Steel Buildings
M.Sc. - 2010 I

DESIGN LOADS FOR SIMPLE BUILDINGS

Notes for Design Project
Practice 4 (4" week)

1. GENERAL
The appropriate European Design Cdel:1991 Actions on Structures

The types of loads for simple duo pitch roofs:
» self weight
* weight of covering
* installation
*  snow
e wind

1.1 The self weight of the structure

The weight of the steeF7-78,5 kN/m®
The programs can take this load automatically aatesideration.

1.2 Theweight of covering system

It should be determined by analysis of the lay&he load may be taken into consideration as
0,4-0,6 kN/m?,

1.3 Installation load

This load is a distributed dead load on the rogtgiby the architectural or/and mechanical
engineer. In the project it may be takerd@skN/m>.

1.4 Snow load

The snow load is specified by tB# 1991-1-3. The snow load for regular design situation is
s=uCLCs,

where

S snow load on the horizontal surfadeNfnf];

y7i shape factor,
C. wind factor;
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C heat factor;
S characteristic value of the surface snow Idad/ifif].

The snow load in Hungary:

oo

whereA [m] is the height of the ground to the Adria leveheTwind factor:

- high windy country: Ce=1,2
- low windy country: Ce=10
- protected area: C.=0,8

The shape factor when the snow can slip from tbé ro

Slope of roof (a) 0°<a<30° | 30°<a<60° | .60°<a

The types of snow distribution on the roof:

e symmetric total distribution
Ha

/\

e unsymmetrical distribution (now we can neglect this cases!)

0,5 Ha 0.5
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The heat factor is usuallyC; = 1,0.

NORNATIVE INFORMATION - The unusual snow weighttise following (do not use it):

type of snow [KN/m7]
fresh snow 1,0
old snow 2,0
very old snow 25-35
humid snow 4,0

1.5Wind load
1.5.1 General
The wind load acts on the surface perpendiculdre wind load may beompression or
sucking. The wind effect may bexternal or/andinternal. The friction effect of the wind
may be possible. The wind load is live load. ThadMoad is specified by thEN 1991-1-3.
The wind effect is determined by the following pagders of the building:

* dimension

* shape

» dynamic properties

The external and the internal wind load may beutated by the following expressions:

We :qp(ze)lj:pe

Vvi = qp (Zl ) |]:pi

where

q,(2) - pressure for peak wind ;

z, - external reference height;

Z - internal reference height;

Cpe - external wind pressure factor;
Cpi - internal wind pressure factor.

The sign law fosucking andpressure:

\ f \ /
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Both the external and internal reference heightsyonmetric pitch roof which is not higher
than the span of the building is equal to the hexglthe top point of the roof.

1.5.2 Wind pressure for the peak velocity wind

q,(2) =c.(2)0g,

where
c.(z) - exposure factor;
(o - basic velocity pressure

1.5.2.1 The basic velocity pressure
1
O = Ep B/,f(z)
where the air density is
k
p=125-39
m

and the mean wind velocity is

Vm(2) =€, (2) &, (2) W,

where

v, basic wind velocity;

c (z) roughness coefficient;
G (2) orography coefficient.

The basic wind velocity in Hungary; = C s V,, = 085236 = 20?

The orography coefficient in on the flat countripfe is not greater than 5%, (z) = 10
The roughness coefficient depends on the refereeicgt:

- if z<z,, than c (z)=k Eﬂn(%j

- if z2z, than ¢ (z)=k D]n(%}

where the terrain factor:
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007
« = m{i}
ZO,II

where z,, = 005[m] (see the table below).

The roughness leng#y) and thez, depends on the terrain category given in the béddhe:

terrain category z,(m) | z,, (M)

I lakes and flat and horizontal area 0,01 1

Il area with low cover 0,05 2

Il | area with regular cover 0,3 5

IV | area which covered by buildings at least 15% and| 1,0 10
their average height exceeds 15 m

1.5.2.2 Exposure factor

The exposure factor shows that the peak velocihdwiressure is how much times grater than
the basic wind velocity pressure:

¢.(2)=(1+70,(2) B2 22

where the intensity of turbulence:

- if z<z,, than |,(z)= a
Zmin
G (z)dn j
z,
: k
- if zzz,, than |,(z)= !
z
G, (z)n j
z,

The turbulence coefficient usualky = 10.

1.5.3 The external pressure coefficient

The external pressure coefficient depends o ¢feence height and theloaded area. The
standard gives two values depending on the loadsd a

Cpen - Value forlm? loaded area (for sheeting and purlin);

Cpe1o - Value forl0 m? loaded area (for main frame).
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For A m? area between the two values interpolation shoelégplied:

Coen = Cpe1 ~ (Cpe,l ~Cpe1o ) |:[glo A

A

Cpe,l

Cpe,10

v

01 1,0 10 A(m?)

The external pressure coefficients are given ifetab

» wind pressure on vertical wallAnnex 1)
« wind pressure on roof by cross wit@0° ; Annex 2)
« wind pressure on roof by longitudinal wig@=90" ; Annex 3)

Very important law: on one roof surface the rows of the table canb®thanged! This
means that for example in case of 5 degree rogiestbere are four variations of the wind
pressure:

Z0Nnes

Cpe,10 | Cpe,1 | Cpe,10| Cpea | Cpe,ao| Cpe,l | Cpe,10| Cpea | Cpeaao| Cpe
51| -1,7| -2,5| -1,2| -2,00 -0, -1,2 -0, -0,6 +0,2 +0,2
52| -1,7| -2,5| -1,2| -2,00 -0, -1,2 -0, -06 -0,6 -0,6
5/3 0 0 0 0 0 0 -0,6f -0, +0,2 +0}2
5/4 0 0 0 0 0 0 -0,6f -0 -0,6 -0,/6

1.5.4 The internal pressure coefficient

The external and the internal pressures may dbeisame time, but the internal pressure
may acts only with the external pressure. ¢hmternal pressure coefficient depends on the
distribution of the openings.

In the case when there is a dominant surface orbtiilding (a surface is dominant if the

openings of the surface are more than the doublkeobpenings of the other surfaces of the
building). In this case:

c, = 075[T,,

If the openings of the dominant surface are moam tine triple of the openings of the other
surfaces of the building:
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c, = 090[E,,

If there is no dominant surface and the distributed the openings uniform, the internal
pressure coefficient:

« h/d<025
-if ©<033 than c,; =035
-if u>09 than c,=-03

pI

-if 033<u<09 than c,=0726-114yu

. h/d=10
-if ©<033 than c,; =035
-if u> 095 than c, =-0p5

-if 033<u<095 than c, =0802-137u

The i opening coefficient:

,U— ZA

where ZAhegaﬁv is the sum of the openings whegg is negative,ZA is the sum of the

whole openings.

1.5.5 The design wind load
1.5.5.1 The wind load cases

The wind load is changing on the roof. Select gmoad frame for design:

end frame

intermediate frames
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The main wind load cases for the intermediate framemple forh/d<0,25, a=5° and
A>10nT):

« cross wind §=0" and external pressuAnnex 4)

« cross wind §=0°) and external + internal pressifenex 5)

« longitudinal wind 6=9¢°) and external pressu¢&énnex 6)

« longitudinal wind §=90°) and external + internal pressifnnex 7)

2 LOAD MODEL FOR COMPUTER APPLICATION

2.1 Design load combinations

For regular design the load combination specifigdEN 1990 6.4.3.2. (6.10 equation):

zyG,i [Gk,j + yQ,l [Qk,l + zwo,i [Qk,i

where

e partial factor for dead load,35)

YQ.i partial factor for load (for snow and windi,5)
Y. combination factor (for snow and win@5)

The suggested design combination for simple andvsstmic pitched roof buildings:

NookrwhE

dead + snow

dead + snow (1) + wind_1
dead + snow (1) + wind_2
dead + snow (1) + wind_3
dead + snow (1) + wind_4
dead + wind_5

dead + wind_6

where

wind_1: cross wind and external pressure (which casesghe lower sucking);

wind_2: cross wind and external + internal pressure (wkase gives the lower sucking);
wind_3: longitudinal wind and external pressure (whichecgives the lower sucking);
wind_4: longitudinal wind and external + intrenal pregswhich case gives the lower
sucking);

wind_5: cross wind and external + internal pressure (Wwhiase gives the greatest
sucking);

wind_6: longitudinal wind and external + internal pregs(@which case gives the greatest
sucking);
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2.2 Computer application

The load may be modeled as concentrated or digtdbload on or along the structural
members:

The concentrated loads may be replaced by diséiblgiads:

The needed load cases:

1.
2.
3.
4,
5.
6.
7.
8.
The needed load combinations:

1.
2.
3.
4,
5.
6.
7.

dead (+self weight automatically)
snow

wind_1

wind_2

wind_3

wind_4

wind_5

wind_6

1,35%xdead + 1,5%xsnow

1,35x dead + 1,5xsnow + 0,5x1,5xwind_1
1,35x dead + 1,5xsnow + 0,5x1,5xwind_2
1,35x dead + 1,5xsnow + 0,5x1,5xwind_3
1,35x dead + 1,5xsnoww + 0,5x1,5xwind_4
1,0x dead + 1,5xwind_5

1,0x dead + 1,5xwind_6



Steel Buildings - M.Sc. 2010 Il — Design Loads &mple Buildings

Notes for Design Project

Side zones e>d then:

A B
ﬂ%
A B

10
Annex 1: wind pressure on vertical walls
Zone
h/d A B C D E
Cpe,10 Cpe,1 Cpe,10 Coe,1 Cpe,10| Coe,1 Cpe,10 Cpe,1 Cpe,10 ‘ Cpe,1
1 -1,2 -1,4 -0,8 -1,1 -0,5 0,8 1,0 -0,5
<025 | -1,2 -1,4 -0,8 -1,1 -0,5 0,7 1,0 -0,3
Ton view e=min(b;2h)
~opvIEW side zones e<d then:
A
h
A B C
L D E b
e/ﬂ
e »
v
d
< > A B C h
A
1
!
side

Notes!
The b is always the width of the wall which is ledd

Cross wind ¢=0°) — the longer side is loaded
Longitudinal wind ¢=90°) — the shorter side is loaded
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Annex 2: wind pressure on roof by cross wiAd’ )

zone

a F G H
Cpe,lO Cpe,l Cpe,lO Cpe,l Cpe,lO Cpe,l Cpe,lO Cpe,l Cpe,lO Cpe,l
0 -1,8 -2,5 -1,2 -2,0 -0,7 -1,20 +0,2 +0,2 +0,2 +0,2
-0,2 -0,2 -0,2 -0,2
-1,7 -2,5 -1,2 -2,0 -0,6 -1,2 -0,6 -0,6 +0,2 | +0,2
S +0,0 | +0,0 | +0,0 | +0,0 | +0,0 | +0,0 -0,6 -0,6
-1,3 -2,25 -1,0 -1,7 -0,4% -0,76 -0,5 -0,5 -0, -0,65
10 "+01 | +0,2| +0,2| +0,2] +0,1 +0,] +0,1 | +0,1
-0,9 -2,0 -0,8 -1,5 -0,3 -0,3 -0,4 -0,4 -1,0 -1,5
5 [+02 | 402 | +0,2 | +0,2 | +0,2 | +0,2 | +0,0 | +0,0 | +0,0 | +0,0
0=0"
w
=> a
tet('SgerinC e= mln(b,Zh)
A
e/4I F
w
e/4I F
v
<> <>
e/10 e/10



Steel Buildings - M.Sc. 2010 Il — Design Loads &mple Buildings

Notes for Design Project

12

Annex 3: wind pressure on roof by longitudinal wie90”)

a G H |
Cpe,lO Cpe,l Cpe,lO Cpe,l Cpe,lO Cpe,l Cpe,lO Cpe,l
0 -1,8 -2,5 -1,2 -2,0 -0,7 -1,2 +0,2 +0,2
-0,2 -0,2
5 -1,6 -2,2 -1,3 -2,0 -0,7 -1,2 -0,6 -0,6
10 -1,45 -2,1 -1,3 -2,0| -0,6% -1,2 -0,55 -0,%5
15 -1,3 -2,0 -1,3 -2,0 -0,6 -1,2 -0,5 -0,5
o0
W
=>
h
tetdsgerinc
e/41 F
H I
w G
—>
G
H I
e/4I F
e/10
<>

v
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Annex 4: cross wind=0°) and external pressure

Casel
Cpe,10:'0,6 Cpe 16--0,6
Coe1-1,2/1,7 '
Cpe,10:+0,2
Cpe,10:0,7 —_— Cpe,1§-0,3
Case? Cpe,16--0,6 Coo17-0,6
Coe1-1,2/1,7 '
’ Cpe,10:'016
Cpe,10:0,7 —_— Cpe,1§-0,3
Case3
Cpe,10:'0a6
NMZ
Cpe,10:0a7 —_— —_— Cpe,15-0,3
Case4 Coo1=-0,6
/\w‘o:-()!G
Cpe,15-0,3

Cpe,10:0,7 # #
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Annex 5: cross winde=0%) and external + internal pressure

Cass1 06
Cpe,16=-0, Cpe,10:'0a6
Cpe,1§-l,2ﬂ,7
* Cpe,10:+0,2
Cpe,1670,7 —_— (+Cpi) —_—— Cpe,15--0,3
Case? Cpe,10:'016 Cpe|10=-0,6
Cpe,1§-l,2ﬂ,7
WF-O,G
Cpe,10:0a7 —_ (+Cpi) —— Cpe,lO:'Oa3
Case3
Cpe'10:0’7 — (+Cp|) — —p Cpe.10:'0,3
Case4 Cpe,16=-0,6

Cpe,1670,7 — (+Cpi) —_— Cpe,15--0,3
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Annex 6: longitudinal windg=90") and external pressure

Cpe,10:'017

Cpe,10:017 Cpe'10:'0,3

Annex 7: longitudinal windEI:90°) and external + internal pressure

Cpe,10:'017

Cpe,10:0,7 Cpe,1§-0,3
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3EXAMPLE
3.1 Initial data

- column:HEA 340

- beamIPE 450

- span of framelL =180m

- height of the column:h = 84m

- height of the buildingH =100m

- frame cornershort haunch

- column basefiX

- fix point on the column from column basé200mm

- fix points on the beams from the cornéd4Imm 314Imm 514Imn 714Imm

- distance between frame8000mMm
- length of the building36000mm

- openings on the side wall28 8m?

- openings on the end walld&6 Om?
- height of the building areaA = 200m
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- by analysis of the covering systeng:= OBOKN / m?
3.2 Calculation of loads

Loads on the simple symmetric pitch roofed building

3.2.1 Dead load

The self weight of the frame is considered by thegpam automatically. The given dead
load contains the weight of the purlin, coveringelies and the installation loads. The weight
of the wall covering may be neglected. The dead wathe beams of the frame:

kN
pg:gEI]:OﬁEGS:35F

Yonal menti megoszlo teher

% komponensekkel A wektomsl

Teher1f072) [0 Ki/m [0 K/m [35 kn
Teher 204¥Z) [0 KNim {0 K/ |36

Tehereset | dnstily+hasznos

@ Fi.él fssa ki o2 e hatbsvonaial!
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3.2.2 Snow load

The snow load is considered as regular load. Tledawctal snow load is neglected. The
regular snow load:

C,=10
C.=10
A 200 KN
=025 1+— =029 1+— [=075< 125—
% 25(+1ooj 25(+100J S~
KN

a=10= u =08

s=uCCs =0800MO0NR25= 10%
The snow load on the beam of the frame (the redindty slope of the roof is neglected):

p,=sll= lDEBDZGDkFN

(Ol komponensekke! ' yektoral

Teherl vzl [0 kN/m. [0 khzm |60
Teher2vzl o ki [0 ki [6.0

Tehersset | tatalis ha

@ [Jélqss'z:é ki a2 o1 hatdsvonalatl
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3.2.3 Wind load

(a) Wind pressure for basic velocity

Assume that the terrain category is Ill:

z,=03m
Z,, =005m
Zmin = 5pm

The terrain factor:

ZO 007 03 007
=019 — =019 — =0,215
« 19( 2.1 j 19( 005)

The reference height is equal to the height obiléding:
z=100m>z_. =50m
from which the roughness coefficient:

¢ (z)=k [ﬂn(ij = 0,215[111(@) = 0754
z, 03

The basic wind velocity:

Vv, = 20?

The orography factor for flat and horizontal coyntr
6 (2)=10

The wind pressure for basic wind velocity:

G, 2%[) [V(2) = 051252000 = 025%

(b) The exposure factor

The turbulence factor:
k, =10

The turbulence intensity:
(@) —H =1

Z B 10
co(z)[ﬂn(zoj 1DEﬂn(03j

The exposure factor:

=0,285
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c,(z)=(1+70,(2)) & & = (1+7 [0,285) 12 0754 = 171%

(c) The wind pressure for peak velocity

d,(2) =c.(2) [&, = 171[025= O,426lr<n—|\2|

(d) The external pressure coefficient

Cross wind =0
b=360m

d =180m

h=100m

h/d=0p6

e=min(b;2h) = 200m

e/5=40m

- external pressure coefficient on the walls:

¢, =o7+[n/d=025
| 075

h/d - 025

j [D1=(+)0,741

Cpoe = 03 +( j D2 =(-)0,383

- external pressure coefficient on the roof:
Cper =13

C..=-10

pe,G

Cpery =—045

p

c.,=-04

pe,J

c. =-08

P&,
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Longitudinal wind 6=90°)
b=180m

d =360m

h=100m

h/d =028
e=min(b;2h) =180m
e/5=36m
e/2=90m
e/10=18m

e/4=45m
- external pressure coefficient on the walls:

Cpen =12
h/d-025
Cpog =03+ ————— |[D2=-0
pep = 03 ( 075 j 2 8
- external pressure coefficient on the roof:
Cper = —145

C..=-13

pe,G

C.y =065

peH —

Cpe; =055

(e) The internal pressure coefficient

Cross wind
- openings on the surfaces of the building:

> A=20{288+16)=896m’

- openings on the surfaces of the building whieeeetixternal pressure coefficient is

negative:

> Agur, = 288+ 2[16=608m’

- the openings factor:

y= > Avga _ 608
>A 896

- geometrical ratio:

h/d=22= 056
18

=0678

- internal pressure coefficient for h/d=0,25:
Cpi 025 — 0,/726- 114,U =0,/26-0,/73=-0047

- internal pressure coefficient for h/d=1,0:
Cyi 10 =0802- 1371 =0,802-0929=-0127

- internal pressure coefficient by interpolation:
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Cy =—0047+ (%;5025) [(-0127+0,047)

c, =-008

Longitudinal wind
- openings on the surfaces of the building:

3 A=2[{288+16)=896m’

- openings on the surfaces of the building wheeedxternal pressure coefficient is
negative:

z A1egat|’v =2 D28,8 +16= 735m2

- the openings factor:

:U — z Ahegativ — 736
>A 896
- geometrical ratio:

h/d =10, 025
36

=0821

- internal pressure coefficient
C, =0726- 1144 =0,726-0936=-021

(f) The wind load

Cross wind
- external wind load on walls:

W, = Cpep 8], (2) = 07410426 = 0,316%

W,e = Cyoedl, (2) = 03830426 = —0,163%

- external wind load on roof:

W,p =Cpop [1,(2) = —13D,426= —0,554%

WE,G = Cpe,G |]:Ip(z) = _1:0 |:([),4'26: _0,426%

W, =Cpoy [B,(2) = —045[D,426= —o,192%

W,, =Cpe, [0,(2) =-0500,426= —0,213;—'\2'

We,-] = Cpe,.] qu(z) = _018 [0,426: —O,34Ol:n—|\2|
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Longitudinal wind
- external wind load on walls:
We,A = Cpe,A mp (Z) = _12 [0),426 = _0,511%

Wep = Cpep mp (Z) =-0810426= _0,341%

- external wind load on roof:

W, =C,r [8],(2) = —145[0,426= —O,618lr<n—|\2|
kN
W, 6 = Cpec L,(2) = —13[0,426= —0,128F
kN
W, = Cpey [B,(2) = —065[0,426= _0’277F
kN
W,, =Cpe, [0],(2) =—-055[0,426= _0’234?
Cross wind

- internal wind load on all surfaces
W =c, [, (z)=-0p80DA426= —0,034k—|\2I
m

Longitudinal wind
- internal wind load on all surfaces

kN
W =c, [@),(2) = -0210426=-0089
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3.2.4 Wind load cases for design of the frame
Sinceh<15m cy=1,0.

(1) External wind load from Cross Wind:

Deo =W, 1=03160B0 = 190%\‘

pe,E = We,E = _0,163[BD = —078kﬁN

P.r =W, (20=-0554[20 = - 118%\'

P =W, (A0 =-0426[40= - 170%\'

kN
pe,FG = pe,F + pe,G = _(118+ 170) = _288F

P =W, 01=-0192060 = - 115%\]

P, =W, 1=-03400B0= - 2,04%N

P., =W, 1=-021360=- 128%\'

negoszlo teh

DEEY favas

F

& kemporersekkel " vekiaal

Teheripvz [0 Wm0 kwm [i2e
Teher2iyz) [ kWim [0 ki [k

Tehereset [k s2él_keresatiranyi

@ rxgﬁa.ms a keadtpantall
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(2) External wind load from Longitudinal Wind:

Pep =W, o (I5=-0511115= —0’767kﬁN
kN
Pep =W, o [(A5=-034145= —1,535F
kN
Peag = Pea T Pep = —-(0767+1535) = _ZSOF

Py =W, (B0 =-0277(60 =~ 166%\]

€ veklard

S O o
cher2piyzl [0 Km0 ki [165 khim

Tehereset Ikuls'ci szél_hosszilanyl j

@

(3) Internal wind load from Cross Wind:

p =w 0=-003460= —0,204%N

[ozne ke o Km0 kM

T2z [ozd Wm0 kem ik

Tehereset | il s26)_keresativanyi =l

'EFQ&%&'E{ a2 o6 hatasvanaiall
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(4) Internal wind load from Longitudinal Wind:

p =w [ =-0089060 = —053%N

vonal menti megoszli teher

K]y 1 @]«

o © oo
S o

ki [0 K [053 KN/m

|helsﬁ s2él_hosszitdnyd zl

The applied design load combinations:

| Teherkombinacidk i ‘_Sﬂ

Bnsdly... !iatéhsﬁi‘ | bils sz | kills 2., be+sé*vsz|bsise;~sz

1% L5 |0 1 | i
B 07 o 0 0
[1:5 10 0.7
L 0

0 1,5

|H-;B;E’Ebﬁs.fdg;?ﬁaﬁmmﬂ-g&"tm&hﬂi& ﬁf‘kﬁﬂ-‘eﬁi'szél_

R O T |




