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N = 1newton
kN := 1000newton

Project : Alul5m - Alul2m
UK

BS 6399 : wind =25 m/s
snow = 20 kg/m?2

mcd : Alul5+12 BS
esa: Alul5+12 BS
units : kN/m

date : 06/04/06
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Structural calculation of the Alu 15m and 12m
structure according to the BS 6399.

1. Introduction.

This note describes the structural calculations for the relocatable alu 15m structure manufactured
by Georges Veldeman N.V. Belgium. The length of the structure can reach any value as long
as it's a multiple of 5m. This calculation note implies at the same time the alu 12m
structure, because the main profiles and the load on the structure are the same.

Distance between two arches Span_distance := 5m

Height of the peak Hpeak = 5.09m

Height of the eave Heave = 265°M

Width of structure Width := 15xm

Length of structure Length := 35m

slope of the roof : apgof = 18deg (a must be between 15 and 30 deg)
Mean recurrence interval : Recurrence| yieryg =1 year it is a temporary structure
Site in country (0) or site in town (1): site:=0

Distance to sea : dist_to_sea:= Okm

The external loadings on the fabric like wind, rain and snow, are transmitted directly to the main
arch. The function of the purlins is to keep the distance between the arches and to ensure the
longitudinal stability in combination with the cable bracing system.

The calculation is based on the finite element method and uses nodes which are connected by
beams. Each beam has a material number. All materials are represented in a materials list.
The connections of the arches with the base plates are considered as hinges. The connections
of the cable connections are considered as hinges too, as well as the connection of the purlins
to the arches.

The profile is calculated as being continuous. The splices are checked with the results from the
general arch calculation.
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2. Determination of the loads.

2.1. Dead load.

2.1.1. Uniform loading.

The self weight of the aluminium structure is calculated by the computerprogram Esa prima win.
Weight of the fabric :

ki
Weighttgpyric = O.650><—2 *Span_distance
m

k
Weightfpyic = 3'25Eg

2.1.2. Local loadings.

Local loadings are for example the weight of the peak splice and the connection splices.

Weight 22%g

peak_splice =

Weight = 18%kg

eaves_splice"

. kg .
We'ghtheavy purlin = 4.33><E *Span_distance

WeightheavyJ)urIin = 2165kg

. kg .
Weight,, eak purlin = 1.74><E *Span_distance

Weight =8.7kg

weak_purlin
2.1.3. Lighting weight

We put on every arc 2 points with an extra weight of 50 kg, to take into account the weight of the
lights inside the structure.

ExtraWeight”ghti ng = 50%kg X 2 points for every arc (symmetrical placed to the left and right
of the peak)
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2.2. Snow load.
The snow load on a roof shall determined from : (acc. eurocode ENV 1991 - 2 - 3: 1995, § 5.1)

s=m.Cqx.Cs. S

the snow load shape coefficient m

the exposure coefficient, which usually has the value 1

the exposure coefficient, which usually has the value 1

the characteristic value of the snow load on the ground (kN/m2) Sk = 0.20—N
2
m

duopitch roof :  acc eurocode env 1991-2-3 §7.2 (5), table 7.2

angle of pitch of roof : argof = 18deg

my = |08 if Odeg £ a qn £ 15deg
08 if 15deg <a qof £ 30deg

08>§60 aroof O
e deg @ .
% if 30deg <a yo £ 60deg

30
0 if a,gyof * 60dey

08 if Odeg £ a4 £ 15deg

a 0]
0.6>(jc;—00f - 157
€ 9 it 15deg < a0 £ 0deg

30

08+

&  apf0
11560 - ;OOf :
€ % 2 it 30deg < a0 £ 60deg

30
0 if a,gyof * 60dey
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snowcase 1
m mL
a a[
snowcase 2
i 2
a a[
snowcase 3
| 05m
a a[
snovicase 1. S1_windward = mf(c&;’CtS’Sk) >Span_distance
$1 leeward == mf(C%’CtsxSk) »Span_distance
snowcase2: Sy yingward = ™ CesCrs k) SPaN_distance
$2 leeward == ”‘2>(C$’Cts>‘5k) »Span_distance
snowcase 3 :

S3 leeward = O.5ml>(C$>Cth5k) »Span_distance

kN
S1_windward = O-SE

kN

S =08
1 leeward m

kN
S2_windward = O-SE

kN

S2 leeward = 086?
kN
S3 leeward = 04?
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2.3. Wind load.
The wind load is calculated according to "BS 6399 part 2"

Basic wind speed

Basic wind speed acc. to fig. 6 Vp = 25.0r—n
s
Altitude factor : Sy=1

Direction factor : Sg=1
Seasonal factor : S =1

Probability factor (2.2.2.5) : Sp

Annex D, 1 year storm: the most likely annual
maximum value

Q:= 0632 if Recurrence|ieryg =1
0.02 if Recurrence|nterva| =50

0.0083 if Recurrence) perval = 120

5740 4 it Recurrence| pery g = 1754

-4 .
10 if Recurrence nierval = 10000

_15-In(-In(1- Q) _
Sp'_j 5- In(-In(0.98)) p =078

Site wind speed

m
Vg = VpSSSeS, Vs = 18737

Terrain and building factor (2.2.3.3)

Interpolation of table 4 gives us:

Effective height Closest distance to sea:
&e?2m § e0km g
g 5m éo.lkml 2%m §
¢ 10m = Dg =G 2m + Dg ¢:=$ 10k
_G1m~ g 10km @100km g
€ g 20m . £100km g
¢ 30m +
¢ 5om
C 4
€100m g
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g@.489 géLASQ géLAOQ g@.%@ ?260
165 165" 162" 157" 145"
¢ = ¢ = ¢ _+ ¢ = ¢ =
cL78=+ cL78=+ cL78=+ cl73=+ cL62-+
5 et 5 _Cies+ 5 _Cies+ o G1e2~ 5 GL71~
51'_81.%: 52'_81.%: 53'_81.%: 54'_81.89: s5°" 8177
CL96+ CL96+ C196+ CL96+ C185+
9204_ 9204 (?2.o4j (?2.o4j 9195
e212g e212g 8212 g 8212 g e207g
2188 2158 2076
§1507 §145° S1367
¢ _+ ¢ = ¢ =
cL73=+ c169+ c158=+
€185~ Ci1g2~ Cinn~
P56 81.90i P57 81.89: P58 8177
CL96+ CL96+ C185+
9204 9204 9195
e212g e212g e207g
Sbl(Hpeak) := linterp(Hg, Dgy Hpeak) Sbs(Hpeak) := linterp(Hg, Dgg, Hpeak)
Sp2{ Hpeak) = linterp(He, Dsp. Hpeai) Sp7{Hpeak) = linterp(He, D7, Hpeai)
Spal

&

| Hpeak) := linterp(Hg, Ds4-Hpeak)

(
(
Hpeak) = Iinterp(He, Dag, Hpeak) Sbg(Hpeak) = linter D(He- Dsg: Hpeak)
(
Sb5(Hpeak) := linterp(Hg, Dgs, Hpeak)

€§bl(Hpeak) 0

ngZ(Hpeak) i €§b6( peal) O
So c(Hpeak) = 9303(H|0€ak) _ So ( peak) 95b7( peak)

gsb4(Hpeak) : &8l pead)

& SbS(Hpeak) _z

So we become:

Sb(Hpeak,dist_to_sea,site) = Iinterp(DS_C,So_C(Hpeak),dist_to_sea) if site=0
Iinterp(DS_t,SD_t(Hpeak),dist_to_sea) if site=1

Sb(Hpeak’ dist_to_sea, site) = 1652

BS6399 Alu 12m - 15m
wind = 25m/s EFS nv
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Effective wind speed

. ) m
Ve = Vs’sb(Hpeak' dist_to_sea, S|te) Ve= 30.96§
Dynamic pressure
a:‘secsz 9 kN
g = 06134 % dg = 0588
e m’ [} i
Size effect factor Ca : (fig. 4)
=L h2 H 2 =351
A5ide w = Length™ + Heqye agide w = 31m
. 2
2 & Widh ¢

a5de r= Length

C 3 3side_r = 3877m
é2cos(aroof) a —

L2 2
agable::\/w'dth + Heave

s

¢
8y, = 10€(WidthoLengthH
8

o pr
g
A
.
"
g
A
-
"
.
A
.
"
g

curve =

MD: ™ (D> (D> D> D> ™D

(‘D/ﬂa; ('D;ﬁag (‘D/ﬂa; ('D;ﬂag (‘D/ﬂa; ('Daﬂag (‘D/ﬂa;

M: ™ (D> (D> (D> D> D> (D> (D> MDD

curve ="A"

agabl e =15.232m

w

) . Width>(Hpeak - Heave)
eave, 2

»{ength

o

if dist_to_sea < 2km 9 if Om< Hpeak£5m
if dist_ to sea3® 2km g

if dist_to_sea < 10km 9 if Bm< Hpeak£20 ’
if dist to sea® 10km g

if dist_to_sea < 100km 9 if Hpeak>20m
if dist_ to sea® 100km g

if dist_to_sea < 2km 9 if Om< Hpeak£5m
if dist_to sea3 2km g

if dist_to_sea < 10km 9 if Bm< Hpeak£ 10m
if dist_to_sea3 10km
if dist_to_sea < 10km
if dist to sea3 10km
if dist_to_sea < 100km 9 if Hpeak>20m
if dist_ to sea® 100km g

C)(—\C\C\éc\(—\C/

O §

§ if 10m< Hp oo £ 20m

p

S

diagonal of loaded areas (fig. 5)

an = 126.655m

if site=0

OO OOV OOy O O

if site=1

diagonal
dimension for
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internal pressure

2.6.1.1

BS6399
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€ - o] o] u
é(log?s'de—w—: - log(5)=X067- 1)
Caw= é_e e M o g + 1E if curve="A"
= é |09(1000) - |09(3 a
éﬁe &Fside w O u
eClogl—— 0g(5) = >(061 Dot C. . —0879
?_e € g + 1 if curve="B" aw
é l0og(1000) - Iog(5) a
ée - 0 u
Eorogt 9D joge x082- 1)
g’_e € 2 + 4 if curve="C"
é 10g(1000) - log(5) a
éee - u
Eelogronde 10 1oy x067 ) (
Cy (= _é_e e m + 1L if curve="A"
- |é |09(1000) - |09(3 a
ée aide | ré u
éclogC 0g(5) = >(061 1) C, = 0877
(_:2_e € + 4 if curve="B" -
e Iog(lOOO) - Iog(5) ua
éee - u
Eelogr20e 0 1oy xosz yC
é_e € ? + 1E if curve="C"
é [og(1000) - Iog(5) ua
ése 0 u
éclo ?@gab' - log(5)3X067- 1)
Ca 9= é_e e m ﬂ g + 1E if curve="A"
= é 10g(1000) - log(5) a
€ By 0 u
eC'Og(\ﬁgm = - log(5)=x061- 1) ( C. =091
§_e g + 1 if curve="B" agd
é |09(1000) - |09(5) a
éee u
é€Clo ‘iﬁg - log(9) = ’(052 )
é_e e m g + 1E if curve="C"
é [0g(1000) - Iog(5) 0]
éee u
€Clo ?1 - log(5) = >(067 )
C,i= €& e + 14 if curve="A"
é Iog(1000) - Iog(5) a
e afin O U
€ClogC—= - log(5)~ >(O 61-1) ( Cq =079
(_:Z_e em g + 4 if curve="B" -
é 10g(1000) - |09(5) a
éx &&in0 u
EClogt—2 % - log(5)+ >(052 H ¢
.éle € + 14 if curve="C"
é 10g(1000) - |Og(5) a
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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Effective dynamic pressure

wind on side
kN
Ow = qs>Ca_w Ow = 0.516—2
m
kN
qp = qs’Ca_r qr = 0.515—2
m
wind on gable
kN
=qC = 0547 —
99 = 9sa g 99 2
m
internal windpressure
kN
q; = qs’Ca_i g = 0.469—2
m
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv
snow = 20kg/m? 10/47




2.3.1. External wind pressure coefficients.

2.3.1.1. Walls

Wind load normal to the sidewall of the structure.

Side wall (D<B) :

Cpe s ww = 0688

B := Length
D = Width
H:= Hpeak
bg = min(B, 2H) bg =10.18m
bOZS = OZ)bS bOZS =2036m
Windward
8% - 4%085-06) ! 5
~e %] s
= |F +008 if l<—<4
Cpe_s_ww & 1- 4 0 H
0.85 if b £1
H
0.6 if 2 34
H
Leeward
Cpe < [ = = 0] Table 5
Gable wall :
Cpe_s_g A=-13 Cpe_s_gB =-08 Cpe_s_gC =-05

Table 5

Table 5

page 11
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Wind load normal to the gablewall of the structure.

Gable wall (D>B) :

page 12

B := Width
D := Length
H:= Hpeak
bg :=min(B, 2H) bg =10.18m
bg.2q = 0-2bg b g = 2036m
Windward
ee@qﬁ - 4%085-06) ! S
— | z€ %] s D N
Cpe_g_\,\,W = re 14 + 0'60 if 1< H <4 Cpe_g_ww =06
0.85 if b £1
H
06 if b, 4
H
Leeward
Cpe_g_tw=-05 Table 5
Side wall :
Cpe_g_sA =19 Cpe_g_sg =-08 Cpe_g_sC =-05 Table 5
BS6399 Alu 12m - 15m
wind = 25m/s EES nv

snow = 20kg/m?
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2.3.1.2. Roofs art. 2.5.2

Wind load normal to the sidewall of the structure.

b :=min(Length,2H) b =1018m
bW = min(Width, 2H) bW =10.18m
Table 10:
e 189 ael2g 2069 2099 2039 2049
C.117 .08~ C.04~ ¢.13" C.097 ¢.057
8-0.5; g-o.s; g-o.z; g-o.g; g-o.s; g-o.s;
0= . By = . Co = . E:= . F:= . G:= .
Coo+ Coo + Coo + C-04+ C-03+ C-03+
Cos $os Cos ¢ o087 ¢ o077 ¢ o6
c = c C s c 0z c T4 ¢ s c o4
e08 g e08 g e08 g e-09g e-06g e-08g
00 B00 B00 acbdeg ¢
Go2* Co2* G2 § 15deg ™
Sos_ So5_ S04 gsodeg;
= (; i B, = (5: ' CU = (5: ' a = (;
U" cos+ U" coe+ cor+ G45deg +
(c?o.s_: ‘c?o.s: ‘c?o.s: Ceodeg
e08g e08g e08g e75deg g
Crers A 0~ Iinterp(a Ao aroof) Cpe rs A_o =098
Coe rs A u~= Iinterp(a Aus aroof) Cpe rs A_u=032
Cpre rs B o Iinterp(a , Bo'aroof) Cpe rs B 0=074
Cpe rs B u~= Iinterp(a By.a roof) Cpe rs B u=026
Crers C o= Iinterp(a , Co'aroof) Cpe rs c 0=-036
Coerscu= Iinterp(a Cur aroof) Cpe rs c u=024
Cpe rs E= Iinterp(a Ea roof) Cpe rs E=-122
Cpe_rs_F = Iinterp(a ,F,a roof) Cpe_rs_F =-082
Cpe rs G~ Iinterp(a Ga roof) Cpe rs =709
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 13/47
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Wind load normal to the gablewall of the structure.

Table 10:
2209 aelly & 06 g 2059
g-l.e‘f é-l.s‘f g-o.ﬁ‘f C.047
A::g-1.2+ B::g-1.1+ C.:Q-O'6+ .:9-0.5_
G-12~+ ¢-12~+ C-06~ G-04-~+
¢ 127 ¢ 127 ¢ 07" ¢ o067
C G C T = C -
e-12g e-12g e-115g e-06g
Coe rg_a = linterp(a, A, a o) Cpe rg A =-152
Coe rg_B = linterp(a,B,a o) Cpe rg B =- 142
Cpe_rg_C = Iinterp(a ,C, aroof) Cpe_rg_C =-06
Cpe_rg_p = linterp(a,D,a o) Cpe rg D = - 042
2.3.2. Internal wind pressure coefficients.
The wind also causes (table 16)
an underpressure: Cpi u=-03
an overpressure: Cpi 0 =00
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 14 /47




2.3.3. Global wind pressure.

Wind load normal to the sidewall of the structure.

Overpressure

dsidewall_windw_overpress = Cpe s ww9w = Cpi oY

dsidewall_leew_overpress = Cpe s Iw’%w = Cpi_o’Yi

AroofA_side overpress = Cpe rs A_ o™~ Cpi o™i

Y00fB_side overpress = Cpe rs B_ o9~ Cpi_o’Yi

Yr00fC_side overpress = Cpe rs C o9~ Cpi_o’Yi

Y00fE_side_overpress = Cpe rs B9~ Cpi_o’Yi

Yo0ofF_side overpress = Cpe rs F9r = Cpi_oYi

Y 00fG_side overpress = Cpe_rs G~ Cpi oY

dgableA_overpress = Cpe s ga’tg = Cpi_o’Yi

dgableB_overpress = Cpe s gB™g ™~ Cpi oY

dgableC_overpress = Cpe s gC¥g ™ Cpi oY

Osidewall_windw_overpress = %

dsidewall_leew_overpress = - 0-298—
kN
AroofA_side overpress = - 0905—
m
kN
OroofB_side_overpress =~ 0'381_2
m
kN
OroofC_side_overpress =~ 0'186_2
m
kN
OroofE_side overpress =~ 0'629_2
m
kN
OroofF_side_overpress =~ 0'423_2
m
kN
OroofG_side_overpress =~ 0'258_2
m
kN
OgableA_overpress =~ 0'711_2
m
kN
OgableB_overpress = 0'437_2
m
kN
OgableC_overpress = 0'273_2
m

kN

2
m
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Underpressure

dsidewall_windw_underpress = Spe s ww’Ow = Cpi_u’di

dsidewall_leew_underpress = Cpe s Iw%w ™ Cpi Y

AroofA_side underpress = Cpe rs A_u9r = Cpi_ui

A00fB_side underpress = Cpe rs B udr = Cpi_ v

Yr00fC_side underpress = Cpe rs C_udr = Cpi_ v

Y 00fE_side_underpress = Cpe rs B9 = Cpi_ v

Y 00fF_side underpress = Cpe rs P9~ Cpi_ v

Y 00fG_side_underpress = Cpe rs G9 - Cpi_ui

dgableA_underpress = Spe s gA™g ™ Cpi_ Y

dgableB_underpress = Cpe s gB*9g = Cpi_ui

dgableC_underpress = Cpe s gC¥ = Cpi_ui

Osidewall_windw_underpress = 0-496—2
kN
Osidewall_leew_underpress = - 0-117—2
m
kN
GroofA_side_underpress = 0-306—2
kN
AroofB_side_underpress = 0-275—2
m
kN
AroofC_side underpress = 0-264—2
m
kN
AroofE_side_underpress = - 0-483—2
m
kN
AroofF_side underpress = - 0-282—2
m
kN
GroofG_side underpress = - 0-117—2
m
kN
GgableA_underpress = - 0-57—2
m
kN
QgableB_underpress ~ - 0-297—2
m
kN
AgableC_underpress = - 0.133—2
m
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Wind load normal to the gablewall of the structure.

Overpressure

dsidewallA_overpress = Cpe g_sA’%w = Cpi_o’di

dsidewallB_overpress = Cpe_g_sB%w ™ Cpi oY

dsidewallC_overpress = Cpe_g_sC%w ™ Cpi oY

AroofA_overpress = Cpe_rg AMr = Cpi oY

A00fB_overpress = Spe rg_ B = Cpi_o’Yi

Ar00fC_overpress = Spe_rg_C9 = Cpi_o’Yi

Ar00fD_overpress = Cpe rg D9 = Cpi_o’Yi

dgable windw_overpress = Cpe g wwdg = Cpi_o’Yi

dgable leew overpress = Cpe g Iw¥g = Cpi oY

page 17

kN
OsidewallA_overpress = - 0'671_2
m
kN
OsidewalIB_overpress = - 0'413_2
m
kN
OsidewalIC_overpress = - 0'258_2
m
kN
OroofA_overpress =~ 0'783_2
m
kN
OroofB_overpress = - 0'732_2
m
kN
OroofC_overpress = - 0'309_2
m
kN
GroofD_overpress =~ 0'216_2
m
kN
Ogable windw_overpress = 0'328_2
kN
Qgable leew_overpress =~ 0'273_2
m

BS6399
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Underpressure

dsidewallA_underpress = Cpe_g_sa®w ™ Cpi_ Y

dsidewallB_underpress = Cpe_g_sB%w = Cpi_ui

dsidewallC_underpress = Cpe g _sC%w " Cpi_ui

AroofA_underpress = Cpe rg A9~ Cpi_ v

Ar00fB_underpress = Cpe rg B9 = Cpi_ Y

AroofC_underpress = Cpe rg 9~ Cpi_ Y

A 00fD_underpress = Cpe rg_ D9 = Cpi_ v

dgable windw_underpress = Cpe g wwg = Cpi_ v

dgable leew underpress = Cpe_g_Iw¥g = Cpi_u’di

kN
Osidewal|A_underpress = - 0'53_2
m
kN
OsidewalIB_underpress = ~ 0'272_2
m
kN
OsidewalIC_underpress = ~ 0'117_2
m
kN
OroofA_underpress = - 0'643_2
m
kN
OroofB_underpress = 0'591_2
m
kN
OroofC_underpress = - 0'168_2
m
kN
OroofD_underpress = - 0'076_2
m
kN
Qgable windw_underpress = 0'469_2
m
kN
Qgable leew_underpress = - 0'133_2
m
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2.3.4. Total windload per arch (2nd arch = most loaded).

Wind load normal to the sidewall of the structure.

page 19

b
— =509m
2
Overpressure
- . kN
Psidewall_windw_overpress = Ysidewall_windw_overpress’SPan_distance Psidewall_windw_overpress = 1775?
- . ) kN
Psidewall_leew_overpress = Ysidewall_leew_overpress™Span_distance Psidewall_leew overpress =~ 1'291;
__ Span_distance _ kN
Proof_low_windw_overpress ‘= 9roofA_side_overpress™ 5 Proof_low_windw_overpress = - 2.216F
Span_distance
*AroofB_side_overpress 5
. . ) KN
Proof_high_windw_overpress = 9roofC_side overpress™SPan_distance Proof_high_windw_overpress = - 0928?
_ Span_distance _ kN
Proof_high_leew_overpress ‘= YroofE_side_overpress 2 Proof_high_leew_overpress = - ZGZQF
Span_distance
*Aroof F_side_overpress 5
. . ) KN
Proof_low_leew_overpress = 9roof G_side_overpress™Span_distance Proof_low_leew overpress =~ 1289?
Underpressure
- . kN
Psidewall_windw_underpress = dsidewall_windw_underpressSPan_distance  Pggewall windw_underpress = 2479?
- . ) kN
Psidewal|_leew_underpress = dsidewall leew_underpress’SPan_distance Psidewall_leew_underpress = - 0587?
__ Span_distance _ kN
Proof low_windw_underpress -~ YroofA_side_underpress™ 2 Proof low_windw_underpress = 1'451;
Span_distance
*AroofB_side_underpress 5
- . KN
Proof_high_windw_underpress = droofC_side_underpress™SPan_distance Proof_high_windw_underpress = 1322;
_ Span_distance _ kN
Proof_high_leew_underpress -~ 9roofE_side_underpress 2 Proof_high leew underpress = - 1'925F
Span_distance
*AroofF_side_underpress™ 2
kN
Proof low_leew underpress = - 0'585E

Proof low_leew_underpress

= OroofG_side_underpress™SPan_distance

BS6399 Alu 12m - 15m
wind = 25m/s EES nv
snow = 20kg/m? 19/47




Wind load normal to the gablewall of the structure.

b =10.18m
by = 1.018m

Overpressure

Psidewall_overpress = Ysidewal|B_overpress’SPan_distance

ProofC_overpress = 9roof C_overpress™Span_distance

Underpressure

Psidewall_underpress = dsidewal|B_underpress™Span_distance

ProofC_underpress = 9roofC_underpress™SPan_distance

Zoney41A = Po2
Zoney 4|8 = b - bO.Z
Zoney ot AR = P10

Z0N€roofC =7 - big

Z0ng 4 1A = 2036m
zZ0ng,41B = 8.144m
Z0NggnfAB = 1.018m

Z0neguic = 4.072m

kN
Psidewall_overpress = - 2065?
kN
ProofC_overpress = - 1546;
kN
Psidewall_underpress ~ - 1361?
kN
ProofC_underpress = - 0342;
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3. Materials.

3.1. Properties.

gM =12
gM b =12
ng =12

3.2. Aluminium.
Quality = 6061 T6.

Yield stress

Tensile strength

Modulus of elasticity

Admissible stress

partial safety factor

partial safety factor for bolts and pins

partial safety factor for rivets

N
Re au = 240%——
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3.3. Aluminium profile.

Aluminium hollow cross-section

Wall thickness

Depth of web element

Width

Height

Section

Moment of inertia
in the y-direction

Moment of inertia
in the z-direction

Height of the
profile in y-direction
Height of the
profile in z-direction

Elastic resistance
in the y-direction

Elastic resistance
in the z-direction

Plastic resistance
in the y-direction

Plastic resistance
in the z-direction

ALU 240/100/3

tdu240 = 3¥1m

dal u240 = 168mm

b := 100mm

h := 240mm

A gupdo = 23200t

ly aluzdo = 16740 "

6 4
IZ_dU24O = 3.90X10 ¥

yy_al u240 = 1204mm

Yz auza4p = S0mm

._ 5 3
Wely_a|u240 = 1.40X10 ¥mm

_ 4 3
Weiz alupdp = 7.7940 >mm

_ 5 3
Wiy aluza = 179407mm

_ 4 3
Wp|2_d u240 = 9.04X10 »mm

page 22

ALU 240+232

taup4op32 = 7>

dau240232 = 162mm

b := 100mm

h := 240mm

Adu240232 = s6atxm”

4

._ 7

6 4
IZ_Ei u240232 = 6.59%10 ¥t

Yy du240232 = 120

Yz adu240232 = S0

__ 5 3

._ 5 3

__ 5 3

W 5 3
Wplz_d u240232 -~ 1.63X0 m

BS6399
wind = 25m/s

snow = 20kg/m?
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tyy(profile) := |ty 040 if profile=1 dgqy(profile) := | dg 040 if profile=1

taupaop3p if profile =2 40030 if profile = 2

Agy(profile) == | Agpap If profile=1

Adu240232 if prOﬁle =2

Yy au(profile) = Yy alu240 if profile=1 Y7 gu(profile) =1y, quoao if profile=1

Yy au240232 i profile =2 Yz duaopzp if profile =2

ly au(profile) := [y gyp4g if profile=1 Iy qu(profile) := |1, 4pag if profile=1

ly alu240232 if profile =2 |Z au240232 if profile=2

Wp|y(profile) = Wply_alu240 if profile=1 Wp|z(profile) = Wplz_alu240 if profile=1

Wply_alupaozsp 1 profile =2 Wiz auzdose i profile =2

Wdy(profile): Wely_alu240 if profile=1 W g (profile) : Welz_alu240 if profile=1

Wely_alu240232 if profile=2 Welz_alu240232 if profile =2

profeontrol(Profile) := | "au240/100" if profile = 1
"au240+232" if profile =2

BS6399 Alu 12m - 15m
wind = 25m/s EFS nv
snow = 20kg/m? 23147




3.4. Stability formulas.

Bending and axiale compression

Profil classification

_ a4, (profile) §
b(profile) := 040¢————=
étdu(proflle) o

Slenderness parameter (art.5.4.3)

250><l2
o= [— e=1021
Re_alu
bl:=11e bl =11.227 Table 5.1 (heat treated, unwelded)
b2:=16¢ b2 =16.33
b3:=22%¢ b3 = 22454

classification(profile) := |1 if b(profile) £ bl
2 if bl<b(profile) £ b2
3 if b2 <b(profile) £ b3

4 if b3 < b(profile)

Profile properties

Shape factor (table 5.3, no welding)

Wply(profile)
ay(profile) = |
Wdy(proﬂle)

~

, b3~ b(profile) adVpy(profile) &0

g,l
€
é b3 - b2

éWdy(profiIe) oA

_ _ Wp|z(profile) o)
a4(profile) := [ min¢1.25

" Wy (profile) e

NoN (‘D/(:‘?B

min

if classification(profile) =1U 2

b3- b(profile) @&V pizProfile)

(0>}

1251+

b3 - b2

D

éWdZ(profiIe)

<3.1>

<3.2>

- 1z if classification(profile) =3

= if classification(profile) =1U 2

ou . .
- 1= if classification(profile) =3

a

form 5.15
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ENV 1999-1-1, art. 5.9.4(6): Profile capacity

R
e du <3.3>

Nyg(profile) := A 4 (profile) ——
v
a,,(profile) WV 4,,(profile)
Myrg(profile) := — dy e du
M

a [ profile) W y(profile) ’Re_al u

M 4 y(profile) :
v

Buckling control

Hollow cross sections (art. 5.9.4.2(4))

yc=08

wo =10 wx:=1.0 for beams without localized welds

Buckling stress ( art. 5.8.4.1)
a =020 Values of imperfection factor (table 5.6, heat treated)
lo:=01 Values of imperfection factor (table 5.6, heat treated)
h:=10

Slenderness :

Il::pxi | | = 53653
h>Re_alu
A{ kL
; ky y . zZ-z
| (proﬁle,k L ) e —— | Z(proflle,k ,LZ) e —
y y'y : z - <3.4>
Iy_aju(proflle) Iz_du(proflle)
Agy(profile) A 4 (profile)

I (profile, k. Ly ) | {profile, ky, L)
; - y'y ; —_Z 4
I by(proflle,ky, Ly) = I I bz(proflle,kz, Lz) = : <3.5>
1 1
Reduction coefficients :
) <3.6>

k ,Ly) - Io) +1 by(profile,ky,Ly) (

fy(profile,ky, Ly) = O.5>£J + a>(| by(profile, y

t{profile kL) = 0.5{1 + axl pprofile, ky,Ly) - 10) + I, {profile, ky, Lz)aé

BS6399 Alu 12m - 15m
wind = 25m/s EES nv
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: . 1
cy(proflle,k ,Ly) = form 5.33 <3.7>

y
fy(profile,ky,Ly) + ny(profile,ky,Ly)Z - by(profile,ky,Ly)2

1

cAprofile,ky, L) :=

2 > form 5.33
f {profile, k,, L) + sz(prdile,kZ,LZ) - 1 p{profile, ky, L)
cmin(profile, ky kZ, Ly, Lz) = min(cy(profile, ky, Ly) , cz(profile, kz, LZ))
Jc
buckling(profile, k,k,, Ly, Ly, Neg, Mygq, M )_ae Ned °
Ry Kz by bz NEd VyEd M ZEd) T C : T
yrey y écmm(proflle,ky,kz, Ly,LZ)>Wx>4\lrd(prof|Ie) p form 5.46
£ .0.6
3 ogae MyEd 61'7 H <3.8>
" Swo g ELMy (profile) - G
evvogéé yro|(pr0|e)g i
X L7
e Mxpy 06 U
Ere—————:  (
é éMzrd(proﬂIe)g 0
Bending and axial tension
Hollow cross sections (art. 5.9.3.3(1))
y =13
wo =1
equation( profile, Ngg, My g Myq) e N O c
uatl e, Neg. Mypg: M) =0 ———— = -
y gcév\nwrd(proflle) i 3 form 5.43
€ ¢ 17 ERO <3.9>
eee Myed O @ Ma 00 g
ETEC—— — = C—— T r
& éémx\/lyrd(proflle)g év\oxvlzrd(proﬂle)g 0 0
Stress
N MyEq¥ (profile) M=% (profile)
ss(profile, NEd’MyEd'MzEd) = Ed_ + yEd y_alu. + Zd z_du. <3.10>
A gy(profile) Iy alu(profile) I, qu(profile)
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 26 /47




4. Control of the main profiles.

4.1. Foot: alu240

ky =10 k,:=10 buckling factor

L, :=265m Buckling length of the foot profile in the strong direction

y
L= 2o Buckling length of the foot profile in the weak direction
profile:=1

profeontrol(Profile) = "au240/100"
classification(profile) = 3 <3.1>

Shape factor :

page 27

ay_prof =1.002 ay ' prof =1.001 <3.2>
Profile capacity :
Nrd_prof = 464kN
Myrd_prof = 28.068KN>m <3.3>
MZfdJ)rOf = 15.602kN>m
Slenderness :
| y_prof = 31234 | z prof = 64.633 <3.4>
| by_prof = 0582 | bZ_pI’Of =1205 <3.5>
Reduction coefficient for buckling :
fy prof =0.718 f2 prof = 1336 <3.6>
Cy_prof =0.879 Cz_prof =0522 <3.7>
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.1.1 Bending and axial compression (art. 5.9.4)

4.1.1.1 Maximum moment

My = 10.44N>m {comb. 9, member 1, x=1.344m}
M = 0.0kN>m
N, = 115N normal force / compression

Buckling control

buckli NYeontrol_unity = 0451

page 28

<3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
S control = 79687 2 :
mm
S
control
— =0.398
Sadm au
s
. control
stress:= |"OK" if ——— £10
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.1.1.2 Maximum normal force

My = 10.6kN>m
M, = 0.0kN>m
N, = 1L7%N

Buckling control

{comb. 9, member 15, x = 1.344 m}

page 29

bucklinggnirol unity = 0.459 <3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= N <3.10>
Scontrol = 81.211—2 .
mm
S
control
— = 0406
Sadm au
s
control
stress = |"OK" if ———
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.1.2 Bending and axial traction (art. 5.9.3.3)

4.1.2.1 Maximum moment

My = 13.5%N>m {comb. 2, member 1, x = 1.344m}
M, = 0.0)kN>m
Ny = 10.7kN normal force / traction

Unity control

bending_traction 0481 <3.9>

control_unity =

control := |"OK" if bending_traction £10

control_unity
"NOK" otherwise

control = "OK"

Stress control

N
S control = 101.618—2 <3.10>
mm
S
control
—————— =0508
Sadm alu
s
trol
stress = |"oK" if — 2N £49
Sadm alu
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 30/47
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4.1.2.2 Maximum normal force

My = 6.2KkN>m
M = 0.0kN>m
N, = 120%N {comb. 4, member 15, x=1.344m}

Unity control

bendi ”g—traCtioncontrol_unity = 0223 <3.9>
control := |"OK" if bending_tractioncomrcﬂ_unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
S control = 49723 5 .
mm
S
control
— =0249
Sadm au
s
. control
stress:= |"OK" if — £1.0
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 31/47




4.2. Foot: alu240+232

ky =10 k,:=10 buckling factor

L, :=265m Buckling length of the foot profile in the strong direction

y
L= 2o Buckling length of the foot profile in the weak direction
profile := 2

profeontrol(Profile) = "au240+232"
classification(profile) = 1 <3.1>

Shape factor :
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ay_prof =1.303 a, - prof = 1235 <3.2>
Profile capacity :
Nrd_prof = 9382|(N
Myrd_prof = 714kN>m <3.3>
MZfdJ)rOf = 32.6kN>m
Slenderness :
Iy prof = 31643 |2 prof = 70.703 <3.4>
| by_prof =0.59 | bz_prof =1318 <3.5>
Reduction coefficient for buckling :
fy prof = 0723 f2 prof =149 <3.6>
Cy_prof = 0.876 c z prof = 0.458 <3.7>
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.2.1 Bending and axial compression (art. 5.9.4)

4.2.1.1 Maximum moment

My = 20.6kN>m {comb. 9, member 16, x=1.305m}
M = 0.0kN>m
N, = 11L7%N normal force / compression

Buckling control

buckli NYeontrol_unity = 0.337
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<3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= N <3.10>
S control = 77631— :
mm
S
control
— =0.388
Sadm au
s
. control
stress:= |"OK" if ——— £10
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.2.1.2 Maximum normal force

My = 20.6kN>m
M, = 0.0kN>m
Ny = 11.7°kN

Buckling control

{comb. 9, member 16, x = 1.305m}

page 34

bucklinggnirol unity = 0.337 <3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
S control = 77631 2 '
mm
S
control
— =0.388
Sadm au
s
. control
stress = |"OK" if ———
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.2.2 Bending and axial traction (art. 5.9.3.3)

4.2.2.1 Maximum moment

My = 23.1KN>m {comb. 2, member 2, x = 1.305m}
M, = 0.0)kN>m
Ny = 10.7kN normal force / traction

Unity control

bending_traction =0.319 <3.9>

control_unity

control := |"OK" if bending_traction £10

control_unity
"NOK" otherwise

control = "OK"

Stress control

N
Scontrol = 86'536_2 <3.10>

mm

S
control
—— =0433

Sadm alu

S
stress = |"oKr it —2M £ g

Sadm alu
"NOK" otherwise

stress = "OK"

BS6399 Alu 12m - 15m
wind = 25m/s EFS nv
snow = 20kg/m? 35/47
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4.2.2.2 Maximum normal force

My = 7.3kN>m
M = 0.0kN>m
N, = 120%N {comb. 4, member 16, x=1.305m}

Unity control

bendi ”g—traCtioncontrol_unity =0.101 <3.9>
control := |"OK" if bending_tractioncomrcﬂ_unity £10
"NOK" otherwise
control = "OK"
Stress control
= N <3.10>
Scontrol = 29'184_2 :
mm
S
control
— =0146
Sadm au
s
. control
stress:= |"OK" if — £1.0
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 36/47




4.3. Roof : alu240+232

ky =10 kz:: 1.0

buckling factor

L, :=7.88m Buckling length of the roof profile in the strong direction

y
L,:=263m
profile := 2

profeontrol(Profile)

"alu240+232"

Buckling length of the roof profile in the weak direction (= purlin distance)

page 37

classification(profile) = 1 <3.1>
Shape factor :
ay prof = 1.303 =1235 <3.2>
Profile capacity :
Nrd_prof = 9382|(N
Myrd_prof = 7L4KN>M <3.3>
MZfdJ)rOf = 32.6kN>m
Slenderness :
ly_prof = 94094 | 2 prof = 70169 <3.4>
| by_prof =17%4 | bZ_pI’Of =1.308 <3.5>
Reduction coefficient for buckling :
fy prof = 2203 f2 prof = 1476 <3.6>
Cy_prof =0.283 c z_prof = 0463 <3.7>
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.3.1 Bending and axial compression (art. 5.9.4)

4.3.1.1 Maximum moment

My = 2L.8KN>m {comb. 7, member 14, x=1.19m}
M = 0.0kN>m
Ny = 7.7kN normal force / compression

Buckling control

buckli NYeontrol_unity = 0.357
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<3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
S control = 81155 :
mm
S
control
— = 0406
Sadm au
s
. control
stress:= |"OK" if ——— £10
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.3.1.2 Maximum normal force

My = 20.6kN>m
M, = 0.0kN>m
Ny = 10.7kN

Buckling control

{comb. 9, member 14, x = 1.19m}
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bucklinggnirol unity = 0.358 <3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
Scontrol = 77418 5 .
mm
S
control
— =0397
Sadm au
s
. control
stress = |"OK" if ———
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.3.2 Bending and axial traction (art. 5.9.3.3)

4.3.2.1 Maximum moment

My S LG {comb. 2, member 3, x = 0.0m}
M, = 0.0)kN>m
Ny = 9.1kN normal force / traction

Unity control

bending_traction =0.319 <3.9>

control_unity

control := |"OK" if bending_traction £10

control_unity
"NOK" otherwise

control = "OK"

Stress control

N

Scontrol = 86.195—2 <3.10>
mm
S
control
— =0431
Sadm alu
s
trol
stress = |"oK" if — 2N £49
Sadm alu
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 40/ 47
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4.3.2.2 Maximum normal force

My = 7.7KN>m
M = 0.0kN>m
N, = 131%N {comb. 4, member 3, x=1.19m}

Unity control

bendi ”g—traCtioncontrol_unity = 0.107 <3.9>
control := |"OK" if bending_tractioncomrcﬂ_unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
S control = 30878 2 :
mm
S
control
— =014
Sadm au
s
. control
stress:= |"OK" if — £1.0
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 41 /47




4.4. Roof : alu240

ky =10 k,:=10 buckling factor

L, :=7.88m Buckling length of the roof profile in the strong direction

y
L, :=263m . . S -

z Buckling length of the roof profile in the weak direction (= purlin distance)
profile:=1

profeontrol(Profile) = "au240/100"

classification(profile) = 3 <3.1>

Shape factor :
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ay_prof =1.002 ay ' prof =1.001 <3.2>
Profile capacity :
Nrd_prof = 464kN
Myrd_prof = 28.068 KN>m <3.3>
MZfdJ)rOf = 15.602kN>m
Slenderness :
Iy prof = 92878 |2 prof = 64146 <3.4>
| by_prof =1731 | bZ_pI’Of =119 <3.5>
Reduction coefficient for buckling :
fy prof = 2161 f2 prof = 1324 <3.6>
Cy_prof =0.289 Cz_prof =0528 <3.7>
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?
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4.4.1 Bending and axial compression (art. 5.9.4)

4.4.1.1 Maximum moment

My = 20.9kN>m {comb. 7, member 13, x=0.964m}
M = 0.0kN>m
N, = 7.6kN normal force / compression

Buckling control

bUCk”ngcontrol_unity =0.841 <3.8>

control := |"OK" if bucklingontrol unityEl'O

"NOK" otherwise

control = "OK"

Stress control

N
Scontrol = 153'456_2 <3.10>
mm

S
control — 0767

Sadm alu

S
stress = |"oKr it —2M £ g

Sadm alu
"NOK" otherwise

stress = "OK"
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BS6399
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4.4.1.2 Maximum normal force

My = 11.6kN>m
M, = 0.0kN>m
N, := 10.2kN

Buckling control

{comb. 9, member 13, x = 0.964m}

page 44

bucklinggnirol unity = 0.533 <3.8>
control := |"OK" if bucklingontrol unity £10
"NOK" otherwise
control = "OK"
Stress control
= —N <3.10>
Scontrol = 87-75 5 .
mm

S

control
— =0439
Sadm au

s
. control
stress:= |"OK" if —— £10
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m?

44 ] 47




page 45

4.4.2 Bending and axial traction (art. 5.9.3.3)

4.4.2.1 Maximum moment

My = IS {comb. 4, member 13, x = 0.964m}
M, = 0.0)kN>m
Ny = 13.1kN normal force / traction

Unity control

bending_traction =0.273 <3.9>

control_unity

control := |"OK" if bending_traction £10

control_unity
"NOK" otherwise

control = "OK"

Stress control

N

Scontrol = 60'257_2 <3.10>
mm
S
control
— =0301
Sadm alu
s
trol
stress = |"ok" it —29 £19
Sadm alu
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 45/ 47
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4.4.2.2 Maximum normal force

My = 1.5%N>m
M = 0.0kN>m
N, = 135N {comb. 4, member 8, x=2.143m}

Unity control

bending_tractionggnirg| ynity = 006 <3.9>
control := |"OK" if bending_tractioncomrcﬂ_unity £10
"NOK" otherwise
control = "OK"
Stress control
= N <3.10>
Scontrol = 16'597_2 :
mm
S
control
— =0.083
Sadm au
s
. control
stress:= |"OK" if — £1.0
Sadm au
"NOK" otherwise
stress = "OK"
BS6399 Alu 12m - 15m
wind = 25m/s EFS nv

snow = 20kg/m? 46/ 47
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5. Conclusion.

The relocatable Alu 15m structure, manufactured by EFS N.V., Veldeman Tent Technology in Bree
Belgium complies with the stiputations of the British Standard 6399, under the following conditions:

- basic windspeed = 25m/s

- effective windspeed = 31m/s

- ground snowload = 20kg/m?2

- the structure is good anchored to the ground and is completely closed.

The relocatable Alu 12m structure, manufactured by EFS N.V., complies consequently with the
stipulations of the BS 6399, because the same profiles bear the same loads on a smaller span.

Bree, April 6, 2006

for EFS nv,
Veldeman Tent Technology

BS6399

Alu 12m - 15m

wind = 25m/s EFS nv
snow = 20kg/m? 47147




ENCLOSURE 1:

Drawings of the ALU structure 15m




NAX 3 X SD00

MAX 3 X 3DDO

3100

103S17IvE

AJIA ™HNTD

WET N7V
v‘;- = v:wu «
>‘|‘A" [
=

8'2/CINTIV NOILINALSNOOINIL AxNAOdW3L

AJIA JOL

X=X NOLLD3S

0e09

A3IA INDRIS

MIIN 34




NA/H ROOF TRUSS

GEORGES
VEIDEMAN

TENT TECHNOLOGY

GERGES VELDEMAN NV.-S.A,

Industriezane “Vostert. P83 PROJEKT(ON M|@I
B-3960 BREE (BELGIUM ALU 15M
A

Tel( DB 47,3131 MASSSTAR 4

Telex '+ 39 2496 pvelde b

Fax ' U89) 47.37.77 DATIM 08/07/05 eb | | KODENR. BALISEOR




U/ o \
i
™M
] ()
+ —
O ™M
< —
Qv
Lo
= Qu
Lo O
O O
04 Qv
o
- ¥
o
ﬁ_
Qv
L
1
n ]
.
O 1o |
o || \_‘
==
AN FOOT TRUSS
GEORGES
VELD=MAN
TENT TECHNOLOGY
GEORGES VELDEMAN N.V.—SA.
535€0 BREE CBELGIN> PROECTE | ALU 13M
Telx(011> 47.31.31 SCHAAL A4
Telex : 39 246 gvelde b
Fax 1 011> 47.37.77 DATUM 08/07/05 EB B A |_ 8 O E O 3




ENCLOSURE 2:

Print out of calculation results of
the Alu 15m structure
by program ESA PRIMA WIN (release 3.50.63).
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ESA-Prima Win release 3.50.63

Project : Alu 15m (+ Alu 12m) BS6399 Page : 3
Author : EFS nv. Date : April 2006
Basic data
Type of structure : Frame XYZ
Number of nodes: 17
Number of members: 16
Number of 1D macros: | 4
Number of bound. lines:| 0
Number of 2D macros: | O
Number of profiles : 7
Number of cases: 13
Number of materials: 2
Material
Name:
6061 T6
E modulus 71000.00 MPa
Poisson coeff. 0.30
Density 0.000 kg/mm”"3
Extensibility 2.4e-005 mm/mm.K
6x37 +1TWK
Ultimate strength| 1770.000 MPa
Yield design 664.000 MPa
E modulus 80000.00 MPa
Poisson coeff. 0.30
Density 0.000 kg/mm”"3
Extensibility 1.2e-005 mm/mm.K

List of material
Group of members :

1/16
no. Name: quality | unit weight length weight
kg/mm mm kg
1 ALU 240 (General) 6061 T6 0.01 17384.38 | 108.90
2 | ALU240/232 (General) | 6061 T6 0.01 3685.00 [ 46.17

The total weight of the structure: 155.06 kg
Surface for painting:
mm~2
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ESA-Prima Win release 3.50.63
Project : Alu 15m (+ Alu 12m) BS6399
Author : EFS nv.

Page : 4
Date : April 2006

Nodes
node X Y Z
mm [ mm [ mm
1 0 0 0
2 0 0 | 2649
3 2048 0 | 3315
4 4948 0 | 4258
5 5462 0 | 4423
6 7500 0 | 5085
7 9538 0 | 4423
8 | 10052 0 | 4258
9 | 12952 0 | 3315
10 | 15000 0 | 2649
11 | 15000 0 0
12 1132 0| 3017
13 | 13868 0| 3017
14 5000 0| 4274
15 | 10000 0| 4274
16 0 0| 1344
17 | 15000 0| 1344

Nodes
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ESA-Prima Win release 3.50.63
Project : Alu 15m (+ Alu 12m) BS6399
Author : EFS nv.

Page : 5

Date : April 2006

Members
Members
macro | memb | node 1 | node 2 | length | Rx profile quality
mm deg

1 1 1 16 1344 | 0.00 | 1- ALU 240 (General) 6061 T6

2 16 2 1305 | 0.00 | 2 - ALU240/232 (General) | 6061 T6

2 3 2 12 1190 | 0.00 | 2 - ALU240/232 (General) | 6061 T6

4 12 3 964 |0.00 | 1- ALU 240 (General) 6061 T6

5 3 4 3049 [0.00 | 1 - ALU 240 (General) 6061 T6

6 4 14 55 0.00 | 1 - ALU 240 (General) 6061 T6

7 14 5 485 |0.00 | 1- ALU 240 (General) 6061 T6

8 5 6 2143 | 0.00 | 1 - ALU 240 (General) 6061 T6

3 9 6 7 2143 | 0.00 | 1 - ALU 240 (General) 6061 T6
10 7 15 485 | 0.00 | 1- ALU 240 (General) 6061 T6

11 15 8 55 0.00 | 1 - ALU 240 (General) 6061 T6

12 8 9 3049 [0.00 | 1- ALU 240 (General) 6061 T6

13 9 13 964 |0.00 | 1- ALU 240 (General) 6061 T6

14 13 10 1190 | 0.00 | 2 - ALU240/232 (General) | 6061 T6

4 15 11 17 1344 | 0.00 | 1- ALU 240 (General) 6061 T6
16 17 10 1305 | 0.00 | 1 - ALU 240 (General) 6061 T6
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ESA-Prima Win release 3.50.63
Project : Alu 15m (+ Alu 12m) BS6399
Author : EFS nv.

Date

Page : 6
: April 2006

Profiles

Profile no.

ALU 240 (General)

1- ALU 240 (General)
Material : 19 - 6061 T6

A: 2.319993e+003 mm”2
Ay/A: 1.000 Az/A: 1.000
ly: 1.675432e+007 mm™4 | |z: 3.895877e+006 mm”™4
lyz: 3.870310e+000 mm™4 | It: 2.065020e+007 mm~™4
Iw: 0.000000e+000 mm”6
Wely: 1.396194e+005 mm”3 | Welz: 7.791748e+004 mm”3
Wply: 1.788524e+005 mm”3 | Wplz: 9.035651e+004 mm”"3
cy: 50.00 mm Cz: 120.00 mm
iy: 84.98 mm iz 40.98 mm
dy: 0.00 mm dz: 0.00 mm
Outline : 0.00 mm

Type for check: Untypical section

Profile no.

1 |-6061T6

2 | -6061 T6

ALU240/232 (General)

2 - ALU240/232 (General)
Material : 19 - 6061 T6

A.

4.690648e+003 mm~"2

Ay/A:

1.000 Az/A: 1.000
ly: 3.291946e+007 mm™4 | lz: 6.585148e+006 mm”4
lyz: -1.390684e+001 mm”~4 | It 3.950460e+007 mm”™4
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ESA-Prima Win release 3.50.63
Project : Alu 15m (+ Alu 12m) BS6399 Page : 7
Author : EFS nv.

Date : April 2006

A: 4.690648e+003 mm”2
Iw: 0.000000e+000 mMm"6
Wely: 2.743242e+005 mm”"3 | Welz: 1.317015e+005 mm”3
Woply: 3.570655e+005 mm”"3 | Wplz: 1.628792e+005 mm”3
cy: 50.00 mm CZ: 120.00 mm
iy: 83.77 mm iz: 37.47 mm
dy: 0.00 mm dz: 0.00 mm
Outline : 0.00 mm
Type for check: Untypical section
Supports
support | node | type | Size
mm
1 1 XYZ | 0.00
2 2 Y 0.00
3 3 Y |0.00
4 4 Y |0.00
5 6 Y 0.00
6 8 Y 0.00
7 9 Y 0.00
8 10 Y |0.00
9 11 | XYZ | 0.00
Loadcases
Case Name: Description
1 self weight Self weight. Direction -Z
2 dead load - connections Permanent - Loads
3 dead load - fabric Permanent - Loads
4 dead load - purlins Permanent - Loads
5 dead load - sum Permanent
Summational load case
2. dead load - connections, 1.0d
3. dead load - fabric, 1.00
4. dead load - purlins, 1.00
6 wind side over Variable - wind EXxcl.
7 wind side under Variable - wind Excl.
8 wind gable over Variable - wind Excl.
9 wind gable under Variable - wind Excl.
10 dead load - extra point load| Permanent - Loads
11 snow load - case 1 Variable - snow Excl.
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Case Name: Description
12 snow load - case 2 Variable - snow Excl.
13 snow load - case 3 Variable - snow Excl.

Variable loads group

Name: Description
snow Excl. | BS - load type | - imposed load
wind Excl. | BS - load type W - wind load

Loadcase no. 2 - nodal loads

node [ Fx Fy Fz Mx My Mz
kN kN kKN [ kNm [ kNm | kNm
2 0.00 | 0.00 | -0.18 | 0.00 | 0.00 | 0.00
6 0.00 | 0.00 | -0.22 | 0.00 | 0.00 | 0.00
10 | 0.00 | 0.00 | -0.18 | 0.00 | 0.00 | 0.00
Loadcase no. 4 - nodal loads
node | Fx Fy Fz Mx My Mz
kN kN kKN [ kNm [ kNm | kNm
2 0.00 | 0.00 | -0.22 | 0.00 | 0.00 | 0.00
3 0.00 | 0.00 | -0.09 | 0.00 | 0.00 | 0.00
4 0.00 | 0.00 | -0.09 | 0.00 | 0.00 | 0.00
6 0.00 [ 0.00 | -0.22 [ 0.00 | 0.00 | 0.00
8 0.00 [ 0.00 | -0.09 | 0.00 | 0.00 | 0.00
9 0.00 | 0.00 | -0.09 | 0.00 | 0.00 | 0.00
10 |0.00 | 0.00 | -0.22 [ 0.00 | 0.00 | 0.00
Loadcase no. 5 - nodal loads
node | Fx Fy Fz Mx My Mz
kN kN kKN [ kNm [ kNm | kNm
2 0.00 [ 0.00 | -0.18 | 0.00 | 0.00 | 0.00
6 0.00 | 0.00 | -0.22 | 0.00 | 0.00 | 0.00
10 | 0.00 | 0.00 | -0.18 [ 0.00 | 0.00 | 0.00
2 0.00 | 0.00 | -0.22 | 0.00 | 0.00 | 0.00
3 0.00 [ 0.00 | -0.09 | 0.00 | 0.00 | 0.00
4 0.00 | 0.00 | -0.09 | 0.00 | 0.00 | 0.00
6 0.00 | 0.00 | -0.22 | 0.00 | 0.00 | 0.00
8 0.00 | 0.00 [ -0.09 [ 0.00 | 0.00 | 0.00
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node [ Fx Fy Fz Mx My Mz

kN kN kKN | kNm [ kNm | kNm

9 0.00 | 0.00 | -0.09 | 0.00 | 0.00 | 0.00

10 | 0.00 | 0.00 | -0.22 | 0.00 | 0.00 | 0.00
Loadcase no. 10 - nodal loads

node | Fx Fy Fz Mx My Mz

kN kN kKN | kNm [ kNm | kNm

5 0.00 | 0.00 | -0.50 | 0.00 | 0.00 | 0.00

7 0.00 | 0.00 | -0.50 | 0.00 | 0.00 | 0.00

Nodal loads.Loadcases - 2
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Nodal loads.Loadcases - 4

Nodal loads.Loadcases - 10
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Loadcase no. 3 - distributed loads

macro | type dx exY | exZ X beg | Y beg | Z beg

mm mm [ mm end end end

2 force | 0.00 rel | 0.00 | 0.00 | glo [ 0.00 0.00 | -0.03

KN/m 1.00 len | 0.00 0.00 | -0.03

3 force | 0.00 rel | 0.00 | 0.00 | glo [ 0.00 0.00 | -0.03

kN/m 1.00 len | 0.00 | 0.00 | -0.03
Loadcase no. 5 - distributed loads

macro | type dx exY | exZ X beg | Y beg | Z beg

mm mm [ mm end end end

2 force | 0.00 rel | 0.00 | 0.00 | glo [ 0.00 0.00 | -0.03

kN/m 1.00 len | 0.00 0.00 | -0.03

3 force | 0.00 rel | 0.00 | 0.00 | glo [ 0.00 0.00 | -0.03

KN/m 1.00 len | 0.00 | 0.00 | -0.03
Loadcase no. 6 - distributed loads

macro | type dx exY | exz X beg | Y beg | Z beg

mm mm | mm end end end

1 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -1.78

kN/m 1.00 len | 0.00 0.00 | -1.78

2 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 2.22

kN/m 0.13 len | 0.00 0.00 2.22

force | 0.13 rel | 0.00 | 0.00 | loc | 0.00 0.00 | 0.93

kN/m 1.00 len | 0.00 0.00 0.93

3 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 2.63

kN/m 0.13 len | 0.00 0.00 2.63

force | 0.13 rel | 0.00 | 0.00 | loc | 0.00 0.00 1.29

kN/m 1.00 len | 0.00 0.00 1.29

4 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -1.29

kN/m 1.00 len | 0.00 0.00 | -1.29
Loadcase no. 7 - distributed loads

macro | type dx exY | exz X beg | Y beg | Z beg

mm mm | mm end end end

1 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -2.48

kN/m 1.00 len | 0.00 0.00 | -2.48

2 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -1.45

kN/m 0.13 len | 0.00 | 0.00 | -1.45

force | 0.13 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -1.32

kN/m 1.00 len | 0.00 0.00 | -1.32
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macro | type dx exY | exZ X beg | Y beg | Z beg

mm mm [ mm end end end

3 force | 0.00 rel | 0.00 | 0.00 | loc [ 0.00 0.00 1.93

kN/m 0.13 len | 0.00 0.00 1.93

force | 0.13 rel | 0.00 | 0.00 | loc | 0.00 0.00 0.58

kN/m 1.00 len | 0.00 0.00 0.58

4 force [ 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -0.59

kN/m 1.00 len | 0.00 0.00 | -0.59
Loadcase no. 8 - distributed loads

macro | type dx exY | exz X beg | Y beg | Z beg

mm mm | mm end end end

1 force | 0.00 rel | 0.00 | 0.00 | loc [ 0.00 0.00 2.06

kN/m 1.00 len | 0.00 0.00 2.06

2 force [ 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 1.55

kN/m 1.00 len | 0.00 0.00 1.55

3 force [ 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 1.55

kN/m 1.00 len | 0.00 0.00 1.55

4 force [ 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -2.06

kN/m 1.00 len | 0.00 0.00 -2.06
Loadcase no. 9 - distributed loads

macro | type dx exY | exz X beg | Y beg | Z beg

mm mm | mm end end end

1 force | 0.00 rel | 0.00 | 0.00 | loc [ 0.00 0.00 1.36

kN/m 1.00 len | 0.00 0.00 1.36

2 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 0.84

kN/m 1.00 len | 0.00 0.00 0.84

3 force | 0.00 rel | 0.00 | 0.00 | loc [ 0.00 0.00 0.84

kN/m 1.00 len | 0.00 0.00 0.84

4 force | 0.00 rel | 0.00 | 0.00 | loc | 0.00 0.00 | -1.36

kN/m 1.00 len | 0.00 0.00 | -1.36

Loadcase no. 10 - distributed loads

macro | type dx exY | exZ X beg | Y beg | Z beg

mm mm | mm end end end

2 force | 0.00 rel | 0.00 | 0.00 | glo | 0.00 0.00 | -0.03

kN/m 1.00 len | 0.00 0.00 | -0.03

3 force | 0.00 rel | 0.00 | 0.00 | glo | 0.00 0.00 | -0.03

kN/m 1.00 len | 0.00 0.00 | -0.03
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Loadcase no. 11 - distributed loads

macro | type dx exY | exZ X beg | Y beg | Z beg

mm mm [ mm end end end

2 force | 0.00 rel | 0.00 | 0.00 | glo [ 0.00 0.00 | -0.80

kN/m 1.00 len | 0.00 0.00 | -0.80

3 force | 0.00 rel | 0.00 | 0.00 | glo [ 0.00 0.00 | -0.80

KN/m 1.00 len | 0.00 | 0.00 | -0.80
Loadcase no. 12 - distributed loads

macro | type dx exY | exz X beg | Y beg | Z beg

mm mm | mm end end end

2 force | 0.00 rel | 0.00 | 0.00 | glo | 0.00 0.00 | -0.80

kN/m 1.00 len | 0.00 0.00 | -0.80

3 force | 0.00 rel | 0.00 | 0.00 | glo | 0.00 0.00 | -0.86

kN/m 1.00 len | 0.00 0.00 | -0.86
Loadcase no. 13 - distributed loads

macro | type dx exY | exZz X beg | Y beg | Z beg

mm mm | mm end end end

3 force | 0.00 rel | 0.00 | 0.00 | glo | 0.00 0.00 | -0.40

kKN/m 1.00 len | 0.00 0.00 | -0.40
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Combinations

Combi Norm Case coeff
1. User-ultimate | 1 self weight 1.20
5 dead load - sum 1.20

10 dead load - extra point load| 1.20

2. 1 self weight 1.20
5 dead load - sum 1.20

10 dead load - extra point load| 1.20

6 wind side over 1.20

7 wind side under 1.20

8 wind gable over 1.20

9 wind gable under 1.20

3. 1 self weight 1.20
5 dead load - sum 1.20

10 dead load - extra point load| 1.20

11 snow load - case 1 1.33

12 snow load - case 2 1.33

13 snow load - case 3 1.33

4. 1 self weight 0.80
5 dead load - sum 0.80

10 dead load - extra point load| 0.80

5. 1 self weight 0.80
5 dead load - sum 0.80

10 dead load - extra point load| 0.80

6 wind side over 1.20

7 wind side under 1.20

8 wind gable over 1.20

9 wind gable under 1.20

6. 1 self weight 0.80
5 dead load - sum 0.80

10 dead load - extra point load| 0.80

11 snow load - case 1 1.33

12 snow load - case 2 1.33

13 snow load - case 3 1.33

Basic rules for generation of ultimate load combinations:

1: 1.20*LC1/ 1.20*LC5/ 1.20*LC10

2 : 1.20*L.C1 / 1.20*LC5 / 1.20*LC10 / 1.20*LC6 / 1.20*LC7 / 1.20*LC8 / 1.20*LC9
3 : 1.20*LC1/ 1.20*LC5 / 1.20*LC10 / 1.33*LC11 / 1.33*LC12 / 1.33*LC13

4 : 0.80*LC1 / 0.80*LC5 / 0.80*LC10

5 : 0.80*LC1 / 0.80*LC5 / 0.80*LC10 / 1.20*LC6 / 1.20*LC7 / 1.20*LC8 / 1.20*LC9
6 : 0.80*LC1 / 0.80*LC5 / 0.80*LC10 / 1.33*LC11 / 1.33*LC12 / 1.33*LC13

List of extreme ultimate load combinations
1/ 1 : +1.20*LC1+1.20*LC5+1.20*LC10
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2/ 5 : +0.80*LC1+0.80*LC5+1.20*LC6+0.80*LC10
3/ 5 : +0.80*LC1+0.80*LC5+1.20*LC7+0.80*LC10
4/ 5 : +0.80*LC1+0.80*LC5+1.20*LC8+0.80*LC10
5/ 6 : +0.80*LC1+0.80*LC5+0.80*LC10+1.33*LC13
6/ 2 : +1.20*LC1+1.20*LC5+1.20*LC6+1.20*LC10
7/ 2 : +1.20*LC1+1.20*LC5+1.20*LC7+1.20*LC10
8/ 2 : +1.20*LC1+1.20*LC5+1.20*LC8+1.20*LC10
9/ 3 : +1.20*LC1+1.20*LC5+1.20*LC10+1.33*LC12
10/ 3 : +1.20*LC1+1.20*LC5+1.20*LC10+1.33*LC13
Nonlinear combination
Combi Group of dx dy Group of Case coeff
init. deformations | mm/m [ mm/m | init. curvatures
Cc1 0 0.00 0.00 0 1 self weight 1.20
0 0.00 0.00 0 5 dead load - sum 1.20
0 0.00 0.00 0 10 dead load - extra point load | 1.20
c2 0 0.00 0.00 0 1 self weight 0.80
0 0.00 0.00 0 5 dead load - sum 0.80
0 0.00 0.00 0 6 wind side over 1.20
0 0.00 0.00 0 10 dead load - extra point load | 0.80
Cc3 0 0.00 0.00 0 1 self weight 0.80
0 0.00 0.00 0 5 dead load - sum 0.80
0 0.00 0.00 0 7 wind side under 1.20
0 0.00 0.00 0 10 dead load - extra point load | 0.80
c4 0 0.00 0.00 0 1 self weight 0.80
0 0.00 0.00 0 5 dead load - sum 0.80
0 0.00 0.00 0 8 wind gable over 1.20
0 0.00 0.00 0 10 dead load - extra point load | 0.80
C5 0 0.00 0.00 0 1 self weight 0.80
0 0.00 0.00 0 5 dead load - sum 0.80
0 0.00 0.00 0 10 dead load - extra point load | 0.80
0 0.00 0.00 0 13 snow load - case 3 1.33
C6 0 0.00 0.00 0 1 self weight 1.20
0 0.00 0.00 0 5 dead load - sum 1.20
0 0.00 0.00 0 6 wind side over 1.20
0 0.00 0.00 0 10 dead load - extra point load | 1.20
c7 0 0.00 0.00 0 1 self weight 1.20
0 0.00 0.00 0 5 dead load - sum 1.20
0 0.00 0.00 0 7 wind side under 1.20
0 0.00 0.00 0 10 dead load - extra point load | 1.20
Cc8 0 0.00 0.00 0 1 self weight 1.20
0 0.00 0.00 0 5 dead load - sum 1.20
0 0.00 0.00 0 8 wind gable over 1.20
0 0.00 0.00 0 10 dead load - extra point load | 1.20
(of°] 0 0.00 0.00 0 1 self weight 1.20
0 0.00 0.00 0 5 dead load - sum 1.20
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Combi Group of dx dy Group of Case coeff
init. deformations | mm/m [ mm/m | init. curvatures
0 0.00 0.00 0 10 dead load - extra point load | 1.20
0 0.00 0.00 0 12 snow load - case 2 1.33
C 10 0 0.00 0.00 0 1 self weight 1.20
0 0.00 0.00 0 5 dead load - sum 1.20
0 0.00 0.00 0 10 dead load - extra point load | 1.20
0 0.00 0.00 0 13 snow load - case 3 1.33
Internal forces: foot alu240
Group of member(s) :1,15
Group of nonlinear combination(s) :1/10
memb | cr.nr | non. c. dx N| Vy [ Vz Mx My Mz
[mm] [KN] | [KN] | [kN] | [KNm] | [KNm] [[kNm]
15 1 4 1344.0 | 12.0 | 0.0 | -6.3 0.0 -6.2 0.0
9 0.0 -11.8( 0.0 | 7.9 0.0 0.0 0.0
1 2 1344.0 | 10.7 | 0.0 | 8.7 0.0 13.5 0.0
9 -11.5| -0.0 | -7.7 0.0 | -104 -0.0
Internal forces: foot alu240+232
Group of member(s) ;2,16
Group of nonlinear combination(s) :1/10
memb | cr.nr | non. c. dx N[ Vy | Vz Mx My Mz
[mm] [KN] | [KN] | [kN] | [KNm] | [KNm] [[kNm]
16 1 4 163.1 | 12.0 | -0.0 | -6.7 0.0 -7.3 -0.0
9 1305.0 | -11.7 | 0.0 | 7.6 0.0 [ 20.6 0.0
2 2 2 10.7 | 0.0 | 6.0 0.0 23.1 0.0
9 -11.4 |1 -0.0 | -7.6 0.0 | -20.5 -0.0
Internal forces: roof alu240+232
Group of member(s) :3,14
Group of nonlinear combination(s) :1/10
memb | cr.nr | non. c. dx N[ Vy | Vz Mx My Mz
[mm] [KN] | [KN] | [kN] | [KNm] | [KNm] [[kNm]
3 2 4 1190.0 | 181 | 0.0 | -6.6 0.0 7.7 0.0
14 9 -10.7 | -0.0 | -8.4 0.0 [ -20.6 -0.0
3 2 0.0 9.1 0.0 -8.6 0.0 23.1 0.0
14 7 1190.0 | -7.7 | -0.0 | -0.4 0.0 [ -21.8 -0.0
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Internal forces: roof alu240
Group of member(s) :4/5,7/10,12/13
Group of nonlinear combination(s) :1/10

memb | cr.nr | non. c. dx N| Vy | Vz Mx My Mz
[mm] [KN] | [KN] | [KN] | [KNm] | [KNm] [[kNm]

8 1 4 21428 | 185 | 0.0 | 4.6 0.0 1.5 0.0
13 9 963.6 |-10.2 | 0.0 | -6.9 0.0 [ -11.6 0.0
5 7 1284.0 | -2.8 | 0.0 | -0.1 0.0 [ 193 0.0
13 963.6 -7.6 | 0.0 | -1.1 0.0 | -20.9 0.0

Reactions in support(s) - nodal values.
Nonlinear calculation, local nonlinearities, Il. order
Group of node(s) :1/17

Group of nonlinear combination(s) :1/10

Global extreme

support [ node [ non. c. Rx Ry Rz Mx My Mz
[KN] | [KN] | [KN] [[kNm] [[kNm] [[kNm]

1 1 9 76| 00| 11.7 0.0 0.0 0.0
2 -11.8 | 0.0 | -10.3 0.0 0.0 0.0

9 11 9 -76 | 0.0 [ 11.9 0.0 0.0 0.0
4 3.1 | 0.0 | -11.9 0.0 0.0 0.0
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