0,83<1

= 0,28<1

= 0,26 <1
0,61 <1
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Eurocode 3

Folder : Single-span beam

Pos.: Analysis single-span beam:

End supports are laterally fixed.

Load diagram:
Span length | =

Loads:
Qa =
Nd:
Pd:

Materials and stresses:

6,00 m

10,00 kN/m
273,00 kN
15,00 kN

steel = SEL("steel/EC"; Name; )

Es~ TAB("steel/EC"; E; Name=steel)
fy= TAB("steel/EC"; fy; Name=steel)
~235

e=

Partial safety factors:
Ov=

Plastic shape factor a ) =

Section classification:
Profil Typ =
Selected Profil =
Column height h =
Depth of web h; =

Web thickness s =

Flange width b =
Flange thickness t =
Moment of inertia | =
Cross-sectional area A=
iy=

i,=

We =

Wpl =

f

y

1,10
1,14

SEL ("steel/Profils"; Name; )
SEL("steel/"Typ; Name; )
TAB("steel/"Typ; h; Name=Profil)
TAB("steel/"Typ; hl; Name=Profil)
TAB("steel/"Typ; s; Name=Profil)
TAB("steel/"Typ; b; Name=Profil)
TAB("steel/"Typ; t; Name=Profil)
TAB("steel/"Typ; ly; Name=Profil)
TAB("steel/"Typ; A; Name=Profil)
TAB("steel/"Typ; iy; Name=Profil)
TAB("steel/"Typ; iz; Name=Profil)
TAB("steel/"Typ; Wy; Name=Profil)
api * Wey

Fe 360

210000,00 N/mm?
235,00 N/mm?

1,00

IPE
IPE 300
300,00 mm
248,00 mm
7,10 mm
150,00 mm
10,70 mm
8360,00 cm#4
53,800 cm?2
12,50 cm
3,35 cm
557,00 cm3

634,98 cm3
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Eurocode 3 Folder : Single-span beam

Section classification As in Table 5.3.1:

Web:
hy
_— = 1,06 ~ 1
s*33*e
b Section class 1.
Flange:
b
- - = 0,70<1
2*t*10*e
b Section class 1.
Check bending moment strength:
2
[ |
M = ke — + P [ —
Ed g 8 d 2
fy
IVIpI,y,Rd— Wpl * 3
ov* 10
f
Npi,Rd= s
P guw *10
Ng
n=
NpI,Rd
A-2*pb* >
10
a=
A
Reduced limit moment due to tension force:
M . 1-n
M = S
N,y,Rd ply,Rd 1- 0,5 *a
Meggq
= 052£1
MN,y,Rd

67,50 KNm

135,65 kNm

1149,36 kN

0,238

0,403 <0,5

129,45 kNm
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Eurocode 3 Folder : Single-span beam

Check shear strength:

Ve o Pgtdg*l
Ed™ >
A= 1,04 *h* 5
10
f
y
Vpi,Rd = A=~
Pl \Y A3+ O *10
VEd
= 0,14<1
Vol,Rd
Where max M occurs::
. Py
S 2
Vs
— = 005£1
0,5 Vpl,Rd
P No interaction!
Check buckling strength:
I
ly= 100 *—
ly
Iy
| t =
rans,y . Es
P\
fy
I
I ,= 100 *—
IZ
I,
| trans,z= e
p*( =
fy
h/b
t/10
Apply strut curve:
line = SEL("steel/buck”; line; )
a= TAB("steel/buck”; a; line=line)
Cy= TAB("steel/buck”; c; a=a; | g=I yansy)

37,50 kN

22,15 cm?

273,20 kN

7,50 kN

48,00 <1

0,511

179,10

1,91

2,00>1,2
1,07 <4

0,210
0,9205
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Eurocode 3 Folder : Single-span beam

Auxilliary values:

by= 1,30 Picture 5,5,3
W, -W
pl el
m= l'ransy * (2 * by - 4) + W—I = -0,575< 0,9
e
my * Ny
ky: 1-——- = 1,013<1,5
cy*A*fy
N Meq
+100* ky — = 0,076 <1

fy fy
Cy*A*_ Wpl 7

Om Om

Pdf-Overview: Templates for Structural Engineering




Eurocode 3 Folder : Single-span beam

Pos.: Single-span beam:

A AY
[ —
Span length | = 7,50 m
Loads:
Dead weight g = 3,00 KN/m
Live load q = 5,00 kKN/m
Snow load s = 2,00 KN/m

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 360
Es& TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
f,= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?
~235
o= S = 1,00
fy

Partial safety factors:
Org= 1,35
Oq= 1,50

= 0,90
Ovo= 1,10

Design loads:
Qa1= g9+ g+ = 11,55 kN/m
a2~ %g*gHY *Grq*(a+So) = 13,50 kN/m
Oq= MAX(Qq1;9d2) = 13,50 kN/m
Design moment:
2
qq *!

Mgg= 3 = 94,92 kNm
Profil Typ = SEL("steel/Profils"; Name; ) = IPE
Selected Profil = SEL("steel/"Typ; Name; Mplyd® Mgq) = IPE 270
with My yq = TAB("steel/"Typ; Mplyd; Name=Profil) = 107,00 KNm

Mgg

= 089<1

Moy
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Eurocode 3 Folder : Single-span beam

Section classification:

Column height h = TAB("steel/"Typ; h; Name=Profil) = 270,00 mm
Depth of web hy = TAB("steel/"Typ; h1; Name=Profil) = 219,00 mm
Web thickness s= TAB("steel/"Typ; s; Name=Profil) = 6,60 mm
Flange width b = TAB("steel/"Typ; b; Name=Profil) = 135,00 mm
Flange thickness t = TAB("steel/"Typ; t; Name=Profil) = 10,20 mm
Moment of inertia | = TAB("steel/"Typ; ly; Name=Profil) = 5790,00 cm#4
Section classification as in Table 5.3.1:
Web:
MY
S
= 0,46 <1
72*e
Flange:
b
2*t
= 0,66<1
10*e
b Section class 1.
Check shear strength:
Veg= 05*qy*l = 50,63 kN
A, = 1,04 *h*s/100 = 18,53 cm?
fy
Vv = A F——— = 228,55 kN
PRIT Y B3 % gy, *10
Ved
= 0,22 £1
VpI,Rd
Analysis working / servicing capacity as in Table 4.1:
Oser= gty *(Q+5Sg) = 9,30 kN/m
4
d 5_,der"(17100) 3,15
= = s cm
T 384 ES*1*10
dmax
= 105£1
100
*
250
4
5 (a+sg)*(1*100)
do= * = 2,37 cm
384 E.,*1*10
dz
= 095£1
100
*
300
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Eurocode 3

Folder : Trusses and lattice girders

Lattice girder with circular hollow sectionsn:

Oy% L
g
\\\‘\\\ V\ R
S AN A
. N
AN N
U —\ Profil 1 ~1 71
Is e
Plan and elevation values:
Span length Iy = 250,00 cm
b, = 30,96 °
b, = 90,00 °
h = 150,00 cm
g-= 2,00 cm
e= 0,81 cm
Weld thickness a = 3,00 mm
Profill: SEL("steel/CHS"; Name; ) = CHS 114.3x5
dy = TAB("steel/CHS"; d; Name=Profill) = 114,30 mm
ty = TAB("steel/CHS"; t; Name=Profill) = 5,00 mm
Ay =  TAB("steel/lCHS"; A; Name=Profill) = 17,20 cmz
Profil2:  SEL("steel/CHS"; Name; ) = CHS 60.3x3
d, = TAB("steel/CHS"; d; Name=Profil2) = 60,30 mm
t, = TAB("steel/CHS"; t; Name=Profil2) = 3,00 mm
A, = TAB("steel/CHS"; A; Name=Profil2) = 5,40 cm?
i = TAB("steel/CHS"; i; Name=Profil2) = 2,03 cm
Materials and stresses:
steel =  SEL("steel/lEC"; Name;) = Fe 360
Es= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?
~235
e= = 1,00
fy
Ov = 1,10
1= 93,90 * e = 93,90
Member forces:
U, = 116,67 kN
Uz = 200,00 kN
D, = 97,18 kN
Vs, = 50,00 kN
l,*10
r = 21,87 >6
u
h*10
= 24,88 > 6
d,
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Eurocode 3 Folder : Trusses and lattice girders
Section classification:
Member V2:
d,
. = 040<1
t,*50* e
Section class 1
Analysis of the members:
Member Vy:
Section class 1 by = 1,00
| = 0,75*hli, = 55,42
|
| trans = B e = 0,590
Apply strut curve a
a= 0,21
j = 05*(L+a* (I gans- 0,2) + I yransd) = 0,715
1
c= —_— = 0,8937
. 2 2
] CJ | trans
fy
Np Rrd = C*bp*Ay* " = 103,10 kN
gu ¥ 10
V,
= 0485<1
Nb,Rd
Member D2:
fy
NRqg = Ay * = 115,36 kN
gy *10
D,
o = 0,842<1
NRg
Member U2;U3
fy
NRg = Ay* = 367,45 kN
gy ¥10
UB
— = 0544 <1
NRg
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Eurocode 3 Folder : Trusses and lattice girders

Analysis of joint:
Check permissible stress As in Table: K.5

d, / dy = 0,528 <1
dy / dy = 0,528 > 1
dy/ty = 22,860 > 10
dy/ty = 22,860 < 50
dy/ t, = 20,100 > 10
dy/ t, = 20,100 < 50
(ty+t) /9 = 4,000 <1

Analysis as given in Table. K.6:

t,/2,5 = 1,200 >1
ty/ 25 = 0,200<1
b= MIN(b; b5) = 30,960 °
30/b = 0,969 <1
e/ (dy/4) = 0,028<1

b Eccentricities can be neglected.

a/ (MIN(ty; t)) = 1,000 > 0,84

Calculate maximum stress As in Table K.6
Collapse of top chord:

dU
g= = 11,43
2%,
10+~ = 4,00
ty
1,2
g
0,2 1+0,024*
kg = g * ( g ) = 1874
0,5*10 *t— -1,33
1+2,7183 v
Kp = 1,00 (tension)
dy
b = — = 0,528
dy
kg *k,*f,*ty d, 1,1
Ni,Rrd = oy |18+ 10,2 = = 325,61 kN
(1-b)*sin(by) ol g, 10
Sin(bl)
Nord= - “NiRrd = 167,51 kN
sin(b, )
V2
= 030<1
N2,Rd
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Eurocode 3

Folder : Trusses and lattice girders

Collapse due to punching shear:aus Pos. :

d,

= A .. = 0,58<1

dy-2*t,
oL *1+sin(bl)* 1.1

Ni1,Rd = _E t,*p*d, > . = 220,62 kN
C 2*sin(by) gy *10

D2/ Nizrd = 0.44<1
f, . 1+sin(b;) 1.1

Nitrd= ="t *p*d,* 2* 3 = 77,11 kN

2*sin(b,) gu*10
Vo I Nip rd = 065<1
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Eurocode 3 Folder : Trusses and lattice girders

Truss joint with rectangular hollow sections:

2 N\ Profil 2 7
] N e 1,
— — — —= fé — /] Ij Iﬁl
Profil 1
Plan and elevation values:
Span length |, = 200,00 cm
Projection length | o= 40,00 %
b,= 50,00 °
b, = 50,00 °
e= -2,00 cm
Weld thickness a = 3,50 mm
Profill:  SEL("steel/SHS"; Name; ) = SHS 100x4
d; = TAB("steel/SHS"; a; Name=Profill) = 100,00 mm
t; = TAB("steel/SHS"; t; Name=Profill) = 4,00 mm
A= TAB("steel/SHS"; A; Name=Profill) = 15,20 cm?
Profil2:  SEL("steel/SHS"; Name; ) = SHS 60x4
d, = TAB("steel/SHS"; a; Name=Profil2) = 60,00 mm
t, = TAB("steel/SHS"; t; Name=Profil2) = 4,00 mm
A, = TAB("steel/SHS"; A; Name=Profil2) = 8,79 cm?
i = TAB("steel/SHS"; i; Name=Profil2) = 2,27 cm

Materials and stresses:

steel = SEL("steel/lEC"; Name; ) = Fe 360
Eg= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
~235
e= — = 1,00
fy
Ov = 1,10
1= 93,90 * e = 93,90

Member forces:

U = 250,00 kN
U, = 150,00 kN
D, = 77,80 KN (compression)
D, = 77,80 kN
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Eurocode 3 Folder : Trusses and lattice girders

Section classification:

Member DI:
d,
. = 045<1
t,*33*e

Section class 1

Analysis of the members:
Member V2:

2
I = 0,75 * — =
I2
section class 1 by =
I —
—_ —_—
l trans — bA -
Iy

Knickspannungslinie a

a =
j = 05*(+a*(Iyans- 0,2) + | yrans?d) =
1
°" 2 2 i
L2
] CJ | trans
fy
Ny g = C*ba*A,* =
b,Rd AT P20 * g
D,
= 0,488 <1
Np rd
Member Dr:
f
y
NRd = A2 * =
10 * gy
DI’
_— = 0,414 <1
NRg
Member U2;U3
f
y
NRrg = Ar* =
10 * gy
U
- = 0,770<1
NRg

66,08
1,00

0,70

0,21
0,797

0,8489

159,412 kN

187,786 kN

324,727 kN
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Eurocode 3

Folder : Trusses and lattice girders

Analysis of joint:
Check permissible stress as in Table: K.14
d,

Analysis as given in Table. K.12:
t, /2,5
to /25
b= MIN(b1; by)
30/b
e
-d, *0,55
P Eccentricities can be neglected.
a/ MiN(ty; ty)
Calculate maximum stress As in Table K.14
Only the overlapping diagonals will be analysed:

= 0,60 > 0,25

= 0,456 < 1 (compression)

= 15,000 < 35 (tension)

= 25,000 < 35 (tension)

= 0,400<1

= 0,625<1

= 1,600 >1
= 0,160<1
= 50,000 °

= 0,600<1

= 0,036 <1

= 0,875> 0,84

= 2,40 cm
= 0,40<1
= 4,00 cm

= 0,67<1
1,00 (tension)

= 0,800<1

= 0,625<1

138,368 kN

b - t_l*t_z*

eff = dl t1 2
bef / (MIN(dy ; d,)/10)

b 4y

be ov = d_z*g* d,
be,ov / (MIN(dy; d)/10)
kn=
so dafd
I oy

50

25
I ov

f * _A*
10 50 10 '
Dr
= 0,562<1

N2,Rd
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Eurocode 3 Folder : Trusses and lattice girders
Roof truss:
I O A
: <
/
AL— _1 AA
b*1,
a*| M
Vg
CIT T T T T T T T T T T T T T T T T T
i)
Plan and elevation values:
Span width |, = 3,00 m
Span length Iy = 500 m
Number of spans in X a = 10
Number of spansinY b = 10
Truss depth h = 2,00 m
section for chords:
Profil Typ = SEL("steel/Profils"; Name; ) = HEA
Selected Profil = SEL("steel/"Typ; Name; ) = HEA 140
Cross-sectional area A =  TAB("steel/"Typ; A; Name=Profil) = 31,40 cm?
steel = SEL("steel/EC"; Name; ) = Fe 360
E = TAB("steel/EC"; E; Name=steel) =  210000,00 N/mm?
Loads:
WEd = 2,00 kN/m
VEq = 5,00 KN/m
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Folder : Trusses and lattice girders

Design loads:

2
(a*1y)
Mgq = Vg ¥———
Ed Ed 3
Compression force in the top chord:
Meg
N = —
h
Total compression force / Stabiilising force:
atl
Nges = > *N

Imperfection:
[ N |

1
0,2 +————
kl’l: at1l
2

Kip =
r= MIN(K;1; K2)
Ix
ey = kr* a*—

5
Equivalent load instead of buckling:

d = gr X

d 25
o= Noes L Lo
60*a*l,
heq = Wgg + ¢
Check deformation dqg:
E'\eft = 10 * Eg* 0,5 * A* |2
Deformation in the middle of truss:
4
5 (a*ly)
= *h *
Y 384 0 6
E'lgss * 10
a1
d

q

With it the acceptance, that dq £ | / 2500 properly.

It can be calculated with hg.

562,50 kNm

281,25 kN

1546,88 kN

= 0,62

1,00
= 0,62<1

= 3,72 cm

= 1,20 cm

= 0,70 kN/m

= 2,70 kN/m

= 8,24*1010 kNcm?

= 0,35 cm

= 029<1
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Folder : Trusses and lattice girders

Vertical bracing Non sway frame:

H ) A
d

—y

} 7 lpy | P

Plan and elevation values:

Frame width Iy = 6,00 m
Number of frames b = 5
Frame depth h = 5,00 m

h
Angle of bracing b = atan (I_) = 3981°

y
Number of bracings n = 1
Number of storeys ng = 1
Number of column n, = b+1 = 6
Diagonalen wirken auf Zug und auf Druck, Or else sd=1
Sq = 2
Profil Typl = SEL("steel/Profils"; Name; )

Selected Profill =
Moment of inertia |, =

SEL("steel/"Typl; Name; )
TAB("steel/"Typ1; ly; Name=Profill)

Profil Typ2 = SEL("steel/Profils"; Name; )

Selected Profil2 =
Flange width b, =
Column height h; =

SEL("steel/"Typ2; Name; )
TAB("steel/"Typ2; b; Name=Profil2)

TAB("steel/"Typ2; h; Name=Profil2)

Flange thickness t = TAB("steel/"Typ2; t; Name=Profil2)
Moment of inertia |, = TAB("steel/"Typ2; ly; Name=Profil2)
Cross-sectional area A= TAB("steel/"Typ2; A; Name=Profil2)

Iy = TAB("steel/"Typ2; iy; Name=Profil2)

i, = TAB("steel/"Typ2; iz; Name=Profil2)
ProfilR: SEL("steel/CHS"; Name; )

d= TAB("steel/CHS"; d; Name=ProfilR)
t = TAB("steel/CHS"; t; Name=ProfilR)

A= TAB("steel/CHS"; A; Name=ProfilR)
i = TAB("steel/CHS"; i; Name=ProfilR)

Span length | = Ch 2012
y

IPE
IPE 200
1940,00 cm4

HEA
HEA 180
180,00 mm

171,00 mm

9,50 mm
2510,00 cm#4

45,300 cm?
7,45 cm
4,52 cm

CHS 168.3x6
168,30 mm
6,00 mm

30,60 cm?
5,74 cm

7,81 m
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Eurocode 3 Folder : Trusses and lattice girders

Loads:
Hy = 80,00 kN

Py = 300,00 kN

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 360
Eg= TAB("steel/EC"; E; Name=steel) = 210000,00 N/mm?
fy= TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
~235
e= = 1,00
fy
Ov = 1,10
1= 93,90 * e = 93,90

Check swaying:

Iyl h
k = *— = 0,644

I I
y2 ly
Deflection at top of frame due to horizontal load:

H= 1,00 kN
3
(100*h) *10 2*k+1
Or = P * *H = 0,702 cm
12 *Eg lyo k
Shear strength:
2
2 ly
Sy = —*n*EJ*A *h*— = 485,6*103 kN
10 3
lr
h
d, = H*— * 100 = 1,03*10-3 cm
SV
Deflection at top of frame:
H= 1,00 kN
! 028*10-3
= = 1,028*10-3 cm
ot 1 1
—_—t
de d,
Reduction due to bracing:
diot
1-—] *100 = 99,85 % > 80
de

P Non sway frame.
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Analysis of vertical bracing
Imperfection to 5.2.4.3:

' ! 0,005
Jo= 200 B !
e 1
kep = OO,S +— = 0,82
nC
Keo = 1,00
ko= MIN(K¢q; Keo) = 0,82
L} 1
kep = Oo,z +— = 1,10
nS
ke = 1,00
ks= MIN(kg1; Kep) = 1,00
j = Jo*Ke* ks = 0,0041
DHg = j *Pg*(b+1) = 7,38 kN
HEd = Hd + DHd = 87,38 kN
Bracing is restrained out of plane of frame
dy (b+1)*Pg
* = 0,004 <0,1
h*100 H
b restrained from moving out of plane.
Analysis of lacing angles:
Design compression load:
Ngg = L = 56,88 kN
Ed 2*cos(b) ’
Slenderness:
I
| = 100 *— = 136,06
lr
Effective slenderness:
I
I = = 1,45
trans |, *e
Apply strut curve a:
a= 0,21
bp = 1,000
i = 05*(1+a*(yans 02 +lyans?d = 1,683
1
c= s = 0,3941
S 2
] CJ -1 trans
fy
NRg = C*ha*A* = 257,63 kN
gy *10
NEgg
— = 0,221 <1
NRg
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Folder :

Trusses and lattice girders

Analysis of frame:

Column CD:
Heg h
Ngg = Py + *—
Ed ar Iy
Buckling in the plane of frame:
k.= ve
¢ h*100
lys
kl - 1,0 * y—
Iy* 100
k2 =
h2 =
I(C
hy= —_—
ket kg tk,
Slenderness ratio as in Fig. E.2.1.:
| = h* 0,85
|
ly= 100 * —
ly
l trans — I L * e
ht
by
Apply strut curve b:
a =
bA =
i = 05*(1+a*(lyrans-02) + 1 rans?
1
Cy =

_— 2 2
] CJ | trans
Buckling outside the plane of frame

—_ *h
ly= 100 * —

Iz

336,41 kN

5,02 cm3

3,23 cm3

0,0
1,0

0,61

4,25 m

57,05

0,61

0,95<1,2

0,34
1,000

0,756

0,8315

110,62

1,18
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Eurocode 3 Folder : Trusses and lattice girders
Apply strut curve c:
a= 0,49
bp = 1,000
j= 05*(+a*(yans - 92 + 1 yrans? 1,436
1
c,= T = 0,4436
Y o )
J CJ | trans
Cmin = MIN(cy. c,) = 0,4436
fy
NRrq = Cmin *ba* At* — = 429,30 kN
gu ¥ 10
Ngg
— = 0,784<1
NRg
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Folder : Welded connections

Angle — gusset joint:

|
b 7

| 1

R

Dimensions of connection:

As demanded from EC3 6.6.2.2. b = 12,00 mm
Weld length | = 100,00 mm
Joint plate thickness d = 10,00 mm
Weld thickness a,, = 4,00 mm

Angle section P =  SEL("steel/WG"; Name; )
Area of angle A= TAB("steel/WG"; A; Name=P)
Width of angle h = TAB("steel/WG"; a; Name=P)

Materials and stresses:

steel =
f,=
fy =

Buw=

Ymo =

VMW -

SEL("steel/EC"; Name; )
TAB("steel/EC"; fu; Name=steel)

TAB("steel/EC"; fy; Name=steel)
TAB("steel/EC"; Bw; Name=steel)
1,10
1,25

Plastic tension force:

Nde =

fy

Ymo * 10

2*A*

L 60x6
6,91 cm?
60,00 mm

Fe 360
360,00 N/mm?2

235,00 N/mm?2
0,80

295,25 kN
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Folder : Welded connections

Maximum strength of weld:
asin 6.6.5.2(2)

3/a,

MIN(40; 6 * a,) /|
I/(150 * a,)
12/b

Reduction factor

|
Byr= 12-02%

150*a,,
BW: MlN(l, Bwl]_)
| = By *|
fu
Nyra= 4*1*a,* — .
'\/3*BW*VMW*10

Maximum strength of gusset:
Assumption: Stress spreads at 30°angle in gusset:
d

A= 2*|*TAN(30) + h) *
( (30) +h)*

fy

Npg= A*

Ymo * 10

Limit design force for tension :
MIN(Ngg: Ny rdi Nrdp)

= 0,75<1
= 0,24<1
= 0,17<1
= 1,00<1

= 1,17

= 1,00
= 100,00 mm

= 266,04 kN

= 17,55 cm?

= 374,93 kN

= 266,04 kN

e .
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Folder : Welded connections

Welded beam splice

£ { a —
4|= I ld kl
h,
d,
_|—I |
12
Dimensions of connection:
Plate thickness d,= 20,00 mm
Plate thickness d,= 8,00 mm
Plate width b,= 160,00 mm
Plate thickness h,= 280,00 mm
Weld length |,= 240,00 mm
Weld length I,= 200,00 mm
Welds
Weld thickness Flange a,; = 6,00 mm
Weld thickness Web a,, = 4,00 mm
i = 21, = 480,00 mm
lvs = 2*l,+h, = 680,00 mm
Profil: IPE 400
Profil Typ = SEL("steel/Profils"; Name; ) = IPE
Selected Profil = SEL("steel/"Typ; Name; ) = IPE 400
Column height h = TAB("steel/"Typ; h; Name=Profil) = 400,00 mm
Web thickness s = TAB("steel/"Typ; s; Name=Profil) = 8,60 mm
Flange width b = TAB("steel/"Typ; b; Name=Profil) = 180,00 mm
Flange thickness t = TAB("steel/"Typ; t; Name=Profil) = 13,50 mm
Cross-sectional area A= TAB("steel/"Typ; A; Name=Profil) = 84,50 mm
W = TAB("steel/"Typ; Wy; Name=Profil) =  1160,00 cm?3
Wy = 1,14* W, 1322,40 cm?
Material and Partial safety factors:
steel = SEL("steel/EC"; Name; ) = Fe 360
f,= TAB("steel/EC"; fu; Name=steel) = 360,00 N/mm?2
fy = TAB("steel/EC"; fy; Name=steel) = 235,00 N/mm?2
By~ TAB("steel/EC"; Bw; Name=steel) = 0,80
Ymo = 1,10
Yvz = 1.25
Yvw = 1,25
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Eurocode 3 Folder : Welded connections

Loads :
Mgq = 157,95 kNm
VEd= 60,75 kN
Check beam:
Wp| * fy
Mepa= — = 282,51kNm
Ymo * 10
Meq
= 056<1
Mc,Rd
h*s
A, = 1,04 * = 35,78 cm?2
100
f
y
Vord= AV ="~ = 441,32 kN
pl, _\/3 *VMO *10
VEd
= 0,14<1
VpI,Rd
Check welds in flanges:
3
2 dy*h,
ly = — = 2926,93 cm*
12 10 4
+
2*b1*d1*(h dl)
2
I = ” = 28224,00 cm*
10
IW
My=  Meg* ’ = 14,84 kKNm
It
M; = Mgy * —— = 143,11 kNm
L, * I
Effective tension force in flange
M
f
Ngg = * 100 = 340,74 kN
h+d;
Limit shear stress of flange plates:
fu
fooo= _ = 20,78 kN/cm?
v \/3 *Bw*yMw*lO
Design stress:
Ngg
feq = * 102 = 11,83 kN/cm?
Lt ™ Qs
fed
= 057<1
fv,Wl:I
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Folder : Welded connections

Change welds in web:
Centre of gravity
I

2
2*|_ *_*g
2 2 ws
e= "
lWS a'WS
3 2
h, h,
a *——+ x| *[__ *q
ws 12 2 2 ws
I, = ”
10
2
* * 2 2 * * * * * 2
h2 Qus” € +E Ayys I2 t2 I2 Ays E'e
ly= 4
10
Design moment
I, -e
Mgyw= My + Veg™ 3
10

Maximum shear stress

h2
fey = 10 * Mgy, * ————
4*(Ie+1y)
I, -e
100* Mg, *——
Veg Y10
ny: + ]
| *aws 2 (X y)
" 100
_ 2 2
fe= \/fEX +fey
fE
fV,Wd

= 031<1

58,82 mm

3867,73 cm*

1192,16 cm#

23,42 KNm

3,24 kN/cmz?

5,50 kN/cm?2

6,38 kN/cm?
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Folder : Welded connections

Beam with cover plates on flange:

b
——bn—— b
T 72
Tt
é\s h
[

Plan and elevation values:

T

Flange width b = 16,00 cm
Flange thickness t = 1,20 cm
Depth of web h = 34,00 cm
Web thickness s = 0,80 cm
Plate thickness t,, = 0,80 cm
Weld thickness a = 0,30 cm
Weld distance | = 9,50 cm
Loads:
Mgq = 241,90 kNm
Vg = 97,50 kN
Materials and stresses
steel = SEL("steel/EC"; Name; )
fy = TAB("steel/EC"; fy; Name=steel)
f,= TAB("steel/EC"; fu; Name=steel)
By~ TAB("steel/EC"; Bw; Name=steel)
235
€= _—
fy
Partial safety factors:
Ym = 1,10
Yvw = 1,25
Design:
h+t h h
W|: b*t* +_*S*_ *2
P 2 2 4
fy
Mpl = 0,001 * Wpl *—
Ym
f
y
V = h*g* ——
pl,Rd _\/3 *VM *10

Distance between cover plates:

. *MEd
yum * 10 - W,
y
b, =
h ty
2%t *l =+ t+ —
2 2
gew b, =

Fe 360
235,00 N/mm?2

360,00 N/mm?
= 0,80

= 1,00

= 907,04 cm3

= 193,78 kNm

= 335,49 kN

= -30,10 cm

7,60 cm
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Eurocode 3 Folder : Welded connections

h+t h h h ooty
W, = brtr——+—*s*—|*2+ 2%t *[—+t+=|*b, = 113322 cm?
2 2 4 2 2
f
Mpga=  0.001* Wy *— = 242,10 kNm
' Ym
Analysis:
Meg
= 100<1
MpI,Rd
VEed
= 0,58<1
1
E*VpI,Rd

Length e2 of weld:

2

3 3
b*(h+2*t) -(b-s)*h h  ty
I = + 2%t b, * Palai 18726,53 cm*

y 12 2

Y L
t.*b | —+t+—
b n 2 2

T= Vg * = 0,59 kN/cm
ly
fu
f — = 20,78 kN/cm?2
V,Wd \/3 *Bw*yMw*lo
FwRrd = 0,2*a*f, g = 1,25 kN/cm
T
€= = 0,47 cm
Fw,Rd
sele2 = 40,00 mm (Minimum allowed length)
T= T *(e;+]) = 29,20 kN
FwRrd = 0,2*a*e,*f, g = 49,87 kN
Analysis:
T
= 059<1
FW,Rd
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Eurocode 3 Folder : Welded connections

Welded connection
Sd Sd

Voo

L]

— b
Plan and elevation values:
Span length | = 200,00 mm
Width b = 80,00 mm
Web depth h = 140,00 mm
Weld thickness ay = 6,00 mm
Loads:
Sg= 100,00 kN

Materials and stresses:

steel = SEL("steel/EC"; Name; ) = Fe 360
f,= TAB("steel/EC"; fu; Name=steel) = 360,00 N/mm?
Bw= TAB("steel/EC"; fw; Name=steel) = 0,80
yMW = 1,25
Design:
Weld properties:
A= 0,02*a,, * (b+h) = 26,40 cmz
3
2xp*rg * E +2*q *h_
Vi Y12
l, = = 744,80 cm*
y 4
10
2 3
2xp*g * E +2*q *b_
Vi Y12
l, = = 320,00 cm*
4
10
= = 4
lp = ly +1, = 1064,80 cm
Design load in relation to the centroid of weld:
Sdz = Sy = 100,00 kN

|
10
b

Migq = Sq”* 20 = 400,00 kNcm

Mygg=  Sq* = 2000,00 kNcm
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Folder : Welded connections

Check stress at weakest point:

— My,Ed* h
On = I 20
y
Mt,Ed* h
Tl = -
|p 20
~ Mt,Ed* b Sy
2= 20 A
P
_ 2 2 2
= Ores = \/GA +1, t1

Check weld strength:
Limit shear stress

fu
f = —
wRd \/3 *BW*VMW*]‘O
Ores _
fW,Rd

= 18,80 kN/cm2

= 2,63 kN/cm?2

= 5,29 kN/cm?

= 19,71 kN/cm?2

e e

= 20,78 kN/cmz

0,95<1

—— e
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Concrete encasement composite column with eccentric force application:

\\
N\

—p
N
N
\\\]
NN L\
N
N NN

A
e

System:
Height h = 8,00 m
Eccentricity e = 0,15m
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?
hp = TAB("steel/"type; h; NH=NH) = 340,00 mm
s = TAB("steel/"type; s; NH=NH) = 12,00 mm
= TAB("steel/"type; t; NH=NH) = 21,50 mm
= TAB("steel/"type; b; NH=NH) = 300,00 mm
lya TAB("steel/"type; Iy, ; NH=NH) = 36660,00 cm4
Wpa 1.14*TAB("steel/"type; Wy, ; NH=NH) = 2462,40 cm?
Wy, = 2408,00 cm?3
Materials:
Concrete =  SEL("concrete/EC"; Name; ) = C30/37
Steel = SEL("steel/EC"; NameEN; ) = S235
Eem = TAB("concrete/EC"; E,,; Name=Concrete) = 32000,00 N/mm?
fok = TAB("concrete/EC"; fck; Name=Concrete) = 30,00 N/mm?2

The value for a for use in a contry should lie between 0,8 - 1,0 and me be found in a National Annex.
The Recommended Value for a is 1,0

a= 1,00
Ey= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mm?
fyk = TAB("steel/EC"; fy; NameEN=Steel) = 235,00 N/mm?
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Partial safety factors:

Dead load o = 1,35
Imposed Load g, = 1,50
Concrete g. = 1,50
Construction steel g, = 1,10
Profile steel sheetingg,, = 1,10
Longitudinal shearg,s = 1,25
Elastic modulus g = 1,35
Load:
Ok = 450,00 kN
Ok = 1000,00 kN
Calculation:
Ngg = Ok* e + Ok * do = 2107,50 kN
Mgq = Neq * € = 316,13 kNm
VEd = MEd /h = 39,52 kN
feq = a * o/ O = 20,00 N/mm?
fyq = i/ Ga = 213,64 N/mm?
Eeq = Ecm/d = 23703,70 N/mm?
Ac = (hy *b)*102 -A, = 849,00 cm?
lye = (hp**b/120000) - h5 = 61600,00 cm4

Local buckling of parts of the steel section:

~235
e= — = 1,00
b/t
" aa = 032<1
e

Load-bearing capacity of the column under centric pressure with buckling risk:
Aa*fyd+ Ac*fcd

N = = 5351,24 kN
pl,Rd 10
Structural verification procudure applicable?
Aa*fiq
d= —— = 0,68
0.2/d = 029<1
d/0.9 = 076 <1
b Structural verification procudure applicable.
On the effect of lateral shear:
A = (1.04*h, *s)* 102 = 42,43 cm?
A, g
VpiRd = = = 523,35 kN
C3*10
VEd / Vp|de = 0,08<0,5

b The lateral shear force has no effect on the load-bearing capacity.
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Cross section bearing capacity under pressure and single-axis bending:
Plastic limit moment at point D:

_ b*h, ? B .
Woe = 2000 Wpa = 6262,00 cm
Mmax,Rd = ( Wpa *fyd +1/2* Wpc *feq ) ¥ 103 = 577,07 kNm
Np = 1/20 * A; * feq = 849,00 kN
Plastic limit moment in points B and C:
Nomprd = (Ac*feg) * 101 = 1698,00 kN

Npm,Rd
hy = ) > = 7,80 cm
0,2*b*10 *f.4+2*s*10 *(2*fyd-fcd)
hy

- 1 = 061£1
(b/2-t)*10
b Plastic neutral axis is in the rib!
Wpan = s/10 * hy? = 73,01 cm3
Wpen = (b*hy?)* 101 - Wy = 1752,19 cm?
MN,Rd = Mpan * fyd +1/2* Wpcn * foq )*¥103 = 33,12 KNm
The plastic limit moment in points B and C is:
Mpird = Mmax,rd - MnRd = 543,95 kNm
Ng = 0,00 kN
Nc = 2*Np = 1698,00 kN

Load-bearing capacity of a composite column under pressure and single-axis bending:
Nork = (Aa * fy+ A * a * fg)*10 = 6565,50 kN

Effective elastic bending rigidity:

Ele = (Ea *lya+ 0.8 * Ecq * o) * 10° = 88667,18 kN/m?
Reference degree of slenderness:
2
p *El,
Ner = - = 1367357 kN
h

n N
| = C pl,Rk - 0,69
N

cr
P 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; | lat=I ") = 0,789

kd = NEd / Npl,Rd = 0,394
Proportion of edge moments r = 0,00

ky = k*((1-r)/4) = 0,197

The resulting values for point C are:

kC = NC / Npl,Rd = 0,317

m = 1,00
1-k

m = 1K 1, = 0,309
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* M = 0,887

The length mis:

m= my - me* (Kq - kn) 7/ (K - ky) = 0,784
Structural verification of load-bearing capacity:
NEeg
— = 0,50 £1
k NpI,Rd
Meqg
= 0,82 £1

0.9*M* My g
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Concrete-filled hollow section:

iF

<] ¥

)

}

::t
te
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
Ok = 600,00 kN
Materials:
Concrete = SEL("concrete/EC"; Name; ) = C30/37
Steel = SEL("steel/EC"; NameEN; ) = S355
Eem = TAB("concrete/EC"; E,,; Name=Concrete) = 32800,00 N/mm?2
fo = TAB("concrete/EC"; fck; Name=Concrete)| = 30,00 N/mmg2
E,= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mma2
fok = TAB("steel/EC"; fy; NameEN=Steel) = 355,00 N/mm?

The value for a for use in a contry should lie between 0,8 - 1,0 and me be found in a National Annex.
The Recommended Value for a is 1,0
a= 1,00

Partial safety factors:

Dead load o = 1,35
Imposed Load g, = 1,50
Concrete g. = 1,50
Construction steel g, = 1,10
Profile steel sheeting g, = 1,10
Longitudinal shear g,5 = 1,25
Concrete elastic modulus g = 1,35
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Calculation:
fyd: fyk/ga
feq = a*fou/ o
Neg= O "9kt do ™ Uk
fya = fy/ Ga
p 2 2
A, = * _ 9%
a 200 (d (d-2*t) )
p 4 4
I, = * - -9 %
a 640000 (@*-(a-20)")
Eed = Ecm/9
2
p*(d-2*t)
A= @ ——
400
4
| p*(d-2*t)
¢ 640000

Local buckling of parts of the steel section:

~\235
e= = = 0,81
d
2 —
(T)’(go*e ) = 073 £1

Structural verification of the column's load-bearing capacity:
Nord = (Aa*fyg + Ac*feg) *101 = 2768,81 kN

Structural verification procudure applicable?

f
%a

d= —_— = 0,62
02/d = 032<1
d/0.9 = 069<1

b Structural verification procudure applicable
NoLrk = (Aq * fc+ Ac *a * fy)*101 = 3471,72 kN

Effective elastic bending rigidity:

Ele= (Ea*ly+0,8*Eg*1)*105 = 1424818 kNm2

Reference degree of slenderness:

Ny =  p2*Elg/h? = 2869,87 kN
e N
"= C PLRK = 1,10
NCI'
I 08 2,11
7 (1-9) B ’

322,73 N/mmz?

20,00 N/mm2
1575,00 kN

322,73 N/mmz?

52,79 cm?2

4695,82 cm#

24296,30 N/mm?

532,56 cm?2

22570,10 cm4
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VRS = 052<1

P 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; | lat=I") = 0,596
Nrg = K * NpjRrd = 1650,21 kN

Structural verification:
NEd / NRd = 0,95 <1
The ultimate load bearing capacity is almost completely exploited.
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Composite beams - Ultimate load bearing capacity:

s ———2Aa
[ | [
System:
Beam length L = 12,00 m
Beam distance s = 3,60 m
Materials:
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 =
ly = TAB("steel/"type; Iy ; NH=NH) =
Shear connectors A 22
h, = 100,00 mm
d= 22,00 mm
Distance of shear connectors g = 15,00 cm
Concrete = SEL("concrete/EC"; Name;) = C25/30
Steel = SEL("steel/EC"; NameEN; ) = S355
Load:
O1k = 15,28 kN/m
9ok =
Ok = 18,00 kN/m
z i z
G // // //' ,,/' / //' ,,/' //' //' ,,/' //' I
:’/”/' :/”/”’/’/’/” /,’ / ’/4 ’/' '/'/:/"/'/,/”/"’/'/,/” // ~! h d
Floor thickness hy = 16,00 cm
Thickness of profile steel sheeting hyp, = 5,10 cm

Material properties:

TAB("concrete/EC"; E.,,; Name=Concrete)
TAB("steel/EC"; E; NameEN=Steel)

Eem =
E,=

Cross section load bearing capacity at full shear connection:
2*L/8 =
MIN(bess ;S) =

Detf =
Dett =

IPE

450
98,80 cm2
45,00 mm
33740,00 cm4

7,74 kKN/m (after removal of temporary props)

31500,00 N/mm?
210000,00 N/mm?

L W
o O
o O

3
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Working state analysis of composite beams:
Form factors:
Short term load at point of time t =0:
Ng = Ea / Ecm =
Effective component thickness:
Beam width in air u =
hy = 2*hg*ulu =
Final creep value ty =14 days
according to EC2 Appendix1 j
constant continuous load y 5 g

Shrinkage y as =

Creep under continuous load nj = ng *(1+yag*j)
Shrinkage ng = Np *(1+yas™j)
Ac: 100*beff*(hd'hpb)
IC: lOO*beff *(hd'hpb)3/12
h A h,y-h
A*|=+h, Y B
2 Ng 2
Z2'\n =
s0 A,
A+t—
No

| 4 2 A - ? -4
(|y+_c)*10 Tlax D"'h e M *10
d
No 2 Ny 2

(2'50*10-2)2 *(A“L%)*(-l)

0

Y L (hy-hyp)/2
* | —+ 4 — -
2 d n; d b

A+ AN

lj = liphi

6,67

360,00 cm

iphi =

32,00 cm

2,70
1,10
0,55
26,48
16,57
3270,00 cm?
32375,72 cm2mz

10,99 cm

19,96 cm2m?2

-7,11 cm2m?2

12,85 cm?m?

20,14 cm

18,51 cm2m?2

-9,02 cm?2m?2

9,49 cm?2m?

9.49 cm?2m?
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h A
A*(_+ hd)+_c*(hd 'hpb)/Z

2 Ng
Z'ss = = 16,48 cm
A+ A Ing
2
le 4 h ’ Ac [hg-hpp 4
ly*=—]*10 +{ax(—+ hy| +—* < P *10 = 18,80 cm2m?
Ns 2 Ng 2
2 A
2 * L = 2m?2
7' * 10 At (1) = -8,04 cm?m
Ns
lis = 10,76 cm?m?
Calculation of midspan deflection:
Release of temporary prop at point of time t =0
B= g1k *1.25*L/2 = 114,60 kN
fgo = 100 *B * L3/ (48 *E,/10 * lig ) = 1,53 cm

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

Ratio= 0,40
fg2,0 = 100 * 5/384 *(gy, + Ratio* gy) * L4 / ( Ex/10 * lg) = 1,49 cm
from imposed load (short term ratio):

Ratio2 = 1 - Ratio = 0,60

fq = 100 * 5/384 * Ratio2 * g * L4 / (E5/10« kg ) = 1,08 cm
From removal of temporary prop at point of time t =¥ :

fB = fBO * IiO / ||] = 2,07 cm
From gio + Qpermanent at point of time t =¥:

ng = ng,O * IiO / ||j = 2,02 cm
From shrinkage at point of time t =¥ :

Final shrinkage value e = 325*106
Ngch = (Ac*Egz/ ng *eg)/ 10 = 1346,88 kN
Zsch = Z'SS - (hd-hpb)/2 = 11,03 cm
Mgch = Nsch * Zsen / 100 = 148,56 kN
fseh = 100 * 1/8 * Mgep, * L2/ ( E4/10 * lig ) = 1,18 cm
Maximum deflection:

max_f = fg +fg2 + fsen + Ty = 6,35 cm
Recommended camber:

fo = fBO + ng,O = 3,02 cm
Maximum deflection in final state:

f= max_f - fy = 3,33 cm
Structural verification:

f/100/ (L /300) = 083<1

The deflection in the working state meets the required standard!
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Composite floor in the final state:
q

HENNNNEEN

J]

- 2
l | |
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 = 4,80m
Stability f,, = 350,00 N/mm?
Cross section area A, = 1562,00 N/mm?
turd = 280,00 kN/m
minimum width of concrete ribs by = 750,00 mm/m
Concrete:
Floor thickness h; = 14,00 cm
Concrete =  SEL("concrete/EC"; Name; ) = (C25/30
fo = TAB("concrete/EC"; fck; Name=Concrete) = 25,00 N/mm?
fetkoos = TAB("concrete/EC"; fctk05; Name=Concrete)| = 1,80 N/mm?2
Influences:
Final state:
Permanent load of composite floor G; = 3,30 KN/m
Permanent load of design loads G, = 1,20 kN/m
Imposed load Q = 5,00 kN/m
Partial safety factors:
Dead load o = 1,35
Imposed Load g, = 1,50
Concrete g. = 1,50
Profile steel sheeting g, = 1,10
Longitudinal shear g, = 1,25
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Structural verification of the composite floor in the final state:
b= 1000,00 mm
Deflection:
Meg= (96 *(G1+Gy)+go* Q) *L2/8

39,10 KNm/m

Design resistance:

Ngf = (Ap * fyp / Gap)/1000 = 497,00 kN

The value for a for use in a contry should lie between 0,8 - 1,0 and me be found in a National Annex.
The Recommended Value for a is 1,0

a= 1,00
3
N * 10
c= —_—— = 29,82
f(:k
b * a k| J—
Y
dp = 10*h; - e = 123,00 mm
dp -0,5*c
MpRd = ch*—s = 53,72 KNm/m
10
Structural verification:
MEd / Mp,Rd = 0,73 <1

Longitudinal shear, m + k - method:
Design shear force at the footing point:

Veg= (06*(G1+Gy) +go* Q) *L/2 = 32,58 kN/m
Longitudinal shear resistance:
Shear length Lg = 1000 *L /4 = 1200,00 mm
)
b*d *Im* + k
p b* Ls 3
Vird = *10 = 36,02 kN/m
' Gvs
Structural verification:
VEd / V|,Rd = 0,90 <1

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 h = 1,00
ch
Lg = - = 1,77 m
b*10 *tyRrg
Design resistance:

tra= 009 *30f, = 0,26 N/mm?
ke=  1.6-d,/1000 = 1,48 > 1
Ap = bg *t = 645,00 mm?
A
p
ro= - = 0,007
by *d,

Vyrd = (bp * dp *trg * ky * (1.2 +40 *r ))/1000 52,54 KN/m
Structural verification:

Veg ! Vyrg = 062<1
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Composite beams - Ultimate load bearing capacity:

o]

eS8 - -  — — — — A
[ , [

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

Load:
O1k = 14,50 kN/m
Ook = 7,74 kN/m (Hilfsunterstutzung entfernt)
Oy = 18,00 kN/m

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; ) = 400
A= TAB("steel/"type; A; NH=NH) = 84,50 cm2
h = TAB("steel/"type; h; NH=NH)/10 = 40,00 cm
t= TAB("steel/"type; s; NH=NH)/10 = 0,86 cm
ly = TAB("steel/"type; |, ; NH=NH) = 23130,00 cm4
Mp) = TAB("steel/"type; Mpjyq; NH=NH) = 289,00 kNm
Mp) = IF(Steel="S355"1,5;1)*Mp, = 433,50 KNm
Shear connectors A 22
h, = 100,00 mm
d= 19,00 mm
Distance of shear connectors g = 15,00 cm
Ultimate strength f, = 450,00 N/mm?2
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Partial safety factors:

Dead load o = 1,35
Imposed Load g, = 1,50
Concrete g. = 1,50
Construction steel g, = 1,10
Profile steel sheeting g, = 1,10
Longitudinal shear g, = 1,25
Dt
s / A i
A g
Mo

Floor thickness hy = 16,00 cm
Thickness of profile steel sheeting hyp, = 5,10 cm
Cross-sectional area of plate A, = 15,62 kN/m

Material properties:

Eem = TAB("concrete/EC"; E.,,; Name=Concrete)
fo = TAB("concrete/EC"; fck; Name=Concrete)
fakoos =  TAB("concrete/EC"; fctk05; Name=Concrete)
fea = fox/ Qe

E,= TAB("steel/EC"; E; NameEN=Steel)

fok = TAB("steel/EC"; fy; NameEN=Steel)

fyd = fyk/ Ga

Holorib sheeting in accordance with building regulations approval:

fyp =

Conformation of fitness for purpose:

Stress resultants in ultimate state analysis of fitness for purpose

rg = QG (91k + 92k ) + G * Gk
Mgg= rq*L2/8
VEd: rd*L/2

Cross section load bearing capacity with full shear connection:

beff = 2*L/8

Deft = MIN(besf ; )

A, = 1.04%h*t

Npl,a,Rd = A* fyd /10

Neg = 0,85 *foq * 100 * bes * (g - hpp )

30500,00 N/mm2
25,00 N/mma2
1,80 N/mm2
16,67 N/mm?2

210000,00 N/mm?2
355,00 N/mm?2
322,73 N/mm2

280,00 N/mm?

57,02 kKN/m
1026,36 KNm
342,12 kN

35,78 cm?2
2727,07 kN
46334,26 kN

The value for a for use in a contry should lie between 0,8 - 1,0 and me be found in a National Annex.

The Recommended Value for a is 1,0
ac =

Zp = Npl,a,Rd (10 *ag *foq * betr )

1,00
5,45 cm

P The plastic neutral axis is in the concrete chord above the profile steel sheeting.
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Distance to centre of gravity:

a= h/i2+hy-2z,/2 = 33,27 cm
b Mpl,Rd = Npl,a,Rd *a /100 = 907,30 kNm
VpI,Rd = Ay * fyk/ ( 10 * q3) * Oy ) = 666,68 kN
Structural verifications:
MEd/ MPLRd = 1,13 <1
VEd / Vp|de = 0,51 <1
Longitudinal shear load capacity and shear connection:
h,/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:
2

0,8*f,*p*d

Prd1 = — 5 = 81,66 kN
4*g,s*10
» Ofy*E 3
Praz = (0,29 rqrd F——— ’* 10 - 73.13 kN
Ovs

PRd = MlN( PRdl ) PRdZ ) = 73,13 kN
single-row:
N, = 1,00 (one row of shear connectors)

07 by [h,*10™
ktl = _"_*_* _ 1 = 1,66
ktZ = 0,85
k; = MIN (ki1 ; Ki2 ) = 0,85
Pra1 = ki* PRrg = 62,16 kN
double-row:
N, = 2,00 (two rows of shear connectors)

07 by [h, 10"
Ky = e 1 = 1,17
kip = 0,70
ky = MIN (ki1 ;5 kio ) = 0,70
Praz = ki * PRy = 51,19 kN
Possible shear connector configurations:
7 pairs of shear connectors at the end of the beam Anzp = 7,00
33 individual shear connectors in the span Anze = 33,00
aufn_V = Anze * Prq1 + 2 * Anzp * Prqo = 2767,94 kN

Structural verification:
Npi,a,rd / @ufn_V = 0,9<1

Pdf-Overview: Templates for Structural Engineering




Eurocode 4 Folder : Floors

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

Agy = 100 * (hg - hyp ) = 1090,00 N/m
Normal concrete h = 1,00
_0.2%Ag *h iy )
NRd.2 = —gc 10 = 363,33 kN/m
Pra1

Ne¢ = — = 414,40 kN/m
e_*10

nEd,“ = Nggq *1/2 = 207,20 kN/m

Ngg,li/ NRa,2 = 057<1

This calculation disregards the input from profile steel sheeting!

Cross reinforcement necessary:

NAD tpg = 0,09 *3f,, = 0,26 MN/mm?
A_*f
Npg = PP = 397,60 kN/m
*10
gap
NRd,3 = 25% Ay *h *(trg/10) +npg = 468,45 kN/m

Structural verification of diagonal strut:
Negli/ NRd,3 = 044<1

Working state analysis of composite beams:
Form factors:
Short term load at point of time t =0:

ng = Ea./ Ecm = 6,89

Effective component thickness:

Beam width in air u = 360,00 cm

hy = 2*hg*u/u = 32,00 cm

Final creep value ty =14 days

according to EC2 Appendixlj = 2,70

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

Ac = 100 * beff * ( hd - hpb ) = 3270,00 cm?

I = 100 * bet * (hg - hpp )*/12 = 32375,72 cm?m?
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h A
A*|—thy |+—*
2 Ng

hg -hpb)

Zg =

0

(z-w*lo'z)z*(A+%)*<-1)

L P (hy-hyp)/2
Ax|—+ 4+ —% -
2 d nj d pb

Z <
S
A+ AN,

| 4 2 A - -4
(| +_C)*10 + A D"‘h + c, hd hpb *10
Y d
i 2 n; 2

(25, *10'2)2*(A+%)*(-1)

J

i = lipni

L P (hy-hyp)/2
Ax|—+ + —* -
2 d Ng d "pb

Zsg =

A+ A lng

' 4 2 A - 4
(|y+—c)*1o N LN hy| +—Sx Ma"Pen ) 10
Ng 2 Ng 2

(2'55*10_2)2 *(A+%)*(-1)

S

2 2
-4 A h,-h -4
(|y+_c)*10 Tlax D+ hd +_C* _d *10 =
No 2 Ny 2

iphi =

lis =

10,07 cm

15,14 cm2m?2

-5,67 cm2m?2

9,47 cm?2m?

16,09 cm

13,89 cm2m?2

-6,28 cm2m2

7,61 cm?2m?

7,61 cm?2m?

13,47 cm

14,20 cm2m?2

-5,84 cm2m2

8,36 cm?2m?

Pdf-Overview: Templates for Structural Engineering




Eurocode 4

Folder : Floors

Calculation of midspan deflection:
Release of temporary prop at point of time t =0
B= 01k * 1,25 * L/2

2 3
10 *B*L

fgo = 9
48*E_*10  *I,

108,75 kN

1,97 cm

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

Ratio=
+10° *(got Ratio*qk)*L4
384
fy2,0 = 9
E,*10 *I,
fo = feo * fg2.0

from imposed load (short term ratio):
Ratio2 = 1 - Ratio

2 . 4
*10 *(Ratio2 * g, )* L

384
f = 9
E,*10 *Ij,
From removal of temporary prop at point of time t =¥ :
fg = fao * lio / i

From gio + Qpermanent at point of time t =¥:
fgo = fg2,0 *lio /1
fy = fg + 1‘92

Creep under continuous load only:
fic = fo-fo

From shrinkage at point of time t =¥ :
Final shrinkage value e.g =

Nsch = (Ac*Ea/ns *es) /10
Zsch = Z'ss - (hg-hpp)/2
Msch = Nsch * Zsch / 100

1* * 2* 2
3 M 10 L

fsen = 1
E,*10 *lg
Maximum deflection:
max_f = fg +fg2 +fsen + g

Recommended camber:
fo = fao *+ f32,0

Maximum deflection in final state:
f= max_f - f,

0,40

= 2,03 cm

= 4,00 cm

= 0,60

= 1,47 cm

= 2,45 cm

= 2,53 cm

= 4,98 cm

= 0,98 cm

325*106
= 1619,58 kN
= 8,02 cm
= 129,89 kN

= 1,33 cm

= 7,78 cm

= 4,00 cm

= 3,78 cm
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Structural verification:
f L

100 250

079 £1

The deflection in the working state meets the required standard!

Vibration behaviour:

2 s
10*p Ea*lio
- G
L (914+ 92 )* 10%9,81
w
f=
2*p

The natural frequency should be no less than 3 Hz.

20,69 (1/s)

3,29 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:

q

F— A
l | [

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; |, ; NH=NH) = 33740,00 cm4
My = TAB("steel/"type; Myjyq ; NH=NH) = 373,00 kNm
Mp| = IF(Steel="S355"1,5;1)*Mp, = 559,50 kNm
Shear connectors A& 22
hy, = 100,00 mm
d= 22,00 mm
Distance of shear connectors g = 15,00 cm
Ultimate strength f, = 450,00 N/mm?2

Load:
O = 15,28 kN/m
O = 7,74 KN/m (after removal of temporary props)
Ok = 18,00 kN/m
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Partial safety factors:

Dead load o = 1,35
Imposed Load g, = 1,50
Concrete g. = 1,50
Construction steel g, = 1,10
Profile steel sheeting g, = 1,10
Longitudinal shear g,5 = 1,25
"E beff !

S S S S
S A R A A A A A
R A A A A A A A Y Ne d

R s S A A A A

Floor thickness hy = 16,00 cm
Thickness of profile steel sheeting hyp, = 5,10 cm
Cross-sectional area of plate A, = 15,62 kN/m

Material properties:
Eem = TAB("concrete/EC"; E.,,; Name=Concrete) = 30500,00 N/mm?2
fo = TAB("concrete/EC"; fck; Name=Concrete) = 25,00 N/mmg?
fakoos =  TAB("concrete/EC"; fctk05; Name=Concrete) = 1,80 N/mm?
feq = ek ! Oc = 16,67 N/mm?
E,= TAB("steel/EC"; E; NameEN=Steel) = 210000,00 N/mma2
fok = TAB("steel/EC"; fy; NameEN=Steel) = 355,00 N/mm?2
fyq = fuk/ Ga = 322,73 N/mm?
Holorib sheeting in accordance with building regulations approval:

f

v = 280,00 N/mm2

Conformation of fithess for purpose:
Stress resultants in ultimate state anaIyS|s of fitness for purpose

rq = gG (G + Ok2) + 9o * Ak = 58,08 kN/m
Mg = *12/8 = 1045,44 kNm
Veg = rd L2 = 348,48 kN

Cross section load bearing capacity with full shear connection:

Dett = 2*L/8 = 3,00 m
Detr = MIN(bess 5 S) = 3,00 m
A, = 1.04*h*t = 43,99 cm2
Nplard = A *fyq/10 = 3188,57 kN
Neg = 0.85*f,g *10 *begt * (hy - hop ) = 4633,43 kN

The value for a for use in a contry should lie between 0,8 - 1,0 and me be found in a National Annex.
The Recommended Value for a is 1,0

ac= 1,00

Zp = Npl,a,Rd (10 *ag *foq * betr ) = 6,38 cm

P The plastic neutral axis is in the concrete chord above the profile steel sheeting.
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Distance to centre of gravity:

a= h/i2+hy-2z,/2 = 35,31 cm
P Mpird = Npi,a,rd * @/ 100 = 1125,88 kKNm
A, *
VpiRd = — = 819,65 kN
10*QO3 * g,
Structural verifications:
MEd/ MpI,Rd = 093<1
Ved / Vol rd = 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 * ((hy/d)+1)) = 1,00
Marginal force of a shear connector:
2
0,8*f,*p*d
PRra1= ———5— = 109,48 kN
4*qg,*10
2 Of k* E -3
Praz = (0,29 rard +——]+10 = 98,05 kN
gVS
PRd = MlN( PRdl y PRdZ) = 98,05 kN
Number of rows of shear connectors N, = 1,00
07 by [n,*10™
ktl — _"_*_* _ 1 = 1,66
kip = 0,75
kt = MIN ( ktl X k'[2 ) = 0,75
Pra = ki * PRy = 73,54 kN
Required number of shear connectors for full shear connection:
req_n= Npi,a,Rrd / Pra + 0.49 = 44
prov_n = 100*L/2/e +0.49 = 40
because: req_n/prov_n = 1,10 is a partial connection
The maximum transferrable concrete compression force is:
Nc = prov_n * Prg = 2941,60 kN
Degree of shear connection h = N¢/ Npjard = 092<1

Reduced plastic bending moment, calculated with linear interpolation:
MRd = Mp| +h* ( MPLRd - Mp|) = 1080,57 kNm

Structural verification:
Mgq / MRg

097<1

Note: No reduction in interaction, because maximum moment and maximum lateral shear force do
not occur in the same place.
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Shear connector configurations permissible?
a) Cross sectionclassl1or2 b OK

b) req_h = 0.25+0.03*L
reg_h/h

c)
Mpird / (2.5 * M)

All conditions a-c have to be met!

Connection of lateral concrete chord:
Lateral shear::

Ngq = Prq/ (€ /100)
Relevant:

NEg,li = Ngg*1/2

Acv = (hg - hpp)* 100

Normal concrete h =

NRd,2 = 0.2*A, *h *fy /(g *10)

= 0,61

066<1

080<1

490,27 kKN/m

245,13 kN/m
1090,00 cm?/m
1,00
363,33 kN/m

Structural verification against diagonal strut failure:

Neg,i/ NRd,2

0,67<1

This calculation disregards the input from profile steel sheeting!

EC4 thl = 0.25 * fctk%/ gC
NAD tgg, =  0,09*3Of,

trd = MIN (trd1 ; trd2 )
Npd = Ap *fyp/(Gap * 10)
an‘3: 2.5*Acv*h*(th/lO)+npd

Structural verification of diagonal strut:
Negli/ NRd,3

= 0,30 MN/mm?2
= 0,26 MN/mm?2
= 0,26 MN/mm?2
= 397,60 KN/m
468,45 kN/m

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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Half-span roof:

System:
Beam length | = 7,00 m
Beam width b = 14,00 cm
Beam height an a h, = 26,00 cm
Pitch a = 6,00 °
Support length t = 10,00 cm
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmoqg = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG=  SEL("wood/EC"; SG; ) = BS14h
fn,g.k = TAB("wood/EC"; fm.k; SG=SG) = 28,00 N/mma2
fugk= TAB("wood/EC"; fv.k; SG=SG) = 2,70 N/mm?2
f 00,9,k = TAB("wood/EC"; ft,90.k; SG=SG) = 0,45 N/mm?
feo0k = TAB("wood/EC"; fc,90.k; SG=SG) = 5,50 N/mm?2
Eo.mean = TAB("wood/EC"; EO0.mean; SG=SG) = 12500,00 N/mm?2
Ov = 1,30
& = 1,10
Load:
g = 12,50 kN/m
Calculation:
kmod
fngd=  Tmgk 19,38 N/mm?2
9m
I(mod
fv,g,d = fv,g,k 1,87 N/mmz
Iv
kmod
fc00d=  feook™ 3,81 N/mm2
9m
I(mod
fi 90,90 = fo0,gk*— 0,31 N/mm?2
Im
Stress resultants for analysis of load bearing capacity:
| 2
Mg = rq * ? 76,56 KNm
I
Vy = E * Iy 43,75 kN
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Vy
h = 150 *—— = 250,67 mm
s,req b * fv,g,d
hs,req
= 096<1

10*h,
h, = hy, +1*100 * TAN(a) = 99,57 cm
Point of maximum stress:

[
X = = 1,45 m

hp

1+—

ha

My g = Vg*Xx-r1g4*x2*0,5 = 50,30 kNm
M
Wy req = 1100 * — = 2855,01 cm3
fm,g,d
h, = ha + x * 100 * TAN(a) = 41,24 cm
2

hX
W, = b * 5 = 3968,39 cm3
Wx,req

= 0,72<1
W

Required area moment of second degree at a deflection of 1/300:

lag = 3130000 * Ma |

e 14 EO,mean
~ . 3| ] |req

Pm,req = 01 12000 *—

hb B ha
hy = T + hy
hm,req
him

Analysis of load-bearing capacity:
Shearing stress at footing a:

\Z
- *
tag = 15 Sh
ta,d
fv,g,d

Stresses in the edge parallel to the grain:

Smod= 0,001 *(L+4*(TAN(@)P) * 6 * 106 * .
b*h

X

Sm,0,d

fm,g,d

= 95853,12 cm4

= 43,47 cm

= 62,78 cm

= 069<1

= 1,80 N/cm?2

= 096<1

= 13,24 N/mm?2

= 068<1
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Stresses in the edge with grains at an angle:
Sm.a.d= 0,001*(1-4*(TAN(@))? *6*106* : 5 = 12,12 N/mm?2
b*h,
fm,g,d

fnad= = 18,55 N/mm?

fm,g,d . 2 2

*sin(a) + cos(a)

c,90,d
Smad/ fm.ad = 065<1
Bearing pressure:
Assumption: | <150 mm;l; > 150 mm; K g9 according to Tab. 5.1.5
p kC,90 = 1,0

Vd
req_A= 10* ———— = 114,83 cm?
fe.00,d* Ke,00

reqg_A

req_t= = 8,20 cm
b
reg_t
= 082<1

t
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Buckling lengths:
Euler's crippling load:
| =

—_—

F7I7I77777 <

Ief = 2%
4 -

77777777 h——

let = I
q —

F777777777 —

los = 0,7

Ief = 0,5*'

5,00 m

10,00 m

5,00 m

3,50 m

2,50 m
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Ki
A

Sorting grade SG = SEL("Woo0d/EC"; SG; ) = S10
Eo,mean = TAB("Wo00d/EC"; Eg mean; SG=SG) = 11000,00 N/mm?
K, = 100000,00 1/N
n 2
*E
Ief = |* C4+ p 0,mean = 10’27 m
I*K,
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Roof post:
. —
/L
h
% b
System:
Post height h = 3,40 m
Cross-sectional width b = 14,00 cm
Cross-sectional thickness d = 14,00 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC;) = 2
P Kmogq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG=  SEL("wood/EC"; SG; ) = S10
ry= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m3
feok = TAB("wood/EC"; fc,0,k; SG=SG) = 21,00 N/mmz2
feo0k = TAB("wood/EC"; fc,90,k; SG=SG) = 5,00 N/mm2
Ov = 1,30
Load at the head:
Ved = 50,40 kN
Calculation:
Buckling length lg = h = 3,40 m
A= b *d = 196,00 cm?
1
i= —=*MIN(b;d) = 4,04 cm
Q12
les
Degree of slenderness | i, = 100 * —jG— = 84,16 > 30
i
P Buckling proof required!
ke = TAB("wood/EChuckl"; kc; SG=SG; | =I \4in) = 0,427
Vc,d
Scod= 10* = 2,57 N/mm?
" A
kmod
fC,O,d = fC,O,k* = 14,54 N/mm?2
9m
I(mod
fc.00,d = feook*— = 3,46 N/mm?
oy
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Structural verifications:

. Sc,O,d
Buckling: —
kc fc,O,d
Scod
Lateral pressure:
f<:,90,d

0,74 £1
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Beam connection:

AW

QO

.
Fr

-el+—e2—He3-]
N

=
(7

==
Y
71
%

—a-lJ—a~1J~a1—
b

——
t1 2 2
F,
System:
Distance a; = 4,00 cm
Width b = 3*ay = 12,00 cm
Distance e; = 4,00 cm
Distance e, = 8,50 cm
Distance e; = 5,50 cm
Thickness t;= 6,00 cm
Thickness t, = 8,00 cm
Load:
Fq= 40,00 kN
Material:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = S10
ryg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?
v = 1,30
Dowel: S235
Dowel diameter d = SEL("wood/DPin"; d; )/10 = 1,20 cm
fuk = 360,00 N/mm?
& = 1,10 N/mma2
Calculation:
q 3
Myq= 0,8*fx* - * 108 = 75403,6 Nmm
6*0g
Post:
I(mod
fh149= 0,082 *r,*(1-0,1%d) * = 16,87 N/mm?2

v
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Support:
kgo = 1.35+0.15*d
I(mod
fh2g= 0,082 *r,*(1-0,1%d) * S—
9v *Kao
fh,2.d
b=
fh1.d

RDl = fh,l,d *tl *d* 100
Rpp= 05*f 4%t *d*b*100
L] 4*b*(2+b)*Myd

RD3 = 111*fh,1,d*102*t1*2+ b 02 *b *(‘1 + b)+ 3 2 b
fog "0 %%
n * g
Rps= 1,1*%* *O2*M,, , *f *d*10
1+ b y,d 'h/1,d
RD = 0,00l * MlN(RDl;RDZ;RD3;RD4)
Fq
= . = 3.8
2*Rp ==

|se|ected: 4 PIN A£12mm S 2351 =20 cm

1,53

11,03 N/mm?

0,654

12146 N
5296 N

5254 N

5405 N

5,25 kN
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Tensile splice Design of strut

d

N
-+
- - - - _4 — i
: HAT
o~ b I
+— :
: -
- — —-— - — - — - 1 <
System:
Timber thickness t; = 8,00 cm
Timber thickness t, = 12,00 cm
Load:
Fq= 116,00 kN

Materials: NH S 10

Construction material CM=  SEL("wood/kmod"; CM; ) =

Class of load duration CLD=  SEL("wood/kmod"; CLD; )

Utility class UC= SEL("wood/kmod"; UC; ) =

P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)

Strength grade SG= SEL("wood/EC"; SG; ) =

re= TAB("wood/EC"; r k; SG=SG) =

Oy = 1,30

&= 1,10

Dowel: DPin £ 16mm S 275

Dowel diameter d = SEL("wood/DPin"; d; )/10 =

fuk= 360,00 N/mm?
Calculation:

Minimum distances according to Tab.6.6a:

a; = 7*d = 5,60 cm

a = 3*d = 2,40 cm

ag; = 7*d = 5,60 cm

= 3*d = 2,40 cm

Design value of bearing stress resistance:

fhoa= 0,082 *r*(1-0,1%d) *

kmod

Om

3

Myg= 1000 *0,8* ————

ky= 10 *

6*gs
t

n Ivlde
fh,O,d * d * 10

solid wood
normal
2
0,80
S10
380,00 kg/m3

0,80 cm

17,64 N/mm?2

22341,8 Nmm

6,36

Pdf-Overview: Templates for Structural Engineering




Eurocode 5

Folder :

Dowel

RDl = 100 * fh,O,d * tl *d
Rpz= 100*05*f0q*ty*d
n 3
Rps = 100 *0,367 *f 04 *t; *d* 2*Gl+ > -1
Ky
d
RD4: 155,6*fh0d*t1*—
0, oy
Rp= 0,001 * MIN(Rp1;Rp2;Rp3;Rpa)
Fa
required number of dowels n = = 210
2*Rp

= 11289,60 N
= 8467,20N

= 444508 N

= 2762,05N

= 2,76 kN
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Tension diagonal:

System:
Rod1:1*160mm * 160mm Glulam
Rod2:1*160mm * 180mm Glulam

System angle b = 60,0 °

Timber thickness t; = 16,00 cm

Timber thickness t, = 16,00 cm

Thickness of slotted plate t3 = 0,80 cm

Construction material CM=  SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 2

P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) 0,80

BS11

Strength grade SG=  SEL("wood/EC"; SG; )

re= TAB("wood/EC"; r k; SG=SG) = 410,00 kg/m3
Oy = 1,30

&= 1,10

Dowel: DPin &£ 16mm S 275

Dowel diameter d = SEL("wood/DPin"; d; )/10 = 1,60 cm
fuk = 430,00 N/mm?

Fa = 80,79 kN

Calculation:

Minimum distances of Rod1 according to Tab.6.6a:

a; = 7*d = 11,20 cm

a, = 3*d = 4,80 cm

agi = 7*d = 11,20 cm

= 3*d = 4,80 cm

Minimum distances Rod2 according to Tab.6.6a:

a; = (3+4*ABS(COS( b)))*d = 8,00 cm
ap = 3*d = 4,80 cm
ag ¢ continuous top chord

agt= (2 +2*ABS(SIN(b))) *d = 5,97 cm
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Rod 1:

fh1,d =

Rod 2 :
fh,0,d =
Koo =

fh2.d =

My,d =

k

mod

0,082 * r \ * (1-0,1%d) *
v

kmod

0,082 * 1\ * (1-0,1%d) *
Im
1,35+ 0,15 *d

fh,O,d

kgo*sin(b)2 + cos(b)2
3

3
10 *0,8*f, . *
u,k 6*98

Design value of drift pins in Rod 1:

Rpy =

tl
Rpz = 110*fh,1,d*(?'t3)*d*

Rps =

t

17,38 N/mm?2

17,38 N/mm?2

= 1,59

12,05 N/mm?2

213488,5 Nmm

Design value of drift pins in Rod 2:

Rp1

1
100* f, 1 g *( 2" ty) * d = 20022 N
] *M
2+ y.d
2 -
3 tl 1
frpg*10 *d*{=-t,
o 2
1,5*020* M, 4 *f 1 4*d =  16345N
0,001 * MIN(Rp1;Rp2;Rp3) = 13,44 kN
Fid
- = 3,0
2*Rp
[ selected: 4 DPin £16 S 275 1= 16cm |
tl
100 f, 2,4 *( el t3) * d
1) 4*M
2+ L

Uy
Rpo = 110*fh,2,d*(?'t3)*d*

Rpg = 15*020*M, 4*f,,4*d

Fi.d
2*R,

0,001 * MIN(Rp1;Rp2;Rp3)

[ selected: 4 DPin A£16 S 275 | = 16cm

13437 N

13882 N

10528 N

13610 N

10,53 kKN

3.8
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Tension diagonal:

| /ﬁ<‘2I

! / / / 1
: A - L]
| 7 / .
\ / / |
y |
R
N 1
>
F
System:
Rod 1:2* 60mm * 140mm
Rod 2 : 1 * 100mm * 180mm
System angle b = 60,00 °
Timber thickness t; = 6,00 cm
Timber thickness t, = 10,00 cm
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG=  SEL("wood/EC"; SG; ) = S7
rye= TAB("wood/EC"; r k; SG=SG) = 350,00 kg/m3
Ov = 1,30
& = 1,10
Dowel: DPin /£ 12mm
Dowel diameter d = SEL("wood/DPin"; d; )/10 = 1,20 cm
fuk = 360,00 N/mm?
Load:
Fta = 40,00 kN
Calculation:
Minimum distances of Rod1 according to Tab.6.6a:
a; = 7*d = 8,40 cm
ap = 3*d = 3,60 cm
ag; = 7*d = 8,40 cm
g = 3*d = 3,60 cm

Minimum distances Rod2 according to Tab.6.6a:

ag=  (3+4*ABS(COSP))*d = 6,00 cm
a = 3*d = 3,60 cm
ag ¢ continuous top chord

agt=  (2+2*ABS(SIN( b)) *d = 4.48 cm
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Rod 1:

fh1,d =

Rod 2 :

fh,0,d =
Koo =

fh2.d =

Rp1 =
Rpo =

Rps =

kmod

0,082 * r \ * (1-0,1*d) *
9m

kmod
0,082 * r | * (1-0,1*d) * ——
Om
1,35+0,15*d

fh,O,d

2 2
kKgo *sin(b) + cos(b)

fhod

fh1.d

103*08*f -
u,k 6*93

foig*ty * d* 100
05*f1q*t *d*b*100

*. *4 (\2%4 *
1,1%%,1,4710%t ”

[ *

4*b*(2+b)* M,

. 2*b*(1+b)+
b

* 3* * 2 -b
g 10 *dt,

11+
1+b

0,001 * MIN(Rp; ;Rp2;Rp3;Rpa)

Fid

2*Rp

*02*M, 4 *fy; 4*d*10

4.0

[ selected: 4 DPin A£12 S 235 | = 22cm

15,54 N/mm?2

15,54 N/mm?2
1,53

11,12 N/mm?2

0,716

75403,6 Nmm

11189 N
6676 N

5026 N

5329 N

5,03 kN
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Nail calculation for each shear joint, thin outside plate:
Thin outside plate

N
ek
. | ——— =
) [ E— B
! F—|-——-—-1 K
System: '
Sheet thickness t; = 0,15 cm
Timber thickness t, = 4,00 cm
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) =
Strength grade SG= SEL("wood/EC"; SG; ) = S13
rg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?
v = 1,30
& = 1,10
Nails: 38x100
Nail length Iy = 10,00 cm
Nail diameter dy = 0,38 cm
ty / dy = 0,39<0,5
otherwise a different calculation applies
Calculation:
pre-drilled:
fok= 0.082 * r | * (1-0.1*dy ) = 29,98 N/mmg?
not pre-drilled::
fok= 0.082 * r | * (10*dy)©-3 = 20,88 N/mmg?

Characteristic value for yield moment of square nails

2,6
(10*dy)
My.q = 270 * — = 7896,02 Nmm
Os
Characteristic value for yield moment of round nails
2,6
(10*dy)
My.d = 180 * —— ™ — = 5264,02 Nmm
Os
kmod
fh,d = * fh,k = 14,46 N/mm?2
Om
Rpp =  100*0,5* f, 4 * ty * dy = 1098,96 N
Rpo = 1,1*020*My1d*fh’d*dN = 836,65 N
RD = 0.001 * MIN(RD11RD2) = 0,84 kKN

0,90
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Design of a shear connection:

SN N

T

b T
\I\ bo| | b bo
System:
Thickness of outer wood d, = 4,00 cm
Nail distance I, = 6,00 cm
Nail distance by = 16,00 cm
Cross beam width b = 16,00 cm
Cross beam height h = 40,00 cm
Height h,= 24,00 cm
Height hy, = 28,00 cm
Height hy = 32,00 cm
Height hy = 36,00 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)
Strength grade SG= SEL("wood/EC"; SG; ) = BSl11
Shear and torsion f, g = TAB("wood/EC"; fv,k; SG=SG) = 2,70 N/mm?2
Rectangular shear f g0 gk = TAB("wood/EC"; t,90.k; SG=SG) = 0,45 N/mm?
OvH = 1,30
Strength grade SG= SEL("wood/EC"; SG; ) = S10
Rectangular shear f o = TAB("wood/EC"; ft,0,k; SG=SG) =14,00 N/mm?
Nails 38x100:
Nail diameter d = 0,38 cm
Nail length Iy = 10,00 cm
Nail strength Rp = 6000*d? = 866,40 N
&= 1,50
I(mod
fy.9.d= fy gk = 1,869 N/mm?
IvH
I(mod
fi90,g.d0 = fro0.gk "~ = 0,312 N/mm?
MH
I(mod
fiod= frok*—— = 9,692 N/mm?
IvH
leff = 10*MIN(d,;12*d;I\-d5) = 40,00 mm

0,90
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Calculation of maximum design value:
from nail analysis Fgg g N = 0.002 * 16 * Rp

from tension bar Fgg 4 7 = 0.2/g*dy*Iy*fi 04

detailed structural verification:
be

h
b detailed structural verification required

Des = 2% legf
4 (] 3
3G
3 \Jh h
Iref— 10*O|r2+(C*h)2
Aef - Ir,ef *bef

0,001 0,8
* 13 * A *f
h*k, ef t,90,9.d

Foo,d =

Decisive Fgo.qmax =  MIN(Fgo,d4;F90,d,n:F90,d,2)

27,72 kN
51,69 kN

= 0,40<0,5

80,00 mm

0,392

167,89 mm
13431,20 mm?2

0,685

0,648

18,34 kN

18,34 kN
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Folder : Nail

Nail calculation for each shear joint for two different kinds of wood:

two unequal kinds of wood

N
Sk
e
9 I E— I
— =] s

System:
Timber thickness t; = 4,00 cm
Timber thickness t, = 4,00 cm
u< b
Materials:
Construction material CM=  SEL("wood/kmod"; CM; )
Class of load duration CLD=  SEL("wood/kmod"; CLD; )
Utility class UC= SEL("wood/kmod"; UC; )
P Kmod = TAB("wood/kmod"; kmod; CM=CM;
Strength grade SG1=  SEL("wood/EC"; SG;)
Mg = TAB("wood/EC"; r k; SG=SG1)
Strength grade SG2=  SEL("wood/EC"; SG; )
MNe = TAB("wood/EC"; r k; SG=SG2)
Ov = 1,30
&= 1,10
Nails: 38x100
Nail length Iy = 10,00 cm
Nail diameter dy = 0,38 cm
Calculation:
pre-drilled:
fake = 0.082 *r g * (1-0.1*dy)
not pre-drilled::
fake = 0.082* r g * (10*dy)0-3
pre-drilled:
fae = 0.082* r o * (1-0.1%dy )
not pre-drilled::
fake = 0.082* 1, * (10*dy)0-3

Characteristic value for yield moment of square nails

2,6
(10*dy)
Myg= 270*———
Os
Characteristic value for yield moment of round nails
2,6
(10*dy)
Myg= 180* ———
Os
kmod .
fh a1 = k1
v

solid wood
short term
1

0O
—
¥
@)
—
o
[
i
C
A8
I

0,90

S13
380,00 kg/m3

MS13
400,00 kg/m3

= 29,98 N/mm?2

= 20,88 N/mm?2

= 31,55 N/mm?2

= 21,98 N/mm?2

= 7896,02 Nmm

= 5264,02 Nmm

= 14,46 N/mm?2
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I(mod
fh,d2 = —_—* fh,k2 = 15,22 N/mm?2
M
fh,dl
b= — = 0,95
fh,dZ
RDl = 100* fh,dl * tl * dN = 2198 N
RDZ = 100* 0,5 * fh,dl * t2 * dN *b = 1044 kN
dy [~ 4*b*(2+b)* M
Rps = 110*fh,d1*t1*m* Oz* b*(1+b)+ R 5 - b = 936N
fh,d1*10 Ayt
L ] ] * g
Ros = L1 % (o * 02" My ¥ gy * dy * 10 = 826N
RD = 0,001 * MlN(RDl;RDz;RDS;RD4) = 0,83 kKN
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Nail calculation for each shear joint:
Thick outside plate

System:

Sheet thickness t; = 0,50 cm
Timber thickness t, = 4,00 cm

Materials:

Construction material CM=  SEL("wood/kmod"; CM; )

Class of load duration CLD=  SEL("wood/kmod"; CLD; ) =
Utility class UC= SEL("wood/kmod"; UC; ) =

P Kmog = TAB("wood/kmod"; kmod; CM=CM,;
Strength grade SG=  SEL("wood/EC"; SG; )

CLD=CLD; UC=UC)

rge= TAB("wood/EC"; r k; SG=SG) =
v = 1,30

& = 1,10

Nails: 38x100

Nail length Iy = 10,00 cm

Nail diameter dy = 0,38 cm

otherwise a different calculation applies

Calculation:
pre-drilled:
fok = 0.082 * r | * (1-0.1*dy ) =
not pre-drilled::
fh,k = 0.082* r k* (10*dN)'0'3 =
Characteristic value for yield moment of square
2,6
(10*dy)
My.d = 270 * —8 =
Os

29,98 N/mm?2

20,88 N/mm?2

nails

7896,02 Nmm

Characteristic value for yield moment of round nails

2,6
(10*dy)
My d = 180 * —mm88 ™ =
Os
I(mod .
fh,a = fh k =
v
Rp: = 100%0,5* f, g * t; * dy =
Rps = l,S*OZO*My‘d*fh'd*dN =
RD = 0.001 * MIN(RDl’RDZ) =

5264,02 Nmm

14,46 N/mm?2

1098,96 N
1140,88 N
1,10 kN

solid wood
short term
1
0,90

S13
380,00 kg/m?
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Nail calculation for each shear joint, plate inside:

Plate inside
dN
ek
. | ——— =
) [ E— B
I
! F—|-——-—-1 K
System:
Timber thickness t; = 4,00 cm
Sheet thickness t, = 1,00 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG=  SEL("wood/EC"; SG; ) = S13
rg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?
v = 1,30
& = 1,10
Nails: 38x100
Nail length Iy = 10,00 cm
Nail diameter dy = 0,38 cm
Calculation:
pre-drilled:
fok = 0.082 * r | * (1-0.1*dy ) = 29,98 N/mm?
not pre-drilled::
fok= 0.082 * r | * (10*dy)0-3 = 20,88 N/mmg?

Characteristic value for yield moment of square nails
2,6
(10*dy)
Myg= 270*——— = 7896,02 Nmm
Os
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Characteristic value for yield moment of round nails

2,6
(10*dy)
My’d = 180 * —88 ™ = 5264,02 Nmm
Os
kmod
fha = *fh k = 14,46 N/mm2
oy
Rpy = 100 fi g * tg * dy = 2198 N
e 4* My,d
Rpz =  110%f 4 *ty *dy* OZ+ 5 S -1 = 1200 N
frg*10 *dy*ty
Rpg = 1,5%*020*M, 4*f, 4*dy = 1141 N
RD = 0.001 * MlN(RDl;RDZ;RD3) = 1,14 kN
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Folder : Nail

Nail calculation for each shear joint:

d

Js

N
+-+
| S I =
: : +—
[ [
B -
’ P_ JEY I A K
System: - '
Timber thickness t; = 4,00 cm
Timber thickness t, = 4,00 cm
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) =
Strength grade SG=  SEL("wood/EC"; SG; ) =
rg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?
v = 1,30
& = 1,10
Nails: 38x100
Nail length Iy = 10,00 cm
Nail diameter dy = 0,38 cm
Calculation:
pre-drilled:
fok = 0.082 * r | * (1-0.1*dy ) = 29,98 N/mm?
not pre-drilled::
fok= 0.082 * r | * (10*dy)0-3 = 20,88 N/mmg?
Characteristic value for yield moment of square nails
2,6
(10*dy)
Myg= 270*——— = 7896,02 Nmm

0,90
S13
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Characteristic value for yield moment of round nails

2,6
(10*dy)
Myg= 180*——— = 5264,02 Nmm
Os
kmod
fha = *fhok = 14,46 N/mm2
ey
10
kM = MlN(tl,tz) * . = 4,09
My,d
Rpp =  100* f, 4 * t; * dy = 219792 N
Rpz = 100* 0,5 *f, 4 * tp * dy = 1098,96 N
n 3
Rps = 100 *0,367 *f, 4 *t; *dy * 2*Gl+ -1 =  94534N
Ky
dy
Rpa = 1556 *f,4*t; *— = 836,18 N
. oy
RD = 0.001 * MlN(RDl;RD2;RD3;RD4) = 0,84 kKN
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Determination of required number of nails

, il —— |
: ! ~
i .
S| -e————- -1 -
| s Av
! --1T1t1—t-1— - —- —i * .S
f I~
System: '
Timber thickness t; = 4,00 cm
Timber thickness t, = 4,00 cm
Materials:
Construction material CM = SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD = SEL("wood/kmod"; CLD; ) = permanent
Utility class UC= SEL("wood/kmod"; UC; ) 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,60
Strength grade SG= SEL("wood/EC"; SG; ) = S10
rg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?
v = 1,30
& = 1,10
Nails: 42x110
Nail length Iy = 12,00 cm
Nail diameter dy = 0,42 cm
Load:
Feg = 16,00 kN
Calculation:

Minimum timber thickness adhered to according to 6.3.1.2(11):

(MAX(7*dy;(13*dy, -30)*r /400))/(MIN(t;:t,)) =

Minimum driving depth according to 6.3.1.2(4):
(8*d)MIN(t;;tp)
Minimum nail distances according to Tab.6.3.1.2:

a,=  10*dy
a, = 5*dy
ag, =  15%dy
= 5*dy

pre-drilled f, , =
not pre-drilled f, =
k

0.082 * 1 * (1-0.1*dy, )
0.082 * r | * (10%dy) -0-3

mod .
fha = f

Om
Characteristic value for yield moment of square nails

2,6
(10*dy)
My.g = 270 * ——
Os

Characteristic value for yield moment of round nails

0,73<1

0,84<1

4,20 cm
2,10 cm
6,30 cm
2,10 cm

29,85 N/mm?2
20,26 N/mm?2

9,35 N/mm?

10242,81 Nmm
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2,6
(10*dy)
My,d = 180 * ——8™ = 6828,54 Nmm
Js
10
kM = MlN(tl,tz) * e = 3,03
My’d
Rpi =  100* fy g * t, * dy = 1570,80 N
Rop = 100%0,5*f, 4 * tp * dy = 785,40 N
L 3
Ros = 36,7 *fiq*ty *dy* 2*Gl+ ~-1 = 751,57 N
kM
dy
Rps = 1556 *f 4%t *— = 806,66 N
) kM
RD = 0,001 * MIN(RDl;RDZ;RD3;RD4) = 0,75 kN

required number of nails n =  Fg/(2*Rp) =

[ selected: 2x6 nails 42x120 DIN 1151 |
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Determination of required number of nails

F4- 4 - — - — - — ——
&S| ————- 1) i-lg-p —
- — - — - —
System:
Timber thickness t; = 4,00 cm
Timber thickness t, = 4,00 cm
Timber width b = 8,00 cm
Materials:

Construction material CM =  SEL("wood/kmod"; CM; )
Class of load duration CLD = SEL("wood/kmod"; CLD; )

Utility class UC= SEL("wood/kmod"; UC;)

P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)

Strength grade SG= SEL("wood/EC"; SG; )

rye= TAB("wood/EC"; r k; SG=SG)

Ov = 1,30

& = 1,10

Nails: 42x110

Nail length Iy = 6,50 cm

Nail diameter dy = 0,28 cm
Load:

Feg = 16,00 kN
Calculation:

t3 = (N - t1) =

Checking the lapped joint length according to 6.3.1.2(10):
4*dy/ (tz - ta) =
Minimum timber thickness adhered to according to 6.3.1. 2(11):
(MAX(7*dp;(13*dp-30)*r |/400))/(MIN(t1;t5 ) =
Minimum driving depth according to 6.3.1.2(4):
(8*dn)/MIN(ty;t2;t3) =
Minimum nail distances according to Tab.6.3.1.2:

al = 10* dN
ay = 5 * dN
agy= 15*dy
ast= 5*dy
pre-drilled fh’k = 0.082 * r | * (1-0.1*dy )
not pre-drilled f, , = 0.082 * r | * (10*dy) 03
kmod .
foa = fok
Ov

{1

f1

solid wood
permanent
2
0,60
S10
380,00 kg/m3

2,50 cm

0,75<1

0,49<1

0,90<1

2,80 cm
1,40 cm
4,20 cm
1,40 cm

30,29 N/mm?2
22,88 N/mm?2

10,56 N/mm?

Pdf-Overview: Templates for Structural Engineering




Eurocode 5

Folder

: Nail

Characteristic value for yield moment of square nails

2,6
(10*dy)
Myg= 270*———
9s
Characteristic value for yield moment of round nails
2,6
(10*dy)
Mygq= 180* ———
Os
kt = MAX(tl,t2,t3)/M|N(t1,t2,t3)
10
kM = MlN(tl,tz,t3) * .
My’d

RDl = 100* fh,d * M|N(t1,t2,t3) * dN

Rpz =  100%0,5%, ¢*MIN(ty;ty;ts)*dn* (O 3 * k@ + 2 * ki + 3) -k -1)

Ros = 36,7 *f, g * MIN(ty;tyitg) * dy * | 2 *Gl +

dy
Roa = 1556 * f,g * MIN(1itpita) *~—
M

RD = 0,001 * MIN(RDI;RDZ;RDS;RD4)

required number of nails n = Fg/Rp =

selected: 2x3x8=48 nails 28x65 DIN 1151

Ky

5 -1

3569,29 Nmm

2379,53 Nmm
1,60

2,79

739,20 N
416,02 N

367,34 N

412,26 N

0,37 kKN
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Attachment of roof boarding/sheathing

Fa
F K

ax,d

System:
Timber thickness t; = 2,80 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Strength grade SG= SEL("wood/EC"; SG; ) = S10
ry= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m3
Ov = 1,30
& = 1,10
Nails: 38x100
Nail length Iy = 7,50 cm
Nail diameter dy = 0,40 cm
Load:
Wind suction Fy 4 = 0,55 kN CLD: short term
Roof shear Load scheme g Fi5 41 = 0,25 kN CLD: permanent
Roof shear Load scheme g+s Fi, 42 = 0,45 kN CLD: short term
Calculation:
Load-bearing capacity under shear load:
pre-drilled f, , = 0.082 * r | * (1-0.1*dy ) = 29,91 N/mmg?
not pre-drilled f, \ = 0.082 * r | * (10*dy )03 = 20,56 N/mm?
Characteristic value for yield moment of square nails
(10*dy )2'6
My.d = 270 * —8 = 9022,50 Nmm
Os
Characteristic value for yield moment of round nails
(10%dy)""
My.d = 180 * g— = 6015,00 Nmm
S
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decisive load scheme:

Class of load duration CLD=  SEL("wood/kmod"; CLD; )

Utility class UC=  SEL("wood/kmod"; UC; )

P Kmod1 = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)
Class of load duration CLD=  SEL("wood/kmod"; CLD; )

Utility class UC=  SEL("wood/kmod"; UC; )

P Kmod2 = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)
Fla,dl * I(mod2
— = 0,83<1
Fla,d2 * Kmod1
P Load scheme g+s decisive
kmod2
fh,d = * h,k = 14,23 N/mm?2
m
tb= (n-t1) = 4,70 mm
kt = MAX(tl,tz)/MlN(tl,tz) = 1,68
10
kM = MlN(tl,tz) * e = 2,72
Myyd
RDl = 100* fh,d * tl * dN = 1593,76 N
RDZ = 100* 0,5 * fh,d * tz * dN = 1337,62 N
Rps = 100 * 0,367 * 4 * t; * dy * 2*Cl+ >-1] = 801,95N
K
dN
Rpsa = 1556 *f, 4%ty *— = 911,72N
. Ky
RD = 0,001 * MIN(RD].;RDZ;RDS;RD4) = 0,80 kN
Fla,d2
= 056<1
Rp
Pullout capacity:
according to DIN 1052-2 Section 6.3.1
I(modZ
flg= 40*106*r2* = 4,00 N/mm?
oy
kmod2
f,qg= 600*106*r2* = 59,98 N/mm?2
v
Rgr = 100*f) 4 * dy * tp = 752,00 N
Rgz = 100* f, 4 * dy? = 959,68 N
Rg= MIN(Ry1;R42)/1000 = 0,75 kN
Fax,d
= 0,73<1
Ry
Combined loads:
2 2
Fax,d FIa,dZ
+ = 0.85<1
Rg Rp

permanent
2
0,60
short term
2
0,90
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Nail calculation for a shear joint (thick plate)

Wood-metal connection with plate t; > 0.5d

d

N

F—_—-—-—-—

System:
Sheet thickness t; = 0,50 cm
Timber thickness t, = 4,00 cm

Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC;) = 1
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG=  SEL("wood/EC"; SG; ) = S13

M=
v =
& =

TAB("wood/EC"; r k; SG=SG)

1,30
1,10

Nails: 38x100
Nail length Iy =

Nail diameter dy =

Calculation:
pre-drilled:

10,00 cm
0,38 cm

fox=  0.082* r,*(1-0.1%dy )

not pre-dri

lled::

fok=  0.082* ry* (10%dy)03

Characteristic value for yield moment of square nails

Characteristic value for yield moment of round nails

2,6
(10*dy)
Myg= 270* ——
Os
2,6
(10*dy)
Myq= 180 * ———
Os
kmod .
fha = o i
M

Rp1 =  110%f, g *t, *dy* OZ+

= 380,00 kg/m?

= 29,98 N/mm?2

= 20,88 N/mm?2

= 7896,02 Nmm

= 5264,02 Nmm

= 14,46 N/mm?

- 4*My 4

Rpp = 1,5%020*M, 4*fy, 4*dy

Rpg= 1

00 *fi g * tp * dy

RD = 0.001 * MIN(RDI;RDZ;RD3) =

3
fh’d*lo *dN*tZ

>-1| = 1200N

= 1141 N
= 2198 N

1,14 kN
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Nail calculation for a shear joint (thin plate) :
Wood-metal connection with plate t; < 0.5d

d

N
++
R e | s
R -
System:
Sheet thickness t; = 0,15 cm
Timber thickness t, = 4,00 cm
Materials:

Construction material CM=  SEL("wood/kmod"; CM; )
Class of load duration CLD= SEL("wood/kmod"; CLD; )
Utility class UC= SEL("wood/kmod"; UC;) =
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)
Strength grade SG=  SEL("wood/EC"; SG; ) =

re= TAB("wood/EC"; r k; SG=SG) =
v = 1,30
& = 1,10
Nails: 38x100
Nail length Iy = 10,00 cm
Nail diameter dy = 0,38 cm
t; / dy = 0,39<0,5
otherwise a different calculation applies
Calculation:
pre-drilled:
fuk= 0.082* r * (1-0.1*dy) = 29,98 N/mm?
not pre-drilled::
ok = 0.082 * r * (10*dy)0-3 = 20,88 N/mm?
Characteristic value for yield moment of square nails
(10*dy )2’6
Myg= 270" ——— = 7896,02 Nmm
Os
Characteristic value for yield moment of round nails
(10*dy )2’6
My.g = 180 * ——8@ — = 5264,02 Nmm
Os
fha = Kmod / v * fhk = 14,46 N/mm?
Rpy =  100* (2 -1) 4 * tp * dy = 910,41 N
Rpp = 1,1*020*M, 4*fpq*dy = 836,65 N
Rp = 0.001 * MIN(Rp1;Rpp) = 0,84 kN

solid wood
short term
1
= 0,90
S13
380,00 kg/m3
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Nail calculation for a shear joint:

N
+
== s
N I !
H :
System:
Timber thickness t; = 4,00 cm
Timber thickness t, = 4,00 cm
Materials:

Construction material CM=  SEL("wood/kmod"; CM; ) =
Class of load duration CLD=  SEL("wood/kmod"; CLD; )
Utility class UC= SEL("wood/kmod"; UC; ) =
P Kmodq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)
Strength grade SG=  SEL("wood/EC"; SG; ) =

ry= TAB("wood/EC"; r k; SG=SG)

Ov = 1,30

& = 1,10

Nails: 38x100

Nail length Iy = 10,00 cm

Nail diameter dy = 0,38 cm
Calculation:

pre-drilled:

fh,k = 0.08 *r K * (1_01*dN)

not pre-drilled::

fok= 0.082 * r | * (10*dy)©-3

Characteristic value for yield moment of square nails
My,d = 270 * (:LO*dN)Z'6 / ¢S

solid wood
short term
1
0,90

S10
380,00 kg/m?

29,24 N/mm?2

20,88 N/mm?

7896,02 Nmm
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Characteristic value for yield moment of round nails
Myg= 180 * (dy*10)%-6 / g5

fha=  Kmod/ O ™ fhk
ke = MAX(t1;t2)/MIN(t1;tp)
10
ku=  MIN(ytp) * ———
CL
foa*10%dy
Rpp = 100* f, g * MIN(t1;tp) * dy

RDZ = 100* 015*fh,d*M|N(tl;tZ)*dN*(GS * kt 2 + 2% kt +3° kt - l)

Rps= 100%0,367 *fg*t; *dy*|2*( 17— -1
I(M
dN
Rps = 1556 *f 4 *t; *—
: K
RD = 0.001 * MIN(RDl;RDZ;RD3;RD4)

5264,02 Nmm

14,46 N/mm?2

1,00

4,09

2197,92 N
910,41 N

945,34 N

836,18 N

0.84 kN
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Tie rod connection

System:
Timber thickness t; = 3,80 cm
Timber thickness t, = 3,80 cm
Timber height h; = 14,00 cm
Timber height h, = 10,00 cm
Nail distance s = 3,50 cm
Nail distance b = 2,50 cm
Nail rows a = 3
Nail columns v = 3
Load:
Fq= 15 kN
Materials:
Construction material CM =  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD = SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = S10
re= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m3
Oy = 1,30
& = 1,10
Nails: 42x110
Nail length Iy = 11,00 cm
Nail diameter dy = 0,42 cm
Calculation:
t3 = (n-t1-1) = 3,40 cm
pre-drilled:
fok= 0.082 * r | * (1-0.1*dy) = 29,85 N/mmg?
not pre-drilled::Imposed Load:
fok = 0.082 * r * (10*dy)0-3 = 20,26 N/mm?
Characteristic value for yield moment of square nails
(10*dy )2’6
Myq= 270 *g— = 10242,81 Nmm
S

Characteristic value for yield moment of round nails

(10%dy)""
Myg= 180 * i

6828,54 Nmm
Js
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Eurocode 5 Folder : Nail

kmod
fra = * ok = 12,47 N/mm2
Ov
kt = MAX(tl,tz)/MlN(tl,tz,t3) = 1,12
10
kM = M'N(tl,tz,ts) * . = 2,98
 Mya
fh,d * 10 * d N
Rp; = 100* fh,d * MIN(tq;t5;t3) * dy = 1780,72 N
Rp, = 100* 0,5 * fh,d * MIN(tq;to;t3) * dy = 890,36 N
Rpz = 36,7 * fh’d *MIN(t1;toits) *dy * | 2 *Cl + 5 " 1 = 858,26 N
kM
dy
Rps = 1556 * fh’d * MIN(tq;to;t3) *k— = 929,80 N
M
RD = 0,001 * MIN(RDl;RDZ;RD3;RD4) = 0,86 kKN
required number of nails n = F4/(2*Rp) = 8.7

Iselected: 3x3=9 nails 42x110 DIN 1151 |
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Eurocode 5 Folder : Nail

Wind brace connection:

a4 a2 a4
h
| &||-¢
A
¢
| ./QD >
S F
= - p—t
System:
Beam thickness h = 16,00 cm
Driving depth t = 11,40 cm
Sheet thickness s = 0,60 cm
Angle of tensile force b = 45,00 °
Tensile force Fy = 23,54 kN
Materials: Post
Construction material CM =  SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD = SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC;) = 1
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG= SEL("wood/EC"; SG; ) = BS14h
rg= TAB("wood/EC"; r k; SG=SG) = 410,00 kg/m?
v = 1,30
Screws: 4 Sr /A 12*120 DIN 571
Screw diameter d = 1,20 cm
fuk= 300,00 N/mm?
& = 1,10
Minimum distances Rod1 according to Tab.6.23:
ap = 7*d = 8,40 cm
a, = 4*d = 4,80 cm
= 3*d = 3,60 cm
Design value of bearing stress resistance:
I(mod
fha = 0,082 * r . * (1-0,1*d) * = 20,48 N/mmg?
oy
0.8/d = 0,67<1
b calculation as for pins:
0,6*(t+s)+4*d
. = 1,05>1,0
P des= 9*d = 10,80 mm
3
def
Myg= 08*f* = 45807,7 N/mm
: K 6rge

s/(d/2)

1,00<1
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Eurocode 5 Folder : Nail
b thin plate
Ror = (G2-1)*, g*(t-1,5%d)*d*100 = 977252 N
Rpp=  1,1*020*M, 4*f, 4*d = 521954 N
Rp = 0,001 * MIN(Rp1;Rpy) = 5,22 kN

Design value for pullout:
k

d e
f34= *(1,5+6*d) * Or =

M
Rg=  faq* (0,6%t+s)-d)*0,01 =

Combined loads:

2 2
Fq*sin(b) Fq*cos(b)
+ =
4* Ry 4*Rp

121,96 N/mm?

7,32 kN

096<1
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Eurocode 5 Folder : Shrinkage

Shrinkage and swelling of wood:

7

[0 A A
b
System:
The only appreciable stress is generated ” to the fibre.
Width b = 32,00 cm
Height h = 12,00 cm
Coefficient for the degree of shrinkage and swelling bgg = 0,24 %
Strength grade SG=  SEL("wood/EC"; SG; ) = S10
Eg0.mean = TAB("wood/EC"; Egg mean: SG=SG) = 370,00 N/mm?
Timber moisture before w; = 10,00 %
Timber moisture after w, = 15,00 %
Stress:
SC,90: Egoymean*bgo*(WZ'Wl)/zoo = 2,22 N/mm?2
Total force:
Fs,00 = Scoo*b*h = 852,48 N
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Eurocode 5 Folder : spec dowel

Tensile splice with special dowels:

i ) idE
: . S i Ta
T ha s : [y}

fa—t—a—t-a,

i
L — | =
. e e .
| RN
i 4
I—I—E—E— T o
System:
Distance a = 22,00 cm
Distance a; = 6,00 cm
Thickness t;= 8,00 cm
Thickness t, = 10,00 cm
Cut surfaces n, = 2
Tensile force F; 4 = 95,00 kN
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80

Transition to DIN 1052-2
Fq= Ft4/1.35 = 70,37 kN
Selection of dowel: Split ring connector Type A according to DIN 1052-2, Table 4, 6 or 7
Dowel £ 95 - A with 2 * M12 + 4 * washers 58/6

Number of dowels selected per cut n = 3

Zul.N, = 17,00 kN

bmin= 12,00 cm

amin= 22,00 cm

amina= bmin/2 = 6,00 cm

alamin = 100<1

a1/amina = 1.00<1

n
Nef = MIN(2 + (1- z) *(n-2)6) = 2,85

Structural verification:
Fq
— = 073<1
N, *Ng * ZUl.N,
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Eurocode 5 Folder : spec dowel

Diagonal tie connection with special dowels:

System:

-

o

A\¢

dl d dl
Distance a = 8,00 cm
Distance a, = 9,00 cm
System angle b = 40,00 °
Beam height h = 30,00 cm
Beam thickness d = 16,00 cm
Strut height hy = 18,00 cm
Strut thickness d; = 8,00 cm
Number of rows n, = 2
Tensile force F; 4 = 165,00 kN
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80

Transition to DIN 1052-2

Fe=  Fd/l.35 = 122,22 kN

Selection of dowel: Split ring connector Type D according to DIN 1052-2, Table 4, 6 or 7 and 8
Dowel A 65 - A with 6 * M12 + 12 * washers 58/6

Number of dowels selected per cut n = 6

per.N; = 11,00 kN
Dowel height h, = 2,70 cm
Dowel diameter d, = 6,50 cm

Minimum wood dimensions of the beam from b/a = 110/40
Minimum wood dimensions of the strut from b/a = 100/40

Distance a; = 14,00 cm
h
ay = dc+?C = 7,85 cm
a3t = 14,00 cm
ay strut = 10/2 = 5,00 cm
a4 peam = 11/2 = 5,50 cm
ap
| = - = 14,00 cm
sin(b)
a,/l = 100<1
az,1/8 = 087<1
a4,beam
= 092<1
h
—-a
5 %2
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Eurocode 5 Folder : spec dowel

a4 strut ~ 100<1
h,-a B
2
n n
Nef = MIN(Z+(1-—120)*(—-2)6) = 285

VA yA
Structural verification:
Fq

= 097<1
2*n,*ng * per.Ng
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Eurocode 5

Folder : Stress analysis

Arched beam:

[ 7 g
e / yd
/// /// ///
d
System:
Cutting depth t = 12,00 cm
Support length d = 24,00 cm
Beam width b = 16,00 cm
Support angle a = 55,00 °
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmoqg = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = BS14k
rg= TAB("wood/EC"; r k; SG=SG) = 410,00 kg/m?3
Rectangular shear f; o = TAB("wood/EC"; fc,0.k; SG=SG) = 27,50 N/mm?
Rectangular shear f. g¢ = TAB("wood/EC"; fc,90.k; SG=SG) = 5,50 N/mm?
Ov = 1,30
Load:
Fq= 300,00 kN
Calculation:
fe0d= feok™ = 16,92 N/mm2
fc.00,d = fc.00.k = 3,38 N/mm2
Vertical supporting force:
b= 90-a = 35,00 °
Kep = = 0,431
feod 2 2
*sin(b) + cos(b)
fc,90,d
Vd max = 100*b*d* ke p* f. 0.4 * 0,001 = 280,03 kN
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Eurocode 5 Folder : Stress analysis
Horizontal supporting force:
1
Kca = = 0,271
feoa 2 2
*sin(a) + cos(a)
fc,90,d
Hyg max = 100* b*d*k¢ ,*f¢ 0.4*0.001 = 176,08 kN
Fan= Fq * COS(a) = 172,07 kN
Fav = Fq * SIN(a) = 245,75 kN
Structural verifications:
Fan
= 0,98<1
Hd,max
I:d,v
= 0.88<1
Vd,max
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Eurocode 5 Folder : Stress analysis

Centre purlin with 2-axis deflection:

\Fd

i
p—
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,9
Strength grade SG= SEL("wood/EC"; SG; ) = S10
fnk= TAB("wood/EC"; fm.k; SG=SG) = 24,00 N/mmg?
O = 1,30
Load:
Loading moments as a result of the sloping load
My.d = 20,00 kNm
M, g = 5,00 kNm
Calculation:
fm,d = fm,k* kmod/ Ov = 16,62 N/mm?2
. . My,d + Mz,d
Approximation Wy req = 1000 * ——— = 1504,21 cm3
m,d

selected: Cross section:

b= 16,00 cm
h= 24,00 cm
2
h
Wy = b * 5 = 1536,00 cm?3
2
b
W, = h* 5 = 1024,00 cm3

Structural verification:
Km = 0,70 for rectangular cross section

otherwise kp, = 1.0

My’d Mz,d 1000
W + km * W * . = 0,99<1

y z

m,d
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Eurocode 5

Folder : Stress analysis

Compression member connection

72 / )
2 2

|

ar
i Fo
System:
Cross-sectional width in cut 1-1 b = 8,00 cm
Cross-sectional in cut 1-1 h = 16,00 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) =
Strength grade SG= SEL("wood/EC"; SG; ) = S10
rg= TAB("wood/EC"; r k; SG=SG) =
Rectangular shear f; o = TAB("wood/EC"; fc,0.k; SG=SG) =
Ov = 1,30
Load:
Fq= 112,00 kN
Calculation:
A= b*h = 128,00 cm?
kmod
fC,O,d = fC,O,k m———— = 12,92 N/mm?2
9m
Fd
S¢,0,d = —,;\ *10 = 8,75 N/mm?
Structural verification:
Sc,O,d
Em— = 0,68<1
fc,O,d

0,80

380,00 kg/m?
21,00 N/mm?
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Eurocode 5 Folder : Stress analysis

Structural analysis of deflection in two directions and pressure:

Y Y Y VY VYVYY Y Y YVY d
[ =~ h
"
System:
Beam width b = 18,00 cm
Beam height h = 24,00 cm
Beam length | = 3,50 m
Load angle a = 75,00 °
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = S10
re= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m3
Rectangular shear f; g = TAB("wood/EC"; fc,0.k; SG=SG) = 21,00 N/mmg2
fnk= TAB("wood/EC"; fm.k; SG=SG) = 24,00 N/mm?
O = 1,30
Load:
Oq = 13,21 kN/m
Ng = 94,50 kN
Calculation:
Ady = dq * SIN(a) = 12,76 KN/m
Og,z = 0q * COS(a) = 3,42 kN/m
2
|
Myg= dgy”* ? = 19,54 N/mm?2
| 2
Mzd= ddz”* ) = 5,24 N/mm?
I(mod
feoa=  fook® = 12,92 N/mm?2
Iu
I(mod
fnd=  fnk = 14,77 N/mm?
m
2
h
Wy, = b * 5 = 1728,00 cm3
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Eurocode 5

Folder : Stress analysis
2
W, = h* 5 = 1296,00 cm3
A= b*h/1 = 432,00 cm?
Km = 0,70 for rectangular cross section
otherwise kp, = 1.0
SC,O,d = 10* Nd /A = 2,19 N/mm?2
Structural verifications:
2
S¢0.d My g M,q4\ 1000
+ Kk, * * = 0,99<1
fc,o,d Wy Wz fm,d
2
Sco4d My,d Mz,d 1000
+l ko, * + * = 084<1
fc,O,d Wy Wz fm,d
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Eurocode 5 Folder : Stress analysis

Structural analysis of deflection in two directions and tension:

System:
Beam width b = 18,00 cm
Beam height h = 24,00 cm
Beam length | = 3,50 m
Load angle a = 75,00 m
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC;) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = S10
rg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?3
flok= TAB("wood/EC"; ft.0.k; SG=SG) = 14,00 N/mm?
fnk= TAB("wood/EC"; fm.k; SG=SG) = 24,00 N/mm?2
Ov = 1,30
Load:
Oq = 10,21 kN/m
Ng = 47,50 kN
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Eurocode 5 Folder : Stress analysis
Calculation:
day=  da *SIN(@) = 9,86 kN/m
diz= dg ¥ COS(a) = 2,64 kN/m
| 2
My d qay*;; = 15,10 N/mm?
I 2
Mzq = Q¢z*:; = 4,04 N/mm?
kmod
ft.0,d fiok* = 8,62 N/mm?2
Im
I(mod
fmd=  fmk = 14,77 N/mm2
v
2
h
Wy b* 5 = 1728,00 cm3
2
b
W, h* ? = 1296,00 cm3
A= b*h = 432,00 cm?
Km 0,70 for rectangular cross section

otherwise k,, = 1.0

Structural verification:

yd

Mz,d
*

. 1000

10 * Ny (M
A*ft,o,d

' m
Wy

w

z

|

f

m,d

0,87 <1
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Eurocode 5 Folder : Stress analysis

End support of a laminated timber beam

Vs

System:
Width of laminated timber beam b = 18,00 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = BS11
Rectangular shear f. 9o = TAB("wood/EC"; fc,90.k; SG=SG) = 5,50 N/mm?
fk= TAB("wood/EC"; fm.k; SG=SG) = 24,00 N/mm?
O = 1,30
Load:
Vg = 98,00 kN
Calculation:
fc00a=  fo90k ™ Kmod !/ Ou = 3,38 N/mm?
Assumption: | > 150 mm otherwise k. 99 according to Tab. 5.1.5
P kego = 1,00
Vad
erf A= 10— = 289,94 cm?
fe.00,0* Ke,00
erf A
erf d= 5 = 16,11 cm
sel.d = 17,00 cm
Structural verification:
erf d/d = 0,95<1
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Folder : Stress analysis

Stress analysis of shear force and torsion:

Vg

System:
Support width b = 30,00 cm
Support depth h = 14,00 cm
Materials:
Construction material CM=  SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG= SEL("wood/EC"; SG; ) = BS16k
fgk= TAB("wood/EC"; fv.k; SG=SG) = 2,70 N/mm?2
Ov = 1,30
Load:
relevant shear force Vg4 =
relevant torsional moment Ty =
Calculation:
A= b*h = 420,00 cm?
h
h = 1+0,6%— = 1,28
b
tord = 3000 * Ty * = 1,14 N/mm?2
b*h
Vi
tyg = 30~ = 0,64 N/mm?2
’ 2*A
fv,g,k
fv,d = kmod * = 1,87 N/mm?2
Im
Structural verifications:
tv,d
Shear: = 0.34<1
fv,d
. ttor,d
Torsion: = 0.61<1
fv,d
o tord  [tvad
Combination: + | = 0,73<1
fv,d fv,d
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Eurocode 5

Folder : Stress analysis

Stud:
a, |, 11
IR 1
1 Fp,d F.C,d
1 1
T
-~ o
|

System:

Length of wood beam projection a = 6,00 cm

Support length | = 6,00 cm

Support depth d = 12,00 cm

clear distance between studs I, = 34,00 cm
Materials:

Construction material CM=  SEL("wood/kmod"; CM; ) = solid wood

Class of load duration CLD= SEL("wood/kmod"; CLD; ) = short term

Utility class UC= SEL("wood/kmod"; UC;) = 1

P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90

Strength grade SG= SEL("wood/EC"; SG; ) = S10

rg= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?3

feo0k = TAB("wood/EC"; fc.90.k; SG=SG) = 5,00 N/mm2

fnk= TAB("wood/EC"; fm.k; SG=SG) = 24,00 N/mmg?

Ov = 1,30
Load:

Fed = 20,00 kN
Calculation:

fc,90,k
fc.00,0 = Kmod ¥ = 3,46 N/mm2
9m
far: 15/1; = 0,44<1
und: /15 = 0,40<1
150 -10*1
b according to Tab. 5.1.5 k. gg= 1+a*—— = 1,32
’ 1700
A= [*d = 72,00 cm?
I:c,d

SC,QO,d = 10* A = 2,78 N/mm2

Structural verification:
S¢,90,d
= 0,61<1

*
I(0,90 fc,90,d

Pdf-Overview: Templates for Structural Engineering




Eurocode 5 Folder : System

Acceptable force of a double shoulder joint:

b2
s
=
I
v
System:
Beam height h = 22,00 cm
Beam width b = 14,00 cm
Length of wood beam projection |1 = 22,00 cm
Length of wood beam projection |I,, = 30,00 cm
Shoulder depth t,; = 3,50 cm
Shoulder depth t, = 4,50 cm
Angle a = 45,00 °

Comply with structural rules for shoulder depth and length of wood beam projection.
Materials:

Construction material CM= SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC= UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = S13
ry= TAB("wood/EC"; r k; SG=SG) = 380,00 kg/m?
fok= TAB("wood/EC"; fv.k; SG=SG) = 2,50 N/mm?
fook= TAB("wood/EC"; fc,0.k; SG=SG) = 23,00 N/mm?2
foo0k= TAB("wood/EC"; fc.90.k; SG=SG) = 5,00 N/mm?
Ov = 1,30
Load:
Ng = 86,00 kN
Calculation:
I(mod
fva= fu i = 1,54 N/mm?
Im
kmod

fcoa=  fook® = 14,15 N/mm2

Iv

I(mod
fco0a=  feook* = 3,08 N/mm?

M
with approximation:
1
ke = = 0,51
fe.0.d 2 3

*sin(a) *cos(a)+ cos(a)
¢,90,d
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Folder : System

4
ks =
feo, _ 2 2
*sin(a) +cos(a) +2*cos(a)+1
fc,90,d
| i Ny ,cos (a)
vl,min — 2 b * fv,d
a1 = 8"ty
Ivl,min / Ivl,l

Ivl,min/ Ivl

Ng cos(a)
K e Kk

2 b*fv,d

lvo,1 = 8* ty
|

lv2,min =

v2,min

Iv2,l

Iv2,min

Iv2

RF,d = b * tV * fC,O,d * k|: /10
Rsg= b*t,*f0q*ks/ 10

detailed calculation:

1
Kea =
feod 2 2
*sin(a) + cos(a)
fc,90,d
tV
R - k. *f * ) * —
P a e0d cos (a)*10
1
Kea = 2 2

fc,O,d o [a a

*sin{—] tcos|—
fe.00.d 2 2
fco0,5a,d = Kea * 0.

Rsd=  fcosad*a”™

Structural verification:
Ng

Reda* Rsg

0,76 <1

0,77

14,10 cm

36,00 cm
0,39<1
0.64<1

14,10 cm
36,00 cm

0,39<1

047<1

45,46 kN
68,64 kKN

0,358

45,13 kN

0,655

9,27 N/mm2

68,42 KN
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Acceptable force of a face staggered joint:

b/2
n 7
Iy
System:

Beam height h = 22,00 cm
Beam width b = 14,00 cm
Length of wood beam projection I, = 22,00 cm
Shoulder depth t, = 4,50 cm
Angle a = 45,00 °

Comply with structural rules for shoulder depth and length of wood beam projection.
Materials:

Construction material CM= SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmoqg = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG; ) = S13
k= TAB("wood/EC"; fv.k; SG=SG) = 2,50 N/mm?
fook= TAB("wood/EC"; fc.0.k; SG=SG) = 23,00 N/mm?
feo0k = TAB("wood/EC"; fc.90.k; SG=SG) = 5,00 N/mm2
O = 1,30
Load:
Ng = 63,00 kN
Calculation:
kmod
fha=  fk* = 1,54 N/mm?
v
I(mod
fcoa= fook® = 14,15 N/mm?
M
kmod
feo0d= T ook™ = 3,08 N/mm?2
9m
with approximation:
4
K= X = 0,77
,0,d . 2 2
° *sin(a) +cos(a) +2*cos(a)+1
fc,90,d

I 10*N *cos(a) 20,66

L= = , cm
v,min d b * fv,d
ly1= 8* ty = 36,00 cm
lv.min / Iv.1 = 057<1
by, min / Iy = 094<1
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Eurocode 5 Folder : System
Rsag= b*t,*foq*ks/10 = 68,64 kN
detailed calculation:
1

Kea = . . = 0,655

fc,O,d o [a a

*sin (—) + cos (—)

fe.00.d 2 2

feo5ad= Kea*feod = 9,27 N/mm2
b

Rsd=  fosaa*a” = 68,42 kN

Structural verification:
Ng

Rs.d

092<1
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Folder : System

Acceptable force of a heel staggered joint:

o

ot \;L N
Iy
System:
Beam height h = 22,00 cm
Beam width b = 14,00 cm
Length of wood beam projection |, = 22,00 cm
Shoulder depth t, = 4,50 cm
Angle a = 45,00 °
Comply with structural rules for shoulder depth and length of wood beam projection.
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = solid wood
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 1
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG=  SEL("wood/EC"; SG; ) = S13
k= TAB("wood/EC"; fv.k; SG=SG) = 2,50 N/mm?2
fook= TAB("wood/EC"; fc.0.k; SG=SG) = 23,00 N/mmz2
feo0k = TAB("wood/EC"; f¢.90.k; SG=SG) = 5,00 N/mm?
O = 1,30
Load:
Ng = 43,00 kN
Calculation:
I(mod
fha=  fk = 1,54 N/mm?
Im
I(mod
feod=  Took” = 14,15 N/mm?
Im
kmod
fc.00,a = fco0k* = 3,08 N/mm2
M
with approximation:
1
ke = ; = 0,51
0d 2 3
“2C «sin(a) *cos (a)+ cos (a)
c,90,d
cos(a)
lymin= 10*Ng* = 14,10 cm
‘ b*f, 4
ly1= 8* t, = 36,00 cm
lv.min / Iv.1 = 0,39<1
by, min /Iy = 064<1
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Reg= b*t *f.oq*ke/10 = 45,46 kN
detailed calculation:
1

Kea = = 0,358

feo. . 2 )

*sin(a) + cos(a)
c,90,d
tV
Ry = Ke o * f *pF— = 45,13 kN
‘ ca e0d cos (a)* 10
Structural verification:

Ng
— = 095<1
Ry
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Connection of a binding joist to a support:

1,5
<
‘ +O O
L TP E
(T00770 £ d|d! 1o O
5 Lo 1s 2| +oc
_\ro
-
‘Schlitzblech < |
A
blbl
System:
Centroidal distance s = 16,00 cm
Centroidal distance s; = 5,00 cm
Dowel distance b; = 5,00 cm
Dowel distance h; = 8,00 cm
Thickness of slotted plate m = 1,00 cm
Width of binding joist b = 16,00 cm
Materials:

Construction material CM=
Class of load duration CLD=

Utility class UC=
P Kmod =

Strength grade SG=
M=
Ov =
Os =

Load at tie point:
Ved =
Mcg =

Geometric values:

=

SEL("wood/kmod"; CM; )
SEL("wood/kmod"; CLD; )
SEL("wood/kmod"; UC;) =

TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC)

SEL("wood/EC"; SG; )
TAB("wood/EC"; r k; SG=SG)
1,30
1,10

0,01#V, ¢ * (S1+S) =

bl
atan =
(hl*l,S)

Glulam
normal
1
= 0,80
BS11
410,00 kg/m3

34,60 kN
7,27 kNm

6,4 cm

13,0 cm

22,62 °
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Calculation:
Drift pin forces:
Vc,d
as the result of shear force Fy 4 = 5 = 4,33 kN
Mc d * )
as the result of moment Fy; 4 = 100 *———— = 11,25 kN
' 4*( 2 2)
I’l + r2
Components:
FMZ,d,V = FM,d * SlN(aM) = 4,33 kN
FMZ,d,H = FM,d * COS(aM) = 10,38 kN
_ ~ 2 2 _

Fa.max = O(FMZ,d,V+ Fva) +Fuzdn N 13,52 kN

Fum2,avt Fyvd
a= atan | ———— = 39,84°

Fm2,dH
selected: Dowel DPin ££ 16mm
d= 1,60 cm
fuk= 360,0 N/mm?2
3
Myg= 08*f* d = 178,7 KNmm
Y, K 6% g

I(mod

fhoa= 0,082 *r,*(1-0,1%d) *—— = 17,38 N/mmz?
Om
koo = 1,35+ 0,15 *d = 1,59
fh.0.d
fh1,0 = = 13,99 N/mm2
h . 2 2
kgo*sin(a) + cos(a)
b-m
ty = s = 7,50 cm
2

RDl = 100 * fh,l,d * tl * d = 16788 N

- 4% My’d
Rpp = 110%f, 4 q*t; *d* OZ+—2-1 = 11125N

fhag*d*ty
Rps=  150*Q2*M, 4*f,, 4*d = 13416 N
RD = 0,00l * MlN(RDl;RDZ;RD3) = 11,13 kN
Structural verification:
Fd,max
= 061<1

2*Rp
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Joist hlanger:

System:
Height of principal beam hy = 32,00 cm
Height of short-tie beam hy = 24,00 cm
Joist hanger distance h; = 6,00 cm
Nail distance s = 15,20 cm
Load:
Fidq= 12,00 kN
Materials:
Principal beam: 120mm*380mm
Construction material CM= SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD= SEL("wood/kmod"; CLD; ) = normal
Utility class UC= SEL("wood/kmod"; UC; ) = 2
P Kmod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,80
Strength grade SG= SEL("wood/EC"; SG;) = BS11
ry= TAB("wood/EC"; r k; SG=SG) = 410,00 kg/m3
f 00,9,k = TAB("wood/EC"; ft.90.k; SG=SG) = 0,45 N/mm?
Ov = 1,30

Short-tie beam: 140mm*240mm NH S 10

selected: GH joist hanger 04 140*160 with 14 RNa 4.0x60
Horizontal distance between centroidal axis of nails B’

Vertical Nail distance H' =
Joist hanger thickness dy, =

Nail diameter dy =

Nail length Iy =

Number of nails ny =

According to manufacturer's table Ry 4 =

= 18,60 cm

12,00 cm
0,20 cm

0,40 cm
6,00 cm
14
16,40 kN
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1
f= E—— = 261
sthy
1-0,93*
hH
tef = MIN(12*dp;IN-dp) = 480cm
I(mod
fio0,d= f00,gk” = 0,28 N/mm2
Iv
0.8 ——————— 08
Rigod = 0,0055*f*(10*ty)  *(10*hy+4*O100*B *H') *f g4 = 20,86 kN
Rq = MIN(R¢,90,d;Ro,q) = 16,40 kN

Structural verification:
Fid
Ry

0.73<1
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Notch joist
qd
I {4 4 & I |
he 1]
1 h
o |
// 7,
d 1K
b bt
System:
Cross-sectional width b = 14,00 cm
Support length d = 18,00 cm
Cross sectional height h = 88,00 cm
Cross sectional height at footing hy = 78,00 cm
Notch distance x = 13,00 cm
Notch length | = 20,00 cm
Beam length I, = 850,00 cm
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC;) = 2
P Kmog = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC= UC) = 0,90
Strength grade SG=  SEL("wood/EC"; SG; ) = BS14k
rg= TAB("wood/EC"; r k; SG=SG) = 410,00 kg/m?3
fgk= TAB("wood/EC", fv.k; SG=SG) = 2,70 N/mm?
foo0k= TAB("wood/EC"; fc.90.k; SG=SG) = 5,50 N/mm?
for solid wood k,, = IF(CM="Glulam";6,5;5) = 6,50
O = 1,30
Load:
Supporting force Fy = 95,30 kN
Line load qq = 2,80 kN/m
Calculation for splintering:
Maximum design shear force:
for uniformly distributed load k, = 1-2* -l— = 0,79
1
Fab = Ky * Fg = 75,29 kN

for individual load kg =(0.5-h/l;)*e/h with e the distance of the force from footing k

and Fb,d :kF * Fd
I(mod
fv,d = fv,g,k
Om

I=MAX(1;0.01)

h-h,
e= atan |

1,87 N/mm?2

26,57 °
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-1,5
1,1 *tan(e)
Ke= 1+t——— = 1,105
Ch*10
he
a= — = 0,886
h
kn
kgo = = 0,566
. .: X /AL 2
Oh*10*{Oa*(1-a)*t08 *—*C—-a
h a
ky = MIN(1;kgo*ko) = 0,63
Structural verification:
Fab
15*
b*hg
- = 088<1
I(v*fv,d
Calculation of bearing pressure:
I(mod
fc.00,a = fe.o0k * = 3,81 N/mm?
M

Assumption: Support length t > 150 mm otherwise k; 9o according to Tab. 5.1.5

P K¢ o0 =
Fq

erf A= 10 ¥ ———8 8 —

fc,90,d * kc,90

erf_A
erf d=
b
Structural verification:
erf d
p =

0,99<1

1,0

250,13 N/mm?2

17,87 mm
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Rail post:

T ed

Ql
s 7
o =0 %
[ s %
System:
Post distance | = 1,70 m
Rail height hy = 100,00 cm
Dowel distance h, = 5,00 cm
Dowel distance hg = 23,00 cm
o= 1,50
Load: according to DIN 1055-3
H' = 1,00 kKN/m
Hq = gQ*|*H' = 2,55 kN/m
Materials:
Construction material CM= SEL("wood/kmod"; CM; ) = Glulam
Class of load duration CLD=  SEL("wood/kmod"; CLD; ) = short term
Utility class UC= SEL("wood/kmod"; UC;) = 1
P Kmoq = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC=UC) = 0,90
Strength grade SG= SEL("wood/EC"; SG; ) = BS11
f00.g.k = TAB("wood/EC"; t,90.k; SG=SG) = 0,45 N/mm?
O = 1,30
Calculation:
hs
Mcg = 0,01 *Hy* (hy + hy + ?) = 2,97 KNm
He Mg
Fiq= —_—— = 14,19 kN
’ 2 hy*0,01
Mca  Hg
Fog= _ = 11,64 kN
’ hy*0,01 2
Transition to DIN 1052-2:
Fp= MAX(Fy ¢;F2 g)/1,4 = 10,14 kN
[selected: 2 DPin £85-D |
mit zul_N. = 14,50 kN
Structural verification:
I:l
= 0,70<1
zul_N,
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Suspender:

System:

Height of diagonal brace h = 14,00 cm
Width of diagonal brace b = 14,00 cm
Height of suspender hy = 18,00 cm
Width of suspender by = 14,00 cm
Shoulder depth t, = 3,00 cm
Diameter of pind = 1,20 cm
Angle a = 45,00 °

Comply with structural rules for shoulder depth and length of wood beam projection.

Materials:
Construction material CM= SEL("wood/kmod"; CM; )
Class of load duration CLD=  SEL("wood/kmod"; CLD; )
Utility class UC= SEL("wood/kmod"; UC; )
P Kmnod = TAB("wood/kmod"; kmod; CM=CM; CLD=CLD; UC= UC)

Strength grade SG=

SEL("wood/EC"; SG; )

flok= TAB("wood/EC"; ft.0.k; SG=SG)
Ov = 1,30
Calculation:
Ayy = 2*b*t, =
Aw bo = (d+1)*(hy-2*t,) =
AW = l:JH*hH'MAX(AW,bo;AW,v) =
. kmod
f0,d = fo.k =
v

Maximum force to be accepted by the construction:

Ft,d,max = f.0,a"Aw*0,1

solid wood
normal
1
= 0,80
S13
18,00 N/mm?2

84,00 cm?2
26,40 cm?
168,00 cm?

11,08 N/mm?2

186,14 kN
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