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A. PROPIETATS ELASTIQUES EFICACES DE LA
SECCIO

A continuacié es detallen els calculs de la seccio elastica eficac per les diferents xapes,
segons el procediment detallat a I'apartat 5.3. de la memoria. Aquestes propietats, al
dependre de les tensions, s’ha de diferenciar entre aplicacid6 de moment flector positiu i

moment flector negatiu.

A.l. Perfil KORONA 60

Les dimensions geometriques de la seccidé sbn les segiients, mostrades en la Fig. Al i
Taula A.1.

O D e

Corner 1inf -
-

Fig. A.1. Parts que composen la seccié del element KORONA 60.

Element bpi(mm)
1 12,67
2 31,65
3 66,31
4 28,71

Taula A.1. Dimensions geomeétriques principals.
En les zones de corner hi han les segiients dimensions:

r=3mm
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0, = 38,66°

0, = 62°

A.1.1. Moment positiu
A.l11. Ala superior

Mitjangant el procediment detallat en 'Eurocodi 3 es pot trobar I'esveltesa relativa pels

diferents gruixos.

— b

_ [f., <

1,(0,75) = Lo _ L -099
§ Ter (23,4- c- kGE)
— b

7T |f}'b t

Ap(L,00) = [—= =074
N Ter (23,4- c- k;)
— b

T |f}'b t

45(1,20) = |[—= = 0,61

1
N e (2314- £ kga)

||235 079
£ = —_— = ,
.\I f}'b

El factor de vinclament utilitzat és &,= 4 i b= by,.

Ja es pot calcular el factor reductor p que varia segons el material utilitzat. En el cas que
ens pertoca, per I'acer, s'utilitzara la segtient formula:

g =\

ST
Feccl

E

-

SEIB
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1_‘]’55_@

p (1,20) = — =1,00
Ap

El rati de tensions (ogz/07) é€s w=1.

Aquest factor en indica si cal considerar que la regié b en tota la seva longitud és o no
efectiva. Per tant la longitud efica¢ de la zona plana de l'ala és:

b.7(0,75) = p- b = 24,80 mm
bs(1,00) = p- b = 30,20 mm
borr(1,20) = p- b =31,63 mm

La longitud utilitzada és b= b,

S’obté l'area eficag de la part dels rigiditzadors de l'ala superior. S'utilitza el procediment
indicat en la normativa EN 1993-1-3:2006 [2]. Primer es calcula una secci6 efica¢ (Taula

A.2) utilitzant les especificacions de la Fig. A.2.

~ S Seccidn bruta para
0,5b, «»-05b,; el caleulo de As
 15¢ ‘|\ /u_l 151 Seccion bruta para

el célculo de /g

Fig. A.2. Figura 5.11 de EN 1993-1-3:2006 [2].

Sy
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t=0,75 t=1,00 t=1,20
slement [ mm) [ A (mm?) [ Limm) | Ar (mm?) | L (mm) | A mm)
Part plana (Fig. A.2) | 11,29 8,01 13,93 13,37 14,63 16,97
Corner 1sup 2,26 1,61 2,35 2,25 2,42 2,80
1 10,45 7,42 10,36 9,95 10,29 11,94
Corner linf 2,26 1,61 2,35 2,25 2,42 2,80
Corner linf 2,26 1,61 2,35 2,25 2,42 2,80
1 10,45 7,42 10,36 9,95 10,29 11,94
Corner 1sup 2,26 1,61 2,35 2,25 2,42 2,80
Part plana (Fig. A.2) | 11,29 8,01 13,93 13,37 14,63 16,97
TOTAL 37,30 55,66 69,03
Taula A.2. Primer calcul de la seccio eficag de I'ala superior.
També s’obté una primera inércia efica¢ (Taula A.3) segons la Fig. A.2.
Element Li(mm) | Ai(mm?) | Z (mm) | S;(mm?) | zo(mm) | I;(mm?)
Part plana (Fig. A.2) | 9,54 6,77 0,00 0,00 2,48 41,90
Corner 1sup 2,30 1,61 0,19 0,30 2,29 8,43
1 10,50 7,42 4,00 29,69 -1,52 43,73
Corner 1inf 2,30 1,61 8,19 13,16 -5,71 52,41
Corner linf 2,30 1,61 8,19 13,16 -5,71 52,41
1 10,5 7,42 4,00 29,69 -1,52 43,73
Corner 1sup 2,30 1,61 0,19 0,30 2,29 8,43
Part plana (Fig. A.2) | 9,54 6,77 0,00 0,00 2,48 41,90
TOTAL 34,82 86,30 2,48 292,94
Taula A.3. Primer calcul del moment inércia efica¢ de l'ala superior. t = 0,75.
Element Li(mm) | Ai(mm?) | Z (mm) | S;(mm?) | zo(mm) | I;(mm?)
Part plana (Fig. A.2) | 13,25 12,72 0,00 0,00 2,16 60,35
Corner 1sup 2,30 2,25 0,20 0,44 1,96 8,70
1 10,40 9,95 4,00 39,80 -1,84 68,89
Corner 1inf 2,30 2,25 8,20 18,48 -6,04 82,11
Corner linf 2,30 2,25 8,20 18,48 -6,04 82,11
1 10,40 9,95 4,00 39,80 -1,84 68,89
Corner 1sup 2,30 2,25 0,20 0,44 1,96 8,70
Part plana (Fig. A.2) | 13,25 12,72 0,00 0,00 2,16 60,35
TOTAL 54,35 117,44 2,16 440,11

Taula A.4. Primer calcul del moment inércia efica¢ de l'ala superior. t = 1,00.

g =\

5
w?( &

E

—f
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Element Li(mm) | A (mm?) | Z (mm) | S;(mm?®) | zo(mm) | I; (mm?)
Part plana (Fig. A.2) | 16,21 18,81 0,00 0,00 1,96 74,49
Corner 1sup 2,40 2,80 0,20 0,57 1,76 8,68
1 10,30 11,94 4,00 47,77 -2,04 91,59
Corner 1inf 2,40 2,80 8,20 22,98 -6,24 | 109,11
Corner linf 2,40 2,80 8,20 22,98 -6,24 | 109,11
1 10,30 11,94 4,00 47,77 -2,04 91,59
Corner 1sup 2,40 2,80 0,20 0,57 1,76 8,68
Part plana (Fig. A.2) | 16,21 18,81 0,00 0,00 1,96 74,49
TOTAL 72,71 142,63 1,96 567,74

Taula A.5. Primer calcul del moment inércia efica¢ de I'ala superior. t = 1,20.

Es calcula la tensio critica:

42k, -E | I -3
0ers(075) = ———- |—— = 780,90 MPa
s {4y (2:b,+3-b,)
42k, -E | I,-t?
Oore(1,00) = — | — = 621,40 MPa
4 4 by (2-b,+3-b,)
42k E | I, t3
ers(1,20) = - | — = 765,30 MPa
A J4by (2-b,+3-b,)
Ky = kyo= 148
| 5+ 2-b
ko= |2 =148
wo ,\||3“.+015-bd
sll,-b % (2-b, +3-b,
1,(0,75) =3,07- |—2F ( — }=31?J3?mm
4 L
sll,-b % (2-b, +3-b,
1,(1,00) =3,07- |—2F ( — }=280114-mm
4 L
4|f3.b?,‘.{2.b?,+3-b3}:258198mm

1,(1,20) = 3,07 - xll 3
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L’algada inclinada de I'anima és s,=b,;. També s'utilitzen les longituds segons la Fig. A.3, el
moment d’inércia i secci6 eficag anteriors.

<

b

]

Fig. A.3. Figura 5.11 de EN 1993-1-3:2006 [2].

Es calcula el valor de I'esveltesa relativa i posteriorment un factor reductor:

_ [ f.s
72(0,75) = |}3—b=n,89

| Ters

_ [ f.
24(1,00) = |f3’—b=nj?a

s

_ [ f.s
72(1,20) = |f3‘—b=ﬂ,?1

N Tere
x4(0,75) = 1,47 — 0,723 - 1, = 0,83
x4(1,00) = 1,47 — 0,723 - 1; = 0,91

xa(1,20) = 1,47 — 0,723 - 1, = 0,96

Finalment, el gruix reduit de la part de I'ala superior on esta el rigiditzador i la part plana que
té contacte directe segons la Fig. A.4.

tregl(0,75) = x4 -t = 0,59 mm
trea(1,00) = ¥4 -t = 0,87 mm

treg(1,20)=34-t=111mm

Ty
‘.‘J .l'.b
ETSEIB
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'f:-’ll'li"d ........ Ifl,-'m
yo M f.l% ¥ M
]]I'FI lhlmll

™ 1c2n i bzeln

Fig. A.4. Figura 5.10 de EN 1993-1-3:2006 [2].

A.1.1.2. Anima

Es calcula el gruix reduit necessari per tenir en compte les perforacions que existeixen en
'anima segons:

sl da

therpl0,75) =t [1,18 - ('l - —) = 0,66 mm
N a
sl d

tb,aff(-liﬂﬂ} =t- |1,18- ('l - E) = 0,89 mm

sl a
thepp(1,20) =t [1,18- ('l - —) = 1,07 mm
N a

El diametre dels forats és de d = 0,40 mm i la distancia lliure entre ells de a = 12,00 mm.

Abans de la fallada de la secci6 es pot apreciar una petita plastificacié parcial en la zona
traccionada de I'anima, mentre que la resta de la seccié encara té un comportament elastic.

En la primera aproximacié de I'eix neutre s’assumeix que tota la I'anima és completament
efectiva i que la part del rigiditzador i la part plana de l'ala superior tenen la mateixa tensié
com es mostra en la Fig. A.5.

g
Yo

ETSEIB
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Fig. A.5. Primera aproximacio6 de I'eix neutre efectiu.

Aplicant les condicions d’equilibri trobem, gracies a un procés iteratiu, una primera
aproximacio de xi la tensio real (o) que té el rigiditzador de I'ala superior (Taula A.6):

& . (Acmsrlinf + Al + ACG‘?"?‘JE?":L?‘..L‘,‘.:I + AZl + AZZ + Acwnsr!swp} = & ) (Acmarﬂinf + A4}
¥ao Yo
fyb h’r
o= Yao (1 2 h—x- sin(ﬁ})
Iteracio O | lteracio 1 | lteracié 2 | Iteracio 3
t=0,75 | x (mm) 5,64 2,58 2,65 2,64
mm o, (MPa) | 264,81 270,67 270,55 270,55
t=1,00 | x(mm) 13,72 9,92 10,07 10,07
mm o, (MPa) | 248,37 256,95 256,64 256,64
t=1,20 | x(mm) 16,97 15,11 15,22 15,22
mm a, (MPa) 240 245,92 244,64 244,64

Taula A.6. Resultats iteratius de la dimensio x.

Per calcular longitud no eficag de I'anima sa.s S'utilitzen les longituds equivalents ses; i Ser2.
En quan a la longitud no eficag de I'anima s’ha de diferencia entre les usades en el calcul
del modul resistent i les usades en el calcul del moment d’inércia.

| E
SEffJD(ﬂJ?E} = {]195 - t' |—

=11,76 mm
N Yuo- Fis

| E
SEffJD(-]'Jﬂﬂ} = {]195 - t' |—

= 15,90 mm
N Yuo- Fis

Ty
\'ld‘ ".'b
ETSEIB
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| E
Serral1,20) =095t |[———=19,21mm
.\|YMD - fyn

Sersal0,75) = 5,650 = 11,76 mm

Serral1,00) = 5,650 = 15,90 mm

Serral1,20) = 5,670 =19,21mm
Seffm(0,75) = 155,650 = 17,63 mm
Seffm (1,00) = 155,660 = 23,84 mm

Seffm (112{]} =15- Seffn = 28,81 mm

Modul resistent

S‘-‘.-Eff(ﬂ,?S} = 5 {Sﬂff_.l + SElff_.?'!} = _1_.{]3 mm = 0
SJ-.;Eff(-lJﬂﬂ} = 5, {Saff,l + Saff,n} = _14,58mm =0

Sjﬁl;sff(ijzfﬂ} = S?‘! - {Sﬂff_.l + Sﬂff_.?‘!} = _25_,23 mm E ﬂ

Moment d’inércia

Iteraci6 0 | Iteracio 1
t=0,75mm | Spe (MM) -9,32<0 -6,33<0
t=21,00mm | Sper (MmM) | -22,34<0 | -21,06<0
t=21,20mm | Sper (Mm) | -31,09<0 | -31,22<0

Taula A.7. Resultats iteratius de la longitud no eficag de I'anima.

A.1.1.3. Resultats

Els resultats pel calcul del modul resistent son els seglents:

g\
Py
V 3= VV

Yo
ETSEIB
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Element | Li(mm) | ter (mm) | Ai (mm?) | o, (N/'mm?) | z(mm) | M (kN-mm)
Corner linf 2,30 0,59 1,33 270,55 7,81 2818,65
1 10,50 0,59 6,16 270,55 4,00 7976,02
Corner 1sup 2,30 0,59 1,33 323,78 0,19 95,10
21 11,30 0,59 6,65 377,00 0,00 0,00
22 10,70 0,71 7,58 377,00 0,00 0,00
Corner 2sup 3,60 0,71 2,57 377,00 0,48 463,46
31 16,10 0,66 10,53 377,00 9,44 37478,94
32 16,10 0,66 10,53 377,00 47,22 187394,71
33 2,60 0,66 1,73 377,00 57,83 37788,22
Corner 2inf 3,60 0,71 2,57 377,00 58,52 56778,20
4 27,00 0,71 19,16 377,00 59,00 426210,31
TOTAL 70,1 252,50 659,34

Taula A.8. Resultats del moment. t = 0,75 mm.

Element |L;(mm) | tes (mm) | A (mm?) | o, (N'mm?) | z(mm) | M (kN-mm)
Corner linf 2,35 0,87 2,04 256,64 7,80 4093,98
1 10,36 0,87 9,02 316,82 4,00 11435,02
Corner 1sup 2,35 0,87 2,04 377,00 0,20 151,18
21 13,93 0,87 12,13 377,00 0,00 0,00
22 13,29 0,96 12,76 377,00 0,00 0,00
Corner 2sup 3,76 0,96 3,61 377,00 0,50 674,22
31 14,20 0,89 12,59 377,00 8,35 39640,69
32 14,20 0,89 12,59 377,00 41,77 198203,47
33 10,07 0,89 8,92 377,00 54,56 183514,64
Corner 2inf 3,76 0,96 3,61 377,00 58,50 79606,61
4 26,91 0,96 25,84 377,00 59,00 574683,73
TOTAL 105,15 242,68 980,01

Taula A.9. Resultats del moment. t = 1,00 mm.

g =\

ST
Feccl

E

-

SEIB
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Element | Li(mm) | ter (mm) | Ai (mm?) | o, (N'mm?) | z(mm) | M (kN-mm)
Corner linf 2,42 1,11 2,69 244,64 7,80 5129,22
1 10,29 1,11 11,46 310,82 4,00 14246,10
Corner 1sup 2,42 1,11 2,69 377,00 0,20 204,56
21 14,63 1,11 16,28 377,00 0,00 0,00
22 13,97 1,16 16,21 377,00 0,00 0,00
Corner 2sup 3,87 1,16 4,49 377,00 0,51 862,17
31 12,92 1,07 13,83 377,00 7,60 39609,99
32 12,92 1,07 13,83 377,00 37,98 198049,94
33 15,22 1,07 16,29 377,00 52,29 321217,06
Corner 2inf 3,87 1,16 4,49 377,00 58,49 98931,36
4 26,85 1,16 31,15 377,00 59,00 692862,24
TOTAL 133,40 235,86 1251,01
Taula A.10. Resultats del moment. t = 1,20 mm.
t=0,75mm | t=1,00mm | t=1,20 mm
Me|’Rd'eff (kNm/m) 6,43 9,56 12,20
Wies et (M m>/m) 17062,54 25361,02 32373,90

Taula A.11. Resultats del modul resistent.

Els resultats iteratius pel calcul del moment d’inércia resistent son els seglents:

Element |Li(mm) | tes (mm) | A (mm?) | z(mm) | S;(mm®) | zo (mm)
Corner linf 2,30 0,59 1,33 51,19 68,28 -20,60
1 10,50 0,59 6,16 55,00 338,72 -20,79
Corner 1sup 2,30 0,59 1,33 58,81 78,44 -24,60
21 11,30 0,59 6,65 59,00 392,32 -28,41
22 10,70 0,71 7,58 59,00 447,00 -28,60
Corner 2sup 3,60 0,71 2,57 58,52 150,61 -28,60
3 62,90 0,66 41,20 29,50 1215,40 -28,13
Corner 2inf 3,60 0,71 2,57 0,48 1,23 0,90
4 27,00 0,71 19,16 0,00 0,00 29,92
TOTAL 88,63 2692,00 30,40

Taula A.12. Resultats de la iteracié O de l'eix neutre. t = 0,75 mm.
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Element | Li(mm) | ter (mm) | A (mm?) | z(mm) | Si(mm? | zo (mm) | I, (mm?)
Corner linf 2,30 0,59 1,33 51,19 68,28 -20,60 694,82
1 10,50 0,59 6,16 55,00 338,72 -20,79 | 3749,76
Corner 1sup 2,30 0,59 1,33 58,81 78,44 -24,60 1297,60
21 11,30 0,59 6,65 59,00 392,32 -28,41 | 5440,25
22 10,70 0,71 7,58 59,00 447,00 -28,60 | 6198,57
Corner 2sup 3,60 0,71 2,57 58,52 150,61 -28,60 | 1271,38
3 62,90 0,66 41,20 29,50 1215,40 -28,13 |10590,14
Corner 2inf 3,60 0,71 2,57 0,48 1,23 0,90 1438,79
4 27,00 0,71 19,16 0,00 0,00 29,92 |17705,94
TOTAL 88,63 2692,00 30,40 |48387,25

Taula A.13. Resultats de la iteracié 1 de l'eix neutre. t = 0,75 mm.

Element |Li(mm) | tez (mm) | A (mm?) | z(mm) | S;(mm?) | zo (mm)
Corner linf 2,30 0,87 2,04 51,20 104,65 -19,28
1 10,40 0,87 9,02 55,00 496,28 -23,08
Corner 1sup 2,30 0,87 2,04 58,80 120,21 -26,88
21 13,90 0,87 12,13 59,00 715,44 -27,08
22 13,30 0,96 12,76 59,00 752,80 -27,08
Corner 2sup 3,80 0,96 3,61 58,50 211,16 -26,59
3 62,70 0,89 55,57 29,50 1639,43 2,42
Corner 2inf 3,80 0,96 3,61 0,50 1,79 31,42
4 26,90 0,96 25,84 0,00 0,00 31,92
TOTAL 126,63 4041,877 | 31,92

Taula A.14. Resultats de la iteracio 0 de l'eix neutre. t = 1,00 mm.

Element |L;(mm) | tes (mm) | A;(mm?) | z(mm) | S;(mm®) | zo (mm) | I; (mm?
Corner 1inf 2,30 0,87 2,04 51,20 104,65 -19,28 837,68
1 10,40 0,87 9,02 55,00 496,28 -23,08 | 4838,96
Corner 1sup 2,30 0,87 2,04 58,80 120,21 -26,88 | 1629,32
21 13,90 0,87 12,13 59,00 715,44 -27,08 | 8893,91
22 13,30 0,96 12,76 59,00 752,80 -27,08 | 9358,57
Corner 2sup 3,80 0,96 3,61 58,50 211,16 -26,59 | 1593,24
3 62,70 0,89 55,57 29,50 1639,43 2,42 14497,85
Corner 2inf 3,80 0,96 3,61 0,50 1,79 31,42 2225,84
4 26,90 0,96 25,84 0,00 0,00 31,92 |26324,68
TOTAL 126,63 4041,877 | 31,92 |70200,05

Taula A.15. Resultats de la iteracié 1 de l'eix neutre. t = 1,00 mm.

g =\

ST
Feccl

E

-

SEIB



Annex Pag. 17
Element | Li(mm) | ter (mm) | Ai (mm? | z (mm) | Si(mm?® | zo (mm)
Corner linf 2,40 1,10 2,67 51,20 136,60 -18,75

1 10,30 1,10 11,37 55,00 625,37 -22,54
Corner 1sup | 2,40 1,10 2,67 58,80 156,87 -26,34
21 14,60 1,10 16,16 59,00 953,15 -26,54
22 14,00 1,16 16,21 59,00 956,15 -26,54
Corner 2sup 3,90 1,16 4,49 58,49 262,42 -26,03
3 62,60 1,07 67,02 29,50 | 1977,20 2,96
Corner 2inf 3,90 1,16 4,49 0,51 2,29 31,95
4 26,90 1,16 31,15 0,00 0,00 32,46
TOTAL 156,21 5070,03 32,46
Taula A.16. Resultats de la iteracio 0 de l'eix neutre. t = 1,20 mm.
Element | Li(mm) | ter (mm) | A (mm?) | z(mm) | Si(mm? | zo (mm) | I (mm?)

Corner 1linf 2,40 1,10 2,67 51,20 136,60 -18,75 984,68
1 10,30 1,10 11,37 55,00 625,37 -22,54 | 5818,72

Corner 1sup 2,40 1,10 2,67 58,80 156,87 -26,34 | 1944,41
21 14,60 1,10 16,16 59,00 953,15 -26,54 |11384,36
22 14,00 1,16 16,21 59,00 956,15 -26,54 |11420,39

Corner 2sup 3,90 1,16 4,49 58,49 262,42 -26,03 | 1899,22
3 62,60 1,07 67,02 29,50 | 1977,20 2,96 |17613,30

Corner 2inf 3,90 1,16 4,49 0,51 2,29 31,95 | 2859,65
4 26,90 1,16 31,15 0,00 0,00 32,46 |32815,96

TOTAL 156,21 5070,03 32,46 |86740,68

Taula A.17. Resultats de la iteracié 1 de l'eix neutre. t = 1,20 mm.

t=0,75 mm

t=1,00 mm

t=1,20 mm

| lener (M m4/m)

472070,74

684878,57

846250,52

Taula A.18. Resultats del moment d’inércia resistent.

A.1.2. Moment negatiu

A.1.2.1. Anima

Es calcula el gruix reduit necessari per tenir en compte les perforacions que existeixen en

'anima segons:
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5

d
tb,aff(ﬂJ?E} =t- |1,18-|1 e 0,66 mm

sl a
therp(1,00) =t [1,18- ('l - —) = 0,89 mm
\ a

5

)
therp(1,20) =t |1,18- (1 - —) = 1,07 mm
\ a

El diametre dels forats és de d = 0,40 mm i la distancia lliure entre ells de a = 712,00 mm.

Per calcular longitud no eficag de I'anima sy.s S’utilitzen les longituds equivalents seg7 i Ses2:

| E
Serr0(0,75) =095-t- [———= 1470 mm
_\l]ﬂwﬂ'fyb
| E
Sepr0(1,00) =095-t- [———= 19,87 mm
_,J]"Mu'f}-b
| E
Serr0(1,20)=095-t- [———= 24,01 mm
_\l]ﬂwﬂ'fyb

Seral0,75) = 5550 = 14,70 mm

Serpa(1,00) = 5,600 = 19,87 mm

Serra(1,20) = 5,555 = 24,01 mm
Serfml0,75) = 1,5 5,470 = 22,04 mm
Serfml1,00) = 1,5 5,70 = 29,80 mm

Saff,n(-l:zﬂ} =15 Seffn = 36,01 mm

Ty
dJ .bb
ETSEIB
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Iteracio O | Iteraci6 1 | Iteracio 2
t=0,75mm | Spe (MM) -1,29<0 5,37 5,85
t=21,00mm | Spe (MM) | -1430<0 | -8,40<0
t=21,20mm | Spe (MM) | -24,70<0 | -19,33<0

Taula A.19. Resultats iteratius de la longitud no efica¢ de I'anima.
A.l.2.2. Ala inferior

Mitjancant el procediment detallat en 'Eurocodi 3 es pot trobar I'esveltesa relativa pels
diferents gruixos.

— b
_ £ <
5075 = 222 L =130
3 Ter (23,4- g kﬂi)
— b
T |f:~'b t
Ap(1,00) = [=—= —=1,33
e (23,4- c- kGE)
— b
T |f}'b t
2,(1,20) = [ == —=1,10
3 Ter (23,4- g k;)
|IE 0,79
£ = — = U
_\J f_}'b

El factor de vinclament utilitzat és k,= 4 i b= bpo.

Ja es pot calcular el factor reductor p que varia segons el material utilitzat. En el cas que
ens pertoca, per I'acer, s'utilitzara la segtient formula:
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1-055-

G+y)

El rati de tensions (oz/07) €s w=1.

=073

Aquest factor en indica si cal considerar que la regié b en tota la seva longitud és o no

efectiva. Per tant la longitud eficac de la zona plana de l'ala és:

La longitud utilitzada és b= by,

A.1.2.3.

Els resultats iteratius pel calcul del moment d'inércia resistent i

Resultats

bes£(0,75) = p- b =13,98 mm

b.ss(1,00) = p- b =17,97 mm

bers(1,20) = p- b =20,82 mm

el modul resistent son els

seguents:
Element | Li(mm) | tes (mm) | A (mm?) | z(mm) | S;(mm?®) | zo (mm)
Corner linf 2,30 0,71 1,61 7,81 12,55 12,27
1 10,50 0,71 7,42 4,00 29,69 16,08
Corner 1sup 2,30 0,71 1,61 0,19 0,30 19,89
2 28,80 0,71 20,46 0,00 0,00 20,08
Corner 2sup 3,60 0,71 2,57 0,48 1,23 19,61
3 62,90 0,66 41,20 29,50 | 1215,40 -9,42
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,44
4 5,30 0,71 3,74 59,00 220,49 -38,92
TOTAL 81,18 1630,27 20,08
Taula A.20. Resultats de la iteracioé 0 de l'eix neutre. t = 0,75 mm.
Cepey
\’5 =b.‘-,"
ETSEIB
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Element | Li(mm) | ter (mm) | Ai (mm? | z (mm) | Si(mm?® | zo (mm)
Corner linf 2,30 0,71 1,61 7,81 12,55 11,85
1 10,50 0,71 7,42 4,00 29,69 15,66
Corner 1sup 2,30 0,71 1,61 0,19 0,30 19,47
2 28,80 0,71 20,46 0,00 0,00 19,66
Corner 2sup 3,60 0,71 2,57 0,48 1,23 19,18
3 57,49 0,66 37,68 29,50 1111,64 -9,84
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,87
4 5,30 0,71 3,74 59,00 220,49 -39,34
TOTAL 77,66 1526,51 19,66

Taula A.21. Resultats de la iteracié 1 de l'eix neutre. t = 0,75 mm.

Element |L;(mm) | te (mm) | A (mm?) | z(mm) | S;(mm®) | zo (mm) | I; (mm?*
Corner linf 2,30 0,71 1,61 7,81 12,55 11,81 224,00
1 10,50 0,71 7,42 4,00 29,69 15,62 1836,38
Corner 1sup 2,30 0,71 1,61 0,19 0,30 19,43 606,61
2 28,80 0,71 20,46 0,00 0,00 19,62 7872,33
Corner 2sup 3,60 0,71 2,57 0,48 1,23 19,14 588,72
3 57,01 0,66 37,37 29,50 1102,29 -9,88 11525,59
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,91 | 2432,88
4 5,30 0,71 3,74 59,00 220,49 -39,38 | 5796,73
TOTAL 77,34 1517,16 19,62 |30883,24
Taula A.22. Resultats de la iteracié 2 de l'eix neutre. t = 0,75 mm.
Element |Li(mm) | tes (mm) | A (mm?) | z(mm) | S;(mm®) | zo (mm)
Corner linf 2,30 0,96 2,25 7,80 17,59 12,95
1 10,40 0,96 9,95 4,00 39,80 16,75
Corner 1sup 2,40 0,96 2,25 0,20 0,44 20,55
2 28,70 0,96 27,54 0,00 0,00 20,75
Corner 2sup 3,80 0,96 3,61 0,50 1,79 20,25
3 62,70 0,89 55,57 29,50 1639,43 -8,75
Corner 2inf 3,80 0,96 3,61 58,50 211,16 -37,75
4 7,20 0,96 6,91 59,00 407,65 -38,25
TOTAL 111,71 2317,87 20,75

Taula A.23. Resultats de la iteracié O de I'eix neutre. t = 1,00 mm.
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Element | Li(mm) | ter (mm) | A (mm?) | z(mm) | Si(mm? | zo (mm) | I, (mm?)
Corner 1inf 2,30 0,96 2,25 7,80 17,59 12,95 377,80
1 10,40 0,96 9,95 4,00 39,80 16,75 | 2826,84
Corner 1sup 2,40 0,96 2,25 0,20 0,44 20,55 952,29
2 28,70 0,96 27,54 0,00 0,00 20,75 ]11861,69
Corner 2sup 3,80 0,96 3,61 0,50 1,79 20,25 924,75
3 62,70 0,89 55,57 29,50 | 1639,43 -8,75 |18427,70
Corner 2inf 3,80 0,96 3,61 58,50 211,16 -37,75 | 3213,13
4 7,20 0,96 6,91 59,00 407,65 -38,25 |10109,49
TOTAL 111,71 2317,87 20,75 |48693,70
Taula A.24. Resultats de la iteracio 1 de I'eix neutre. t = 1,00 mm.
Element | Li(mm) | ter (mm) | Ai (mm?) | z(mm) | Si(mm?® | zo (mm)
Corner 1linf 2,40 1,16 2,80 7,80 21,85 13,41
1 10,30 1,16 11,94 4,00 47,77 17,21
Corner 1sup 2,40 1,16 2,80 0,20 0,57 21,01
2 28,60 1,16 33,17 0,00 0,00 21,21
Corner 2sup 3,90 1,16 4,49 0,51 2,29 20,70
3 62,60 1,07 67,02 29,50 | 1977,20 -8,29
Corner 2inf 3,90 1,16 4,49 58,49 262,42 -37,28
4 8,60 1,16 9,94 59,00 586,56 -37,79
TOTAL 136,66 2898,64 21,21
Taula A.25. Resultats de la iteracio 0 de l'eix neutre. t = 1,20 mm.
Element |Li(mm) | te (mm) | Ai(mm?) | z(mm) | S;(mm®) | zo (mm) | I; (mm?
Corner 1inf 2,40 1,16 2,80 7,80 21,85 13,41 504,10
1 10,30 1,16 11,94 4,00 47,77 17,21 | 3579,37
Corner 1sup | 2,40 1,16 2,80 0,20 0,57 21,01 1236,80
2 28,60 1,16 33,17 0,00 0,00 21,21 |14928,51
Corner 2sup | 3,90 1,16 4,49 0,51 2,29 20,70 | 1200,81
3 62,60 1,07 67,02 29,50 | 1977,20 -8,29 |21632,69
Corner 2inf 3,90 1,16 4,49 58,49 262,42 -37,28 | 3894,14
4 8,60 1,16 9,94 59,00 586,56 -37,79 |14197,83
TOTAL 136,66 2898,64 21,21 |61174,26
Taula A.26. Resultats de la iteracié 1 de l'eix neutre. t = 1,20 mm.
t=0,75mm | t=1,00mm | t=1,20mm
lenert (MM*/m) 301299,94 475060,48 596822,05
Wes et (MM°/m) 7650,38 12419,84 15793,56

g =\

5
w?( &

E

—f

SEIB

Taula A.27. Resultats del moment d’inércia resistent.
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A.2. Perfil PLAIN

A.2.1. Moment positiu

A.2.1.1. Ala superior

Mitjancant el procediment detallat en I'Eurocodi 3 es pot trobar I'esveltesa relativa pels
diferents gruixos.

— b
— f}'b t
Ap= |G_—: I =0,99
yoer (23,4-5-3,,-5:)
||235 079
£ = —_— = ,
_,Jf}'b

El factor de vinclament utilitzat és &,= 4 i b= by,.

Ja es pot calcular el factor reductor p que varia segons el material utilitzat. En el cas que
ens pertoca, per I'acer, s'utilitzara la segtient formula:

1_0155.(3;_1;;}

Ap

p = =0,78

El rati de tensions (oz/07) és w=1.

Aquest factor en indica si cal considerar que la regié b en tota la seva longitud és o no
efectiva. Per tant la longitud efica¢ de la zona plana de l'ala és:

bosr=p-b=2480mm

La longitud utilitzada és b= b,

S’obté l'area eficag de la part dels rigiditzadors de l'ala superior. S'utilitza el procediment
indicat en la normativa EN 1993-1-3:2006 [2]. Primer es calcula una secci6 efica¢ (Taula
A.28) utilitzant les especificacions de la Fig. A.6.
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0,5byfe \—/ «“34-0,5b,,
< 15r>| e’ 151>

Fig. A.6. Figura 5.11 de EN 1993-1-3:2006 [2].

Seccitn bruta para
el calculo de Ag

Seccion bruta para

el calculo de /g

Element Li(mm) | A; (mm?)
Part plana (Fig. A.6) | 11,29 8,01
Corner 1sup 2,26 1,61
1 10,45 7,42
Corner linf 2,26 1,61
Corner linf 2,26 1,61
1 10,45 7,42
Corner 1sup 2,26 1,61
Part plana (Fig. A.6) | 11,29 8,01
TOTAL 37,30

Taula A.28. Primer calcul de la seccio eficag de l'ala superior.

També s’obté una primera inércia efica¢ (Taula A.29) segons la Fig. A.6.

Element Li(mm) | Ai(mm?) | Z (mm) | S;(mm?) | zo(mm) | I;(mm?)
Part plana (Fig. A6) | 954 | 6,77 | 000 | 000 | 248 | 41,90
Corner 1sup 2,30 1,61 0,19 0,30 2,29 8,43
1 10,50 7,42 4,00 29,69 -1,52 43,73
Corner linf 2,30 1,61 8,19 13,16 -5,71 52,41
Corner 1inf 2,30 1,61 8,19 13,16 -5,71 52,41
1 10,5 7,42 4,00 29,69 -1,52 43,73
Corner 1sup 2,30 1,61 0,19 0,30 2,29 8,43
Part plana (Fig. A6) | 954 | 6,77 | 0,00 | 0,00 248 | 41,90
TOTAL 34,82 86,30 2,48 292,94

Taula A.29. Primer calcul del moment inércia efica¢ de l'ala superior.

Es calcula la tensio critica:

42 . k,-E |

I,-t3

Orrs =

g =\

5
FV( &

E

—f

SEIB

As

'N||4-b;-{2-b?,+3-bs}

kye = kypo = 1,48

= 480,90 MPa
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ls.+2-b
k. o= “—d=1,48
wo _.Jlsw+{],5-bd

all,-b,%-(2-b,+3-b,)
1, =307 | =
_\| t

= 317,37 mm

L’algada inclinada de I'anima és s,=b,;. També s'utilitzen les longituds segons la Fig. A.7, el
moment d’inércia i secci6 eficag anteriors.

_=

-

b

g

Fig. A.7. Figura 5.11 de EN 1993-1-3:2006 [2].

Es calcula el valor de I'esveltesa relativa i posteriorment un factor reductor:

—_—

_ [ f.
1= |—f*"" — 0,89
...'J':"_cr,.s

¥a=147 —0,723-1; = 0,83

Finalment, el gruix reduit de la part de I'ala superior on esta el rigiditzador i la part plana que
té contacte directe segons la Fig. A.8.

byoa = ¥a-t=0,59mm

ey FTTTTT FTTT T rrrrrr lf lIl' )
by Had 0 o Thao
o IINEENEN]
¥
T p— —
™ J!‘.’1 2N 4. » b.E.EI.I'I o
fea

Fig. A.8. Figura 5.10 de EN 1993-1-3:2006 [2].

Sy
Yo
ETSEIB
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A.2.1.2. Anima

Abans de la fallada de la secci6 es pot apreciar una petita plastificacié parcial en la zona
traccionada de I'anima, mentre que la resta de la seccié encara té un comportament elastic.

En la primera aproximacié de I'eix neutre s’assumeix que tota la 'anima és completament
efectiva i que la part del rigiditzador i la part plana de 'ala superior tenen la mateixa tensio
com es mostra en la Fig. A.9.

bet /2

{hw-xsin@)/2

Fig. A.9. Primera aproximacio de l'eix neutre efectiu.

Aplicant les condicions d’equilibri trobem, gracies a un procés iteratiu, una primera
aproximacio de x i la tensio real (or) que té el rigiditzador de I'ala superior (Taula A.30):

& . (Aconarlinf + J'J"!-l + Acormr lsup + Ail + AZE + Acornsr‘!swp} = & ) (Acﬂnarzinf + Af}}
¥aro ¥amo
. h
— f;"_b ; ('l —2. —"I )
¥at0 h —x - sin(#)
Iteracié O | lteraci6 1 | Iteracié 2 | lteracio 3
X (mm) 5,48 2,59 2,65 2,64
o, (MPa) 266,64 270,65 270,55 270,55

Taula A.30. Resultats iteratius de la dimensio x.

Per calcular longitud no eficag de I'anima sa.s; S'utilitzen les longituds equivalents sqg7 i Ses2.
En quan a la longitud no eficag de I'anima s’ha de diferencia entre les usades en el calcul
del modul resistent i les usades en el calcul del moment d’inércia.

g =\

ST
Feccl

E

-

SEIB
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| E
5 =095t |[——= 12,74mm
ki .,.Jl Yo fyw

szf,l = szf,l} = 121?4‘ mm

Seffmn — 1.5 “SgFFn = 19,10 mm

Modul resistent

SNeff = Sn— {Saff,l + Saff_,n} =—-350mmz=10

Moment d’inércia

lteracié 0 | lteracio 1
| Snet (Mm) | -11,87<0 | -9,35<0

Taula A.31. Resultats iteratius de la longitud no efica¢ de I'anima.

A.2.1.3. Resultats

Els resultats pel calcul del modul resistent sén els segiients:

Element |Li(mm) | teg (mm) | A (mm?) | o, (N'mm?) | z (mm) | M (KN-mm)
Corner linf 2,30 0,59 1,33 270,55 7,81 2818,65
1 10,50 0,59 6,16 270,55 4,00 7976,02
Corner 1sup 2,30 0,59 1,33 323,78 0,19 95,10
21 11,30 0,59 6,65 377,00 0,00 0,00
22 10,70 0,71 7,58 377,00 0,00 0,00
Corner 2sup 3,60 0,71 2,57 377,00 0,48 463,46
31 16,10 0,71 11,40 377,00 9,44 40599,78
32 16,10 0,71 11,40 377,00 47,22 202998,90
33 2,60 0,71 1,88 377,00 57,83 40934,87
Corner 2inf 3,60 0,71 2,57 377,00 58,52 56778,20
4 27,00 0,71 19,16 377,00 59,00 426210,31
TOTAL 72,00 252,50 674,97

Taula A.32. Resultats del moment.
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PLAIN
Mei.rd.etf (KN-m/m) 6,59
Wres,eff (m mslm) 17467,02

Taula A.33. Resultats del modul resistent.

Els resultats iteratius pel calcul del moment d’inércia resistent son els seglents:

Element | Li(mm) | ter (mm) | Ai (mm?) | z(mm) | Si(mm?® | zo (mm)
Corner linf 2,30 0,59 1,33 51,19 68,28 -20,60
1 10,50 0,59 6,16 55,00 338,72 -20,83
Corner 1sup 2,30 0,59 1,33 58,81 78,44 -24,64
21 11,30 0,59 6,65 59,00 392,32 -28,45
22 10,70 0,71 7,58 59,00 447,00 -28,64
Corner 2sup 3,60 0,71 2,57 58,52 150,61 -28,64
3 62,90 0,71 44,63 29,50 1316,60 -28,16
Corner 2inf 3,60 0,71 2,57 0,48 1,23 0,86
4 27,00 0,71 19,16 0,00 0,00 30,36
TOTAL 92,00 2793,02 30,36

Taula A.34. Resultats de la iteracio 0 de I'eix neutre.

Element |Li(mm) | tes (mm) | A; (mm?) | z (mm) | S;(mm®) | zo (mm) | I; (Mm%
Corner 1inf 2,30 0,59 1,33 51,19 68,28 -20,60 697,06
1 10,50 0,59 6,16 55,00 338,72 -20,83 | 3759,90
Corner 1sup 2,30 0,59 1,33 58,81 78,44 -24,64 | 1300,66
21 11,30 0,59 6,65 59,00 392,32 -28,45 | 5452,99
22 10,70 0,71 7,58 59,00 447,00 -28,64 | 6213,08
Corner 2sup 3,60 0,71 2,57 58,52 150,61 -28,64 | 1274,40
3 62,90 0,71 44,63 29,50 1316,60 -28,16 |11469,40
Corner 2inf 3,60 0,71 2,57 0,48 1,23 0,86 1435,58
4 27,00 0,71 19,16 0,00 0,00 30,36 |17666,98
TOTAL 92,00 2793,02 30,36 |49270,06

Taula A.35. Resultats de la iteracié 1 de l'eix neutre.

PLAIN
| lenerr (MmM*m) | 480683,49

Taula A.36. Resultats del moment d’inércia resistent.

g =\

ST
Feccl

E

-
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A.2.2. Moment negatiu

A.2.2.1. Anima
Per calcular longitud no efica¢ de I'anima sy.s s’utilitzen les longituds equivalents S.s7 i Sesz:

5 =095.¢- = 1592mm
eff.0 «Jl Yoo Fon

szle = SEI_ff_.D = 15J92 mim

Seffm = L5 - Sgppg = 23,88 mm

Iteracio O | Iteraci6o 1 | Iteraci6 2
1,87 2,04

| Spert (MmM) | -4,86<0
Taula A.37. Resultats iteratius de la longitud no efica¢ de I'anima.

A.2.2.2. Alainferior
Mitjangant el procediment detallat en I'Eurocodi 3 es pot trobar I'esveltesa relativa pels

diferents gruixos.

f
22— —=1,80

b
En t
Ap = |

§ Ter (28,4--5- kﬂi)

[235
|— =10,79

- _\J f_}'b

£

El factor de vinclament utilitzat és k,= 4 i b= Dpo.
Ja es pot calcular el factor reductor p que varia segons el material utilitzat. En el cas que
ens pertoca, per I'acer, s'utilitzara la segtient formula:

1—0,55 M
= 0,49

p:

El rati de tensions (oz/07) és w=1.
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Aquest factor en indica si cal considerar que la regié b en tota la seva longitud és o no
efectiva. Per tant la longitud eficac de la zona plana de l'ala és:

La longitud utilitzada és b= by,

A2.23.

Resultats

berr=p-b=1398mm

Els resultats iteratius pel calcul del moment d’inércia resistent i el modul resistent son els

seguents:
Element |Li(mm) | tez (mm) | A (mm?) | z(mm) | S;(mm?) | zo (mm)
Corner 1inf 2,30 0,71 1,61 7,81 12,55 12,65
1 10,50 0,71 7,42 4,00 29,69 16,47
Corner 1sup 2,30 0,71 1,61 0,19 0,30 20,28
2 28,80 0,71 20,46 0,00 0,00 20,47
Corner 2sup 3,60 0,71 2,57 0,48 1,23 19,99
3 62,90 0,71 44,63 29,50 | 1316,60 -9,03
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,06
4 5,30 0,71 3,74 59,00 220,49 -38,53
TOTAL 81,18 1731,47 20,47
Taula A.38. Resultats de la iteraci6 O de l'eix neutre.
Element | Li(mm) | teg (mm) | A (mm?) | z(mm) | S;(mm?) | zo (mm)
Corner linf 2,30 0,71 1,61 7,81 12,55 12,51
1 10,50 0,71 7,42 4,00 29,69 16,32
Corner 1sup | 2,30 0,71 1,61 0,19 0,30 20,13
2 28,80 0,71 20,46 0,00 0,00 20,32
Corner 2sup | 3,60 0,71 2,57 0,48 1,23 19,84
3 60,99 0,71 43,30 29,50 | 1277,35 -9,18
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,20
4 5,30 0,71 3,74 59,00 220,49 -38,68
TOTAL 83,28 1692,2 20,32
Taula A.39. Resultats de la iteracié 1 de l'eix neultre.
Fopey
MR

E

-

SEIB
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Element | Li(mm) | ter (mm) | Ai (mm?) | z(mm) | Si(mm?® | zo (mm) | I (mm?)
Corner linf 2,30 0,71 1,61 7,81 12,55 12,50 251,01
1 10,50 0,71 7,42 4,00 29,69 16,31 | 2000,21
Corner 1sup 2,30 0,71 1,61 0,19 0,30 20,12 650,56
2 28,80 0,71 20,46 0,00 0,00 20,31 | 8437,04
Corner 2sup 3,60 0,71 2,57 0,48 1,23 19,83 632,03
3 60,82 0,71 43,18 29,50 | 1273,92 -9,19 | 14008,36
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,21 | 2347,17
4 5,30 0,71 3,74 59,00 220,49 -38,69 | 5594,98
TOTAL 83,16 1688,79 20,31 |33921,35

Taula A.40. Resultats de la iteracié 2 de I'eix neutre.

PLAIN
et (MM*/m) 330939,98
Wies et (MM*/m) 8553,14

Taula A.41. Resultats del moment d’inércia resistent.

A.3. Perfil EMB

A.3.1. Moment positiu

A.3.1.1. Ala superior

Mitjangant el procediment detallat en I'Eurocodi 3 es pot trobar I'esveltesa relativa pels
diferents gruixos.

— b
T f}'b t
Ay = |o__= = 0,99
yoer (23,4-5-3;-5:)
|IE 0,79
e = —_— ,
_\J f_}'b

El factor de vinclament utilitzat és &, = 4 i b= by,.

Ja es pot calcular el factor reductor p que varia segons el material utilitzat. En el cas que
ens pertoca, per I'acer, s'utilitzara la segtient formula:
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1-0,55- 34
p: — =ﬂ_.?8
Ap

El rati de tensions (oz/07) €s w=1.

Aquest factor en indica si cal considerar que la regié b en tota la seva longitud és o no
efectiva. Per tant la longitud eficac de la zona plana de l'ala és:

berr=p-b=2480mm

La longitud utilitzada és b= by,

S’obté l'area eficag de la part dels rigiditzadors de I'ala superior. S'utilitza el procediment
indicat en la normativa EN 1993-1-3:2006 [2]. Primer es calcula una secci6 efica¢ (Taula
A.42) utilitzant les especificacions de la Fig. A.10.

~ S Seccitn bruta para
0.5,y 4 «-0.5b,; el caloulo de As
e 15¢ _|\ / 151 Seccion bruta para

el calculo de /g

Fig. A.10. Figura 5.11 de EN 1993-1-3:2006 [2].

Element Li (mm) | A; (mm?)
Part plana (Fig. A.10) | 11,29 8,01
Corner 1sup 2,26 1,61
1 10,45 7,42
Corner linf 2,26 1,61
Corner linf 2,26 1,61
1 10,45 7,42
Corner 1sup 2,26 1,61
Part plana (Fig. A.10) | 11,29 8,01
TOTAL 37,30

Taula A.42. Primer calcul de la seccio eficag de I'ala superior.

També s’obté una primera inércia eficag (Taula A.43) segons la Fig. A.10.

Ty
\'ld‘ ".'b
ETSEIB
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Element Li(mm) | Ai(mm?) | Z (mm) | S;(mm?®) | zo(mm) | I, (mm?)
Part plana (Fig. A.10) 9,54 6,77 0,00 0,00 2,48 41,90
Corner 1sup 2,30 1,61 0,19 0,30 2,29 8,43
1 10,50 7,42 4,00 29,69 -1,52 43,73
Corner 1inf 2,30 1,61 8,19 13,16 -5,71 52,41
Corner linf 2,30 1,61 8,19 13,16 -5,71 52,41
1 10,5 7,42 4,00 29,69 -1,52 43,73
Corner 1sup 2,30 1,61 0,19 0,30 2,29 8,43
Part plana (Fig. A.10) | 9,54 6,77 0,00 0,00 2,48 41,90
TOTAL 34,82 86,30 2,48 292,94

Taula A.43. Primer calcul del moment inercia efica¢ de I'ala superior.

Es calcula la tensio critica:

42 -k,-E | I, t3
W g
. _ _
e A Jn@-b;-(z-bﬁa-bs}

= 480,90 MPa

sl -b,% (2. b, +3-b,)
1, =307 | =
_\| t

= 317,37 mm

L’algada inclinada de l'anima és s,,=b,;. També s'utilitzen les longituds segons la Fig. A.11,
el moment d’'inércia i secci6 eficag anteriors.

_

b

g

Fig. A.11. Figura 5.11 de EN 1993-1-3:2006 [2].



Pag. 34 Annex

Es calcula el valor de I'esveltesa relativa i posteriorment un factor reductor:

— £
A= |f3’—b= 0,89
-.J Ocrs

¥a=147 —0,723-1; = 0,83

Finalment, el gruix reduit de la part de I'ala superior on esta el rigiditzador i la part plana que
té contacte directe segons la Fig. A.12.

Ereg = ¥a-t=059mm

by Had e b B
- 1 JI'] L1l
¥
™ J!‘.’1,|::2_r'| 4. 4l bz.el.n"
fea

Fig. A.12. Figura 5.10 de EN 1993-1-3:2006 [2].

A.3.1.2. Anima

Abans de la fallada de la secci6 es pot apreciar una petita plastificacié parcial en la zona
traccionada de I'anima, mentre que la resta de la seccié encara té un comportament elastic.

En la primera aproximacié de I'eix neutre s’assumeix que tota la I'anima és completament
efectiva i que la part del rigiditzador i la part plana de 'ala superior tenen la mateixa tensio
com es mostra en la Fig. A.13.

bet/2

T_' *The I 1e, __I(hw-xsinm/z

Fig. A.13. Primera aproximacio de l'eix neutre efectiu.

g =\
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Aplicant les condicions d’equilibri trobem, gracies a un procés iteratiu, una primera
aproximacio de x i la tensio real (or) que té el rigiditzador de I'ala superior (Taula A.30):

& b (Acoﬂarlinf + Al + Acwnarh"wp + Azl + AEE + Acwnar!s’wp} = & b (Acoﬂarsz + Af}}
Yaro Yo
: h
_ I (1 —-2. —?")
Yo h —x - sin(d)
Iteraci6 O | lteraci6 1 | lteracio 2 | lteracid 3
X (mm) 5,48 2,59 2,65 2,64
o, (MPa) 266,64 270,65 270,55 270,55

Taula A.44. Resultats iteratius de la dimensioé x.

Per calcular longitud no eficag de I'anima syes; s'utilitzen les longituds equivalents Sz; i Sesz .
En quan a la longitud no efica¢ de I'anima s’ha de diferencia entre les usades en el calcul
del modul resistent i les usades en el calcul del moment d’inércia.

|
5 =095-t-
srr0 .,.Jl Yo fye

= 12,74 mm
szf,l = szf,l} = 12,?4‘mm

Seffmn = 1,5 “SeFFn = 19,10 mm

Modul resistent

SNeff = Sn— {Saff,l + Saff_,n} =—350mmz=10

Moment d’inércia

Iteracio 2
-9,89<0

Iteraci6 1
-9,35<0

Iteraci6 O
-11,87<0

| S Neff (mm)

Taula A.45. Resultats iteratius de la longitud no efica¢ de I'anima.

Es calcula el gruix reduit necessari per tenir en compte les emboticions que existeixen en
'anima segons:

Lredomp =P L= 0,12mm

p=Ahomp+B=0,17
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El la constant A i B prenen els valor A =-0,112 i B = 0,368. La alcada de la emboticié és de
hemb = 1,74 mm i la longitud de Lemp = 56,00 mm.

A.3.1.3. Resultats

Els resultats pel calcul del modul resistent sén els seglents:

Element | Li(mm) | ter (mm) | Al (mm?) | o, (N/'mm?) | z (mm) | M (kN-mm)
Corner linf 2,30 0,59 1,33 270,55 7,81 2818,65
1 10,50 0,59 6,16 270,55 4,00 7976,02
Corner 1sup 2,30 0,59 1,33 323,78 0,19 95,10
21 11,30 0,59 6,65 377,00 0,00 0,00
22 10,70 0,71 7,58 377,00 0,00 0,00
Corner 2sup 3,60 0,71 2,57 377,00 0,48 463,46
31 2,7 0,71
ey s | or 3,57 377,00 9,44 | 1271644
32 (Emb) | 147 | 012
32 14 071 2,80 377,00 47,22 49763,19
33 2,6 0,71 1,88 377,00 57,83 40934,87
Corner 2inf 3,60 0,71 2,57 377,00 58,52 56778,20
4 27,00 0,71 19,16 377,00 59,00 426210,31
TOTAL 55,61 252,50 549,62

Taula A.46. Resultats del moment.

EMB
Meira.eff (KN-m/m) 5,36
Wies et (MM>/m) 14223,12

Taula A.47. Resultats del modul resistent.

Els resultats iteratius pel calcul del moment d’inércia resistent son els seglents:

g =\

ST
Feccl

E

-

SEIB



Annex

Pag. 37

Element | Li(mm) | ter (mm) | Ai (mm? | z (mm) | Si(mm?® | zo (mm)
Corner 1inf 2,30 0,59 1,33 51,19 68,28 -20,60
1 10,50 0,59 6,16 55,00 338,72 -20,83
Corner 1sup 2,30 0,59 1,33 58,81 78,44 -24,64
21 11,30 0,59 6,65 59,00 392,32 -28,45
22 10,70 0,71 7,58 59,00 447,00 -28,64
Corner 2sup 3,60 0,71 2,57 58,52 150,61 -28,64
3 62,90 0,71 44,63 29,50 | 1316,60 | -28,16
Corner 2inf 3,60 0,71 2,57 0,48 1,23 0,86
4 27,00 0,71 19,16 0,00 0,00 30,36
TOTAL 92,00 2793,02 30,36
Taula A.48. Resultats de la iteracio 0 de I'eix neutre.
Element | Li(mm) | ter (mm) | Ai (mm? | z(mm) | Si(mm?® | zo (mm)
Corner linf 2,30 0,59 1,33 51,19 68,28 -20,34
1 10,50 0,59 6,16 55,00 338,72 -24,16
Corner 1sup | 2,30 0,59 1,33 58,81 78,44 -27,97
21 11,30 0,59 6,65 59,00 392,32 -28,16
22 10,70 0,71 7,58 59,00 447,00 -28,16
Corner 2sup | 3,60 0,71 2,57 58,52 150,61 -27,68
3 62,90 0,71 44,63 29,50 | 1316,60 1,34
Emb. -56,00 0,71 -39,76 29,50 | -1172,92 1,34
56,00 0,12 6,88 29,50 203,06 1,34
Corner 2inf 3,60 0,71 2,57 0,48 1,23 30,37
4 27,00 0,71 19,16 0,00 0,00 30,84
TOTAL 59,11 1823,33 30,84

Taula A.49. Resultats de la iteracié 1 de l'eix neutre.
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Element | Li(mm) | ter (mm) | Ai (mm?) | z(mm) | Si(mm?® | zo (mm) | I, (mm?)

Corner linf 2,30 0,59 1,33 51,19 68,28 -20,34 665,27
1 10,50 0,59 6,16 55,00 338,72 -24,16 | 3615,55
Corner 1sup 2,30 0,59 1,33 58,81 78,44 -27,97 | 1257,10
21 11,30 0,59 6,65 59,00 392,32 -28,16 | 5271,57

22 10,70 0,71 7,58 59,00 447,00 -28,16 | 6006,37
Corner 2sup 3,60 0,71 2,57 58,52 150,61 -27,68 | 1231,29
3 62,90 0,71 44,63 29,50 1316,60 1,34 11516,74
Emb. -56,00 0,71 -39,76 29,50 |-1172,92 1,34 -8157,64
56,00 0,12 6,88 29,50 203,06 1,34 1412,19

Corner 2inf 3,60 0,71 2,57 0,48 1,23 30,37 1482,10
4 27,00 0,71 19,16 0,00 0,00 30,84 |18230,42
TOTAL 59,11 1823,33 30,84 |42530,96

Taula A.50. Resultats de la iteracio 2 de l'eix neutre.

EMB
| lenerr (M m“/m) 414936,22

Taula A.51. Resultats del moment d’inércia resistent.
A.3.2. Moment negatiu

A.3.2.1. Anima

Per calcular longitud no eficag de I'anima spes; S'utilitzen les longituds equivalents sesz i Sesz:

| E
Seppn=095-t- | ———= 1592mm
ﬂ\|'J-",-L»rc:-'.f;.-b

59;’;’,1 = Saff,l} = 15192 mm

Saffm — 1.5 "SaFfn = 23,88 mm

Iteracio O | Iteraci6o 1 | Iteracid 2 | lteracid 3 | Iteraci6 4 | Iteraci6 5

| Sne (MM) | -4,86<0 1,87 8,83 10,69 11,27 11,45

Taula A.52. Resultats iteratius de la longitud no eficag de I'anima.

A.3.2.2. Ala inferior

Mitjangant el procediment detallat en 'Eurocodi 3 es pot trobar I'esveltesa relativa pels

g =\
Ty
\'ld‘ ".'l';

ETSEIB



Annex Pag. 39

diferents gruixos.

—_—

—_ |fs_

Ap = | 1
§ Ter (28,4--5- I::EE)

o | )

=1,80

||235 079
e = — = U,
_\l f_}'b

El factor de vinclament utilitzat és k,= 4 i b= bpo.

Ja es pot calcular el factor reductor p que varia segons el material utilitzat. En el cas que
ens pertoca, per I'acer, s'utilitzara la seglient formula:

p = — =[]_.£1'9

El rati de tensions (ogz/07) és w=1.

Aquest factor en indica si cal considerar que la regié b en tota la seva longitud és o no
efectiva. Per tant la longitud efica¢ de la zona plana de l'ala és:

besr=p-b=13,98mm
La longitud utilitzada és b= b,
A3.2.3. Resultats

Els resultats iteratius pel calcul del moment d’inércia resistent i el modul resistent son els
seguents:
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Element | Li(mm) | ter (mm) | Ai (mm?) | z(mm) | Si(mm?®) | zo (mm)
Corner 1inf 2,30 0,71 1,61 7,81 12,55 12,65
1 10,50 0,71 7,42 4,00 29,69 16,47
Corner 1sup | 2,30 0,71 1,61 0,19 0,30 20,28
2 28,80 0,71 20,46 0,00 0,00 20,47
Corner 2sup | 3,60 0,71 2,57 0,48 1,23 19,99
3 62,90 0,71 44,63 29,50 | 1316,60 -9,03
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -38,06
4 5,30 0,71 3,74 59,00 220,49 -38,53
TOTAL 81,18 1731,47 20,47
Taula A.53. Resultats de la iteracio 0 de I'eix neutre.
Element |Li(mm) | tes (mm) | A (mm?) | z(mm) | S;(mm?) | zo (mm)
Corner 1inf 2,30 0,71 1,61 7,81 12,55 6,52
1 10,50 0,71 7,42 4,00 29,69 10,33
Corner 1sup 2,30 0,71 1,61 0,19 0,30 14,14
2 28,80 0,71 20,46 0,00 0,00 14,33
Corner 2sup | 3,60 0,71 2,57 0,48 1,23 13,85
3 60,99 0,71 43,30 29,50 | 1277,35 | -15,17
Emb. -56,00 0,71 -39,76 29,50 | -1172,92 | -15,17
56,00 0,12 6,88 29,50 203,06 -15,17
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -44,19
4 27,00 0,71 19,16 59,00 220,49 -44,67
TOTAL 50,40 722,35 14,33
Taula A.54. Resultats de la iteracio 1 de l'eix neutre.
Element |Li(mm) | tes (mm) | A (mm?) | z(mm) | S;(mm?) | zo (mm)
Corner 1inf 2,30 0,71 1,61 7,81 12,55 4,88
1 10,50 0,71 7,42 4,00 29,69 8,69
Corner 1sup | 2,30 0,71 1,61 0,19 0,30 12,50
2 28,80 0,71 20,46 0,00 0,00 12,69
Corner 2sup 3,60 0,71 2,57 0,48 1,23 12,21
3 54,03 0,71 38,36 29,50 | 1131,74 | -16,81
Emb. -56,00 0,71 -39,76 29,50 | -1172,92 | -16,81
56,00 0,12 6,88 29,50 203,06 -16,81
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -45,84
4 27,00 0,71 19,16 59,00 220,49 -46,31
TOTAL 45,46 576,74 12,69

Taula A.55. Resultats de la iteracio 2 de l'eix neutre.
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Element | Li(mm) | ter (mm) | Ai (mm? | z(mm) | Si(mm?® | zo (mm)
Corner linf 2,30 0,71 1,61 7,81 12,55 4,37
1 10,50 0,71 7,42 4,00 29,69 8,18
Corner 1sup 2,30 0,71 1,61 0,19 0,30 11,99
2 28,80 0,71 20,46 0,00 0,00 12,18
Corner 2sup 3,60 0,71 2,57 0,48 1,23 11,70
3 54,17 0,71 37,04 29,50 | 1092,64 | -17,32
Emb. -56,00 0,71 -39,76 29,50 | -1172,92 | -17,32
56,00 0,12 6,88 29,50 203,06 -17,32
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -46,34
4 27,00 0,71 19,16 59,00 220,49 -46,82
TOTAL 44,14 537,65 12,18
Taula A.56. Resultats de /a iteracio 3 de I'eix neutre.
Element | Li(mm) | ter (mm) | Ai (mm?) | z(mm) | Si(mm?® | zo (mm)
Corner 1inf 2,30 0,71 1,61 7,81 12,55 4,21
1 10,50 0,71 7,42 4,00 29,69 8,02
Corner 1sup | 2,30 0,71 1,61 0,19 0,30 11,83
2 28,80 0,71 20,46 0,00 0,00 12,02
Corner 2sup | 3,60 0,71 2,57 0,48 1,23 11,54
3 51,59 0,71 36,63 29,50 | 1080,65 | -17,48
Emb. -56,00 0,71 -39,76 29,50 | -1172,92 | -17,48
56,00 0,12 6,88 29,50 203,06 -17,48
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -46,50
4 27,00 0,71 19,16 59,00 220,49 -46,98
TOTAL 43,73 525,66 12,02

Taula A.57. Resultats de la iteracié 4 de l'eix neutre.
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Element | Li(mm) | ter (mm) | A (mm?) | z (mm) | S;(mm® | zo (mm) | | (mm®
Corner linf 2,30 0,71 1,61 7,81 12,55 4,16 27,78
1 10,50 0,71 7,42 4,00 29,69 7,97 497,76
Corner 1sup 2,30 0,71 1,61 0,19 0,30 11,78 223,00
2 28,80 0,71 20,46 0,00 0,00 11,97 2930,94
Corner 2sup 3,60 0,71 2,57 0,48 1,23 11,49 212,21
3 51,41 0,71 36,50 29,50 | 1076,83 | -17,53 | 17476,62
Emb. -56,00 0,71 -39,76 29,50 | -117292 | -17,53 | -20306,55
56,00 0,12 6,88 29,50 203,06 -17,53 3515,41
Corner 2inf 3,60 0,71 2,57 58,52 150,61 -46,55 3483,40
4 27,00 0,71 19,16 59,00 220,49 -47,03 8266,66
TOTAL 43,60 521,84 11,97 16327,22

Taula A.58. Resultats de la iteracio 5 de I'eix neutre.

EMB
lenerr (MM*/M) 159289,97
Wres,eff (m mS/m) 3386,86

Taula A.59. Resultats del moment d’inércia resistent.
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B. RESULTATS DELS ELEMENTS FINITS

B.1. Perfil KORONA 60

B.1.1. Modes de vinclament

A continuacié es detallen els resultats obtinguts per a l'analisi per elements finits dels
modes de vinclament.

ANSYS

DISPLACEMENT 2019 R1|

STEP=1 APR 22 2019
SUB =31 17:01:42
FACT=3555.55
DMX =2.52047

Fig. B.1. Mode de vinclament usat per crear la imperfeccio inicial. t = 0,75
mm.
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DISPLACEMENT

STEP=1 APR 22 2018
SUB =4 17:06:19
FACT=6520.49

UPDATED GEQMETRY

DMX =2.27398

Fig. B.2. Mode de vinclament usat per crear la imperfeccio inicial. t = 1,00

mm.
ANSYS
DISPLACEMENT 2019 R1
STEP=1 APR 22 2019
SUB =3 17:08:23

FACT=9563.54
DMX =2.1212

Fig. B.3. Mode de vinclament usat per crear la imperfeccio inicial. t = 1,20
mm.

B.1.2. Estudi no lineal

A continuaci6 es detallen els resultats obtinguts per a I'analisi no lineal per elements finits.

g =\
Ty
~) ‘.“ 'b\'/

ETSEIB
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Fig. B.4. Formacio de la rotula.

ANSYS
NODAL SOLUTION 2019 R1
STEP=1 APR 22 2019
SUB =272 17:21:51
TIME=.298188
UsSUM (AVG)
RSYS=0 )
UPDATED GEOMETRY

DMX =111.235
SMX =111.235

4.7189 49.4379 74.1568 98.8757
12.3595 37.0784 61.7973 86.5162 111.235

Fig. B.5. Diagrama de desplacaments. t = 0,75 mm.
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ANSYS
NODAL SOLUTION 2019 R1|
STEP=1 APR 22 2019
SUB =237 17:30:24
TIME=.298506
UsSUM (AVG)
RSYS=0 -
UPDATED GEOMETRY
DMX =124.231
SMX =124.231
0 . . 82.8207 110.428
13.8035 41.4104 69.0173 96.6242 124.231

Fig. B.6. Diagrama de desplagaments. t = 1,00 mm.

ANSYS
NODAL SOLUTION 2019 R1
STEP=1 APR 22 2019
SUB =245 17:35:34
TIME=.298785
UsuM (AVG)
RSYS=0 )

UPDATED GEOMETRY
DMX =156.886
SMX =156.886

.8635 69.727 104.591 139.454
17.4318 52.2953 87.1588 122.022 156.886

Fig. B.7. Diagrama de desplacaments. t = 1,20 mm.
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NODAL SOLUTION

STEP=1

SUB =272
TIME=.298188
EPPLINT (AVG)
UPDATED GEOMETRY
DMX =111.235

SMX =.377359

ANSYS

2019 R1|

APR 22 2019
17:21:22

.377359

Fig. B.8. Diagrama del percentatge de plastificacio. t = 0,75 mm.

NODAL SOLUTION

STEP=1

SUB =237
TIME=.298506
EPPLINT (AVG)
UPDATED GEOMETRY
DMX =124.231

SMX =.493706

ANSYS

2019R1

APR 22 20193
17:30:46

-493706

Fig. B.9. Diagrama del percentatge de plastificacio. t = 1,00 mm.
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ANSYS
NODAL SOLUTION 2019 R1|
STEP=1 APR 22 2019
SUB =245 17:35:14

TIME-.298785

EPPLINT (AVG)

UPDATED GEOMETRY X
DMX =156.886

SMX =.618659

—
0 13748 .27496 41244 .549919
.06874 .20622 .3437 .48118 .618659

Fig. B.10. Diagrama del percentatge de plastificacié. t = 1,20 mm.

ANSYS|

2019 R1

........

Fig. B.11. Detall del diagrama del percentatge de plastificacié en la rotula.
t=0,75 mm.

ain
ey
IR

ETSEIB
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ANSYS/

2019 R1.

17:31:19

Fig. B.12. Detall del diagrama del percentatge de plastificacié en la rotula.
t=1,00 mm.

NSYS|
2019 R,

Fig. B.13. Detall del diagrama del percentatge de plastificacié en la rotula.
t=1,20 mm.

B.2. Perfil PLAIN

B.2.1. Modes de vinclament

A continuacié es detallen els resultats obtinguts per a I'analisi per elements finits dels
modes de vinclament.
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Annex

DISPLACEMENT

STEP=1

5UB =60
FACT=7108.03
DMX =2.49399

Fig. B.14. Mode de vinclament usat per crear la imperfeccio inicial.

B.2.2. Estudi no lineal

A continuacio es detallen els resultats obtinguts per a I'analisi no lineal per elements finits.

g =\
Ty
~) ‘.“ 'b\'/

ETSEIB

Fig. B.15. Formacio de la rotula.
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ANSYS
NODAL SOLUTION 2019 R1
STEP=1 APR 22 2019
SUB =262 17:30:12
TIME=.298915
USUM (ave)
RSYS=0

UPDATED GEOMETRY
DMX =106.843
SMX =106.843

23.7429 7.4858 71.2286 94.9715
11.8714 35.6143 59.3572 83.1001 106.843

Fig. B.16. Diagrama de desplacaments.

ANSYS
NODAL SOLUTTON 2019 R
STEP=1 APR 22 2019
SUB =262 17:38:51

TIME=.298915
EPPLINT (AVG)
UPDATED GEOMETRY
DMX =106.843
SMX =.402125

.089361 .178722 .268084 .357445
.044681 .134042 .223403 .312764 .402125

Fig. B.17. Diagrama del percentatge de plastificacio.
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2019R1.

Fig. B.18. Detall del diagrama del percentatge de plastificacié en la rotula.

B.3. Perfil EMB

B.3.1. Modes de vinclament

A continuacié es detallen els resultats obtinguts per a l'analisi per elements finits dels
modes de vinclament.

DISPLACEMENT

STEP=1 APR 22 2019
SUB =70 17:10:29
FACT=7658.93
DMX =1.70906

Fig. B.19. Mode de vinclament usat per crear la imperfeccio inicial.
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B.3.2. Estudi no lineal

A continuacio es detallen els resultats obtinguts per a 'analisi no lineal per elements finits.

NODAL SOLUTION

STEP=1

SUB =120
TIME=.761589
usuM (AVG)
RSYS=0

DMK =55.3496
SMX =55.3496

ANSYS

R19.1

Academic
BPR 22 2019
17:54:32

o] 12.299% 7
6.1499¢6 55.3496
Fig. B.20. Diagrama de desplagaments.

ANSYS
NODAL SOLUTION R19.1
STEP=1 Academic

SUB =120 APR 22 2019

TIME=.761589 17:54:58

EPPLINT  (AVG)
DMX =55.3496
SMX =.012315

0

. 002737
.001368

. 00821
841

.010946
578

.0123195

Fig. B.21. Diagrama del percentatge de plastificacio.
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Fig. B.22. Detall del diagrama del percentatge de plastificacié en la rotula.
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C. ARTICLE CIENTIFIC

AN EXPERIMENTAL INVESTIGATION OF A NEW PERFECT BOND TECHNOLOGY FOR
COMPOSITE SLABS. PART Il: CONSTRUCTION STAGE
Frederic Marimon®, Miquel Ferrer, Miquel Casafont, Carla Ripoll

Dept. of Strength of Materials and Structural Engineering
Universitat Politécnica de Catalunya - BarcelonaTech (UPC), Spain

Abstract

This article is the second part of a series related to an innovative full-connection bonding technology between
steel sheet and concrete. The new UPC-system consists of producing bands of many small crown-shaped cuts in
the sheeting webs, by a punching procedure, as a replacement for the conventional embossments. The high
efficiency of the UPC-system in composite stage has been already analysed and published in this journal. The
construction stage behaviour of this new system is presented now and compared with the same sheeting profile
including the two conventional alternatives: embossments and plain profile. The results of single span bending
tests —positive and negative— as well as internal support tests, demonstrate that the effect of the punches on the
sheeting strength in construction stage is not significant and, in most cases the behaviour is even better performed

than the design with the conventional embossments or the plain design.
Keywords

Composite slabs. Full shear connection. Constructional stage. Steel-deck bending. Internal support test.

1 Introduction

Steel-concrete slabs were first used in 1938 in the United States, although cold-formed steel sheeting was only
used as permanent formwork. During the 1960s, steel decks with embossments were introduced and widely

developed, the sheeting becoming the actual tensile reinforcement of the slab. The structural efficiency of

* Corresponding author.

E-mail address: frederic.marimon@upc.edu
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composite slabs greatly depends on their ability to transfer shear forces between steel profile and concrete. The
main difficulty of steel deck designing lies in assuring the effective composite performance; i.e., to conceive
systems which are highly resistant to relative slip and debonding. To date, the conventional embossment system
has shown to be unable to overcome the longitudinal shear failure mode, despite all attempts to improve

embossment efficiency.

This article is the second part of a series related to the innovative full-connection bonding technology [1], named
UPC-System and applied to W60-MD profile, consisting of a band of many small crown-shaped cuttings in the
profile webs, as a replacement for the common embossments’ system (Fig. 1a). The performance of the UPC-
System had been already analysed and published in this journal regarding the composite stage [2]. In this article,
the performance in construction stage is presented, where the sheeting is bearing the fresh concrete dead-load.
According to EN 1993-1-3 [3], the analysis is made through the standard single span bending tests, positive M+

and negative M-, as well as the simplified internal support test (ITS).
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Fig. 1. W60-MD (UPC-system)
2 Characteristics of the elements

2.1. Profile dimensions

Three different sheeting designs have been studied, all of them based on the same commercial profile, named
W60. The main design, named W60-MD from now on, corresponds to the new perfect bond UPC-system
iError! No se encuentra el origen de la referencia., and consists of a staggered punching on the webs (see Fig.
2a) with the medium density pattern [2]. In addition, two additional designs have been analysed in order to
evaluate the differences on the response, using the very same profile, with respect to the conventional
embossment system, named W60-Emb (jError! No se encuentra el origen de la referencia.b), and without
neither perforations nor embossments but with flat surfaces, named W60-Plain (jError! No se encuentra el

origen de la referencia..b).

a) b)

c)
Fig. 2. Studied sheeting designs: a) W60-MD (UPC-system) b) W60-Plain c) W60-Emb.

Fig. 3 shows the general aspect of the W60-MD profile and its nominal dimensions. The studied sheeting is 59

o
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mm high with a total width of 612 mm, corresponding to 3 profile ribs for positive bending test position (M",
wide flange up), and 820 mm width for negative bending and internal support test positions (M-, reversed, wide
flange down), which corresponds to 4 ribs. The profile has been cut properly in order to avoid incomplete ribs or
cantilever flanges. A detailed geometrical definition of the two flanges of a representative rib is shown in Fig. 4,
including its longitudinal stiffeners. The two test types carried out in this work —single span bending test (M* and

M) and internal support test (IST)— are described in Section 3.

Webs are inclined 62° including the punched pattern in order to guarantee a good connection to the concrete and
to properly transfer the shear forces. This UPC-system consists of a regular staggered punching with 4 mm
square punches on the lateral webs of the ribs, whose axes are separated 12 mm and 6 mm in transversal and
longitudinal directions, respectively. The punching is produced on the sheeting so that the crown-shaped

breakage is oriented towards the side of the sheeting to be in contact with the concrete.

0O 00OO0OO0ODOOOOO B

OO0 O0OOCOOOOO o8

0 0O00OO0ODO0ODOOO0OO0 8 ©

OO0 O0ODODODOOOOO® l

6
4

Fig. 3. W60-MD geometry.

Fig. 4. Detailed geometry of a representative rib of the studied deck: wide flange (left) and narrow

flange (right).
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Several sheet thickness has been used for punched designs: 0.75, 1 and 1.2 mm for M*, M™ bending tests; 0.75

and 1.2 mm for the IST with 1200, 700 and 400 mm in length. The additional tests with the embossed and the

plain sheeting (see Fig. 5) are limited to a single thickness of 0.75 mm for single span bending test and, for the

ITS, a thickness of 0.75 mm has been used for the W60-Plain design and the two thicknesses of 0.75 mm and

1.20 mm for the W60-Emb design.

The geometric characteristics and testing type of every specimen is shown in Table 1 and Table 2.

Table 1. Summary of specimens and test types.

Model Nominal thickness ~ Measured thickness  Net thickness Test type
thom [MM] treal [MM] thet [MmM] Bending/IST span lengths
W60-MD - 0.75 0.75 0.75 0.71 M, M/ IST 1200, 700, 400
W60-MD - 1.00 1.00 1.00 0.96 M*, M
W60-MD - 1.20 1.20 1.20 1.16 M, M/ IST 1200, 700, 400
W60-Plain — 0.75 0.75 0.75 0.71 M*, M /IST 700
W60-Emb — 0.75 0.75 0.75 0.71 M, M/ IST 1200, 700, 400
W60-Emb — 1.20 1.20 1.20 1.16 — /1ST 1200, 700, 400
Table 2. Main dimensions.
Description Nominal value  Measured values
[mm] [mm]
Profile high 59 58-60
Pitch length 205 205-206
Stiffener depths:  upper flange main 11 8
upper flange lateral 2 1.0-1.5
bottom flange 2 1.0-15
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Fig. 5. Loading system detail with W60-Plain profile (left) and support detail with W60-Emb profile

2.2. Steel properties

(right).

Each nominal thickness comes from different steel coils, but having a nominal quality corresponding to

S320GD+Z275, according to EN 1993-1-3:2006 [3], with a nominal yield strength of f, = 320 N/mm? This

continuous sheet is galvanized on both sides with a zinc coating of 0.04 mm total thickness, equivalent of 275

g/m? mass. The yield strength, the breaking strength and the maximum elongation in % of the material of each

coil have all been checked and summarised in Table 3.

Table 3. Properties of the steel tested.

Thickness t Steel Rpo.2% Rm A80
[mm] [N/mm?] [N/mm?] [%]
0.75 S320GD+Z 377 474 26
1.00 S320GD+Z 377 427 26.6
1.20 S320GD+Z 388 481 22

These results should be taken as a simple quality control since the cold forming process significantly alters them.

The base material S320GD+Z reference values, before the cold-forming process, are the values used in the

correction process described in Section 4.

3 Bending test setup and procedure
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3.1. Single span bending test

According to Annex A (A.2.2) of EN 1993-1-3:2006 [3], the single span bending test is used to determine the
pure bending resistance at the midspan, with no shear forces. Given that the cross-section is not symmetric, both
positive (M*) and negative (M) bending moment tests have been carried out. The span length is 3 m in all

bending tests.

In order to ease the setup of a distributed loading (Fig. 6 left), Eurocode-3 presents a much simpler test layout
having similar conditions (Fig. 6 right), with four transversal loads applied to the sheeting, placed at 375 mm

from each support and equidistant from each other.

F2 F2 F2 F/2

ERERRRNRENNNY I T B
* L ¥ L/s—-?J*L/z*LL/zJ*L/z*L*%L/s

y HHWHWHﬂﬂmnm — Y WWWW
T

Y M e

sl

Fig. 6. Test setup for single span bending test and its respective shear and bending moment.

Three identical W60-MD specimens has been tested for each thickness (1.20, 1.00 and 0.75mm). The obtained
results are shown in Section 5. Only one specimen has been tested of each additional design (W60-Plain and

W60-Emb), having 0.75mm in thickness.

Regarding the setting up procedure, the sheeting is placed manually between the supports and screwed to the
thick plate located on each support. In addition, according to Annex A (A.2.1) of EN 1993-1-3:2006 [3], an
aluminium L angle is used to tie the lateral flanges right where the loads are applied in order to contribute to the

lateral continuity of the sheeting in the real conditions.

As stated in Eurocode, hinged and roller supports has been be used to avoid any influence of rotational restraint



Pag. 62 Annex

at the supports on the results and to give the results a wide range of applicability.

Then, the system is centred and some rectangular steel tubes 100 mm long are placed at every loading line and at
every rib. Two small 8 mm wood beams, bonded to the bottom side of the tubes, softly transfer the load to the

sheeting (see Fig. 7), avoiding any rigid contact point or any damage on the lower flanges of the sheeting.

Fig. 7. Detail of the loading distribution system. Single span bending test.

The 60x60x4 mm transversal spreading beams are place over these small rectangular tubes and spherical
bearings are used to transfer the load from the upper longitudinal spreading beams (100x100x4 mm) as shown in
Fig. 8. An HE120B profile, which is initially suspended from the load cell, spreads the cylinder force on these

longitudinal tubes by means of some half-round
supports.

The midspan deflection is measured by two resistive type displacement sensors d1-d2 located under the load
(0.02mm resolution), 10 mm from the profile corners approximately. These sensors are set to zero after placing
all of the load spreading elements but the main HE120B profile; therefore, the sheeting should be considered to

be loaded by its weight and the self-weight of the load spreading elements.
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1500

Fig. 8. Load spreading system in the single span bending test.

The applied force is measured thorugh a load cell with 50 kN force capacity, which is calibrated to zero while the
central spreading beam is suspended. Consequently, the applied load is correctly measured by the load cell and

includes the main beam weight:

Fsensor = Cylinder force + Central beam weight )

3.2. Double span test: Internal support test.

The double span test is a test set-up to determine the resistance of a continuous sheeting over two or more spans.

The combination of bending moment and shear force is present at internal supports.

According to Annex A (A.2.3) of EN 1993-1-3:2006 [3], this combination should be analysed by a double-span
bending test (see Fig. 9, left). However, the internal support test (ITS) is a much simpler test setup also included
in Eurocode-3, though an equivalent bending moment and shear diagrams arrangement (see Fig. 9, right). In this
reduced test, only one transversal force is applied at the midspan of a simply supported sheeting, having a span

lengthequal to s=0.4 L.
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Fig. 9. Bending and shear diagram equivalence between double span (left) and internal support (right)

tests.

Three span lengths have been analysed for W60-MD and W60-Emb designs: 1300 mm, 700 mm and 400 mm.
Four specimens of each span length have been tested: two with 0.75 mm in thickness and two more with 1.2 mm.

In the case of W60-Plain, only two specimens have been tested, having 700 mm span length and 0.75 mm sheet

thickness.

The setting up procedure is similar to the single span bending test. The load was applied were an IPN60
spreading beam transversally placed at the midspan, and a 60 mm x 10 mm steel plate in between. A spherical

bearing is placed below the cylinder for transferring the load (Fig. 10).
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Fig. 10. Load spreading system. Internal support test.

The displacements were measured were six sensors, d1-d2 and d5-d6 were located near each support and d3-d4
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at the midspan, under the load. All of them were pointing to the same cross-section points as for the single span

bending test and were calibrated in the same way.

The applied load was measured using the same load cell but no spreading beam was suspended from in this case.

So, the force measured by the load cell was directly the cylinder force.

Fsensor = Cylinder force @)

4 Correction of steel properties

The values obtained in the steel tensile tests must be corrected properly in order to take into account the
statistical dispersion, the discrepancies in the nominal thickness and in the nominal yield strength f,, = 320
N/mm? (reference value), and also the conversion of the tested plate width, b, to the standard width b = 1000

mm.

To obtain the characteristic value, f,, according to Annex A of EN 1993-1-3:2006 [3], it is important to
differentiate between the tests with three or more specimens and the ones with only one or two. Regarding the
first one, the general procedure exposed in Annex D EN 1990-1-3:2002 [4] is followed, consisting of a normal
distribution, in order to determine the characteristic strength. Thus, with N = 3, the factor k should be 3.37 which

provides the desired characteristic value, according to Eq. (3).
fy=fn—ks (3)

However, for a group of one or two tests, the statistic procedure is that for small number of tests exposed in
Annex A (A.6.3.3) of EN 1993-1-3:2006 [3]. As corresponds to local buckling failure mode, the value #, should

be 0.85 (between 0.8 and 0.9). Therefore, the characteristic resistance R, must be obtained using Eq. (4).

Ry = nz-Ry = 0.85R, (4)

In order to correct the width and the yield strength, the procedure described in the section A.6.2 (5), (6) and (7)

of Annex A of EN 1993-1-3:2006 [1] is followed, where the coefficient uy is obtained through the Eq. (5).
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up = (f.}-";;:i:'s )H (tn-i:ls_mr]'? )

where:  fy, 005 COrresponds to the tested yield strength for each thickness.

o. depends on the case:

1.0 for M, as the plastic failure mode is considered by direct observation of the F-d curve (high

ductility).

0.5 for M, as the local buckling failure mode is considered by direct observation of the F-d curve

(low ductility).

tonscor = teor N all cases, so thickness correction is no necessary.

5. Test results and analysis Single span bending test

The total applied load consists of the cylinder force and the self-weight of the sheeting and spreading elements

(Eq. (6).
F = [Fsensor+ Own sheet weight + Spreading beams] (6)

The self-weight is 0.63 kN for the positive bending (M*) and 0.83 kN for negative bending (M).

5.1.1. Positive bending test

The initial formation of the first plastic hinge is observed in the centre of the section just before the collapse.
Afterwards, the local buckling of the upper flange is developed, where the central stiffener subjected to
compression initially collapses in the distorsinal mode [X] over the flange width (see Fig. 11). The results are

shown in Fig. 12 and Table 4.
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d)
Fig. 11. Local buckling (M+): a ) W60-MD—0.75 b) W60-MD 1.00 c) W60-MD-1.20 d) W60-Plain—0.75

and W60-Emb-0.75
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Fig. 12. F-d curves of the M" single span bending test.
Table 4. Results of the M” single span bending tests.
Model b L Fy Mg Wgk IR
tnominal
[mm] [mm] [mm] [KN] [kNm/m]  [mm¥m]  [mm®m]
0.75 615 3000 10.96 5.67 17.7 436.2
W60-MD 1.00 615 3000 15.11 7.88 24.6 575.0
1.20 615 3000 21.19 10.65 33.3 710.8
W60-Plain 0.75 615 3000 10.03 5.19 16.2 471.1
W60-Emb 0.75 615 3000 8.93 4.62 14.5 437.0

Eq. (7) and Eq. (8) are used to determine the characteristic bending moment and the characteristic section

modulus.
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J.M+ I
W* gy = —— ®)

The incremental values of the force and displacement are used in Eq. (9) to determine the moment of inertia.
Thus, by simple observation of the graphs of the tests, the incremental values AF and Ad = (Ad;+ Ad,)/2 are
chosen over a wide range of linear response (Fig. 13).

Lﬂ

©)

+ = \ .
I* a5 = 0.0133073 - ——

— =
= O oo

—
o

F [kN] Force cylinder + Load system
o

—dl
—d2

(= S LA )

0 10 20 30 40 50 60 70
d [mm] Displacements

Fig. 13. Incremental values of force and displacement to calculate the moment of inertia.

5.1.2. Negative bending moment

The local buckling of the upper flange of the profile is observed just before the collapse, where the small
longitudinal nerves do not prevent compression from causing the overall global buckling of the rib. Notice that
the buckling direction (upwards or inwards) is random (see Fig. 14). The mechanism of collapse occurs

indifferently according to the direct or inverse mode [X]. Results are shown in Table 5 and in Fig. 15.
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d)
Fig. 14. M~ Test local buckling: a ) W60-MD-0.75 b) W60-MD-1.00 ¢) W60-MD-1.20 d) W60-
Plain—0.75 and W60-Emb-0.75
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Fig. 15. F-d curves of the M~ single span bending test.

Table 5. Results of the M~ single span bending tests.

Model t[“gqmr‘;f]l' bmm] L[mm]  Fe[kN] [k,{l\"nﬁ‘;m] [mvmvglkm] I [/
0.75 820 3000 9.03 3.81 11802 497.110
W60-MD  1.00 820 3000 15.13 6.40 19999  615.212
1.20 820 3000 21.80 9.05 28295  779.095
W60-Plain 075 820 3000 8.76 453 11532 548293
W60-Emb  0.75 820 3000 7.45 3.85 0804 485830

The same expressions than for the positive bending moment has been used to calculate these results.

The information extracted from the comparative graphs (Fig. 16) is the following:
i)  The results for W60-Plain and W60-Emb are quite similar to those obtained for the W60-MD profile
with the same thickness of 0.75 mm.
ii) In both tests, M* and M, the final loads and stiffness are lightly higher in the case of the W60-Plain

profile.
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F [kN] Force cylinder + Load system
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Fig. 16. Comparative F-d curves for single span bending test: a) M* b) M™.

5.2. Internal support test

150

b)

The same method has been used to determinate the total load applied to the system, with an additional load of

0.20 kN.
Table 6. Results of the Internal support test.

Model thom b L Fx Meq
[mm] [mm] [mm] [kN] [KNm/m]

820 400 19.22 1.92

0.75 820 700 14.04 2.52

820 1200 10.07 3.27

W60-MD

820 400 49.15 491

1.20 820 700 36.86 6.45

820 1200 23.24 7.55

W60-Plain 0.75 820 700 15.35 2.69

o
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820 400 21.37 2.14
0.75 820 700 15.56 2.72
820 1200 9.42 3.06
W60-Emb
820 400 48.69 4.87
1.20 820 700 34.76 6.08
820 1200 20.28 6.59

The characteristic bending moment at the support is determined through Eq. (10).

1

Mg; ==+ F - 1L (10)
4

The failure mode is virtually identical, named web crippling [X]. Moderate variations on the ultimate loads are

detected.

Internal support test results are summarized in Fig. 17. and the following three aspects are observed:
i)  Short spans: for instance, L= 400/0.4 = 1000 mm
. for t = 0.75 mm: W60-MD provides 10% lower strength than W60-Emb.
. for t = 1.20 mm: W60-MD provides 2% higher strength than W60-Emb.
i) Medium spans: for instance L= 700/0.4 = 1750 mm
. W60-MD gives similar strength than W60-Emb.
. W&60-Plain specimens give intermediate values.
iii) Large spans: for instance L= 1.300/0.4 = 3250 mm
. for t = 0.75 mm W60-MD provides 11% higher strength than W60-Emb.

. for t = 1.2 mm W60-MD provides 13% higher strength than W60-Emb.

However, the dispersion of the experimental results cannot be conclusive about the exact differences between

W60-MD design and W60-Emb. The early conclusion is that both systems do not show significant differences.
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Fig. 17. Results comparison between W60-MD, W60-Emb and W60-Plain sheeting designs.

6. Moment-Reaction interaction diagram.

The MR interaction diagram is calculated in order to compare the behaviour of each design and thickness.
The reaction Ry rq Was calculated through eq. (11) from EN 1993-1-3:2006, section 6.1.7.3 [1]

— L\ 24+ ()
Rypa =@ -t*- I.ﬂ-i:-'E'(l_U-l' E]-(U.5+ |U.02-—E)-¢ (11)
: W N N ¢

On the other hand, the negative moment M~ g4 Was directly obtained from the internal support tests (see 5.2).

The safety area in the M™—R interaction diagram is limited by three segments: M gy and Rygrqg limits corresponds

to the horizontal and vertical limits, respectively; the third segment corresponds to eq. (12), where Mgy and Fgq

parameters are free combinations of moment and reaction.

Mgy : Fzq

= 125 (12)
Mr_:-!d Rh'_:-!d

Fig. 18 and Fig. 19 show the M~ gq— Rw rq interaction diagrams.
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Fig. 18. M"rq — RwRrq interaction diagram. t = 0.75 mm.
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Fig. 19. M rq — RwRrq interaction diagram. t = 1.20 mm.
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7. Analytical method

An analytical study has been carried out to delve deeper into the behaviour of the sheeting and to verify the

experimental results.

Inertia and section modulus have been found through different analytical methods. It is important to differentiate
three types of results: plastic properties, elastic effective properties and elastic gross properties. All these
properties has been calculated following the precepts given in Eurocode. The different methods are almost the

same for the three designs, the difference was only the way that the webs were treated.

The elastic gross properties of the cross-section have been calculated to show the behaviour of the sheeting if

considered as all effective, without any buckling phenomenon.

For the W60-MD design, a reduced thickness was used in the web (Fig. 20) in order to take into account the
reduction of material due to the perforations. This thickness was extracted from EN 1993-1-3:2006 [1], Section

10.4., shown in eq. (13); and GRISPE PLUS D3.1: PERFORATED PROFILES [5], eq. (14).

Fig. 20. Scheme of W60-MD cross-section, with a reduced thickness in the web.

1.03-d

toerr =1.09-t '(1 - a J =
0.0-d

toesr =118+t -(1 -— ] (14)

The difference between this two models is the position of the perforations in the web. The formula from the

g =\
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Eurocode assumes that the punches distribution is staggered (Fig. 21 left) while the GRISPE formula considers

an orthogonal distribution (Fig. 21 right).
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Fig. 21. Distribution and dimension of the perforations according to EN 1993-1-3 [1] (left) and GRISPE

PLUS [5] (right).

These two methods need some requirements to be accomplished. First, this models are valid for net holes, i.e.,
perfect circles in the webs from where the material from the perforation is extracted. The second is a geometrical

condition: 0.2 <d/a <0.9.

It must be noted that none of the assumed distributions by the analytical formulas coincide with the actual
designs. In addition, the condition of holes is not fulfilled either, although the real material remaining in the
crown of the perforations is minimum. However, the geometrical condition is met. Therefore, the two formulas

will be used to make a fairly approximation of the sheeting behaviour.

No reduced thickness has been used for the W60-Plain design, since its web is complete and plain.

In the W60-Emb design, the geometry of the embossed web has been taken into account by taking the cross-

section right at the symmetry plane of the embossment (Fig. 22).

Fig. 22. Scheme of W60-Emb cross-section, taken at the embossment symmetry plane.
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The plastic properties of the section have been calculated to represent the whole yielding of the cross-section.

In the W60-MD design, the cross-section is taken with two perforations only (Fig. 23), since the punches

distribution is staggered.

7\
\

Fig. 23. Scheme of W60-MD design cross-section, taking 2 perforations into account.
The W60-Emb and W60-Plain designs use the same geometry explained in the case of elastic gross properties.

Finally, the elastic effective properties have been calculated. These are the ones that should lead to the most

realistic calculations since an elastic behaviour and the possibility of buckling is included.

In the W60-MD design, a reduced thickness has been used to take into account the perforations. The formula was
also extracted from section EN 1993-1-3:2006, section 10.4 [1] and GRISPE PLUS D3.1: PERFORATED
PROFILES [5], eg. (15) is the same from both references. The profile must meet the same requirements as for

the elastic gross properties.

=t ijl1.1a . (1 —SJ (15)

thefr

No reduced thickness has been used for the W60-Plain design, since its web is complete and plain.

In the W60-Emb design, the GRISPE PLUS D3.1: STEEL DECKS WITH EMBOSSENTS [6] recommendation
has been used. This document states some conditions for using the method: the first one states that only the
resistance of sheeting to bending moment, to local load or support reaction and to a combination of the previous
ones can be calculated; the second one is geometric (Fig. 24).
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indentation

Section A - A

0.71<t<1.21 mm

h<0.9mm

30°<a <60°

Fig. 24. Embossed profiles according to GRISPE PLUS [6].

The first condition is accomplished, since the bending strength is calculated. Contrary, the second requirement is
not met because the embossments angle is 90°, out of the valid range. However, this method has also been

presented because a good approximation of the behaviour has been extracted.

It must be noted that the calculations used for the positive and the negative bending moment are slightly different
because of the partial plasticity observed in the case of positive bending test, whose F-d curve does not have a
fairly constant slope as in the case of negative bending moment (Fig. 25). This is because of a small yielding in

the tensile flange of the section (Fig. 26) and, therefore, a plastic failure is developed.

25
520
A
=
=]
3
L 15
5]
.=
%
o 10
2
=]
=0
Z
= 3 Positive bending
- moment
Negative bending
moment
0
0 50 100 150
d [mm] Displacements

I Q \|
(A
o
ETSEIB



Pag. 80 Annex

Fig. 25. Comparative between positive and negative F-d curves.

Fig. 26. Stress distribution in partial yielding [3].

Regarding the W60-MD analytical and experimental comparative graphs shown in Fig. 27 to Fig. 30, and the
comparative graphs shown in Fig. 31 and Fig. 32 related to all of the three analysed designs, the following
aspects can be stated:
i) Positive bending: the experimental results are almost equal to the effective ones found through the
analytical method.

. for t = 1.20 mm, the experimental and effective results are practically the same as the
plastic results. Therefore, almost the whole cross-section is yielded, having an almost fully
plastic behaviour.

. for t = 1.00 mm, the experimental and effective results are closer to the plastic results curve
than to the elastic gross results. Therefore, a significant part of the cross-section is yielded,
being closer to a plastic behaviour than elastic.

. for t = 0.75 mm, the experimental and effective results are closer to the elastic gross results
curve than to the plastic results. Therefore, only a small part of the section is yielded, becoming
closer to an elastic behaviour than plastic. In the particular case of the W60-Plain design, this is
much more accentuated and the elastic gross results are practically identical to the experimental
and elastic effective results; therefore, the whole section is effective.

ii) Negative bending: the experimental results are between the plastic and elastic range and are also
quite similar to the analytical gross elastic ones. Therefore, almost the entire section is effective.

. for t = 1.20 mm, the experimental results are closer to the plastic results curve than to the
elastic gross results, due to strain hardening. This phenomenon has similar effects than partial

yielding.
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o for t = 1.00 mm, the experimental results are closer to the plastic results curve than to the
elastic gross results but not as close as of t = 1.20 mm case. There is some strain hardening but
not as much as the previous one.

. for t = 0.75 mm, the experimental and effective results are closer to the elastic gross results

curve than to the plastic results. Therefore, there is neither partial yielding nor strain hardening.

An apparent incongruence can be observed in the Fig. 27 since the gross elastic results are lower than the
effective elastic. The reason for this is the reduced thickness by Eurocode and GRISPE for the gross elastic

calculations is lower than the effective one, where, in addition, the whole section is considered.
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Fig. 27. Section modulus for W60-MD in positive bending.
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Fig. 28. Section modulus for W60-MD in negative bending.
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Fig. 29. Inertia for W60-MD in positive bending.
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Fig. 30. Inertia for W60-MD in negative bending.
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Fig. 31. Comparison between the section modulus calculations. a) Positive bending b) Negative bending.
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Fig. 32. Comparison between the moment of inertia calculations. a) Positive bending b) Negative bending.

8 Conclusion

This research shows that the significant improvement in the composite action contributed by the new perfect
bond UPC-system jError! No se encuentra el origen de la referencia. to the steel-concrete composite slabs
[2] is not devaluated at all in the construction stage, where the sheeting is resisting the self-weight of the fresh
concrete. Contrary, in most cases, the strength of the UPC-system sheeting design is even higher than both the

conventional embossed and the plain designs.

Other technical findings can be summarized as follow:

1) A good performance of the UPC-system punched sheeting in the construction stage has been
demonstrate and a good agreement of experimental tests has been verified through the moment-reaction
interaction diagram with respect to different theoretical calculation methods.

2) Both positive and negative single span bending tests have given the verified values for the moment
of inertia and the respective section modulus.

3) The most remarkable conclusion from the internal support tests results is that the W60-MD punched
design has shown better performance than W60-Emb for most of the combinations span length —
thickness, except in the case of thickness 0.75 mm with short lengths (400 and 700 mm); in this two

cases, the load capacity was about 10% lower, which is not really significant.
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4) The same properties were found analytically following both Eurocode-3 and GRISPE-PLUS
methods. These results have acceptably described the real behaviour.
5) A partial yielding of the cross-section is observed in the case of positive bending, while the

behaviour is is completely elastic under negative bending.
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