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HOW TO DESIGN TRANSVERSAL BRACING?
...worked examples for BO003 and BO006

WORKED EXAMPLE 5: TRANSVERSAL BRACING OF TRUSS GIRDER
ROOF STRUCTURE

Make assessment of transversal bracing of truss girder roof structure. Bracing members are made of solid
timber C20. Diagonals of K-shape bracing are designed as solid sections. Service class no 2 is considered.
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Building geometry

L=12m truss girder span = building width
d=48m building length

h=8m building high

o=12° pitch of the roof (slope)
Material

Solid timber C20 according to the EN 338

foox =19 MPa characteristic compressive strength along the grain
fc 0k 19 - . .
foog =Kma-——=09- 13- 13,15 MPa design compressive strength along the grain
Ym 1
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Load states

LS1 Wind pressure and wind suction on gable walls

q,(z)=0,864 kKN/m* (for CZ wind area 11, terrain category Il and building high 8 m above terrain)

E000

A

pressure coefficients for external pressure for areas D and E for geometrical ratio h/d =8/48 =0,166
Cpep = 10,7 Cpee = -0,3

wind pressure on windward wall and wind suction on leeward wall

W, 5 =0,(2)-C,.p =0,864-0,7 =0,60 KN/m’ W, e =0,(2)-C,.c =0,864--0,3=-0,26 kKN/m?
actions on transversal roof bracing

f o=, -0-060-2 =240 kN/m f w0 =026.8 2104 kN/m
PR D 2 ETTRE D 2
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LS2 Wind friction on the roof cladding

Friction length
d, =d-min{2-b;4-h}=48-min{2.12;4-8} = 48— min{24;32} = 24 m
Friction area

L 24. 12 =294 m?

A, =dg -

cosa  c0s12°

5000

h=

Friction force
Fy =Cq - A, -q,(z)=0,02-294.0,864 =5,08 kN

where ¢ = 0,02 is friction coefficient for asphalt shingle

Transfer to uniformly distributed load

g 98 4 knim
L/cosa 12/cos12°
LS3 Stabilizing load (forces)
n-N .
fst = kL : = =1 4,0-48,23 =0,52 KN/m
Ky~ L/cOS 30-12/cos12°
where
length coefficient
1 1 1
k,_ =min 15 =min 15 = min{lli} =1
L/cosa 12/cos12° ’

factor of manufacturing quality

K;; =30 (for bad manufacturing quality)
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number of roof girders (upper chords) stabilized by one transversal bracing

number of roof girders 16 4

" number of transversa bracing 4

12000

weighted average of design normal forces in upper chords where lengths of upper chord I; is weight

N = =N, -1l
’ 2l
Load state Load combination
gr?gr%r perrl;gﬁent slr_1§5v LC1=1,35.S1+1,5xL.52
[kN] [kN]

H1 -5,50 -13,25 -27,30
H2 -8,51 -20,48 -42,20
H3 -10,60 -25,53 -52,60
H4 -10,60 -25,53 -52,60
H5 -10,82 -26,05 -53,67
H6 -10,82 -26,05 -53,67

upper chords notation and lengths

.

_27,30-0,818+42,20-0,818+52,60-1,124 +52,60-1,124 + 53,67 -1,124 + 53,67 -1124

=48,23 kN
0,818+0,818+1124+1124+1124+1124

Nc,d

Load combinations
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There are special load combination for each transversal bracing (on the safe side)

f = oo 7o+ fy = 2,40-15+0,52 = 412 kN/m

f, = f, =052 kN/m

f, = f, =052 kN/m

f, = foe 70+ fy 7o + fy =1,04-15+0,41.15+0,52 = 2,70 kN/m

fi =fwp st fy =fqt fa =fa fy =fug HirtHst

nIRV4 = N\ = N\ M N\
> [ — —
A4 AV AV AV
AV \V4 N/ N | s
AN 7\ 7\ ] g
NIvaN NII7AN NIIAN NIAN
o & & & & o o o o o o e o6& H& & b
3200 |, 3200 |, 3200 | 3200 |, 3200 |, 3200 |, 3200 |, 3200 | 3200 |, 3200 | 3200 | 3200 | 3200 | 3200 | 3200
Kl il il il il Kl Kl 48[]00 Kl Kl Ed Edl Ed Ed q

All of the transversal bracing are the same geometry and members cross sections. The most loaded of them

will be analysed with load f

f =max{f; f,; f,; f,} = max{4,12;0,52;0,52;2,70} = 4,12 kN/m

f

| | |
o | | ]
o | | |
L | | |
~ \ | \
| | |

JAN

41636, 2250 |, 2050 | 2050 | 2250 |1636)

L L/cos alfa=12268 L

7 7

Internal forces

Uniformly distributed load f is transformed on forces F; acting in joints. The purlins which are not joint to the

bracing (dashed verticals) are not considered in the calculation of internal forces.

Fofh_410.28% 337
2 2
f gl 163642250 o0
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Foogleth gy 225042250 g o0y
Fooflatl g 225042250 g0
Fi R 5] F4 fs R i
NI
o 2 2 9
a = =] 2
I 5] K | Ny 5]
St s2 S3
L/cos alfa ]
Il I[
Reactions

_XF  2-(330+7,83+9,07)+9,07
2 2

R,=R, =24,74 kN

a

Normal force in diagonals D1

Ny, ==+ R,—FH =+ 24,74-330 =+1516 kN
2-C0S0; 2-cos45°

Normal force in diagonals D2

Ny, = + R,-F-F, 4 24,74-330-7,83 — 41158 kN
2-C0S0, 2-cosb4°

Normal force in diagonals D3

R-F-F-F _ 2474-330-7,83-907

Np; =+—2 =13,86 kN
2-C0S0, 2-c0s54°

In one diagonal is tension force and in the second there is compression force of the same value. The

compression is more unfavourable situation thus the diagonals will be check on flexural buckling.
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Diagonal D1
b =40 mm section depth

N
h =160 mm  section high g\ :

Neg = -15,16 kN 160
Buckling to the z-axis (in y direction) is decisive.
Design compression stress along the grain

o Ne _ 1516.10° _ 237 MPa
“4 A 6400 ’

Critical length (half of the actual length of diagonal due to joining to the neglected verticals = purlins)

L., =1157 mm >
’ <,
. =7 Uz
Moment of inertia -
-\/}3, N
o
1 1 | |
I, =—b®* h=-—-40°160=0,853.10° mm* ‘ | ‘
12 12 | | X
| | |
Radius of gyration ‘ | ‘
6
] \ﬁ 085310° o
A 6400
Slenderness
L
- wz _ 1157 100
I 115
Relative slenderness
f /
A :&_ 0Kk :100' 19 _174
©oom By m V6400
Factor for reduction factor calculation
K, =05-(L+ 8 -(4y, —03)+ Z,,)=05-1+02-(1,74-0,3)+174>)= 2,16
Reduction factor
kC’Z = 1 = ! =0,29
K+ k2—2, 216+4/2,16° ~1747
Reliability criterion
Oooa __ 237 062 < 10 => condition is satisfied

Ko, Ty 0.29-1315
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Diagonal D2
b =40 mm section depth

N
h =160 mm  section high g\ :

Neg = -11,58 kN 160
Buckling to the z-axis (in y direction) is decisive.

Design compression stress along the grain

o _Ng _1158.10° 181 MPa
“4 A 6400 ’

Critical length (half of the actual length of diagonal due to joining to the neglected verticals = purlins)

L, =1360 mm
T,
Moment of inertia "/JB“O <0
a-e/:fd, pva
1 1 . 2
I, =—b® h=-—"40°-160 = 0,853.10° mm 4l
12 12
Radius of gyration <
6
- \/I _ [0,853.10 115 mm
A 6400
Slenderness
L
ot 1360 _118
[ 115
Relative slenderness
f /
A :&_ ook _ 118_ 19 — 205
©oom B m V6400
Factor for reduction factor calculation
K, =05-(L+ 8 -(4y, —03)+ 2,,)=05-(1+0,2-(2,05-0,3)+2,05? )= 2,78
Reduction factor
kC,Z = 1 = 1 = 0,21
K+ K2—2, 278+42,78%-2,05°
Reliability criterion
Ocos  __ 181 066 < 10 => condition is satisfied

K, f.os 0211315

9/12



Ing. Ondfej PESEK, Ph.D. BO003 /BO0O6 - TIMBER STRUCTURES

Brno University of Technology --- Faculty of Civil Engineering --- Institute of Metal and Timber Structures

Diagonal D3

Has the same geometry as diagonal D3 bur smaller normal force.

Vertical V1

Vertical V1 is actually roof purlin
b =100 mm  section depth
h =160 mm  section high

Normal force in vertical V1 can be calculate from static condition

of vertical forces

>F=0 = R, =N, -siny—N,, =0

Ny, =R, —N_, -siny = 24,74—1516-sin 45° =14,02 kN

< 2
Nvi | Not W
M 5
? e
Ns S2

Ra
Design compression stress along the grain

 Ng,  14,02.10°

Crog = =0,876 MPa
47 A 16000

Because of reliability criterions of member stressed by normal force and biaxial bending reduction factors for
both axis have to be calculated

Critical length
L., =L, =3200 mm

Moment of inertia

I, = ib-h3 :i0,10'0,163 =34,1.10° mm*
12 12

I, = lb3 ‘h= i0,103 -0,16 =13,3.10° mm*
12 12

Radius of gyration

| 6
= lly _ [341.10 _46.2mm
A\ 16000
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6
i, = \/E =, /13’3'10 =28,9mm
A 16000

Slenderness

L
4y = 2320 _ggq
i, 46,2
L
g, =z 23200444
i, 289

z

Relative slenderness

A f f
Ay Ay Teok 693 | 19 ~120
’ n \ Eggs s 6400
f f
At zi. _C0k :E. 19 =192
©om By m V6400

Factor for reduction factor calculation

K, =05-(1+ B, - (4, —03)+ 22,,)=05-(1+0,2-(1,20-0,3)+1,20? )= 131

K, =05-(L+ 23, (4, —0.3)+ 22, )=05-(1+0,2-(192-0,3)+192% )= 2,51
Reduction factor
Key = L = L =0,54
ok k-, 131441312-120°
k 1 ! =024

YK kP2, 251442517 ~192°

Reliability criterions

4 )
Os [ Onmy .\ Ome| 0876|813 . 266] (o0
Koy foog | Fruya f.,q| 0541315 [138 138

=> condition is satisfied

4 )
Teos 1y . Imy , Imzl_ 0870 57 813 280 5a7 < 10
Ko foon | ™ foys  fmnd 0.24-1315 | ' 138 138

S

\/ => condition is satisfied

it is known from roof purlin assessment
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Upper and bottom chord H3 and S3
Transversal bracing chords (both upper and bottom) are actually upper chord of truss girder

/

b = 50+40+50=140 mm section depth

(D
h =180 mm section high ey |
Normal force in chords H3 and S3 can be simplified calculate from bending y—»//Z —§— %— B

moment on simple beam

|
y

1 1 .
M =3 f -(L/cos )’ =§-4,12‘(12/c0312 ) =77,51kNm 50 1401 50
M 7751
Ngg =Ny =t—=+—""=42422 kN
S3 H3 h 32
f

Ld v v i bviveiil]

>

L L/cos alfa

#

Design compression stress along the grain

3
Ny (5367+24,22)10 _333MPa

O' = =
0L, 23400
Reliability criterions
Ocod _ _ 3,33 - 026 < 10 => condition is satisfied
Ko, fooq | 0,986-1315 [
Ocod 3,33 142 > 10 => condition is not satisfied
Ko - fooa | 0,178-1315 [

it is known from truss girder assessment
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