Design of timber structures - BUT FCE KDK Ondirej PeSek — Draft 2018

HOW TO CHECK ROOF PURLIN?
...worked examples for BO003 and BO006

WORKED EXAMPLE 1: ROOF PURLIN AS A SIMPLE BEAM
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(in this example service class no 2 is considered)
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] Truss girder span ﬂL Truss girder span
Roof geometry
L =3200 mm roof purlin span = roof truss girder spacing
a=1124 mm roof purlin spacing parallel to the roof plane
ap = 1100 mm roof purlin spacing in plan view
o=12° pitch of the roof (slope)
Beam geometry and material
h =160 mm beam section depth
b =100 mm beam section width
I, = ib h® = i0,10 -0,16° =34,1.10° mm*
12 12
I, = ib3 -h= i0,103 -0,16 =13,3.10° mm*
12 12
W, = %b -h? = %0,10 -0,16% = 427.10° mm?®
W, = %bz -h= %0,102 -0,16 = 267.10° mm*®
Solid timber C20 according to the EN 338
fmk= 20 MPa characteristic bending strength
fuk=2,2 MPa characteristic shear strength
Eo,mean = 9,5 GPa mean value of modulus of elasticity parallel to the grain
=13 partial factor for a material properties
Kimod modification factor for duration of load and moisture content
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Load states
Permanent loads

Self-weight of the beam

Roof cladding

LS1 Overall dead load

Imposed loads

LS2 Snow

LS3 Service load - planar

LS4 Service load - force

LS5 Wind - pressure

Jox =b-h-5=0100-0,160-5 = 0,08 kN/m

water proof layer

thermal insulation
" timber decking

I a,= 1100 J,
Volume weight [kN/m®] | Thickness [m] | [kN/m?]
Water proof layer - - 0,10
Thermal insulation 0,25 0,16 0,04
Timber decking 5,00 0,02 0,10
Suma 0,24

g, = 0,24 KN/m?
O =9,-a=0,24-1124=0,27 kN/m

9y = 9ok + 9y, =0,08+0,27 = 0,35 KN/m

g, = 0,8 KN/m?

0 = -8, = 0,8-1,100 = 0,88 KN/m
f =0,75 kN/m?

f, =f-a=0,75-1124 = 0,84 KN/m
F, =10 kN

d,, = 0,1 KN/m?

Oux =0y -@=01-1124 =0,11 kN/m
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Internal forces

Internal forces should be calculated according to the equations listed in table:

Load

Uniformly distributed load

Force

Bending moment

Mg, :%- f.-coss-L°

Me, :%- f -sing-L°

MEk,y:%-Fk-cosé-L

Mg, :%-Fk-sin&L

Diagram

A JAN

W

Shear force

Vey =Fi-sind
Vg, = K -coso

Diagram

e
>

Lo-12 :
T Service loads

Permanent loads
Snow load

Wind load

5-0°

Internal forces of all load states and load combinations:

LS1 LS2 LS3 LS4 LS5 LC1 LC2 LC3

0 12° 12° 12° 12° 0° - - -

Wo - 0,5 0,7 0,7 0,6 - ] _
Meky; Medy 0,44 1,10 1,05 0,78 0,14 3,47 3,12 2,73
Mekz; MEd, 0,09 0,23 0,22 0,17 0 0,71 0,64 0,53
Vexy: Vedy 0,12 0,29 0,28 0,21 0 0,89 0,79 0,67
Vekz; Vedz 0,55 1,37 1,31 0,98 0,18 4,34 3,90 3,41
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Load combinations are created according next rules (according to the rule 6.10 in EN 1990). Load states LS3
and LS4 have not to be combined together!!!:

LC1=135-LS1+1,5-(LS2 +, - LS3 +y, - LS5)
LC2=135-LS1+1,5-(p, - LS2 + LS3 +, - LS5)
LC3=135-LS1+1,5-(w, -LS2 +, - LS3 + LS5)

where wy is factor for combination value of a imposed load (see EN 1990)

Ultimate limit state

Shear resistance

_ _Vesy'Sy 3 Ve _3 0,89.10° 012 MPa
> 1l,-by 2 h-b, 2 160-67
Ve, S V 3
, — Ed,Z 4 =§‘ Ed,Z =§. 4)34'10 ZO,GlMPa
I, -hy 2 b-h, 2 100-107
where
hs =k, -h=0,67-160 =107 mm
b =k, -b=0,67-100 =67 mm
ke = 0,67 reduction factor taking into account cracks (value is valid for solid timber)
Design shear strength
f
fo=Ky —X= 0,9-22 _152 MPa
' Y 13
Reliability criterion (on the safe side)
by +f 0,12 + 0,61 =048 < 10 => condition is satisfied
fo f,o 152 152
Bending resistance
M 6
Opy =t = 3’47'103 =813 MPa
‘ w, 427.10
M 6
o, = ez O7LI0T_ 5 66y
’ W, 267.10
Design bending strength
f
frya = Fmad = Kiog - —= ~09-2%_138MPa
7 ” m 13
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Reliability criterions

o On: _813 . 266

™4k T = +0,7-==—=0,72 < 10 => condition is satisfied
foya fra 138 13,8
K.  Fmy. + Iz _ 0,7 - 813 + 2,66 =060 < 10 => condition is satisfied
fova  fnza 138 138
km =0,7 for rectangular sections made of solid timber (factor makes allowance for re-distribution of

stresses and the effect of inhomogeneities of the material in a cross-section)

Serviceability limit state

Instantaneous deflection

Deflections should be calculated according to the equations listed in table:

Load Uniformly distributed load Force
nstant " 5 f -sing-L* " 1 F sing L
nstantaneous sty = . sty = T
deflection (in the Y 384 EO,mean ) IZ "4 EO,mean ) Iz
'_umte I(I)ftl_oad " 5 f,-coss- Lt W 1 F -coss-L
installation oty = . ==k T

) instz 384 Eovmean . Iy instz 48 Eoyman . Iy

- A - 1 L 1 1 - i_ é é
Diagram
Permanent loads Wind load

Snow load
Service loads

5=0°

Lo g0

=
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Instantaneous deflections of all load states and load combinations:

LS1 LS2 LS3 LS4 LS5 LC1 LC2 LC3
0 12° 12° 12° 12° 0° - - -
Winst,y 0,78 1,96 1,88 1,12 0 - - -
Winst,z 1,44 3,61 3,46 0,21 0,47 - - -
Winst 1,64 4,11 3,94 1,14 0,47 8,78 7,91 6,92
where
W, = \/wmst’yz + Wi, this simplification could be used for small angles

Load combinations are created according next rules (according to the rule 6.14b in EN 1990). Load states
LS3 and LS4 have not to be combined together!!!:

LC1=10-LS1+1,0-(LS2 + v, -LS3 +y, - LS5)
LC2=10-LS1+1,0-(p, - LS2 +LS3 +y, - LS5)

LC3=10-LS1+1,0-(y, -LS2 +y, - LS3+LS5)

Action Yo 0 W2
Snow load except FIN, NOR, SWE, ISL up 05 02 0.0
to 1000 meters above sea level ' ' '

Service load on roofs category H 0,7 0,2 0,0
Wind load 0,6 0,2 0,0

Limit value of instantaneous deflection

L 3200

Winsttim = 5an =10,7 mm
' 300 300
Reliability criterion
Wiy 878 _ 082 < 10 => condition is satisfied
Winst,lim 10’7

Final deflection
Final deflections should be calculated according to the equations listed below:

Wy =W - (L + Kyt ) for permanent actions
W, =W, -+, -k,)  forthe leading variable action

Wy, =W - (1o + 17, Ky ) fOr accompanying variable action

Keet = 0,8 for service class no 2 and solid timber (factor for the evaluation of creep deformation taking
into account the relevant service class)
W factor for quasi-permanent value of a imposed load (see EN 1990)
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Final deflections of all load states and load combinations:

LS1 LS2 LS3 LS5 LC
LS2 is leading imposed load 2,95 4,11 2,76 0,28 10,10
LS3 is leading imposed load 2,95 2,06 3,94 0,28 9,23
LS5 is leading imposed load 2,95 2,06 2,76 0,47 8,24
Limit value of final deflection
Wi jim = L 3200 =16,0 mm
‘ 200 200
Reliability criterion
Wiy 1010 _ 063 < 10 => condition is satisfied
W 16,0

instlim
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