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8.5. A3 sample with V1 and V2 stiffeners

Max reaction force: R = 138,40 kN
Max lat. displacement = 8.30 mm

Max reaction force: R = 110,02 kN
Max lat. displacement = 9.20 mm

Max reaction force: R = 146,40 kN
Max lat. displacement = 2.67 mm

Max reaction force: R = 118,95 kN
Max lat. displacement = 7.89 mm
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8.6. Response curves
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B. Effect of the imperfection choice

9.1. Buckle A
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm] F [kN]
0,00 0,00 2,24 60,80 8,69 43,12 14,71 36,55
0,01 0,44 2,63 59,02 9,01 42,65 15,02 36,29
0,01 0,89 3,00 57,42 9,33 42,20 15,33 36,05
0,02 1,55 3,37 55,97 9,65 41,77 15,65 35,81
0,03 2,55 3,72 54,65 9,97 41,35 15,96 35,58
0,05 4,04 4,07 53,43 10,28 40,95 16,27 35,35
0,08 6,28 4,41 52,30 10,60 40,57 16,59 35,12
0,12 9,64 4,76 51,26 10,92 40,19 16,90 34,91
0,19 14,68 5,09 50,30 11,24 39,83 17,21 34,69
0,28 21,31 5,43 49,41 11,55 39,49 17,53 34,49
0,36 27,93 5,76 48,58 11,87 39,15 17,84 34,28
0,45 34,55 6,09 47,80 12,19 38,83 18,15 34,08
0,54 41,15 6,42 47,09 12,50 38,51 18,46 33,89
0,63 47,71 6,75 46,42 12,82 38,20 18,78 33,70
0,72 54,18 7,07 45,79 13,13 37,91 19,09
0,83 60,27 7,40 45,20 13,45 37,62 19,40
1,06 63,78 7,72 44,64 13,76 37,34 19,54
1,42 64,02 8,04 44,11 14,08 37,07
1,83 62,62 8,37 43,60 14,39 36,80
70
65 o Buckle A——
60 %\
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giso f
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9.2. Buckle B
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm)] F [kN]
0,00 0,00 0,72 54,72 5,50 48,76 15,69 35,67
0,01 0,44 0,83 60,92 6,38 46,78 16,52 35,07
0,01 0,89 1,25 64,22 7,25 45,14 17,36 34,50
0,02 1,55 1,39 64,06 8,11 43,73 18,19 33,97
0,03 2,55 1,54 63,63 8,96 42,47 19,02 33,47
0,05 4,04 1,76 62,70 9,81 41,34 19,46 33,21
0,08 6,28 2,10 61,14 10,66 40,31 0,00 0,00
0,12 9,64 2,59 58,72 11,50 39,38 0,00 0,00
0,19 14,68 3,06 56,65 12,34 38,52 0,00 0,00
0,29 22,23 3,52 54,86 13,18 37,73 0,00 0,00
0,44 33,54 3,96 53,28 14,02 36,99 0,00 0,00
0,66 50,41 4,61 51,20 14,85 36,31 0,00 0,00
70
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9.3. Buckle C
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm)] F [kN]
0,00 0,00 1,19 66,04 8,73 42,77 16,70 34,96
0,01 0,44 1,36 65,57 9,16 42,18 17,12 34,67
0,01 0,89 1,63 64,25 9,58 41,62 17,53 34,40
0,02 1,55 2,02 62,03 10,00 41,08 17,95 34,14
0,03 2,55 2,40 59,92 10,43 40,57 18,36 33,88
0,05 4,04 2,76 58,06 10,85 40,09 18,78 33,63
0,08 6,28 3,11 56,46 11,27 39,62 19,19 33,38
0,12 9,64 3,45 55,05 11,69 39,18 19,41 33,26
0,19 14,68 3,91 53,30 12,11 38,75 0,00 0,00
0,29 22,23 4,38 51,78 12,53 38,34 0,00 0,00
0,40 31,06 4,83 50,43 12,95 37,95 0,00 0,00
0,52 39,88 5,27 49,23 13,37 37,57 0,00 0,00
0,64 48,65 5,71 48,15 13,78 37,20 0,00 0,00
0,76 57,32 6,15 47,18 14,20 36,85 0,00 0,00
0,79 59,46 6,59 46,30 14,62 36,51
0,84 62,65 7,02 45,50 15,04 36,18
0,85 63,83 7,45 44,75 15,45 35,86
0,88 65,57 7,88 44,05 15,87 35,55
1,02 66,26 8,31 43,39 16,29 35,25
70
i L M~ R -1 C
2(5) ] oo \ puckie €
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9.4. Buckle D
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm)] F [kN]
0,00 0,00 0,72 54,75 5,49 48,74 15,66 35,69
0,01 0,44 0,82 61,11 6,36 46,76 16,50 35,08
0,01 0,89 1,23 64,63 7,23 45,14 17,33 34,52
0,02 1,55 1,37 64,40 8,09 43,73 18,16 33,99
0,03 2,55 1,52 63,90 8,94 42,48 18,99 33,49
0,05 4,04 1,75 62,91 9,79 41,35 19,43 33,23
0,08 6,28 2,09 61,27 10,64 40,33 0,00 0,00
0,12 9,64 2,58 58,76 11,48 39,39 0,00 0,00
0,19 14,68 3,05 56,64 12,32 38,54 0,00 0,00
0,29 22,23 3,50 54,83 13,16 37,75 0,00 0,00
0,44 33,55 3,95 53,24 13,99 37,01 0,00 0,00
0,66 50,42 4,60 51,17 14,83 36,33 0,00 0,00
70
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9.5. Load
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm] F [kN]
0,00 0,00 0,05 4,04 2,33 60,21 10,87 40,13
0,00 0,00 0,08 6,28 2,82 58,02 11,71 39,20
0,00 0,00 0,12 9,64 3,28 56,11 12,56 38,35
0,00 0,00 0,19 14,68 3,73 54,43 13,40 37,57
0,00 0,00 0,29 22,23 4,17 52,91 14,23 36,85
0,00 0,00 0,44 33,54 4,82 50,89 15,07 36,17
0,00 0,00 0,66 50,39 5,71 48,49 15,91 35,54
0,00 0,00 0,72 54,69 6,59 46,54 16,74 34,94
0,01 0,44 0,84 60,78 7,46 44,93 17,58 34,38
0,01 0,89 1,26 64,09 8,32 43,52 18,41 33,86
0,02 1,55 1,48 63,85 9,17 42,27 19,24 33,36
0,03 2,55 1,82 62,56 10,02 41,15 19,52 33,20
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9.6.SIN 1
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm] F [kN]

0,00 0,00 0,72 54,76 5,56 49,19 15,77 35,67
0,01 0,44 0,82 61,11 6,44 47,10 16,60 35,07
0,01 0,89 1,24 64,80 7,31 45,38 17,44 34,50
0,02 1,55 1,39 64,69 8,17 43,91 18,27 33,97
0,03 2,55 1,54 64,35 9,03 42,60 19,10 33,46
0,05 4,04 1,77 63,44 9,88 41,44 19,55 33,20
0,08 6,28 2,13 61,83 10,73 40,38 0,00 0,00
0,12 9,64 2,63 59,46 11,57 39,43 0,00 0,00
0,19 14,68 3,11 57,40 12,42 38,55 0,00 0,00
0,29 22,23 3,57 55,58 13,26 37,75 0,00 0,00
0,44 33,55 4,01 53,95 14,10 37,01 0,00 0,00
0,66 50,43 4,66 51,76 14,93 36,32 0,00 0,00
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9.7.SIN 2
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm] F [kN]
0,00 0,00 0,76 56,54 7,02 46,18 0,00 0,00
0,01 0,44 1,01 63,43 7,91 44,55 0,00 0,00
0,01 0,89 1,55 63,68 8,79 43,13 0,00 0,00
0,02 1,55 1,70 63,29 10,10 41,28 0,00 0,00
0,03 2,55 1,93 62,47 11,41 39,71 0,00 0,00
0,05 4,04 2,26 61,09 12,71 38,34 0,00 0,00
0,08 6,28 2,75 59,06 14,00 37,15 0,00 0,00
0,12 9,64 3,20 57,25 15,29 36,09 0,00 0,00
0,19 14,68 3,64 55,61 16,58 35,13 0,00 0,00
0,29 22,23 4,28 53,37 17,86 34,26 0,00 0,00
0,44 33,54 5,21 50,47 19,15 33,47 0,00 0,00
0,66 50,38 6,12 48,12 19,61 33,20 0,00 0,00
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9.8. SIN3
D [mm] F [kN] D [mm] F [kN] D [mm] F [kN] D [mm] F [kN]
0,00 0,00 0,83 59,06 6,97 46,17 14,62 36,66
0,01 0,44 1,43 63,02 7,62 44,97 15,25 36,16
0,01 0,89 1,62 62,70 8,27 43,90 15,88 35,68
0,02 1,55 1,83 62,06 8,91 42,91 16,51 35,22
0,03 2,55 2,13 60,88 9,55 42,00 17,13 34,78
0,05 4,04 2,58 59,06 10,19 41,16 17,76 34,37
0,08 6,28 3,22 56,60 10,83 40,39 18,39 33,97
0,12 9,64 3,82 54,47 11,46 39,66 19,01 33,59
0,19 14,67 4,41 52,57 12,10 38,98 19,63 33,23
0,29 22,22 4,98 50,87 12,73 38,35 0,00 0,00
0,44 33,52 5,65 49,09 13,36 37,75 0,00 0,00
0,61 46,66 6,31 47,53 13,99 37,19 0,00 0,00
70
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C Test and FEM results - comparison

Reaction force [kN]
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D Hand calculations

In this attachment reduced XHP profile will be investigated. When the cope is
done and longitudinal stiffener is added it can be said that new aluminium profile was
created. The purpose of this point is to check if moment capacity was not exceeded on the

cope area and longer than a cope’s depth longitudinal stiffener is not necessary.

a) z b) z
: 7= v=f . e .
! " - 1 B
i ' - oM
) ff — 1 H ",
L 1
/ — ] ) A 7
i g —_— N
ty F te —
/ | ; ]
.................... : _ | - =
z T=fy T= f I d
Elastic Plastic ' ' Elastic Plastic

For a not reduced profile real dimensions are: h =259.2mm, b =119,4mm,
te = 11,7mm, t,, = 4,65mm and r = 7mm, but in calculations the curved part of the profile
will be neglected. For A2 specimen cope was 88x97, where 97mm was the height of the
cope. Reduced profile will have h = 162,2mm and also changed size of the upper flange.

Longitudinal stiffener is 100mm width and 5 mm thick.

Firstly class part of the profile were found:

257,3
parameter € = [—— = 1,04
\/ 235

¢ h—2t-2r 1622-2-11,7-2-7
= = 26,8 < 74,9 = 72¢

web: = ——" 4,65
foroe, b ty—2r 1194-465-2.7 .
M T T 2 2 11,7 T he S AT e

Both parts are class first. Whole profile belongs to the first class.

To find Wi naz and W az according to the Eurocode [1] it is necessary to
reduce the thickness of the parts of the profile, where HAZ effect occurs. Reduction factor

Po.uaz belonged to the range from 0,48 to 0,50 and in simplification could be stated as 0,49.
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In this case thickness of the upper flange is 2,45mm, bottom flange 5,73mm and part of the
web (20mm from flanges - area of the HAZ) is 2,28. This small reduction of the web will
not be taken into account in hand calculations as a simplification and due to neglecting

rounded part of the section.

100

Tp]

<

N
4,65 < o
K Tp] N
— o

I o

= M~

. s

i
1194
Figure 11.1 Reduced XHP profile

Finding mass center:

154,02
2

SX=:&75-555-11%44—&65-15&02-(5754—

)+—z45-100~(15¢024-5754-

Z'ZLS) =1973,8 + 59272,1 + 39443,8 = 100689,7 mm3
Sx 100689,7 _100689,7 mm3

Vxel = — = = =61,11mm
’ A 575119,4+4,65-154,02+2,45-100  1647,74 mm?

Yxpl © 119,4:575 + (yxp1 -5,75)-4,65 = 100- 2,45+ (15445,75-yx p1 )-4,65
From the equation above it was calculated that y, ,; = 35,27mm

Moment of inertia and static moment according to the elastic/plastic center point:

(35,27-5,75)
5. 2227 7S)

Seept = 2:((3527 —5,75) - 4,6 +5,75-119,4 - (35,27 + 5,75/2)) = 2 -

28214,5 mm?3 = 56,43 cm?®

(154,02+5,75-61,11)3 5,753

_ 3
(61,11-5,75) +4,65 +=—-119,4+575-119,4 -

e = ——-465+
3

3
(61,11 — 5,75/2)2 + 2= 100 + 2,45 - 100 - (154,02 + 5,75 — 61,11 + 2,45/2)* =

652,6 cm*
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Following results were checked in Autocad:

Area
] Okno tekstowe AutoCAD - Attach.. (1= |-, [ |
. Edydja
Distance to the mass Bote: Teac-aceD % CQ
Oowéd: 753.9000 )
center near zero \ ey T Cerisoo I AR
INacisnij klawisz ENTER by kontynuowaé i
Srodek cigzkosci: ¥X: 0.0000 I
¥: -0.0037
Momenty bezwiadnosci: X: 6517262.2383
. . / ] ¥: 1018262.1378 H &
Moment Of lnertla acisnij klawisz ENTER by ?99, ik
lcont ynuowac: 1 i Q Q
y| €O
B o
]
119,4
Figure 11.2 Autocad results
Weinaz = Ixcel / Zmax WoiHAZ = 2 Sxepl
4 3 3
Weinaz = 652,6 cm™/ 9,98cm = 65,4 cm WoiHaz =2-56,43=112,9 cm

Meiiaz = Weinaz - fy = 65,4cm’ - 257,3 MPa = 16,83 kNm
Myinaz = Woinaz - £y = 112,9cm’ - 257,3 MPa = 29,04 kNm
Reitiaz = Mepaz / (c-30) = 16,83 /0,58 = 29,02 kN
Ryiiaz = Mpiuaz / (c-30) = 26,27 /0,58 = 50,07 kN

It is clear from results that the part of the beam which is coped can’t be treated as
a beam and determining the capacity by maximum moment gives wrong results. It is
because coped part is very short and ratio height/length is much larger than in the elements
where bending is the most important inner force. It was decided to calculate additional

shear capacity.

foz 257,3
:ﬁ.tw .hW =W.4’65 . 154 - 106,38kN

In this very simplified way it was obtained much closer result according to FEM

Va

model.
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