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9. Annex 1

The annexes below will provide a check on the members and detailed connections. Slight variation
will be found in the input cross-section properties because RFEM uses simplified cross-section
geometry. In order to stay conservative, the lowest cross-section properties have been chosen to
check components and connections.
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9.1. Main profile 3102 x 3 mm - S355 (Roof frame & gable column)
9.1.1. Description

z 102x3 mm

Cross-Section Property

Outer diameter

Wall thickness
Cross-sectional area

Shear area

Core area

Moment of inertia

Polar moment of inertia
Governing radius of gyration
Polar radius of gyration
Weight

Surface

Torsional constant

Section modulus for torsion
Elastic section modulus

Statical moment of area

Symbaol

Value

102.0
3.0
%33
4.65
75.98
114.42
228.83
35.0
49.5

LInit

M

Plastic section modulus
Plastic shape factor

Cross-section 3102 x 3 mm
Cross-sectional properties
A =933 mm?

Wopl,y = Wy, z = 29410 mm?
Material — S355
fo=355N/mm?

fu=510 N/mm?

Ywmo= 1.0
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9.1.2. Loadings
Decisive loadings as per the RFEM analysis (CT-A-1024-HD),
My,eqa=9.18 kNm (CO1, member no: 167)
M:eqs= 0 kNm (CO1, member no: 167)
Ned = 8.38 kN (CO1, member no: 167)

+ RESULT DIAGRAMS ON MEMBER M167,M166,M295

RFEMS5 0 05 1 15 169m
CO1: Wind from left N334 »MI67» N326 »M166» 133 »M295» N33
Internal forces - My ‘

-

45 a0 35 30 25 20 15

75 70 85 60 55 50

es 90 &5 a0

RFEMS5
CO1: Wind from left na
Internal forces - N

IB Europe B.V. ENGINEERING DEMOUNTABLE STRUCTURES
6




IB

KROFTMAN® t Engineers

9.1.3. Capacity of cross-section
Cross-section classification;

(EN 1993-1-1, table 5.2)

Tubular sections
[

e

r d

¥

Class Section in bending and/or compression
| d/t < 50¢’
2 d IL?IL
d/t <90
NOTE For d/t >90¢’ see EN 1993-1-6.

| f, 235 275 355 4200460
€= JERS. f & 1,00 0,92 0,81 0,75 0,71
| g 1,00 0,85 0,66 0,56 0,51

d/t=102/3=34
70xe2=70x0.66 =46.2
34 < 46.2, Cross-section class 2

(EN 1993-1-1, equation 6.13)

My, ra = MpI, ra = Wply fy, / Yo

My, ra = Mz,ra = (29410 x 355) / 1.0 = 10440550 Nmm = 10.44 kNm
(EN 1993-1-1, equation 6.6)
Nra =Afy /¥wmo
Nrd = (933 x 355) /1.0 =331215 N=331.22 kN
9.1.4.| Check.oh cross<section
(EN 1993-1-1, equation 6.2)
(Nea / Nra) + (My,ea / My,ra) + (Mz,ea / Mzra) < 1.0
(8.38 /331.22) +(9.18 / 10.44) + (0 / 10.44) = 0.90 < 1.0, OK.
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9.2. Frame to frame connection

9.2.1. Description

2 x M12 Bolt of 8.8 grade

Cross-sectional properties
Material — S355 (Main profile)
fy=355N/mm?

fu=510 N/mm?

Bolt M12 of Grade 8.8
fy=640 N/mm?

fup=800 N/mm?

As=84.3 mm?

ay=0.6

Ym2=1.25

Ywmo= 1.0
9.2.2, ‘Loadings

Decisive loadings as per the RFEM analysis (CT-A-1006-HD),
Neq=25.11 kN (CO2, Node No: 249)
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9.2.3. Capacity of component
Shear capacity of the bolt M12 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fub/Ym2=0.6 x84.3x 800/ 1.25=32371.2 N=32.37 kN

Capacity of the main profile 102 x3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/ ¥mo =1.5x6x(2x12)x355/1.0=76680 N =76.68 kN

9.2.4. Check on component
Check on the bolt M12 (8.8 grade)
(EN 1993 -1-8 Table 3.10)
Fuea/ Fura < 1.0
For one bolt, Fygs =25.11 /2 =12.56 kN
12.56/32.37=0.39 < 1.0, OK.

Check on the main profile 102 x 3 mm (t=2x 3=6 mm)
(EN 1993 -1-8 Table 3.10)

Fred / Fora< 1.0

25.11/76.68 =0.33 < 1.0, OK.
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9.2.5. Pin and plate calculation — check on bolt

The sheet below provides a check on the bolt connection of the frame-to-frame connection.

project: [Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
component:|Frame to frame connection, bolt connection
date:[14-11-2025
STEEL BOLT STEEL PLATE INNER FLANGES
d 12|mm S355
a 3[mm f, 355|N/mm?
b 6/mm
C 1.5[mm
LIS 640|N/mm?
fup 800(N/mm? 8.8
£y min 640(N/mm?
yMO 1.00 1/1 t bor2xa 6/mm
Ym2 1.25|1/1 Fo,Rd 38.34|kN [=1,5 Idfy/]!Mo
A, 84.3 u.C. 0.33|1/1
Feq 25.11(kN Node no: 581
i 2|11 05FF,J ; b TOSF”
Fed, pin 12.56|kN -
Meq 28.25(kNmm
Fy.rd 32.37)kN = 0.6.4 fip /o ]EO B = 1 T
u.Cc 0.39(1/1 = s
ME,Rd 162.86 kNmm Mc‘_ _hcl_._a_.l
u.c 0.17|1/1 1 ‘
M. |" | F |
U.Cocorup ol ||| e <)
-~ combined . ‘MRa’ Fv.Ra‘
Feq
STEEL PLATE OUTER FLANGES
f, 355|N/mm? S355
t bor2xa 6|mm l_l u
Fo,r 38.3alkN  |[= L5 1d fy/mvo
U.C. 0.33|1/1 Mes = —— (b4 +2a)
Unity Check:
Bolt 0.18|<1 0K
Steel plate inner flanges 0.33|<10K
Steel plate outer flanges 0.33|<10K
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9.3. Base rail to roof frame connection (weld check)
9.3.1. Description

Fira

Base rail 100 x 50 x 3 mm (5235)

Weld material — S235

fy=235N/mm?

fu=360 N/mm?

Bw=0.8 (EN 1993 -1-8 Table 4.1)

Minimum weld size, a =3 mm

Radius, r (at the center of the weld) = (103//2) + (3 /2)=52.5mm
Weld length = 2nir =2 x1tx 52.5=329.87 mm

Effective weld length, lef=329.87/ 3 = 110 mm (Conservatively chosen)

9.3.2:|Leadings
Decisive loadings as per the RFEM analysis (CT-A-1006-HD),
Fteq=18.67 kN (CO2, Node No: 94)
Fvea=3.43 kN (CO2, Node No: 94)

IB

t Engineers

IB Europe B.V. ENGINEERING DEMOUNTABLE STRUCTURES
11




IB

(KROFTMAN’

9.3.3. Stress in weld (Equivalent method)

0, =7,= (Fea V2) / (42 ler)
0,4 =(18.67x103xV2) / (4 x 3 x 110) = 20 N/mm?

Ty = Fea / (2a lesr)
T" = (343 X 103

Conclusion

J(aﬁ +3 (T 2+ 12 < fulBuym

J(al2 +3 (% + 12 =(202+(3x(0+5.209)))°%= 21.93 N/mm?

fu/ Bwym2=360/(0.8 x 1.25) =360 N/mm?
21.93 /360 =0.06 < 1.0, OK.
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9.4. Gable column bottom connector (Detail X)
9.4.1. Description

Gable column @102 x 3 mm (5355)

2 x M12 Bolt of 8.8 grade \
Y,
=iz

Gable column bottom connector 93 x 3 mm (5235)

bodQ

Cross-sectional properties
Material — S235 (Gable column bottom connector)
fy=235N/mm?

fu=360 N/mm?

Material — S355! (Gable-column)
fy=355N/mm?

fu=510 N/mm?

Bolt M12 of Grade 8.8

fy=640 N/mm?

fup =800 N/mm?

As=84.3 mm?

o,=0.6

ym2=1.25

Ywmo= 1.0
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9.4.2. Loadings

Decisive loadings as per the RFEM analysis (CT-A-1024-HD),
Neq = 13.78 kN (CO2, Node No: 7)

9.4.3. Capacity of component
Shear capacity of the bolt M12 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fub/Ym2=0.6 x84.3x800/1.25=32371.2N = 32.37 kN

Capacity of the circular hollow tube $93 x 3 mm (t =2 x 3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/ ¥Ymo =1.5x6x (2 x12)x235/1.0=50760 N = 50.76 kN

Capacity of the gable column 102 x3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/ ¥Ymo =1.5x6x(2x12)x355/1.0=76680 N =76.68 kN

9.4.4. Check on component
Check on the bolt M12 (8.8 grade)
(EN 1993 -1-8 Table 3.10)
Fuea/ Fura < 1.0
For one bolt, =13.78 / 2 = 6.89 kN
6.89/32.37=0.21 < 1.0, OK.
Check on the circular hollow tube @93 x 3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fnea / Fora<1.0

13.78 /50.76 =0.27 < 1.0, OK.

Check on the gable column $102 x 3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fned / Fora< 1.0

13.78 /76.68 =0.18 < 1.0, OK.
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9.4.5. Pin and plate calculation — check on bolt

The below sheet provides a check on the bolt connection of the gable column bottom connector to

gable column.

project: [Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
component:|Gable column bottom connector, bolt connection
date:{14-11-2025
STEEL BOLT STEEL PLATE INNER FLANGES
d 12|mm §235
a 3[mm f, 235(N/mm?
b 6/mm
C 1.5/mm
fuo 640|N/mm?
fup 800|N/mm? 8.8
fymin 640|N/mm?
Ymo 1.00|1/1 tbor2xa 6/mm
Ym2 1.25(1/1 Fo,rd 25.38/kN | = 1,5 td fy/1o
A, 84.3 u.C. 0.27|1/1
Feg 13.78|kN Node no: 7
M s 2|1/1 GSFE_T ;_‘_b_.jl TOf)Fh
Fed/ pin 6.89(kN —— ]
Mgy 15.50|kNmm
Fur 32.37|kN | =064 fup i E’ r — ] I“
u.C. 0.21|1/4 i —
M rg 162.86(kNmm i"%c“" _‘_C;_.i_{
u.C. 0.10|1/1 1 : L
U.C. combined 0.05|1/1 M,, F, ., - l
Fea
STEEL PLATE OUTER FLANGES
fy 355|N/mm? S355
thoraxa 6|mm L] u
Fp ra 3834lkNn = L5tdfy /i
U.C. 0.18|1/1 iy %(Mc.m
Unity Check:
Bolt 0.05(<1 0K
Steel plate inner flanges 0.27|<1 0K
Steel plate outer flanges 0.18|< 10K
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9.5. Gable column bottom connection
9.5.1. Description

Gable column bottom connector $93 x 3 mm (5235)

Plate 10 mm

Cross-sectional properties

Material — $235 (Gable column bottom connector & clamp)
fy=235N/mm?

fu=360 N/mm?

Material — S355 (Bended plate 10 mm)
fy=355N/mm?

fu=510 N/mm?

Bolt M12 of Grade 8.8

fy=640 N/mm?

fup=800 N/mm?

As=84.3 mm?

o,=0.6

ym2=1.25

Ywmo= 1.0
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9.5.2. Loadings
Decisive loadings as per the RFEM analysis (CT-A-1024-HD),
Neq = 13.78 kN (CO2, Node No: 7)
Veg=7.28 kN (CO2, Node No: 7)
Fueg = (13.782 + 7.28%)%5 = 15.60 kN

9.5.3. Capacity of component
Capacity of the bolt M12 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fub/Ym2=0.6 x84.3x800/1.25=32371.2N = 32.37 kN
(EN 1993-1-8+ C2:2011 Table 3.4)
Ftra = K2 fub As / ym2=0.9x 800 x 84.3 / 1.25 = 48556.8 N = 48.55 kN

Capacity of the clamp3mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥Ymo =1.5x6 x 12 x235 /1.0 =25380.N =25.38 kN

Capacity of the gable column bottom connector (S235) 93 x3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥mo = 1.5x6 x 12 x 235,/ 1.0 = 25380 N = 25.38 kN

9.5.4. Check on component
Check on the bolt M12 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
(Fved / Fvra) + (Ftea / (1.4 Ftra)) 2.0
(13.78 /32.37) +(7.28 / (1.4 x 48.55)) = 0.53 < 1.0, OK.

Check on the clamp 3 mm (t=2 x 3 =6 mm)
(EN 1993 -1-8 Table 3.10)

Fued / Fora< 1.0

15.60/25.38 =0.61 < 1.0, OK.

Check on the gable column bottom connector (5235) @93 x 3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fued / Fora< 1.0

15.60/25.38 =0.61<1.0, OK.
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9.5.5. Check on the cross-section (A - A) of the bottom plate

Clamp 3 mm (5235) /g4

l1=41 mm

Plate 10 mm

=<
|
1
1
1
-<

Y

1
i
z

10

150

Cross-section A-A
Scale 3:1

Cross-sectional properties

Area of cross-section A— A, A =150 x 10 = 1500 mm?
Material — S355

fy=355N/mm?

fu=510 N/mm?

l[1=41mm=0.041m

IB

t Engineers
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9.5.6. Loadings
Decisive loadings as per the RFEM analysis (CT-A-1024-HD),
Neq = 13.78 kN (CO2, Node No: 7)
Veg=7.28 kN (CO2, Node No: 7)

9.5.7. Check on the cross-section A — A (Equivalent method)
Section modulus of cross-section A — A
Section modulus Wy = bh? / 6
Wy = (150 x 102) / 6 = 2500 mm3
Section modulus Wz = bh? / 6
W, = (10 x 150%) / 6 = 37500 mm?3
Bending moment at section A — A due to Ng,
l[1=41mm=0.041m
Meg = Nea X I1=13.78 x 0.041 = 0.565 kNm
Bending stress at section A — A due to the Mg,
0 m1=Mea/ Wy=0.565 x 10° / 2500 = 226 N/mm?
Tensile stress at section A— A due to Veg,
02=Vea / A=7.28 x 10° / 1500 = 4.85 N/mm?
Shear stress at section A— A due to Ngg,
T=Ngg/A=13.78 x 103/ 1500 = 9.19 N/mm?
Yo =226 +4.85 = 230.85 N/mm?
27 =9.19 N/mm?

9.5.74Conclusion

GVonmises/(fy/]/ml) <1.0
(fy/ymi) =355/ 1.1 =322.73 N/mm?

Ovonmises = 4/ (202 + 3-Zt2) =(230.85% + (3 x 9.19%))%5= 231.40 N/mm?
231.40/322.73=0.72<1.0, OK.
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9.6. Gable column top connector (Detail Y)
9.6.1. Description

Roof frame @102 x 3 mm (5355)

Gable column top connector @102 x 3 mm (5355)

2 x M12 Bolt of 8.8 grade

\_ﬂ } Gable column @102 x 3 mm (5355)
L

mF/

Material — S355 (Gable column & Gable column top connector)

fy=355N/mm?
fu=510 N/mm?

Bolt M12 of Grade 8.8
fy=640 N/mm?
fup=800 N/mm?
As=84.3 mm?

o,=0.6

ym2=1.25

Ywmo= 1.0
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9.6.2. Loadings

Decisive loadings as per the RFEM analysis (CT-A-1024-HD),
Neq = 13.78 kN (CO2, Node No: 7)

9.6.3. Capacity of component
Shear capacity of the bolt M12 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fub/Ym2=0.6x84.3x800/1.25=32371.2N = 32.37 kN

Capacity of the gable column top connector ($355) 102 x 3 mm (t =2 x 3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥Ymo =1.5x6x(2x12)x355/1.0=76680 N = 76.68 kN

Capacity of the gable column (5355) @102 x 3 mm (t=2 x3 = 6 mm)
(EN 1993 -1-8 Table 3.10)

Fora=1.5td fy/ ¥mo =1.5x6x(2x12) x 355/ 1.0 = 76680 N = 76.68 kN

9.6.4. Check on component
Check on the bolt M12 (8.8 grade)
(EN 1993 -1-8 Table 3.10)
Fuea/ Fura < 1.0
For one bolt, =13.78 / 2 = 6.90kN
6.90/32.37=0.21 < 1.0, OK.

Check on the gable column top connector (S355) 102 x 3 mm (t=2 x 3 = 6 mm)
(EN 1993 -1-8 Table 3.10)

Fued / Fopas 1.0

13.78 /76.68 =0.18 < 1.0, OK.

Check on the gable column (S355) 102 x 3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fued / Fora< 1.0

13.78 /76.68 =0.18 < 1.0, OK.
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9.6.5. Pin and plate calculation — check on bolt

The below sheet provides a check on the bolt connection of the gable column top connector to gable

column.
project: [Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
component:(Gable upright top connector, bolt connection
date:(14-11-2025
STEEL BOLT STEEL PLATE INNER FLANGES
d 12|mm S355
a 3|mm f, 355[N/mm?
b 6|mm
(e 0.5|mm
o 640(N/mm?
fup 800|N/mm? 8.8
fymin 640|N/mm?
Ymo 1.00|1/1 thoraxa 6|/mm
Vi 1.25(1/1 Fo,rd 38.34(kN |= 1.5 td fy/pmo
A, 84.3 U.C. 0.11)1/1
Feg 8.11|kN Node no: 259
i 2(1/1 os&] ;"L’]; TOSF”
B 4.06(kN v 7
Meq 7.10{kNmm
Fy rd 32.37|kN {= 0,6 4 fip iz ED r T J }
U.C. 0.13|1/1 s —
M rq 162.86{kNmm Mc"‘ _,C';..i.{
U.C 0.04]1/1 : : L
NN
U.C. combined 0.02(1/1 My, F .l l
Feg
STEEL PLATE OUTER FLANGES
f, 355(N/mm? $235
Thor2xa 6[mm l_l u
Fp rd 38.34lkn  |= L3 td fy/ma
U.C. 0.11|1/1 Mey = —5- (bedc+2a)
Unity Check:
Bolt 0.02(<10K
Steel plate inner flanges 0.11(< 10K
Steel plate outer flanges 0.11(< 10K
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9.7. Gable column to roof frame connection (Clamp connection)
9.7.1. Description

Roof frame 3102 x 3 mm {5355)

Clamp 3 mm (5235)

V16 Bolt of 8.8 grade

\ Gable column top connector @102 x 3 mm (5355)

Material — $235 (Clamp)

fy=235N/mm?
fu=360 N/mm?
Material — S355 (Gable column top connector)
fy=355N/mm?
fu=7510 N/mm?

Bolt M16 of Grade 8.8
fy=640 N/mm?
fup=800 N/mm?
As=157 mm?

o,=0.6

ymz2=1.25

Ywmo= 1.0

IB Europe B.V. ENGINEERING DEMOUNTABLE STRUCTURES
23




KROFTMAN°

9.7.2. Loadings
Decisive loadings as per the RFEM analysis (CT-A-1024-HD),
Neq = 6.92 kN (CO2 Node No: 11)
Veg=5.05 kN (CO2 Node No: 11)
Fea = (6.92% + 5.05%)%5 = 8.57 kN

9.7.3. Capacity of component
Shear capacity of the bolt M16 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fup/ Ym2=0.6 x 157 x 800 / 1.25 = 60288 N = 60.29 kN

Capacity of theclamp3mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥Ymo =1.5x6 x16x235/1.0=33840 N = 33.84 kN

Capacity of the gable column top connector ($355) 102 x 3 mm (t =2 x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥Ymo=15x6x16x355/1.0=51120 N=51.12 kN

9.7.4. Check on component
Check on the bolt M16 (8.8 grade)
(EN 1993 -1-8 Table 3.10)
Fuea/ Fura < 1.0
8.57/60.29 =0.14 <'1.0, OK.

Check on the clamp 3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)

Fred / Fora< 1.0

8.57/33.84=0.25<1.0, OK.

Check on the gable column top connector ($355) @102 x 3mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)

Fea / Fora< 1.0

8.57/51.12=0.17 £ 1.0, OK.
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9.7.5. Pin and plate calculation — check on bolt

The below sheet provides a check on the bolt connection of the gable column top connector to the

clamp.
project: |Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
component:(Gable column top connector to clamp connection, bolt connection
date:|14-11-2025
STEEL BOLT STEEL PLATE INNER FLANGES
d 16/mm S355
a 3|mm f, 355|N/mm?
b 6/mm
(o 4.5|mm
L 640|N/mm?
fup 800|N/mm? 8.8
fymin 640[N/mm?
Yo 1.00|1/1 thoraxa B mm
Ym2 1.25|1/1 Fo,rd 5L.12|kN = 1.5 1 d fy/ymo
A 157 U.C. 0.17|1/1
Feg 8.57|kN Node no: 11
N oins 1{1/1 0.5&] ; b TOSF
Fed/ pin 8.57|kN — ]
Meq 32.14(kNmm
Fu.rd 60.29[kN | =0.6.4 fip/ ;e Eﬁ B o J T
u.C 0.14|1/1 — st ke
Mk rg 386.03{kNmm Wc"‘ el
u.c 0.08[1/1 : ?
‘MEd + F‘\'AEd <1
U'C'combined 0.03f1/1 “MRd E-_Rd -
Feg
STEEL PLATE OUTER FLANGES
f, 235[N/mm? $235
t bor2xa 6[mm u u
Fb,Rd 3384 kN = 115 fdfy/yMO
U.C. 0.25(1/1 i %(Mc.m
Unity Check:
Bolt 0.03|< 10K
Steel plate inner flanges 0.17(<10K
Steel plate outer flanges 0.25(<1 0K
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9.8. Roof diagonal — @76 x 2 mm (S355)
9.8.1. Description

Roof diagonal @76 x 2 mm (5355)

2484
2527
7 @76x2mm
Y - - Y
zZ
Cross-section @76 x 2 mm Outer diameter D 78.0 | mm
¢ i | i Wall thickness 5 2.0 [ mm
ross-sectional properties
prop Cross-sectional area A 4.65 [ cm?
A =465 mm? Shear area By 2.32 | anl
A ! 2
L = 2484 mm Core area c 43.01 | cm
Moment of inertia Iy | 31.85 | an*
ly = 318500 mm?* Polar moment of inertia Ip 63.70 | cm#
Material — S355 Governing radius of gyration My 26.2 [ mm
Polarradius of gyration fo 37.0 | mm
fo=355N/mm? Weight wt 3.6 | kajm
2
fu = 510 N/mm?> Surface A surf 0.239 |m</m
Torsional constant ] 63.70 | cm#
Section modulus for torsion St 16,78 | cm?
Elastic section modulus Sy 8.38 | cm3
Statical moment of area Qv max 2.74 [em?3
Flastic section modulus Loy max 10,95 | cm?
Flastic shape factor Zy,manfSy 1.307
Buckling curve {DIN 18800-2:2008-11) BCy,DIN a
Buckling curve acc. to EN BC . EN a
Biirklimn mirva are o FM frr eteel © 450 B+ EM cas AN
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9.8.2. Loadings

Decisive loadings as per the RFEM analysis (CT-A-1012-HD),

Neq = 16.07 kN (CO7, Member No: 424)
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9.8.3. Check on component — Buckling check

Project: Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
Cross section:|Roof diagonal #76x2 mm - S355
Date: 14-11-2025
L 2484 T
k 1|tabel 6.8 1=‘q|—’=f“% voor doorsneden van klasse 1,2 en 3 (6.50)
o 1A
Ler 2484{mm o
Aeff 465|mm? R L
a A= |——L ="=1 " voordoorsnaden van klasse 4 (851)
Ixy / zwak 318500{mm | Ng 1,
E 210000 N/m mz waarin L, is de kniklengte in het beschouwde knikviak;
Ywm1 1.1 i is de traagheidsstraal om de beschouwde as, bepaald uitgaande van de kenmerken van de
brutodoorznede;
fo 355|N/mm?
fy 510[N/mm? A —n |E 030
1 fr :
£= ||.235 {f, in Nimm?)
Vg
Tabel 6.1 —Imperfectiefactoren voor de knikkrommen
Knikkromme ag a b [ d
Imperfectiefactor o 0,13 021 034 0,49 0,76
i 26.2|mm
Arel 1.24 |
f=——F——= maar } <10
€ 0.81 o
Al 76.4 waarin:
a 0.49(tabel 6.1, knikkromme "c" —
=03+ ofi-02)+ 7
(%] 1.53 — [Af,
A =_—— voor doorsneden van klasse 1,2 en 3
X 0.41
= [ALf
h= N voor doorsneden van klasse 4

16.07|kN «  is een imperfectiefactor;
kN

X Awf,
Nyre = voor doorsneden van klasse 4

YMI
waarin y de reductiefactor voor de van toepassing zijnde knikvorm.

y-as Z-as
Wely 8380|mm? Welz 8380|mm?3
Whety 8380/mm?3 Whety 8380|mm?3

(6.48)
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9.9. Roof diagonal to roof frame connection
9.9.1. Description

Roof frame @102 x 3 mm (5355)

M16 Bolt of 8.8 grade

Roof diagonal @76 x 2 mm (5355)

Clamp 3 mm (5235)

Material — S355 (Diagonal)
fo=355N/mm?
fu=510 N/mm?
Material — $235 (Clamp)
fy=235N/mm?
fu=360 N/mm?

Bolt M16 of Grade 8.8
fy=640 N/mm?
fup=800 N/mm?

A= 157 mm?

ay=0.6

Ymz2=1.25

Y™mo= 1.0

9.9.2. Loadings

Decisive loadings as per the RFEM analysis (CT-A-1012-HD),
Neq = 16.07 kN (CO7, Member No: 424)
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9.9.3. Capacity of component
Shear capacity of the bolt M16 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fup/ Ym2=0.6 x 157 x 800 / 1.25 = 60288 N = 60.29 kN

Capacity of theclamp3 mm (t=2x3 =6 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥Ymo =15x6x16x235/1.0=33840 N = 33.84 kN

Capacity of the roof diagonal @76 x2 mm (t=2x2 =4 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/ ¥mo =1.5x4 x 16 x 355/ 1.0 = 34080 N = 34.08 kN

9.9.4. Check on component
Check on the bolt M16 (8.8 grade)
(EN 1993 -1-8 Table 3.10)
Fuea/ Fura < 1.0
16.07 /60.29 =0.27 < 1.0, OK.

Check on the clamp 3 mm (t =2 x 3 =6 mm)
(EN 1993 -1-8 Table 3.10)

Fued / Fopa< 1.0

16.07 /33.84=0.47 < 1.0, OK.

Capacity of the roof diagonal @76 x2 mm (t=2x2 =4 mm)
(EN 1993 -1-8 Table 3.10)

Fred / Fora< 1.0

16.07 / 34.08 = 0.47.< 1.0, OK.
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9.9.5. Pin and plate calculation — check on bolt

The below sheet provides an additional check on the bolt connection of the roof diagonal to the

clamp.
project: |Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
component:(Roof diagonals to clamp connection, bolt connection
date:|14-11-2025
STEEL BOLT STEEL PLATE INNER FLANGES
d 16|mm $355
a 3[mm f, 355|N/mm?
b 4|mm
C 6.25({mm
o 640|N/mm?
fup 800(N/mm? 8.8
Uzl 640(N/mm?
yMO 100 1/1 t bor2xa 4lmm
Ym2 1.25(1/1 Fo,rd 34.08/kN | =1,5td fy /7o
A, 157 U.C. 0.47|1/1
Feg 16.07(kN Member no: 424
N pins 1|1/1 05&_1 ; b Tnﬁr
Fed/ pin 16.07(kN — ——
Meq 70.31{kNmm
Fyu.rd 60.29kN | =0,64 fi, /o Eﬁ B e J T
U.C 0.27|1/1 — el
Mk rg 386.03{kNmm Wc“' ekt
u.C 0.18|1/1 : w
iMEd + FvAEd <1
U'C'combined 0 10 1/1 A‘MRd P“-_Rd -
Feq
STEEL PLATE OUTER FLANGES
f, 235|N/mm? S235
t bor2xa 6[{mm u u
Fp rd 33.84kn = L5 tdfy/n
UC 047 1/1 Mgy = :! (b+4c¢+2a)
Unity Check:
Bolt 0.10|< 10K
Steel plate inner flanges 0.47|< 10K
Steel plate outer flanges 0.47(<10K
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9.10. Roof Purlins — @60 x 1.5 mm (S235)
9.10.1.Description

Roof purlins @60 x 1.5 mm (5235)

[ ———.. T
{4;—-—-—-_—} ----------------------------------------------------------------------------- —E-—-—
2010
2063
Z
@60x1.5mm
Y - - Y
]
Z
Cross-section @60 x 1.5 mm Cross-Section Property Symbol Value LInit
. . Outer diameter D 60.0 | mm
Cross-sectional properties _
Wall thickness s 1.5 [ mm
A =276 mm? Cross-sectional area A 2.76 |mi
L =2010 mm Shear area By 1.37 |am?
Core area B 26.88 |aml
ly = 118000 mm* Moment of inertia Ly | 11.80 |::n1'4
. inert I . 4
Material — S235 Polar-moment of inertia p 23.60 | cm
Governing radius of gyration My 20.7 | mm
o=235 N/mm? Polar radius of gyration Mo 29.3 | mm
Weight wi 2.2 m
Fu =360 N/mm? g kol
Surface A surf 0.188 [mZjm
Torsional constant 1 23.60 | cm#
Section modulus for torsion St 7.87 |am3
Elastic section modulus Sy 3.93 | cm?
Statical moment of area Qo max 1.28 [em?
Plastic section modulus £y, max 5.13 |am?

IB Europe B.V. ENGINEERING DEMOUNTABLE STRUCTURES
32




IB

KRDFTMAN® « t Engineers
9.10.2.Loadings

Decisive loadings as per the RFEM analysis (CT-A-1012-HD),
Neqa= 8.50 kN (CO7, member No: 399)
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9.10.3.Check on component — Buckling check

IB

t Engineers

Project: Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
Cross section:|Roof purlins @60 x 1.5 mm - S235
Date: 14-11-2025
L 2010 _
- JAf L1
k 1|tabel 6.8 J‘.=‘IJIN_=TE;‘_ voor doorsneden van klasse 1, 2en 3 (6.50)
a “1
Ler 2010{mm —
|A
Aeff 276|mm? - JALE L ‘.IT‘E
" h= =2 "= 1 2 yoor doorsneden van klasse 4 (651
Ixy / zwak 118000|mm | Ng i
E 210000 N/m mz waarin L is de kniklengte in het beschouwde knikviak;
YM1 1 1 i is de traagheidsstraal om de beschouwde as, bepaald uitgaande van de kenmerken van de
brutodoorsnede;
fo 235|N/mm?
fy 360|N/mm? =1 |E _o30e
I
£= ‘||235 {f, in Nimm?)
V1
Tabel 6.1 —Imperfectiefactoren voor de knikkrommen
Knikkromme ay a b [ d
Imperfectiefactor o 0,13 0,21 0 0,49 0,76
i 20.7|mm
Arel 1.04
1.00 x:% maar ¥ <10
€ - DD -
)\1 939 waarin;
a 0.49|tabel 6.1, knikkromme "c¢" —2
2031+ aff-02)+ 7
) 1.24 — [ar
b= N_ voor doorsneden van klasse 1, 2en 3
X 0.52
- A f
h= N— voor doorsneden van klasse 4
NEed 8.5/kN o is een imperfectiefactor;
kN S
X Acn‘l\
Nypg =——= voor doorsneden van klasse 4
Twmi
waarin y de reductiefactor voor de van toepassing zijnde knikvorm.
y-as Z-as
Wely 3930{mm?3 Welz 3930[mm3
Whety 3930{mm3 Whety 3930[mm3

(6.48)
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9.10.4.Compression combined with bending
Project Kroftman CT-A-1006-HD/CT-A-1012-HD/CT-A-1024-HD
Cross section: Roof purlins @60 x 1.5 mm - $235
Date 14-11-2025
Bending Due to own weight
Own weight of purlin 2.2|kg/m L 2.01|m
Own weight of purlin, Wp 0.02|kN/m Length between purlins 1.978|m
Weight of the fabric, Ws 0.01187|kN/m
Wy 0.03|kN/m Wy= Wp+Wf
2
Bending due to own weight Myo 0.02[kNm Myo = %
Bending due to snow roof Myt 0.40[kNm
Total Bending
Total bending MyED kNm 1.35x Myo + MyL Aeff 276|mm?
Total bending MZED kNm Ixy /zwak 118000{mm?*
E 210000{N/mm?
Bending unity check Ym1 1.1
fo 235|N/mm?
MyRd kNm fy 360|N/mm?
MZRD kNm
Wely 3930(mm?3
Wnety 3930|mm?3
Wel z 3930|mm?3
Whet z 3930|mm?3

Bending and Compression

NoRd [ 307w
NEd _ 85|kN

k
We 0.8
wo 1
U.C.

N Mgy M,
Ed + v, Ed + z,Ed <1
NRd My,Rd M?.\er
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9.11. Roof purlins to roof frame connection
9.11.1.Description

Roof frame @102 x 3 mm (5355

Purlin @60 x 1.5 mm (S235)

M12 bolt of 8.8 grade

Material — S235 (Purlin)
fy=235N/mm?
fu=360 N/mm?

Bolt M12 of Grade 8.8
fy=640 N/mm?
fup=800 N/mm?
As=84.3 mm?

o,=0.6

ymz2=1.25

Ywmo= 1.0
9.11.2.Loeadings

Decisive loadings as per the RFEM analysis (CT-A-1006-HD),
Neg= 11.70 kN (CO7, member No: 231)
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9.11.3.Capacity of component
Shear capacity of the bolt M12 (8.8 grade)
(EN 1993-1-8+ C2:2011 Table 3.4)
Fvra= OvA fupb/Ym2=0.6 x84.3x800/1.25=32371.2 N=32.37 kN

Capacity of the purlin 60 x 1.5 mm (t=1.5x 2 =3 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/ ¥mo =1.5x3x12x235/1.0=12690 N =12.69 kN

Capacity of the main profile 102 x 3 mm (t =3 mm)
(EN 1993 -1-8 Table 3.10)
Fora=1.5td fy/¥mo =1.5x3x12x355/1.0=19170 N = 19.17 kN

9.11.4.Check on component
Check on the bolt M12 (8.8 grade)
(EN 1993 -1-8 Table 3.10)
Fuea/ Fura < 1.0
11.70/32.37=0.36 < 1.0, OK.

Check on the purlin §60 x 1.5 mm (t= 1.5 x 2 =3 mm)
(EN 1993 -1-8 Table 3.10)

Fued / Fopa< 1.0

11.70/12.69=0.92<1.0, OK.

Check on the main profile 3102 x 3 mm (t = 3 mm)
(EN 1993 -1-8 Table 3.10)

Fred / Fora< 1.0

11.70/19.17 = 0.61< 1.0, OK
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