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Structural system of the building

e single storey industrial hall
e 20 m wide, 20 m long
e 5 single bay portal frames
e columns 7 m height, 8,5 m at
roof ridge
e crane runway girders at bm
height
e columns HEA 400,
beams IPE 550,
crane girders | 60,
consoles | 280,
wind bracing H 60x60x6
e construction steel S 235
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Definition of the characteristic values

1. Permanent actions

1.1 Self weight of structural members:

v: the mean value of the specific weight of steel,
78,5 KN/m3 (EN 1991-1-1, Appendix A).

the distributed self weight
per unit length of members:
g =7 A

A Is the cross-sectional area

1.2 Roof and wall cladding
distributed load h = 0,3 kN/m?
Line load due to self weight
Yroof = Gwall = Smx0,3 kN/m?

= 1,9 kN/m
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Element Section g, [kN/m]
portal column HEA 400 1.25
portal beam IPE 550 1,05
purlin HEA 200 042
crane girder | 260 042
console | 280 0.48
wind bracing H 60xG60x6 0.05
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Definition of the characteristic values (cont.-d)

2. Imposed loads

2.1 Imposed loads on roofs
For roof category H ‘roof not accessible except for normal
maintenance and repair’ (EN 1991-1-1, Table 6.9) the distributed
and concentrated loads are
q, = 0,4 kN/m?, Q, = 1,0 kN
Proot = 9 M X 0,4 kKN/m? = 2,0 kN/m on the girder

2.2 Actions imposed by the crane
P.ax= 180 kN, P_.. =60 kN including dynamic effects.
Horizontal force due to the movement of the crane: H, = 0,1 P.
Position of the crane: the centerline between the wheels is in the

plane of the frame.
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Definition of the characteristic values (cont.-d)

2.3 Snow load
2.3.1 The characteristic value of ground snow load s, = 1,88 kN/m?
2.3.2 The exposure coefficient C, = 1,0 (‘wind swept’ or ‘sheltered’
conditions do not apply)
2.3.3 Thermal coefficient C,= 1,0 (normal thermal roof insulation is
assumed)
2.3.4 The snow load shape coefficients 1 depend on the roof angle a
For ‘duopitched’ roof witha=8,5°:u =u,=0,8.
2.3.5 The snow load s,
S0 M1 XCoxCyxs,=0,8x1,0x 1,0x 1,88 =1,5kN/m?
and the snow load s on the girder
S=S,,r XW=15x5=7,5kN/m
2.3.6 Two snow load arrangements
are considered (according to EN 1991-1-3)
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Definition of the characteristic values (cont.-d)

2.3 Snow load (cont.-d)

Case () y(ou) Mi1(0t2)

Case (ii) 0,5‘11(&1) |J1(CCZ)
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Definition of the characteristic values (cont.-d)

2.4 Wind load

2.4.1 Fundamental basic wind velocity v, ; = 25 m/s (wind map,
national annex to EN 1991-1-4).

2.4 .2 Basic wind velocity v, (with usual values for directional and
seasonal factors) :
Vo = Vo " Cair ~ Csea = 29 1,0- 1,0 =25 m/s

2.4.3 Mean wind velocity v.,(z) at reference height z, = 8,5 m
vV (Z) =¢. (2)- c,(z) - v, = 18,4 m/s
with orography factor ¢,(z) = 1, roughness factor c.(z) = k. - In(z/z;)
terrain category Ill (suburban or industrial areas): /7, = 0,22, z, =
0,3

2.4.4 Peak velocity pressure q,(2)
9,(2) ={1+7 1,/ [c,(2) ln(z/zg)]} Y2 pV(2Z) = 0,655 kN/m2
W|th air den5|ty p=1,25 kg/m* and turbu/ence intensity I, = 1,0

2.4.5 External ¢, and internal c,; wind pressure coefficients and
wind load w: w = (¢, - C;) q,
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Definition of the characteristic values (cont.-d)

2.3 Wind load (cont.-d)

20 m
1.7;m 1.7m
<> <>
Zone - G H J I
Wind direction Cep . -1,2 -0.8 -0.3 0.2
> W - 3.93 2.62 0.98 0.66

Zone D Zone E
Internal pressure
Cp=0.64 cp=-0.3 Ceq=-0.3
w=0098
w=3.08 w=0098
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Internal forces due to actions

Internal axial forces:

Self weight, roof and wall cladding Imposed load: roof. wall
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Internal forces due to actions (cont.-d)

Axial forces (cont‘d):

Snow load. case I Wind load
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Internal forces due to actions (cont.-d)

Bending moments:
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Internal forces due to actions (cont.-d)

Bending moments (cont‘d):

Snow load, case II Wind load
v-'r.-tiurf:I |1 :‘%fr"."
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Combination of actions

Load cases overview

-

COLUMN BEAM
Loading Start point End point Start point End point
N[KN] |M[kNm] | N[kN] | M[kNm] | N[KN] | M[kNm] | N[kN] | M [KNm]
self weight | 27 8 17.0 -17.0 -29.0 -8.7 -29.0 -8.0 37.3
roof -20.2 22,7 -20.2 -38.6 -20.2 -38.6 -8.0 49 8
crane -179.1 68.7 -9.8 -99.3 -10.0 34.7 -10.0 10.0
Snow I -75.8 85.0 -75.8 -1449 | -43.7 -1449 | -30.0 186.6
snow IT -28.7 18.7 -28.7 -38.7 -12.4 -38.7 -9.5 46.3
wind -10.5 -12.6 -10.5 -17.0 53 17.0 5.3 -46.8
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Combination of actions (cont.-d)

Ultimate limit state, fundamental combinations:

The design value of the effects of actions E, is calculated from the combination of
actions according to the expression (6.10) of the EN 1990

EFE(Ys; Gt Va1 Q1+ 2 Yo, Wo,i Q)

Combination I, leading action R: 1,.35-G+1,5-(R+0,7-C+0,5-S+0,6- W)
Combination I, leading action C: 1,35-G+1,5-(C+0,0-R+0,5-S+0,6- W)
Combination lll, leading action S: 1,.35-G+1,5-(S+00-R+0,7-C+0,6- W)
Combination 1V, leading action W: 1,35- G+ 1,5- (W +0,0-R+0,7-C+0,5-S)

where: G - self weight; R - imposed load on roofs; C - crane load;
S - snow load, case |; W — wind load.

EN 1990, EN 1991-1-1,3,4, | CPD-Lectures on Eurocodes May 15th, 2015 | Prof. Dr.-Ing. Rudiger Hoffer 14



RUHR-UNIVERSITAT BOCHUM
ECE European Council
c of Engineers Chambers

Combination of actions (cont.-d)
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