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Pavimento Metélico Miniquadricula 400
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Pavimento Metdlico — Miniquadricula 400
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VALORES ADMISSiVI_EIS DAS SOBRECARGAS UNIFOR-
MEMENTE DISTRIBUIDAS (ndo excedendo a flecha de
1/300 do vao, nem as tensdes de seguranca do material)

Sobrecargas

kg/m2

20 000
19 000
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ANEXO I

Carateristicas Geométricas e Elasticas das Chapas dos
Revestimentos dos Alcados e da Cobertura
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alaco

CG EN 14782

FICHA TECNICA
CHAPA DE ACO TRAPEZOIDAL PERFIL 6-169-25

POSICAD A
Tipo de ago: 5250 GD
(Morma EN10346) -~ — = 3 : !
POSICAD B
Tolerancias segundo a Norma
EM10143
Norma de fabricacdo: EN10169-1 \a 7 & u ¥ e/ ~_

CARACTERISTICAS MECANICAS
SECCOES REDUZIDAS
Face A

SECCAO
Reaccdo ao fogo: A1 (antigo MO) PLENA

segundo a Norma EN 13501-1

Face B

C.G.

0,6 589 581 6,55 6,68 4,64 231 293 1,90
o7 6,87 677 6,55 779 5,50 2,20 3,52 2,30
o8 7,85 774 555 8,30 6,61 3,33 414 2,73

e\

alaco

(C € En 14782

FICHA TECNICA
CHAPA DE ACO TRAPEZOIDAL PERFIL 6-169-25

Mapa de cargas
o Cargas em kN/m2 |, considerando o = 235 MPa e f=L/200

7777772
| b

0,962 1,061 1,270 1,502 0,515 0,652 0,773 0,912
1,75 0,583 0,650 0,775 0,917 0,307 0,393 0,452 0,546
2,00 0,378 0,420 0,497 0,589 0,340
2,25 0,329 0,381

2,50
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1,50 1,015
1,75 0,734
2,00 0,552
2,50 0,337
2,75
3,00
3,25

I

0,929

0413
0,35

0,351

1231
1,327

0,58
0416

1,038
0,636

0,41

0,801

0,521

1,553
0,953

0,616

1,50 0,803 1,015 1,220 1,451 1,026 1,243 1,499 1,785
1,75 0,579 0,734 0,830 1,048 0,742 0,302 1,085 1,793
2,00 0,433 0,552 0,660 0,786 0,525 0,654 0,787 0,928
2,25 0,333 0,427 0,492 0,506 0,354 0,452 0,533 0,629
2,50 0,333 0,400 0,487 0,316 0,370 0,437
2,75 0,320 0,383 0,309
3,00
i L F 7

1,829
1,123

0,727

0,332
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ANEXO Il

Relatérios de Dimensionamento das Ligacdes Aparafusadas

"Robot Structural Analysis Professional”
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Autodesk Robot Structural Analysis Professional 2014-Student Version

Design of fixed beam-to-column connection

Ratio
EN 1993-1-8:2005/AC:2009 0.63
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(GENERAL
Connection no.: 6
Connection name: Frame knee
GEOMETRY
COLUMN
Section: HEA 180
o= -90.0 [Deg] Inclination angle
he = 171 [mm] Height of column section
brc = 180 [mm] Width of column section
twe = 6 [mm] Thickness of the web of column section
tre = 10 [mm] Thickness of the flange of column section
re = 15 [mm] Radius of column section fillet
Ac = 45.25 [cm?] Cross-sectional area of a column
Ixc = 2510.29 [cm* Moment of inertia of the column section
Material: S 235
fye = 235000.00 [kPa] Resistance
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BEAM

Section: IPE 240

o= 0.0 [Deg] Inclination angle

hp = 240 [mm] Height of beam section

br = 120 [mm] Width of beam section

twb = 6 [mm] Thickness of the web of beam section
to = 10 [mm] Thickness of the flange of beam section
Io = 15 [mm] Radius of beam section fillet

Io = 15 [mm] Radius of beam section fillet

Ap = 39.12 [cm?] Cross-sectional area of a beam

Ixp = 3891.63 [cm?* Moment of inertia of the beam section
Material: S 235

fyp = 235000.00 [kPa] Resistance

BOLTS

The shear plane passes through the UNTHREADED portion of the bolt.
d= 24  [mm] Bolt diameter

Class= 10.9 Bolt class

Fira= 254.16 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 3 Number of bolt rows

hi = 53 [mm] Distance between first bolt and upper edge of front plate
Horizontal spacing ei = 70 [mm]

Vertical spacing pi = 70;70 [mm]

PLATE

hp = 320 [mm] Plate height

bp = 120 [mm] Plate width

tp = 8 [mm] Plate thickness

Material: S 235

fyp = 235000.00 [kPa] Resistance

COLUMN STIFFENER

Upper

hsu = 152 [mm] Stiffener height
bsu = 87 [mm] Stiffener width

thu = 8 [mm] Stiffener thickness

Material: S 235
fysu= 235000.00 [kPa] Resistance

Lower

hsa = 152  [mm] Stiffener height
bsa = 87 [mm] Stiffener width

tha = 8 [mm] Stiffener thickness

Material: S 235
fysu= 235000.00 [kPa] Resistance

FILLET WELDS

aw = 5 [mm] Web weld
ar= 8 [mm] Flange weld
as = 5 [mm] Stiffener weld
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MATERIAL FACTORS

Ym0 = 1.00 Partial safety factor
yM1 = 1.00 Partial safety factor
YM2 = 1.25 Partial safety factor
M3 = 1.25 Partial safety factor
LOADS

[2.2]
[2.2]
[2.2]
[2.2]

Ultimate limit state
Case: Manual calculations.

Mb1ed = —-11.80 [kN*m] Bending moment in the right beam
Vpoiea = =-7.98 [kN]  Shear force in the right beam
Nbied = -41.85 [kN] Axial force in the right beam

RESULTS

BEAM RESISTANCES

COMPRESSION

Ap = 39.12 [cm?] Area

Neb,rd = Ab fyb / Ym0

Nebrda =919.23 [KN] Design compressive resistance of the section

SHEAR

Awp = 19.14 [cm? Shear area

Vebrd = Aws (fyb / V3) / ymo

Vebrd = 259.74  [kN]  Design sectional resistance for shear

Vb1ed / Veb,rd < 1,0 0.03 < 1.00 verified

BENDING - PLASTIC MOMENT (WITHOUT BRACKETYS)
Wpb= 366.68 [cm3] Plastic section modulus
Mb,pi,Rd = Woib fyb / ymo

Mbplrd  86.1 [KN*m Plastic resistance of the section for bending (without

= 7 ] stiffeners)

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.6.(3)]
EN1993-1-1:[6.2.6.(2)]

(0.03)
EN1993-1-1:[6.2.5.(2)]

EN1993-1-
1:[6.2.5.(2)]

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wp = 366.68 [cmd] Plastic section modulus
Meb,rd = Wl fyb / ymo
Mebra = 86.17 [kN*m] Design resistance of the section for bending

FLANGE AND WEB - COMPRESSION

Mebra = 86.17 [kN*m] Design resistance of the section for bending
hr = 230 [mm] Distance between the centroids of flanges
Fe.ib,rd = Mcb,rd / ht

Fcm,rd =374.32 [kN] Resistance of the compressed flange and web

COLUMN RESISTANCES

WEB PANEL - SHEAR

Mbied = -11.80 [kN*m] Bending moment (right beam)
Mb2ea= 0.00 [kN*m] Bending moment (left beam)
Veiea=  0.00  [kN]  Shear force (lower column)

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

[5.3.3)]
[5.3.3)]
[5.3.3)]
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Mbied = —11.80 [kN*m] Bending moment (right beam)
Ve2Ed = 0.00 [kN] Shear force (upper column)

z= 143 [mm] Leverarm

Vwp,Ed = (Mb1,Ed - Mb2,ed) / Z - (Ve1Ed - Ve2,ed) / 2

Vwped = —82.63  [kN]  Shear force acting on the web panel

Avs = 12% [cm?] Shear area of the column web

14.
Avc = 47 [cm?] Shear area
ds = 232 [mm] Distance between the centroids of stiffeners
Mpifc,rd 0.9 [KN*m Plastic resistance of the column flange for
= 5 ] bending
Mpistur 0.6 [KN*m Plastic resistance of the upper transverse
d= 8 ] stiffener for bending
Mpist,R 0.6 [KN*m Plastic resistance of the lower transverse
d= 8 ] stiffener for bending

[5.3.(3)]
[5.3.(3)]
[6.2.5]

[5.3.3)]

EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(3)]
[6.2.6.1.(4)]
[6.2.6.1.(4)]

[6.2.6.1.(4)]

[6.2.6.1.(4)]

Vup,rd = 0.9 ( Avs*fyc ) / (V3 ym0) + Min(4 Mpiserd / ds , (2 Mpife.Rd + Mpistu,rd + Mpi,st,ra) / ds)

Vwp,rd =190.77 [kN] Resistance of the column web panel for shear

Vwp.ed / Vwp,rd < 1,0 0.43 < 1.00 verified

[6.2.6.1]

(0.43)

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

twe = 6 [mm)] Effective thickness of the column web

beficwe = 171 [mm] Effective width of the web for compression

Avc= 14.47 [cm?] Shear area

o= 0.78 Reduction factor for interaction with shear

oeomed = 0.00 [kPa] Maximum compressive stress in web

kwe = 1.00 Reduction factor conditioned by compressive stresses
As = 13.92 [cm?] Area of the web stiffener

FeweRdl = @ Kwe beff,c,wc twe fyc / Ymo + As fys / Ym0
Fewerdt =514.58  [kN]  Column web resistance

Buckling:

dwe = 122 [mm] Height of compressed web

Ap= 0.75 Plate slenderness of an element

p= 0.98 Reduction factor for element buckling
As = 2.31 Stiffener slenderness

xs = 1.00 Buckling coefficient of the stiffener

FeweRd2 = © Kwe p Deff.ewe twe fyc / ym1 + As s fys / yma
Fcwerdz =510.36  [kN]  Column web resistance

Final resistance:
Fewe,Rdlow = Min (Fc,wc,Rdl ) Fc,wc,RdZ)

Fewerd =510.36  [kN]  Column web resistance

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM TOP FLANGE

Bearing:

twe = 6 [mm)] Effective thickness of the column web

beficwec = 162 [mm] Effective width of the web for compression

A= 14.47 [cm?] Shear area

o= 0.79 Reduction factor for interaction with shear

oeomed = 0.00 [kPa] Maximum compressive stress in web

kwe = 1.00 Reduction factor conditioned by compressive stresses
As = 13.92 [cm?] Area of the web stiffener
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[6.2.6.2.(6)]
[6.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]
[6.2.6.2.(2)]
[6.2.6.2.(2)]
EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]
EN1993-1-1[6.3.1.2]
EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(6)]
[6.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]
[6.2.6.2.(2)]
[6.2.6.2.(2)]
EN1993-1-1:[6.2.4]



Fcwe,rdl = ® Kwe beff.cwe twe fyc / Ymo + As fys / Ym0

Fewerdr =508.20  [kKN]  Column web resistance [6.2.6.2.(1)]
Buckling:

dwe = 122 [mm] Height of compressed web [6.2.6.2.(2)]
Ap= 0.73 Plate slenderness of an element [6.2.6.2.(2)]
p= 0.99 Reduction factor for element buckling [6.2.6.2.(2)]
As = 2.31 Stiffener slenderness EN1993-1-1:[6.3.1.2]
xs = 1.00 Buckling coefficient of the stiffener EN1993-1-1:[6.3.1.2]
Fewe,Rd2 = © Kwe p Deff.ewe twe fyc / ym1 + As s fys / yma

Fewerd2 =507.27  [KN]  Column web resistance [6.2.6.2.(1)]

Final resistance:
Fc,wc,Rd,upp = Min (Fc,wc,Rdl y Fc,wc,RdZ)
Fewe,rdupp =507.27  [kKN] Column web resistance [6.2.6.2.(1)]

GEOMETRICAL PARAMETERS OF A CONNECTION

EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE

Nr m Mx e ex p leff.cp leff,nc leff,1 lett2  leffepg leffncg leffig  letf2g
1 20 - 55 - 70 126 149 126 149 133 110 110 110
2 20 - 55 - 70 126 149 126 149 140 70 70 70

3 20 - 55 - 70 126 165 126 165 133 126 126 126

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m Mx e ex p leffep  leffnc  leff,1 lett2  leffepg leffnc,g leffig  leff2g
1 26 - 25 - 70 165 140 140 140 152 107 107 107
2 26 - 25 - 70 165 136 136 136 140 70 70 70
3 26 - 25 - 70 165 136 136 136 152 103 103 103

m — Bolt distance from the web

Mmx — Bolt distance from the beam flange

e — Bolt distance from the outer edge

ex — Bolt distance from the horizontal outer edge

p — Distance between bolts

leitcp  — Effective length for a single bolt in the circular failure mode

letnc  — Effective length for a single bolt in the non-circular failure mode

lein  — Effective length for a single bolt for mode 1

let2  — Effective length for a single bolt for mode 2

leficpg — Effective length for a group of bolts in the circular failure mode
lefincg — Effective length for a group of bolts in the non-circular failure mode
leit1,9 — Effective length for a group of bolts for mode 1

leiizg — Effective length for a group of bolts for mode 2

CONNECTION RESISTANCE FOR COMPRESSION

Njrd = Min ( Ncb,rd , 2 Fewe,Rd,low , 2 Fewe,Rd,upp )
Njra = 919.23  [kN] Connection resistance for compression [6.2]

Nb1.ed / Njrd < 1,0 0.05 < 1.00 verified (0.05)
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CONNECTION RESISTANCE FOR BENDING

Ftra= 254.16 [kN] Bolt resistance for tension
Bprda = 156.35 [kN] Punching shear resistance of a bolt

Ftfc,rd — column flange resistance due to bending
Ftwe,Rd — column web resistance due to tension
FtepRd — resistance of the front plate due to bending
Ftwb,Rd — resistance of the web in tension

Ftfc,rd = Min (F1,14cRd , FT,2fcRd , FT:3c,Rd)
Ft,wc,Rd - beff,t,wc twe fyc / Ym0

Ft,ep,Rd = Min (FT,l,ep,Rd , FT,Z,ep,Rd y FT,3,ep,Rd)
Ftwb,Rd = Defttwb twb fyb / ymo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,rd,comp - Formula Ft1,Rd,comp
Ft1,rd = Min (Ft1,Rd,comp) 80.49
Ftfcrd1) = 133.26 133.26
Ftwe,rd) = 152.33 152.33
Ftep.ra@) = 80.49 80.49
Ftwb,rd(1) = 204.63 204.63
Bp,rda = 312.69 312.69
Vwpra/p = 190.77 190.77
Fewe,rd = 507.27 507.27
Fe,rd = 374.32 374.32

RESISTANCE OF THE BOLT ROW NO. 2

Ft2,rd.comp - FOrmula Ft2,rd,comp
Fiz,rd = Min (Fiz,rd,comp) 21.14
Ftfc.rd2) = 133.26 133.26
Ftwe,rd@) = 152.33 152.33
Fteprd2) = 78.07 78.07
Ftwb,rd(2) = 198.48 198.48
Bp,rd = 312.69 312.69
Vwp,rd/p - 21* Fiird = 190.77 - 80.49 110.28
FeweRrd - 21t Fyra = 507.27 - 80.49 426.78
Fefbrd - 21% Fijrd = 374.32 - 80.49 293.83
Fifc,Rrd2 + 1) - 21 Fird = 190.81 - 80.49 110.31
FtweRrd2 +1) - 21* F,ra = 193.25 - 80.49 112.76
Fteprd@+1) - 21 Fyrd = 101.63 - 80.49 21.14
Ftuwb,rd@ + 1) - 21 Fyra = 258.38 - 80.49 177.89

RESISTANCE OF THE BOLT ROW NO. 3

Fta,rd,comp - FOrmula Ft3,rd,comp
F3,rd = Min (Ft3,rd,comp) 59.09
Ftfc,rd3) = 133.26 133.26
Ftwerd@) = 152.33 152.33
Ftep,rd3) = 78.07 78.07
Ftwb,rd3) = 198.48 198.48

ANEXO I11-8

[Table 3.4]
[Table 3.4]

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]
[6.2.6.8.(1)]

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Column flange - tension - group
Column web - tension - group
Front plate - tension - group
Beam web - tension - group

Component

Bolt row resistance
Column flange - tension
Column web - tension
Front plate - tension
Beam web - tension



Fta,rd,comp - FOrmula

Bprd = 312.69

Vuwp,rd/p - 212 Fird = 190.77 - 101.63
FeweRrd - 212 Fird = 507.27 - 101.63
Fe.ibrd - 212 Fjrd = 374.32 - 101.63
FifcRrd@+2) - 222 Fijrd = 207.56 - 21.14
FtweRrd3+2) - 222 F,rd = 202.57 - 21.14
FifeRrd@+2+1) - 2ot Fird = 324.13 - 101.63
FiweRd@+2+1) - 2ot Fijrd = 245.26 - 101.63
FtepRd@+2) - 222 Fird = 99.21 - 21.14
Fiwb,Rd(3 +2) - 222 Fijrd = 252.22 - 21.14
FiepRd+2+1) - 22t Fijra = 160.73 - 101.63
FtwbRd3+2+1) - 2.2* Fyrd = 408.61 - 101.63

SUMMARY TABLE OF FORCES

Nr h; Ftj,Rrd Ft fcRd
1178 80.49 133.26
2 108 21.14 133.26
3 38 59.09 133.26

FtB,Rd,comp
312.69
89.14
405.63
272.69
186.42
181.43
222.50
143.63
78.07
231.08
59.09
306.98

Ft,wc,Rd Ft,ep,Rd
152.33 80.49
152.33 78.07
152.33 78.07

CONNECTION RESISTANCE FOR BENDING Mj,rd

Component

Bolts due to shear punching
Web panel - shear

Column web - compression
Beam flange - compression
Column flange - tension - group
Column web - tension - group
Column flange - tension - group
Column web - tension - group
Front plate - tension - group
Beam web - tension - group
Front plate - tension - group
Beam web - tension - group

Ft.wb,Rd Ft,rd Bp.rd

204.63 508.32 312.69
198.48 508.32 312.69
198.48 508.32 312.69

Mjrd = 2 hj FijRrd

Mjrd= 18.82 [kN*m] Connection resistance for bending [6.2]
Mb1,ed / Mjrd < 1,0 0.63 < 1.00 verified (0.63)
CONNECTION RESISTANCE FOR SHEAR

o = 0.60 Coefficient for calculation of Fy,rd [Table 3.4]
Fvra= 217.15 [kN] Shear resistance of a single bolt [Table 3.4]
Firamax =254.16  [kN] Tensile resistance of a single bolt [Table 3.4]
Foraint= 74.08 [kN] Bearing resistance of an intermediate bolt [Table 3.4]
Fordext = 54.87 [kN] Bearing resistance of an outermost bolt [Table 3.4]

Nr Ftj,Rd,N Ftj,EdN Ftj,Rd,m Ftj,Ed.m
1 508.32 -13.95 80.49 50.46
2 508.32 -13.95 21.14 13.25
3 508.32 -13.95 59.09 37.04

Firan — Bolt row resistance for simple tension
Fiean — Force due to axial force in a bolt row
Firam — Bolt row resistance for simple bending
Fieam — Force due to momentin a bolt row
Fieda  — Maximum tensile force in a bolt row

Fyrd — Reduced bolt row resistance

Ft.ed,N = Njed Ft,rd.N / NjRrd
Ft,ed,M = MjEd Ftrd,M / MjRd
Fied = FiedN + Fiedm

Fyvjrd = Min (nh Fvrd (1 - Fed/ (1.4 nn Frrdmax), Nh FvRrd , Nh Fo,Rrd))

Fij Ed Fvj,rd
36.51 148.16
-0.70 148.16
23.09 148.16
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VjRd = Nh 21" FyjRrd [Table 3.4]
Vjrd = 444.48 [kN] Connection resistance for shear [Table 3.4]

Vbi,ed / Vjrd < 1,0 0.02 < 1.00 verified (0.02)

WELD RESISTANCE

2
Aw= 54.05 [c;n Area of all welds [4-5-3-2()2]
2
Awy = 35.01 [an Area of horizontal welds [4'5'3'2()2]
2
Awz = 19.04 [c;n Area of vertical welds [4-5-3-2()2]
v = 5312.16 [cm* Moment of inertia of the weld arrangement with respect to the hor. [4.5.3.2(5
wy = . X
] axis )]
G Lmax=TLmax - [kPa . [4.5.3.2(5
_ 27219.93 ] Normal stress in a weld )]
o=t = 9269628 [k;Da Stress in a vertical weld [4'5'3'2()?
= -4191.18 [k]Pa Tangent stress [4'5'3'2()‘?
Bw = 0.80 Correlation coefficient [4'5'3'2()7]
Vloimad + 3*(timad)] < ful (Bw*ymz) 54439.86 < 360000.00 verified (0.15)
V[o12 + 3*(t2+mi?)] < ful (Bu*yme) 45969.37 < 360000.00 verified (0.13)
o1 < 0.9%ulym2 27219.93 < 259200.00 verified (0.11)
CONNECTION STIFFNESS
twash = 5 [mm] Washer thickness [6.2.6.3.(2)]
Nhead = 17  [mm] Bolt head height [6.2.6.3.(2)]
Pnut = 24  [mm] Bolt nut height [6.2.6.3.(2)]
Lo = 48 [mm] Boltlength [6.2.6.3.(2)]
kio = 12 [mm] Stiffness coefficient of bolts [6.3.2.(1)]
STIFFNESSES OF BOLT ROWS
Nr hj ks ka ks Keft, Keftj hj Kef, hj?
Sum 3.31 46.75
1 178 3 11 3 1 2.03 36.17
2 108 2 7 1 0.82 8.87
3 38 3 12 3 1 0.45 1.71
Kefrj =1/ (23° (1 /kij)) [6.3.3.1.(2)]
Zeq = 2 Keffj N2 | X Keirj hj
Zeq = 141 [mm] Equivalent force arm [6.3.3.1.(3)]
keq = ZJ keff,j hJ / Zeq
Keq = 2 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(2)]
Avc=14.47 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
p= 1.00 Transformation parameter [5.3.(7)]
z= 141 [mm] Lever arm [6.2.5]
ki = 4 [mm] Stiffness coefficient of the column web panel subjected to shear [6.3.2.(1)]
k2 = 0 Stiffness coefficient of the compressed column web [6.3.2.(2)]

ANEXO IlI-10



Sjini = E Zeq? / i (L / k1 + 1/ k2 + 1/ keq)
Sjini= 6129.19 [kN*m] Initial rotational stiffness

= 1.00 Stiffness coefficient of a connection
Sj = Sjini / p
Sj= 6129.19 [kN*m] Final rotational stiffness

Connection classification due to stiffness.
Sjrig= 13075.88 [kN*m] Stiffness of a rigid connection
Sjpin = 817.24 [kKN*m] Stiffness of a pinned connection

Sipin < Sjini < Sjrig SEMI-RIGID

WEAKEST COMPONENT:

REMARKS

[6.3.1.(4)]
[6.3.1.(4)]

[6.3.1.(6)]
[6.3.1.(4)]
[6.3.1.(4)]

[5.2.2.5]
[5.2.2.5]

Distance of bolts from an edge is too large.
Distance of bolts from an edge is too small.

Connection conforms to the code \ Ratio

127
25

0

[mm ]
[mm]

.63

> 72
< 31

[mm ]
[mm]
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Autodesk Robot Structural Analysis Professional 2014-Student Version

Calculation of the beam-to-beam (web)
connection
EN 1993-1-8:2005/AC:2009

70

Ratio
0.55

;f | E =
: &5 a5 .
I

GENERAL
Connection no.: 2
Connection name: Beam-beam (web)
GEOMETRY
PRINCIPAL BEAM
Section: IPE 330
o= -90.0 [Deg] Inclination angle
hg = 330 [mm] Height of the principal beam section
brg = 160 [mm] Width of the flange of the principal beam section
twg = 8 [mm] Thickness of the web of the principal beam section
trg = 12 [mm] Thickness of the flange of the principal beam section
rg = 18 [mm] Fillet radius of the web of the principal beam section
Ap = 62.61 [cm?] Cross-sectional area of a principal beam
lyp = 11766.90 [cm?% Moment of inertia of the principal beam section
Material: S 235
fyg = 255000.00 [kPa] Design resistance
fug = 360000.00 [kPa] Tensile resistance
BEAM
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Section: IPE 270

o= 0.0 [Deg] Inclination angle

hp = 270 [mm] Height of beam section

by = 135 [mm] Width of beam section

twb = 7 [mm] Thickness of the web of beam section
to = 10 [mm] Thickness of the flange of beam section
Io = 15 [mm] Radius of beam section fillet

Ab = 45.94 [cm?] Cross-sectional area of a beam

lyb = 5789.78 [cm* Moment of inertia of the beam section
Material: S 235

fyb = 255000.00 [kPa] Design resistance

fup = 360000.00 [kPa] Tensile resistance

BEAM CUT

hi = 20  [mm] Top cut-out

hz = 20  [mm] Bottom cut-out

| = 70  [mm] Cut-out length

ANGLE

Section: CAE 80x8

hk = 80 [mm] Height of angle section

bk = 80 [mm] Width of angle section

ti = 8 [mm] Thickness of the flange of angle section
rk = 10 [mm] Fillet radius of the web of angle section
Ik = 130 [mm] Angle length

Material: S 235
fjk= 255000.00 [kPa] Design resistance
fux=360000.00 [kPa] Tensile resistance

BOLTS

BOLTS CONNECTING ANGLE WITH PRINCIPAL BEAM

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.6 Bolt class

d= 16 [mm] Bolt diameter

do = 18 [mm] Bolt opening diameter

As = 1.57 [cm?] Effective section area of a bolt
Ay = 2.01 [cm?] Area of bolt section

fuo= 400000.00 [kPa] Tensile resistance

k= 1 Number of bolt columns

w= 2 Number of bolt rows

e1= 35 [mm] Level of first bolt

p1= 60 [mm] Vertical spacing

BOLTS CONNECTING ANGLE WITH BEAM

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.6 Bolt class

d= 16 [mm] Bolt diameter

do= 18 [mm] Bolt opening diameter

As = 1.57 [cm?] Effective section area of a bolt
A= 2.01 [cm?] Area of bolt section

fao= 400000.00 [kPa] Tensile resistance
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The shear plane passes through the UNTHREADED portion of the bolt.

Class = 4.6 Bolt class

k= 1 Number of bolt columns
w= 2 Number of bolt rows
er= 35 [mm] Level of first bolt

p1= 60 [mm] Vertical spacing

MATERIAL FACTORS

™o = 1.00 Partial safety factor [2.2]
™2 = 1.25 Partial safety factor [2.2]
LOADS

Case: Manual calculations.

NbEd = 0.00 [kN] Axial force
Vbed= 22.00 [kN] Shear force
Mb.Ed = 0.00 [kN*m] Bending moment
RESULTS

BOLTS CONNECTING ANGLE WITH PRINCIPAL BEAM

BOLT CAPACITIES

Fvwra= 38.60 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fup*Av*m/iymz
Fira = 45.22 [kN] Tensile resistance of a single bolt Ftra= 0.9%*fu*As/ym2

Bolt bearing on the principal beam web

Direction x

kix= 2.50 Coefficient for calculation of Fprd kix = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified

Olbx = 1.00 Coefficient for calculation of Fp,rd abx=min[e2/(3*do), fun/fu, 1]
abx > 0.0 1.00 > 0.00 verified

Foraix= 86.40 [kN] Bearing resistance of a single bolt Fb rRd1x=Kax*oox*fu*d*tilymz
Direction z

kiz = 2.50 Coefficient for calculation of Fbrd kiz=min[2.8*(e2/do)-1.7, 2.5]
kiz > 0.0 2.50 > 0.00 verified

oapz= 0.86 Coefficient for calculation of Fprd abz=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
oz > 0.0 0.86 > 0.00 verified

Foraiz= 74.40 [kN] Bearing resistance of a single bolt Fb rd1z=K1z* oz fu*d*tilymz

Bolt bearing on the angle

Direction x

kix= 2.50 Coefficient for calculation of Fprd kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix> 0.0 2.50 > 0.00 verified

Olbx = 0.28 Coefficient for calculation of Fprd anx=min[ez/(3*do), fub/fu, 1]
abx > 0.0 0.28 > 0.00 verified
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Fbra2x = 25.60 [kN]  Bearing resistance of a single bolt Fb rd2x=K1x*owx*fu*d*tilymz

Direction z

kiz = 0.63 Coefficient for calculation of Fprd kiz=min[2.8*(e2/do)-1.7, 2.5]
kiz > 0.0 0.63 > 0.00 verified

apz= 0.65 Coefficient for calculation of Fprd abz=min[e1/(3*do), p1/(3*do)-0.25, fun/fu, 1]
obz > 0.0 0.65 > 0.00 verified

Fora2z = 15.13 [kN] Bearing resistance of a single bolt Fb,rd2z=K1z*anz*fu*d*tifymz

FORCES ACTING ON BOLTS IN THE PRINCIPAL BEAM - ANGLE CONNECTION

Bolt shear
_ Distance between centroid of a bolt group of an angle and center of
e= 68 [mm]
the beam web
_ 0.7 [kN* . P .
Mo = 5 m] Real bending moment Mo=0.5*Vp,ed*e
EVZ > 8 [kN] Component force in a bolt due to influence of the shear force Fvz=0.5*|Vbed|/n
12. . .
EMX 5o [kN] Component force in a bolt due to influence of the moment Fwx=|Mol|*zi/Zzi?
12. . . . .
Ex’Ed 50 [kN] Design total force in a bolt on the direction x FxEd = Fnx + Fux
EZ‘Ed > '8 [kN] Design total force in a bolt on the direction z Fzed = Fvz + Fumz
25. . . . . . =mi
ER"X [kN] Effective design capacity of a bolt on the direction x Fro=min(Furd, Forazx,
= 60 FbRradz2x)
15. . . . . . =mi
Fraz 13- 1N Effective design capacity of a bolt on the direction z Fraz=min(Furd, Foraiz,
= 13 Fbrd2z)
|Fxed| < Frax 112.52| < 25.60 ‘e’g”f' (0.49)
|Fzed| < Fraz 15.50] < 15.13 ‘é‘ar'f' (0.36)
Bolt tension
_ Distance between centroid of a bolt group and center of the
e= 69 [mm] ~ = .
principal beam web
0.7 * .
i/lm c “:7'1\1 Real bending moment Mo=0.5*Vp eq*e
Fiea 12. . ) Fted=Mot*Zmax/Zzi? +
60 [kN] Tensile force in the outermost bolt 0.5*Noa g4/
o < e 12.60 < 45.22 ‘ég”f' (0.28)
Simultaneous action of a tensile force and a shear force in a bolt
Fved= 13.68 [kN] Resultant shear force in a bolt Fvgd = V[Fxed? + Fzed?]
Fv.ed/Fvrd + Fred/(1.4*Ftrd) < 1.0 0.55 < 1.00 verified (0.55)
BOLTS CONNECTING ANGLE WITH BEAM
BOLT CAPACITIES
Fvra= 77.21 [kN] Shear resistance of the shank of a single bolt Fv,ra= 0.6*fun*Avm/ymz
Bolt bearing on the beam
Direction x
kix= 2.50 Coefficient for calculation of Fprd kix = min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified
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Olbx = 1.00 Coefficient for calculation of Fprd abx=min[e2/(3*do), fub/fu, 1]

obx > 0.0 1.00 > 0.00 verified

Fbraix= 76.03 [kN] Bearing resistance of a single bolt Fb,rd1x=K1x*anx*fu*d*tifymz
Direction z

kiz = 2.50 Coefficient for calculation of Fprd kiz=min[2.8*(e2/do)-1.7, 2.5]
kiz > 0.0 2.50 > 0.00 verified

opz= 0.86 Coefficient for calculation of Fprd awz=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
apz > 0.0 0.86 > 0.00 verified

Foraiz= 65.47 [kN] Bearing resistance of a single bolt Fb.rd1z=K1z*anz*fu*d*tifymz

Bolt bearing on the angle

Direction x

kix= 2.50 Coefficient for calculation of FpRrd kix=min[2.8*(e1/do)-1.7, 1.4*(p1/do)-1.7, 2.5]
kix > 0.0 2.50 > 0.00 verified

Olbx = 0.28 Coefficient for calculation of Fprd obx=min[e2/(3*do), fub/fu, 1]
abx > 0.0 0.28 > 0.00 verified

Forax= 51.20 [kN] Bearing resistance of a single bolt Fb Rrd2x=K1x*obx*fu*d*tilymz
Direction z

kiz = 0.63 Coefficient for calculation of Fprd kiz=min[2.8*(e2/do)-1.7, 2.5]
kiz > 0.0 0.63 > 0.00 verified

opz= 0.65 Coefficient for calculation of Fprd awvz=min[e1/(3*do), p1/(3*do)-0.25, fuv/fu, 1]
anz > 0.0 0.65 > 0.00 verified

Fora2zz=30.26 [kN] Bearing resistance of a single bolt Fb Rd2z=K1z*owz*fu*d*tilymz

FORCES ACTING ON BOLTS IN THE ANGLE - BEAM CONNECTION

Bolt shear
_ Distance between centroid of a bolt group and center of the
e= 69 [mm] ~ =~
principal beam web
_ 1.5 [KN* : _ .
Mo = 1 m] Real bending moment Mo=Mb,ed+Vb,ed*e
11. . .
EVZ 00 [kN] Component force in a bolt due to influence of the shear force Fvz=|Vbed|/n
EMX 221 [kN] Component force in a bolt due to influence of the moment Fwx=|Mol|*zi/Zzi?
25. . . N
EX’E" ;1 [kN] Design total force in a bolt on the direction x Fx,ed = Fnx + Fux
Fz,Ed 11. . . . . _
_ 00 [kN] Design total force in a bolt on the direction z Fzed = Fvz + Fumz
Frax 5;6 [kN] Effective design capacity of a bolt on the direction x Fre=min(Fura, Forasy,
= FbRrd2x)
ERdZ 30 [kN] Effective design capacity of a bolt on the direction z Fraz=min(Fvra, Foraz,
= 26 Fbrdzz)
[Fxgdl = Frix 125.21] < 51.20 ‘ég”f' (0.49)
IFokd| < Fraz 111.00] < 30.26 ‘é‘é”f' (0.36)

VERIFICATION OF THE SECTION DUE TO BLOCK TEARING

ANGLE
2

A= 0.48 [an Net area of the section in tension
2

A= 5.44 [cm Area of the section in shear
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ANGLE

2

Ant= 0.48 [an Net area of the section in tension
Vefikd 87.0 [KN] Design capacity of a section weakened by
= 0 openings
|0.5*Vb Ed| < Veftrd |11.00] < 87.00
BEAM

2
Ant = 3.56 [cm Net area of the section in tension

2
Anv = 7.79 [an Area of the section in shear
Veffrd 165.9 [KN] Design capacity of a section weakened by
= 8 openings
|Vb.Ed| < Veftrd |22.00] < 165.98
REMARKS

Veftrd=0.5*fu*Antlymz +
(1/ \/3)*fy*Anv/YMO
verified (0.13)

VeitRd=0.5*fu*Antlymz +
(1/ \/3)*fy*Anv/YMO
verified (0.13)

Length of the beam cut-out is too small

Distance between bolt and angle vertical edge in the beam is too small

70 [mm] < 74
[mm]
15 [mm] < 22
[mm]

Distance between bolt and vertical edge of an angle on the principal beamistoo 15 [mm] < 22

small

[mm]

Connection conforms to the code

Ratio| 0.55
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Autodesk Robot Structural Analysis Professional 2014-Student Version

Fixed column base design
Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design Ratio

. : : 0.85
Guide: Design of fastenings on concrete

e 4=
<&
Ei R# 4 020 109
|l
]
B)
<&
500 S00
5
v
8 (a/fa)
g B - = 1
o 4 (o)
GENERAL
Connection no.: 3
Connection name: Fixed column base
GEOMETRY
COLUMN
Section: HEA 260
Lc = 5.00 [m] Column length
o= 0.0 [Deg] Inclination angle
he = 250 [mm] Height of column section
brc = 260 [mm] Width of column section
twe = 8 [mm] Thickness of the web of column section
tre = 13 [mm] Thickness of the flange of column section
e = 24 [mm] Radius of column section fillet
Ac = 86.82 [cm?] Cross-sectional area of a column
lye= 10455.00 [cm?% Moment of inertia of the column section
Material: S 235

fye= 235000.00 [kPa] Resistance
fuu= 360000.00 [kPa] Yield strength of a material

COLUMN BASE

lpa = 500 [mm] Length
bpd = 500 [mm] Width
tod = 40 [mm] Thickness
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Material: S 235

fypd = 235000.00 [kPa] Resistance

fupd = 360000.00 [kPa] Yield strength of a material
ANCHORAGE

The shear plane passes through the UNTHREADED portion of the bolt.
Class = 10.9 Anchor class

fyp = 900000.00 [kPa] Yield strength of the anchor material
fuo=" 1000000.00 [kPa] Tensile strength of the anchor material
d= 20 [mm] Bolt diameter

As = 2.45 [cm?] Effective section area of a bolt

Ay = 3.14 [cm?] Area of bolt section

nH = 4 Number of bolt columns

ny = 4 Number of bolt rows

Horizontal spacing exi= 100;100 [mm]

Vertical spacing evi = 100;100 [mm]

Anchor dimensions

L= 60  [mm]
Ly = 640  [mm]
L3= 0  [mm]

Anchor plate

Ip = 100 [mm] Length

bp = 100 [mm] Width

tp = 10 [mm] Thickness
Material: S 235

fy = 235000.00 [kPa] Resistance
Washer

lwd = 50 [mm] Length

bwd = 60 [mm] Width

twd = 10 [mm] Thickness
WEDGE

Section: IPE 100
Iw = 100 [mm] Length

Material: S 235
fyw= 235000.00 [kPa] Resistance

MATERIAL FACTORS

YMo = 1.00 Partial safety factor
M2 = 1.25 Partial safety factor
yc = 1.50 Partial safety factor

SPREAD FOOTING

L= 500 [mm] Spread footing length

B= 500 [mm] Spread footing width

H= 900 [mm] Spread footing height

Concrete

Class Usuario

fok = 382500.00 [kPa] Characteristic resistance for compression
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Grout layer
tg = 30 [mm] Thickness of leveling layer (grout)
fekg = 12000.00 [kPa] Characteristic resistance for compression

Cig = 0.30 Coeff. of friction between the base plate and concrete
WELDS

ap = 6 [mm] Footing plate of the column base

aw = 6 [mm] Wedge

LOADS

Case: Manual calculations.

Njea = -224.00 [kN] Axial force
Vjedy = 5.00 [kN] Shear force
Vijedz= -28.00 [kN] Shear force
Mjedy = —-50.00 [kN*m] Bending moment
MiEdz = 9.00 [kN*m] Bending moment

RESULTS

COMPRESSION ZONE

COMPRESSION OF CONCRETE
fea= 255000.00 [kPa] Design compressive resistance

EN 1992-1:[3.1.6.(1)]

fi= 170000.00 [kPa] Design bearing resistance under the base plate [6.2.5.(7)]
¢ = tp V(fyp/(3*F*ym0))

c= 27 [mm] Additional width of the bearing pressure zone [6.2.5.(4)]
Dett = 67 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
left = 314 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
A= 209.97 [cm? Area of the joint between the base plate and the foundation EN 1992-1:[6.7.(3)]

Act= 1002.07 [cm? Maximum design area of load distribution
Frau = Aco*fcd*\/(AcllACO) < 3*Aco*fed

Act= 1002.07 [cm? Maximum design area of load distribution
Bj= 0.67 Reduction factor for compression

fig = Bi*Frau/(befr*lerr)

fa= 371380.41 [kPa] Design bearing resistance

Acn= 525.44 [cm? Bearing area for compression

Acy= 209.97 [cm?] Bearing area for bending My

Acz= 209.97 [cm?] Bearing area for bending Mz

Ferdi = Ac,i*fid

Fcran=19513.81 [kN] Bearing resistance of concrete for compression
Fcray= 7797.91 [KN] Bearing resistance of concrete for bending My
Fcraz= 7797.91 [kN] Bearing resistance of concrete for bending Mz

COLUMN FLANGE AND WEB IN COMPRESSION

CL= 2.00 Section class

Wpy= 919.86 [cm3] Plastic section modulus

Mcray =216.17 [kN*m] Design resistance of the section for bending
hy = 238 [mm] Distance between the centroids of flanges
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EN 1992-1:[6.7.(3)]

EN 1992-1:[6.7.(3)]
[6.2.5.(7)]

[6.2.5.(7)]

[6.2.8.2.(1)]
[6.2.8.3.(1)]
[6.2.8.3.(1)]

[6.2.8.2.(1)]
[6.2.8.3.(1)]
[6.2.8.3.(1)]

EN 1993-1-1[5.5.2]
EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]



CL= 2.00
Fc,fc,Rd,y = Mc,Rd,y/ hf,y
Feferdy =910.17 [kN] Resistance of the compressed flange and web

Section class

Whpz= 430.18 [cm3] Plastic section modulus

Mcrdz=101.09 [kN*m] Design resistance of the section for bending
htz = 157 [mm] Distance between the centroids of flanges
Fc,fc,Rd,z = Mc,Rd,z / hf,z

Feterdz =643.27 [kN] Resistance of the compressed flange and web

RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE
NjRrd = Fc,rdn

Njra =19513.81 [kN] Resistance of a spread footing for axial compression
FC,Rd,y = min(Fc,Rd,y,Fc,fc,Rd,y)

Fcray=910.17 [kN] Resistance of spread footing in the compression zone
FC,Rd,z = min(Fc,Rd,z,Fc,fc,Rd,z)

Fcraz=643.27 [KN] Resistance of spread footing in the compression zone

TENSION ZONE

STEEL FAILURE

Ap = 2.45 [cm? Effective anchor area
fuo=1000000.00 [kPa] Tensile strength of the anchor material
Beta = 0.85 Reduction factor of anchor resistance
FtRrdst = beta*0.9*fup*Anlym2

Ftrast =149.94  [kN]  Anchor resistance to steel failure

YMs = 1.20 Partial safety factor

fyjo = 900000.00 [kPa] Yield strength of the anchor material
FtRrd,s2 = fyo*Ablyms

Ftras2 =183.75 [kN]  Anchor resistance to steel failure

FtRrd,s = min(Ftrd,s1,FtRd,s2)
Ftras = 149.94 [kN]  Anchor resistance to steel failure

PULL-OUT FAILURE

fac= 382500.00 [kPa] Characteristic compressive strength of concrete
An = 96.86 [cm?] Bearing area of the head

pk= 2677500.00 [kPa] Characteristic strength of concrete (pull-out)

YMp = 2.16 Partial safety factor
Ftrdp = pc*Anlymp

Ftrap=12864.01 [kN] Design uplift capacity

CONCRETE CONE FAILURE

het = 67 [mm] Effective anchorage depth

NRk,cO - 7_5[NO.S/mmO.S]*fck*hefl.S

Nrkc®= 79.84 [kN] Characteristic resistance of an anchor
ScrN = 200 [mm] Critical width of the concrete cone
CerN = 100 [mm] Critical edge distance

Acno= 2500.00 [ecm? Maximum area of concrete cone
Acn= 2500.00 [cm? Actual area of concrete cone
waN = AcN/Ac,No
yan=1.00 Factor related to anchor spacing and edge distance
c= 100 [mm] Minimum edge distance from an anchor

wsn = 0.7 + 0.3*c/cern < 1.0

EN 1993-1-1:[5.5.2]

[6.2.6.7.(1)]

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]

[6.2.6.7.(1)]

[6.2.8.2.(1)]
[6.2.8.3]

[6.2.8.3]

[Table 3.4]
[Table 3.4]
[3.6.1.(3)]

[Table 3.4]

CEB[3.2.3.2]
CEB[9.2.2]

CEB [9.2.2]

EN 1992-1:[3.1.2]
CEB [15.1.2.3]
CEB [15.1.2.3]

CEB[3.2.3.1]

CEB [9.2.3]

CEB [9.2.4]

CEB [9.2.4]
CEB[9.2.4]
CEB [9.2.4]
CEB[9.2.4]
CEB[9.2.4]

CEB [9.2.4]
CEB [9.2.4]
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ysN 1.0 Factor taking account the influence of edges of the concrete member on the
= 0 distribution of stresses in the concrete

WYec,N 1.

0 S . .
0 Factor related to distribution of tensile forces acting on anchors

yreN = 0.5 + heffmm]/200 < 1.0

8 Shell spalling factor

0 Factor taking into account whether the anchorage is in cracked or non-cracked

1

Yre,N =

WYucr,N 1.

= 0 concrete
2

YMc =

.1 .
6 Partial safety factor

Ftrdc = NRk,co*\UA,N*\Us,N*Wec,N*\Ure,N*\llucr,N/"{Mc

Ftrac=36.96 [kN] Design anchor resistance to concrete cone failure

SPLITTING FAILURE

het = 640

[mm]

Effective anchorage depth

Nrk,c® = 7.5[N%5/mmO-5]*fei*hert-5

Nre® = 2374.91

ScrN = 1280
Cer,N = 640
Acno = 24964.00
Acn=  2500.00
WAN = AcN/AcNo
yan=0.10

c= 100 [mm]

[kN]  Design uplift capacity

[mm] Critical width of the concrete cone
[mm] Critical edge distance

[cm?] Maximum area of concrete cone
[cm?] Actual area of concrete cone

Factor related to anchor spacing and edge distance
Minimum edge distance from an anchor

ysN=0.7 +0.3*c/can < 1.0

ysN 0.7 Factor taking account the influence of edges of the concrete member on the
= 5 distribution of stresses in the concrete

WYec,N 1.

0 C . .
o Factor related to distribution of tensile forces acting on anchors

yreN = 0.5 + hefmm]/200 < 1.0

WYreN = 1'8 Shell spalling factor

1.0 Factor taking into account whether the anchorage is in cracked or non-cracked

Coeff. related to the foundation height

Yucr,N

= 0 concrete
whn = (h/(2%he))?? < 1.2
WhN = 0.79

TMsp = 2.16

Partial safety factor

Ft,Rd,sp = NRk,co*\llA,N*\Vs,N*\Vec,N*\Ure,N*\Vucr,N*\Vh,N/YM,sp
Ftrasp =65.03 [kN] Design anchor resistance to splitting of concrete

TENSILE RESISTANCE OF AN ANCHOR
FtRrd = min(Ft,Rd,s , Ft,Rd,p , Ftrdc , Ft,Rd,sp)

Fira=  36.96

[KN]  Tensile resistance of an anchor

BENDING OF THE BASE PLATE
Bending moment M;jedy

lefi1 = 114
left2 = 149
m= 18
Mplird = 10.76
Mpi2rd = 14.00
Frird= 2362.48
Frora= 607.14
Fraga= 147.86

[mm] Effective length for a single bolt for mode 1
[mm] Effective length for a single bolt for mode 2
[mm] Distance of a bolt from the stiffening edge
[kN*m] Plastic resistance of a plate for mode 1
[kN*m] Plastic resistance of a plate for mode 2

[KN] Resistance of a plate for mode 1

[kN] Resistance of a plate for mode 2

[KN] Resistance of a plate for mode 3

Ftp,rdy = MiN(FT,1,rRd , FT2,Rd , FT,3Rd)

Ftpl,rdy =147.86

[kN]  Tension resistance of a plate

Bending moment M;jEeqd,z
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CEB
[9.2.4]

CEB
[9.2.4]

CEB [9.2.4]

CEB[9.2.4]

CEB
[3.2.3.1]

EN 1992-1:[8.4.2.(2)]

CEB[9.2.5]

CEB [9.2.5]
CEB[9.2.5]
CEB [9.2.5]
CEB[9.2.5]
CEB[9.2.5]

CEB[9.2.5]
CEB[9.2.5]

CEB
[9.2.5]

CEB
[9.2.5]

CEB
[9.2.5]

CEB
[9.2.5]

CEB [9.2.5]
CEB [3.2.3.1]

CEB [9.2.5]

[6.2.6.5]
[6.2.6.5]
[6.2.6.5]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]

[6.2.4]



leff1 = 250 [mm] Effective length for a single bolt for mode 1
lef2 = 250 [mm] Effective length for a single bolt for mode 2
m = 139 [mm] Distance of a bolt from the stiffening edge
Mpi,i,rd = 23.50 [KN*m] Plastic resistance of a plate for mode 1
Mpi2rd = 23.50 [kN*m] Plastic resistance of a plate for mode 2
Frird= 674.02 [KN] Resistance of a plate for mode 1

Frord= 258.02 [KN] Resistance of a plate for mode 2

Frsra= 147.86 [kN] Resistance of a plate for mode 3

FtplRdz = MiN(FT.1Rrd , FT.2Rd , FT,3,Rd)

Ftprdz =147.86  [KN]  Tension resistance of a plate

TENSILE RESISTANCE OF A COLUMN WEB
Bending moment M;jEed,z

twe = 8 [mm] Effective thickness of the column web
Defftwe = 250 [mm] Effective width of the web for tension

Avc = 28.76 [cm?] Shear area

o= 0.80 Reduction factor for interaction with shear

Ft,wc,Rd,z = beff,t,wc twe fyc / Y™MO0
FtweRrdz =353.61  [KN]  Column web resistance

RESISTANCES OF SPREAD FOOTING IN THE TENSION ZONE
FT,Rd,y = Ft,pI,Rd,y

Frray =147.86 [KN] Resistance of a column base in the tension zone
F1Rd,z = min(FiplRd,z, Ftwe,Rd,z)

Frraz=147.86 [KN] Resistance of a column base in the tension zone

CONNECTION CAPACITY CHECK

Nied / Nird < 1,0 (6.24) 0.01 < 1.00 verified
ey = 223 [mm] Axial force eccentricity

Zey = 119 [mm] Leverarm FcRray

Zty = 150  [mm] Lever arm FrRrdy

Mjray = 84.91 [kN*m] Connection resistance for bending

Miedy / Mjrdy < 1,0 (6.23) 0.59 < 1.00 verified
ez = 40 [mm] Axial force eccentricity

Zcz = 79 [mm] Lever arm FcRrd,z

Ztz = 150 [mm] Leverarm FrRrdz

Mijrdz = 34.20 [kKN*m] Connection resistance for bending
Mij.ed.z / Mjrdz < 1,0 (6.23)

Miedy / MjRrdy + MjEedz / Mjrdz < 1,0

SHEAR

BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE

Shear force VjEedy

ady =1.52 Coeff. taking account of the bolt position - in the direction of shear

oapby =1.00 Coeff. for resistance calculation Fi,vb,rd

0.26 < 1.00 verified

0.85 < 1.00 verified

[6.2.6.5]
[6.2.6.5]
[6.2.6.5]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]
[6.2.4]

[6.2.4]

[6.2.6.3.(8)]
[6.2.6.3.(2)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.3.(4)]

[6.2.6.3.(1)]

[6.2.8.3]

[6.2.8.3]

(0.01)

[6.2.8.3]
[6.2.8.1.(2)]
[6.2.8.1.(3)]

[6.2.8.3]

(0.59)

[6.2.8.3]
[6.2.8.1.(2)]
[6.2.8.1.(3)]

[6.2.8.3]

(0.26)

(0.85)

[Table 3.4]
[Table 3.4]

kiy=2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear[Table 3.4]

FivbRrdy = kl,y*(lb,y*fup*d*tp / M2
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Fivbrdy =576.00 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]

Shear force Vjed,z

adz=1.52 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
abz =1.00 Coeff. for resistance calculation F1,vbRrd [Table 3.4]
kiz=2.50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
F1vb,rdz = Ki.z%ow 2*fup*d*tp / ym2

Fiw,rdz=576.00 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]

SHEAR OF AN ANCHOR BOLT

ob = 0.25 Coeff. for resistance calculation Fzvbrd [6.2.2.(7)]
Aw = 3.14 [cm?] Area of bolt section [6.2.2.(7)]
fuo=1000000.00 [kPa] Tensile strength of the anchor material [6.2.2.(7)]
M2 = 1.25 Partial safety factor [6.2.2.(7)]
F2vbRrd = ow*fub*Avblymz

Fawrd= 62.33 [kN] Shear resistance of a bolt - without lever arm [6.2.2.(7)]
om= 2.00 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mrks = 1.04 [kN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2]
lsm = 60 [mm] Lever arm length CEB [9.3.2.2]
ywms= 1.20 Partial safety factor CEB [3.2.3.2]
Fv,Rd,sm = (lM*MRk,s/('sm*'YMs)

Fvrasm= 28.96 [kN] Shear resistance of a bolt - with lever arm CEB [9.3.1]

CONCRETE PRY-OUT FAILURE

Nrkc= 79.84 [kN] Design uplift capacity CEB [9.2.4]
ks = 2.00 Factor related to the anchor length CEB [9.3.3]
YMc = 2.16 Partial safety factor CEB [3.2.3.1]
Fv,rd.cp = k3*NRrk,c/ymc

Fvrdaep= 73.93 [kN] Concrete resistance for pry-out failure CEB [9.3.1]

CONCRETE EDGE FAILURE
Shear force Vjedy

Vrkey 332. [k - . CEB
0= 21 NJ Characteristic resistance of an anchor [9.3.4.(a)]
WAV . . CEB
i 0.67  Factor related to anchor spacing and edge distance [9.3.4]
WhVy : : CEB
v 1.00 Factor related to the foundation thickness [9.3.4.(c)]
‘I_’S'V’y 0.90  Factor related to the influence of edges parallel to the shear load direction 9.3 4C(|3I)?i
VeeVy 1 g Factor taking account a group effect when different shear loads are acting on CEB
= ) the individual anchors in a group [9.3.4.(e)]
"_’“vvvy 1.00  Factor related to the angle at which the shear load is applied [9.3 EI(EfI)?i
Yucr,V, . CEB
_ 1.00  Factor related to the type of edge reinforcement used 9.3.4.(g)]
y= .3.4.
yme = 2.16  Partial safety factor 3 Z%Ef]
Fv,Rd,c,y = VRk,c,yo*\VA,V,y*\Vh,V,y*\jls,v,y*\jlec,v,y*\lla,v,y*\jlucr,V,y/VMc
Fvrdacy= 92.28 [kN] Concrete resistance for edge failure CEB [9.3.1]
Shear force Vjed,z
VRk,c,z 332. [k " . CEB
0— 21 N] Characteristic resistance of an anchor [9.3.4.(a)]
‘=VA'V'Z 0.67  Factor related to anchor spacing and edge distance [Q%Efi
WYhV,z . . CEB
T 1.00  Factor related to the foundation thickness [9.3.4.(c)]
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VRk,c,z 332. [k P . CEB

0— 21 N] Characteristic resistance of an anchor [9.3.4.(a)]

YS'V*Z 0.90  Factor related to the influence of edges parallel to the shear load direction 9.3 4C(IZ;

YecViz 1 g Factor taking account a group effect when different shear loads are acting on CEB

= ) the individual anchors in a group [9.3.4.(e)]

ga,v,z 1.00  Factor related to the angle at which the shear load is applied 9.3 Z:I(Efﬁ

WuerV: 1 00 Factor related to the type of edge reinforcement used CEB

2= [9.3.4.(9)]
_ . CEB

yme = 2.16  Partial safety factor [3.2.31]

Fv,Rd,c,z = VRk,c,zo*\UA,V,z*\Uh,V,Z*WS,V,Z*Wec,v,z*\lla,v,z*Wucr,V,z/'YMc

Fvracz= 92.28 [kN] Concrete resistance for edge failure CEB [9.3.1]

SPLITTING RESISTANCE

Cd = 0.30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]

Nced =224.00 [kN] Compressive force [6.2.2.(6)]

Ftrd = Ct,d*Nc,Ed

Fira= 67.20 [kN]  Slip resistance [6.2.2.(6)]

BEARING PRESSURE OF THE WEDGE ONTO CONCRETE

Fv,Rd,wg,y = 1.4*|w*bwy*fck/’}/c

Fvrdwgy =3570.00 [kN] Resistance for bearing pressure of the wedge onto concrete

Fv,Rd,wg,z = 1.4*|w*bwz*fck/’}/c

Fvrawgz =1963.50 [kN] Resistance for bearing pressure of the wedge onto concrete

SHEAR CHECK

VjRdy = Nb*Min(F1yb,Rd,y,F2vb,Rd,Fv,Rd,sm,Fv,Rd.cp,Fv,Rd,cy) + Fv.rdwgy + Ff.Rd

Vjrdy = 3984.67 [kN] Connection resistance for shear CEB [9.3.1]

Vijedy / Virdy <1,0 0.00 < 1.00 verified (0.00)

Vj,Rd,z = nb*min(Fl,vb,Rd,z,F2,vb,Rd,Fv,Rd,sm,Fv,Rd,cp,Fv,Rd,c,z) + Fv,Rd,Wg,z + FtRd

Vjrdz = 2378.17 [kN]  Connection resistance for shear CEB [9.3.1]

Vijedz / Virdz < 1,0 0.01 < 1.00 verified (0.01)

Viedy / Virdy + Vjedz / Virdz < 1,0 0.01 < 1.00 verified (0.01)

WELDS BETWEEN THE COLUMN AND THE BASE PLATE

1=  84804.16 [kPa] Normal stressin a weld [4.5.3.(7)]

TL= 84804.16 [kPa] Perpendicular tangent stress [4.5.3.(7)]

Ty = 813.01 [kPa] Tangent stress parallel to Vijedy [4.5.3.(7)]

tm= -10370.37 [kPa] Tangent stress parallel to Vjed- [4.5.3.(7)]

Bw = 0.80 Resistance-dependent coefficient [4.5.3.(7)]

o1/ (0.9%fulym2)) < 1.0 (4.1) 0.33 < 1.00 verified (0.33)

V(612 + 3.0 (ty? + 112)) / (ful(Bw*ym2))) < 1.0 (4.1)0.47 < 1.00 verified (0.47)

V(o12 + 3.0 (tz1? + 112)) / (ful(Bw*ym2))) < 1.0 (4.1)0.30 < 1.00 verified (0.30)

CONNECTION STIFFNESS

Bending moment M;jedy

bet= 67 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]

lef= 314 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]

kizy = Ec*V(bef*ler)/(1.275*E)

Kizy = 114 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
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leff = 114 [mm] Effective length for a single bolt for mode 1 [6.2.6.5]
m = 18 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
kisy = 0.850*|eff*tp3/(m3)

kisy= 515 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lo = 250 [mm] Effective anchorage depth [Table 6.11]
kisy = 1.6*Av/Lb

kisy = 2 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoy = 0.49 Column slenderness [5.2.2.5.(2)]
Sjiniy = 48290.63 [kN*m] Initial rotational stiffness [Table 6.12]
Sirigy =131733.00 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjiniy < Sirigy SEMI-RIGID [5.2.2.5.(2)]
Bending moment Mjeqd,;

kizz = Ec*V(Ac2)/(1.275*E)

Kisz = 114 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
left = 250 [mm] Effective length for a single bolt for mode 2 [6.2.6.5]
m = 139 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
kis,z = 0.850*ef*tp3/(M?3)

kisz = 5 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lb = 250 [mm] Effective anchorage depth [Table 6.11]
k16,2 = 1.6*Ab/Lb

kisz = 2 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoz = 0.82 Column slenderness [5.2.2.5.(2)]
Sjiniz = 294714.16 [KN*m] Initial rotational stiffness [6.3.1.(4)]
Sirigz = 46211.26 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjini,z > Sjrig.z RIGID [5.2.2.5.(2)]
WEAKEST COMPONENT:

FOUNDATION - CONCRETE CONE PULL-OUT FAILURE

Connection conforms to the code Ratio| 0.85
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